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1 Introduction

The work plan 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.

Because the HDF Group will be leaving the University of Illinois, it is the intention of ESDIS, the University and the NCSA HDF Group to terminate this contract in July 2006, replacing it with a new contract to The HDF Group (THG), a not-for-profit company devoted to sustaining HDF and serving its users.

2 Project Goals and Activities

The primary goals of this cooperative agreement for the year beginning January 1, 2005 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 the software, test suites, configurations, and documentation current, 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 changing 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 integrate HDF4 and HDF5 with complementary technologies and application domains.  Foremost is to operate well with HDF-EOS technologies, which means making sure that the two perform efficiently together and that the HDF-EOS library and tools use HDF as effectively as possible.  Other technologies, such OPeNDAP, netCDF, XML, and GIS can add significant value when effectively integrated with HDF
(5) To support the transition to NPOESS.  This means addressing questions about how EOSDIS DAACs, SIPs, and others will interoperate with NPOESS systems, and helping groups make the greatest use of NPOESS.  

3 Task-by-Task Description of Work

This section lists 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 libraries 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 2005, 40% of messages were resolved within four hours and only 5% were still open after 2 weeks. The number of helpdesk requests stayed at about the same level as in 2004. 72% of all questions received by HDF helpdesk were HDF5-related questions, comparing to 75% in 2004. The HDF helpdesk continues to work very closely with SIPS, DAACS and vendors whose support of HDF is important to the EOS community, especially with RSI and MathWorks. 

	3.1.2 Support HDF-EOS development efforts

1. NCSA will continue to advise on the implementation of HDF-EOS 5, and help support DAACs that are beginning to use HDF5. In addition, NCSA will (a) build HDF-EOS with pre-releases of our library and advise the HDF-EOS team based on its findings, and (b) investigate the possibility of including HDF-EOS support in certain of the NCSA tools.

2. If parallel uses of HDF-EOS emerge, NCSA will work closely with the ECS in this area also.
	During this year, NCSA worked closely with HDF-EOS developers.

1. We periodically regression tested HDF-EOS5 with pre-releases of HDF5 on several platforms crucial for NASA such as Linux, SGI Altix and Windows.
2. The highest priority was assigned to the HDF libraries and tools bugs reported by the HDF-EOS development team; bugs were fixed in a timely manner and patches were provided if necessary.
3. Information exchanges with HDF-EOS developers included these:

· Discussions and email to diagnose possible bugs in the HDF products used by HDF-EOS.

· Discussions and email exchange on the HDF-EOS5 data model document submitted to the ESDSWG Standard Process Group.
· In 2005 the HDF helpdesk saw an increased number of questions from the users who wanted to investigate the use of parallel HDF5 with their applications. The HDF team continues to work with users and HDF-EOS library developers to determine the HDF-EOS community needs in parallel I/O. We presented an HDF5 Parallel Tutorial at the HDF-EOS IX workshop, which was well attended and received. 
· The NCSA team assisted the ECS in developing an HDF-EOS module for HDFView.  This optional module allows HDFView users to view HDF-EOS files in a more meaningful way than simply as an HDF file.  The module reads and displays HDF-EOS grid, swath, and point data.  (This module is not currently available in the NCSA distribution of HDFView, as it awaits permission from the ECS for release with HDFView.)



	3.1.3 Support DAACs and SIPs

NCSA will continue to give a very high priority to helping DAACs, SIPs, and other critical users of HDF.  We anticipate that similar support will be needed for NPP as that system is developed.
	During this year we worked very closely with DAACs improving and fixing bugs in the HDF tools hdiff and hrepack, and in the HDF4 library error handling when GZIP compression was used.
HDF team members used any opportunity during multiple conferences and meetings they attended, to talk to the DAACs’ software developers and to learn about their needs.  

	3.1.4 Support tool builders and vendors
NCSA will continue to work closely with vendors and other tool builders to make sure their software is as useful as possible.


	NCSA increased its work with vendors in 2005, especially with RSI and Mathworks, vendors of IDL and Matlab, respectively.    
· Telecon with RSI in March to discuss how to shorten the lag between HDF5 and IDL releases, and to find ways to help power users deal with incompatibilities across releases.
· Meeting with an application developer in March to discuss adding support for Visual Basic inside .NET.

· Telecon with RBTools in May, to provide advice on writing a database management tool around HDF5.  

· Meetings at HDF-EOS Workshop with a number of vendors and other tool builders, in November-December. Discussions with The MathWorks to develop plans for a full Matlab API for HDF5. 
· Multiple email exchanges with MathWorks on HDF5 APIs support in Matlab and JPEG support in HDF4.


	3.1.5 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.  
	The team was very active in this area in 2005:

· ESIP Federation Winter Meeting, January.  Mike Folk gave a talk about the netCDF-HDF5-OPeNDAP harmonization efforts that are underway.
· American Meteorological Society Annual Meeting, January. MuQun Yang participated and presented two papers:
MuQun Yang, Robert E. McGrath, and Mike Folk, "HDF5: A High Performance Data Format for Earth Science" American Meteorological Society, January, 2005. 

MuQun Yang, Robert E. McGrath, and Mike Folk, "Atmospheric Sciences and Climate Applications Using HDF and HDF5 "

· Parallel IO Workshop at Argonne National Lab, March.  Several NCSA staff attended the workshop to identify challenges in parallel I/O.
· Elena Pourmal visited the National Institute of Standards and Technology in April to discuss standardization for HDF5.

· The NCSA team gave its Annual HDF briefing to ESDIS, at Goddard, in April.

· Dr. Folk and Robert E. McGrath, with Ruth Duerr of NSIDC  met with NASA team at Goddard, regarding ways to investigate HDF Archiving issues.  Subsequently Folk and McGrath visited the National Archives and Records Administration regarding this and other issues.
· Ms. Pourmal met with the Beowulf group at NCCS at Goddard in April to assist them in using HDF properly to achieve high performance for medium range climate modeling applications.

· Ms. Pourmal attended a NeXus meeting in Santa Fe, NM in April.  This meeting was with an international committee of neutron scientists trying to standardize their model using HDF4 and HDF5.

· NCSA Staff attended a Linux Cluster conference in Chapel Hill, NC, in April. 
· Dr. Yang participated in the NCAR SCD User Forum and ESMF Training in Boulder CO, in May. He discussed possible usage of HDF5 and netCDF4 inside ESMF with the ESMF team.
· Dr. McGrath attended the Summer ESIP Conference in San Diego in June.  
· Dr. McGrath presented a talk about netCDF 4 to NASA’s Earth Science standards working group in June, in San Diego.  
· Dr. Yang and Mr. McGrath attended the ESTO technology conference, in College Park MD, in June.
· Albert Cheng installed and consulted on the use of parallel HDF5 on high performance computers at the Core of Engineers Waterways Experiment Station, in support of hydrology applications from the Earth Science Modeling Laboratory at Brigham Young University.  

· Ms. Pourmal and Mr. Cheng attended the SDSC Computing Conference, giving tutorials on HDF5 and parallel HDF5, at San Diego Supercomputing Center, in June.
· Dr. McGrath and Dr. Folk attended the netCDF-HDF5 project final report with NASA via telecon, in August.
· Dr. Folk met with the Consortium of Universities for Advancement of Hydrologic Science (CUAHSI), which was considering HDF5 as standard for hydrology, in August.  

· Dr. Folk attended a Workshop by National Forum for Geosciences Information Technology (FGIT), to help identify cyberinfrastructure challenges in the geosciences, in October, in D.C. 
· Ms. Pourmal  attended NASA 4thl ESDWG meeting and gave a talk on the “HDF5 standard” to the Standards Process Group, in October, Baltimore, MD.  A complete set of the standardization documents is available at http://hdf.ncsa.uiuc.edu/RFC/HDF5-standard/
· With NASA and NPOESS, NCSA co-hosted HDF-EOS Workshop IX in San Francisco, Nov. 30-Dec. 2.

· NCSA hosted an EXPRESS-STEP-HDF5 workshop, including tutorials and developing strategies for the use of HDF5 as an ISO exchange format for product model data.  


	3.1.6 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 HDF5 tutorials (http://hdf.ncsa.uiuc.edu/HDF5/doc/Tutor/) were enhanced in several respects, adding material on High-Level APIs, Variable-Length Datatypes, and Compound Datatypes.
We participated actively in the HDF-EOS Workshop IX in December 2005.  In the workshop we conducted tutorials on the HDF5 and HDF5 Lite libraries and HDF tools. We gave presentations on the new features in the HDF5 1.8.0 release including error handling and metadata cache tuning. Presentations on the HDF5 R&D topics such as indexing in HDF5 and remote access to the HDF5 files via SRB middleware sparked a lot of interest among the HDF and HDF-EOS users. We also invited several non HDF-EOS developers such as the Python PyTables team and LBNL researchers who work on fast access/queries to HDF5 files, to share their experiences and advances in handling HDF5 data. For more information see http://hdf.ncsa.uiuc.edu/workshops/HDF-EOS9/Presentations/



3.2 Software maintenance 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, and includes the following tasks.
	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 keeping the 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 including better support for SZIP compression were fixed for HDF4.2r1 which was released in February, 2005. 
Similarly, all major HDF5 bugs and features were prioritized and fixed in the 1.6.4 and 1.6.5 releases (March and November, 2005, respectively), with priority given to those that most affect the HDF-EOS community.

New features and multiple bug fixes were included in the HDF Java products version 2.3 released in November 2005

Details of these releases can be found in HDF Newsletters 82, 83, 84, 85 and 86 at http://hdf.ncsa.uiuc.edu/newsletters/.
During 2005 the HDF5 team has been working towards the 1.8.0 HDF5 release.
Along with many new features HDF5 1.8.0 will include a new way of error handling (http://hdf.ncsa.uiuc.edu/workshops/HDF-EOS9/Presentations/Wed/HDF5%201.8%20Presentations/) and new n-bit and scale+offset compression methods. 
Applications like HDF-EOS5 will benefit from improved error handling in HDF5. This mechanism provides a standard way of error handling and facilitates integration of application specific errors with the HDF5 error stack; the HDF team made sure to make new Error APIs forward compatible with the current release of the HDF-EOS5 library.  
n-bit and scale+offset compression methods have been requested by many HDF-EOS and especially NPOESS application developers. Performance studies were presented at the HDF-EOS IX Workshop (http://hdf.ncsa.uiuc.edu/workshops/HDF-EOS9/Presentations/Fri/HDF5-nbit-scaleoffset.ppt ,
http://hdf.ncsa.uiuc.edu/workshops/HDF-EOS9/Presentations/Fri/scale-offset%20performance-posterpdf.pdf)


	3.2.2 Szip compression  

The Szip compression modules are a special case, as they involve close collaboration with the University of Idaho, as well as special licensing constraints on the Szip encoder.  The HDF Group will make certain that Szip is fully supported for those who cannot use the encoder, as well as for those who can
	During 2005, the HDF Helpdesk received several SZIP related questions, bugs reports that helped to improve the HDF/SZIP documentation and implementation, especially in HDF4. HDF4/SZIP improvements will be introduced in the HDF4.2r2 release. 
Information about SZIP support in the HDF libraries can be found at http://hdf.ncsa.uiuc.edu/doc_resource/SZIP/. SZIP/HDF performance studies are available from http://hdf.ncsa.uiuc.edu/RFC/SZIP/SZIPperformanceStudy.pdf
SZIP compression implemented in the HDF libraries and tools has become very popular among users inside and outside the HDF-EOS community. 



	3.2.3 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.


	During 2005 we added SZIP, HDF4 and HDF5 support for the  following platforms at users’ requests:

· Solaris 2.9
· Solaris 2.10 

· HP-UX 11.23
· Cray X1

· CYGWIN
Support for the following platforms was dropped:
· Solaris 2.7

· Windows 2000
Improvements were done to the HDF5 Fortran library configuration that allow automatic discovery and mapping of Fortran data types to C data types, and to eliminate the need for a manual port for each new Fortran compiler or OS system. The same mechanism will be implemented in the HDF4.2r2 release.
During 2005 we also added support for g95 to the HDF5 development branch and latest versions of the PGI compilers.
The HDF team has been working on improvements for Windows maintenance and support. HDF products are tested daily on the Windows platforms with automatic batch scripts; Windows support documentation can be found at http://hdf.ncsa.uiuc.edu/windows.html. 

	3.2.4 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.
	HDF documentation is available with every major release of the HDF software in the HTML and PDF formats.  Work on the HDF5 User’s Guide is still in progress. 
During 2005 documentation work focused on the HDF5 1.8.0 release. New features implemented in the 1.7 branch (error handling, metadata cache, n-bit and scale+offset filters, dimension sacles, etc) have been added to the HDF5 User’s Guide. See http://hdf.ncsa.uiuc.edu/HDF5/doc_dev_snapshot/H5_dev/ for the new chapters.

New C APIs were added to the HDF5 Reference Manual along with the HL, Dimension Scales and Packets APIs.

Multiple bugs were fixed in the HDF5 Reference Manual and User’s Guide for the HDF5 1.6.4 and 1.6.5 releases.
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	HDF4.2r1 was released in February, 2005. Highlights include:

· All Szip compression feature requirements were added and any remaining defects were fixed.
· hdiff and hrepack were added for Windows.
· Config, build, testing procedures were improved.
· The h4fc utility was fixed.
· New compilers and platforms included Mac OS X, Fortran IBM xlf v. 8.1, Absoft f95 v. 8.2, AMD Opteron, Cray TS IEEE, Linux 2.4, Absoft Fortran f95 v. 9.0, PGI C and Fortran, and Intel C and Fortran.
The HDF5 1.6.4 and 1.6.5 releases occurred in March and November, respectively.  Highlights include:
· High-Level (HL) library changes, including addition of some new C APIs, the building of the HL library by default.
· Library now built and tested with SZIP 2.0.

· Many changes to improve library performance, especially for variable length types and metadata cache.
· H5jam – a new utility that allows a text file to be added to the "user block" at the beginning of an HDF5 file.
· Systems added: Solaris 2.10, Cray X1, Cray XT3, HP 64-bit (HPUX 11.23)
· Compilers added: gcc 4.*, g95
· Platforms to be dropped in future releases include:
· Operating systems: Solaris 2.8, HPUX B.11.00
· Compilers: We use the latest versions of vendors compilers as they become available and drop the previous ones.
HDF Java Products version 2.3 were released in November 2005. It included bug fixes and a few new features in HDFView described in section 3.3.3 below.

	3.2.5 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.
	Considerable work continues to go into the HDF regression tests, which are run daily on a critical set of platforms, including platforms running SGI, Solaris, AIX, HP, and Linux, as well as Linux clusters and Windows platforms. 

Both the sequential and parallel HDF5 libraries are tested with the latest stable versions of MPICH and vendor-provided MPI-IO libraries. Various C and Fortran compilers (Intel, PGI, Absoft) are tested rigorously along with the multiple versions of the GNU C compiler.  Periodically the HDF libraries are tested on Windows, Crays, SGI Altix and Compaq cluster machines.
We also periodically test the HDF-EOS5 library with available HDF5 snapshots. HDF-EOS5 was tested with the 1.6.4 and 1.6.5 HDF5 releases to make sure that new features/bug fixes do not break current HDF-EOS releases. 

The HDF bugs database is revised bi-weekly and new requests are prioritized and assigned to the developers. We keep improving our test coverage in the HDF product test suites including test coverage of different configuration options and compilation flags.
HDF group members continue to work closely with the users who reported bugs or requested new features and proactively seek feedback when a bug is fixed or a new feature is added.

For each release, the HDF library documentation is reviewed by the developers,  and the QA and support group. 
Starting with the HDF5 1.6.5 release, the HDF release process was modified to include an md5 file checksum and a PGP signature of the release to ensure that the distribution that is downloaded is actually the software that was released by NCSA.


3.3 Evolve HDF5 library and tools

The importance of maintaining the viability of EOS data in the face of rapid and continual technological change has become quite clear.  NCSA continues to play a unique role in identifying, validating, and transferring technologies that can enable new capabilities, enhance computing performance, and reduce costs.  
	Subtask
	Status

	3.3.1 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.  

	No changes were done to the HDF5 file format.

There was a file format change in HDF4.2r1 to address the SZIP implementation deficiencies in HDF4.2r0.  For file format change description see:
http://hdf.ncsa.uiuc.edu/doc_resource/SZIP/SZIP_HDF4_2r1.pdf, section 3. 

HDF4.2r1 is backward compatible, i.e. files created by earlier versions of the HDF4 library can be read by HDF4.2r1 in spite of a file format change. HDF4.2r0 is not forward compatible for the datasets compressed with SZIP compression.



	3.3.2 High performance computing

New high performance computing architectures and other HPC developments are 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 means of discovering ways to improve the performance of the HDF5 library, and 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 it will be very valuable to the EOS community as it embraces new high performance computing technologies.  This included the following activities. 

· The WRF (Weather Research and Forecasting) model was adapted to use parallel HDF5 in 2004.  In 2005, the HDF5-WRF implementation served as a valuable test case for parallel HDF5 development. 
· The HDF5 team plays a central role in the NSF TeraGrid Project, HDF5 being one of the key technologies used by applications on the computational grid.  

· Considerable work was done to improve collective I/O performance in HDF5, using MPI-IO.  Current versions of HDF5 only allow collective I/O for regular selection in contiguous storage.  In 2005, HDF5 was changed to allow collective I/O for regular selections in chunked storage, and for irregular selections from both chunked and contiguous storage.  This capability is available in the HDF5 1.6.4 and 1.6.5 releases.
· Improvements were also made in the way HDF5 caches metadata.  These improvements will also be available in the next HDF5 release.


	3.3.3 Tools development

Good tools are the key to making EOS data accessible and usable, and are key to helping ‘market’ HDF as a standard.  The HDFViewer/Editor will continue to be a focus of the HDF tools effort, but experience shows that new and enhanced data management utilities can also be extremely valuable to DAACs, SIPS, and other users.


	Because of their value to the EOS user community, HDF5 tools were a major focus for NCSA in 2005.

HDF4 tools.  Performance improvements were made to hrepack and hdiff  at the request of users.
H4 to H5 Conversion Tools.  These tools were updated to work with HDF4.2r1, HDF5-1.6.4, and HDF5-1.6.5.
HDF5 tools. Significant developments include:
· H5jam. This new tool enables users to add or remove a user block in front of an HDF5 file.  This feature is considered particularly useful for adding certain types of metadata to HDF5 files.
· H5dump. Improvements include improved speed in displaying files with large numbers of objects, the ability to dump contents of the boot block, and the ability to dump dataset filters, storage layout, and fill value.

· Parallel h5diff.  This modification enables h5diff to run in parallel.
Java tools.  There was a release of the Java tools in March and November. 
· HDFView. A number of new features were added to HDFView:

· Support for the Storage Resource Broker (SRB), permitting HDF5 object level access to remote files.
· Ability to display HDF5 compound datatypes with arrays.
· Ability to create/display HDF5 named datatypes.
· Ability to create links in HDF5.
· Improvements to the ability to manipulate an HDF5 image palette.
· Ability to select row/column for an xy plot in the table view. 

· New functions added to the Java API include functions to:
· Request an individual object without loading the entire structure of a file

· Send a client request to an SRB server and receive a result from the server

· create an HDF5 indexing table

· query for HDF5 datasets

· A web browser plug-in was released in January that extends a web browser to display HDF4/5 files.  This ‘lite” version of HDFView is analogous to a PDF reader.  It has fewer browsing features than HDFView, no editing features, and is available only on MS Windows.
· HDF-EOS module for HDFView.  This module reads and displays HDF-EOS objects in a meaningful way.



3.4 Integrate with complementary technologies and application domains

	3.4.1 Investigating new data management technologies including XML

The HDF Group will continue to explore the uses of XML, Web and Grid technologies, actively collaborating with the EOS community in this work.
	As noted above, an HDFView-like web-browser plug-in was also released for MS Internet Explorer in January.  


	3.4.2 Integrate with other earth-science standard technologies applicable to Earth Science.  

Technologies such as netCDF and OPeNDAP play a vital role in the earth sciences, and share many of the same users as HDF.  NCSA will seek ways to bring the advantages of these and similar technologies to the community of EOS data users.
	Two areas of particular emphasis in 2005 were integration of HDF5 with the Storage Resource Broker (SRB) and submission of a proposal for significant work with OPeNDAP.  

For details on the SRB work see section 3.6.
HDF5, netCDF and OPeNDAP. A collaboration that began in Fall 2004 between the teams responsible for OPeNDAP, netCDF and HDF5 has made good progress.  NetCDF is a scientific format similar to HDF5 and will ultimately be merged with HDF5 (see section 3.6).  OPeNDAP is a system for transmitting data across the Internet that supports selection of data using constraint expressions and can translate data from one format to another.   This project is aimed at attaining interoperability among these three technologies.   If successful, it will provide a good example of how to effectively access distributed archives of complex data.  This work was reported in a presentation “Harmonizing OPeNDAP, netCDF and HDF5” [1], at the ESIP Winter meetings.  

As reported in section 3.6, the HDF Group has obtained funding to further harmonize HDF5 and OPeNDAP, Work on this grant is expected to begin in Summer 2006.  Because OPeNDAP has a potentially very high payoff to the EOS community, we hope to leverage this project by doing complementary work under the auspices of the cooperative agreement.


	3.4.3 Improve interoperability with geospatial applications and data.   

The applicability of EOS data to geospatial applications has generated a strong interest in finding ways to improve the usability of HDF, especially HDF5, for geospatial applications, such as GIS.  NCSA will work with efforts such as the HDF-GEO initiative to help this happen.
	NCSA continued its work in support of handling geospatial data in HDF5.  This included a project funded by the National Archives and Records Administration (NARA) that involved converting raster and vector data to HDF5.   In turn, this work has led to discussions with ESRI and others about ways to support HDF5-based geospatial data in GIS applications.




3.5 Support transition to the NPOESS era
During the period of this CA, NCSA will continue to work to establish appropriate relationships with the NPP and NPOESS project. This will require active engagement with stakeholders to establish sustainable support for the future projects.  Activities include attending NPOESS meetings when requested, advising NPOESS developers and principals on their uses of HDF5, and working with the NPOESS project and user communities to help encourage NPOESS products and applications to use HDF5 in standard ways.

NPOESS developers participated in the HDF-EOS IX workshop in December 2005 and gave talks on the NPOESS data presentation in HDF5 using UML and future directions of NPOESS data systems development http://hdf.ncsa.uiuc.edu/workshops/HDF-EOS9/Presentations/Fri/.  Presentations followed by technical discussions with the HDF group members.
The HDF Helpdesk and HDF developers exchanged emails and provided support to NOAA CLASS developers. Dr. Yang  attended NPOESS symposium during AMS meeting in January, 2005
3.6 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:

HDF and OPeNDAP. A proposal was submitted to NASA to further harmonization of HDF5 and OPeNDAP, and has been awarded.  Work on this grant is expected to begin in summer 2006.  Because OPeNDAP has a potentially very high payoff to the EOS community, we hope to leverage this project by doing complementary work under the auspices of the cooperative agreement.
High performance I/O for Advanced Simulation and Computing Program (ASC).  Much of the feature development in HDF5 and most of the high performance work were carried out with funding from the DOE’s ASC program.  ASC resources also afforded the opportunity to port and maintain HDF5 in a number of high performance platforms of varying architectures including four of the world’s six biggest and fastest machines.

Study of access performance of very large arrays in parallel. In 2005, with support from the National Archives and Records Administration (NARA), NCSA investigated performance aspects of accessing very large raster images on parallel systems.  Findings showed the value of chunking in HDF5, and helped to understand relative advantages of independent parallel I/O and collective parallel I/O.


Performance for HDF5 object access in Storage Resource Broker (SRB).  Other NARA performance studies investigated the performance implications of placing HDF inside the SRB.  A model was developed to help predict when it is preferable to do local staging of entire files, as opposed to perform object access remotely.  Different subsetting strategies were tested, corresponding to access patterns that might occur when subsetting remote sensed data.  This work could have important implications for how data is made available from repositories.

netCDF 4.  A NASA-funded project to implement the next generation of netCDF on HDF5 was completed in 2005, although some work remains before the new version of netCDF (called netCDF 4) will be available.  The current planned release is in Summer 2006.  This is a joint project between Unidata (NCAR) and NCSA.

Access and preservation of instrument data.  One of the most challenging uses of HDF5 is to collect test data in real time, retaining structures that facilitate visualization and analysis soon after the data is collected.  Data streams arrive, typically in time-stamped packets, at very high volume and speed.  The HDF team worked with Boeing on the use of HDF5 for collecting test data, where tests are expected to generate more than 10 TB of data per day, at a typical rate of 200 megabits per second.  

The HDF group was not able to achieve this accretion rate for HDF5 in the time frame required, but in the process has identified a number of possible approaches that would likely increase HDF5’s ability to ingest data much more quickly.  These include new data structures that could substantially increase the ability of HDF5 to accumulate data quickly, at the same time providing fast searching capabilities for subsequent queries.  These new structures are based on the innovative “skip list” data structure, which is not only faster than common indexing structures, but simpler to implement.  Ultimately, although Boeing chose not to use HDF5 for direct data ingest at this time, it did adopt HDF5 as the preservation format for several of its projects.  

The knowledge and technologies developed as part of this project should have considerable value in dealing with EOS in-situ data.


Performing algebraic transforms during I/O.  Funding from the DOD’s Scientific Discovery through Advanced Computing (SciDAC) program supported the research on an HDF5 I/O filter that can apply algebraic operations to a dataset during read/write operations.  This capability could prove quite valuable to EOS applications, for example for applying calibration to data that is being read in.  A filter was successfully created and has proved sufficiently robust to be included in the next release of HDF5.

CFD General Notation System (CGNS).  The NCSA team has been working with a group representing CGNS, a standard for recording and recovering computer data associated with the numerical solution of the equations of fluid dynamics, to implement ADFH, an HDF5 interface for CGNS. This interface wraps the ADF API with HDF5 routines 
Archival formats.  In FY 2005, we began a collaboration with NASA and the National Snow and Ice Data Center (NSIDC) Distributed Active Archive Center to investigate how encoding might be achieved that preserves the information content and performance features of complex scientific data formats, and at the same time provides the requisite simplicity needed for long term archival storage.  Using the OAIS reference model as a framework, the group is developing a proposal that will be submitted to NASA, NOAA, and other agencies to study this problem in some depth and to develop a prototype demonstrating a workable solution.

Indexing support in HDF5.  We have noted that many users of HDF5 create ad hoc index structures within HDF5 files in order to facilitate querying and accessing data.  This is often done as an add-on to an HDF5 file in which the primary data has been delivered from some source.  As with other common uses of HDF5, we are addressing this by creating a special model and API for creating simple search indexes in HDF5.  The indexing structure describes regions in large arrays, and hence should be quite adaptable to indexing regions of interest in remote sensed data, hence the EOS community.  

This work is sponsored by the National Center for Advanced Security System Research, and is described at http://www.ncassr.org/projects/hdf5.html and in two technical reports [2][3].  A prototype is available.  This work should be of interest to the EOS project as a demonstration of a way to supplement complex data with additional structures to facilitate querying and otherwise working with files or collections of files. 

File System Benchmark Tool.  As part of its DOE project, the HDF group investigated the use of IOzone, an open source file system benchmark tool.  IOzone can help determine whether a particular platform provides adequate performance for a specific application, and as such we feel that this type of tool could be very valuable to NARA.  The use of IOzone was demonstrated, and the results illustrate the performance impact caused by the different levels in the memory hierarchy and by system configurations that optimize certain types of operations.  A technical report [4] from this investigation has been placed on the NCSA NARA website. 

Product model data.  Over the past 12 years, a number of groups have looked into the use of HDF for product model data.  The ISO standard format (STEP) for product model data has some shortcomings, particularly in its ability to handle very large datasets.  The HDF team has been working recently with a team from Europe that is assessing the viability of using HDF5 as a binary format for product model data, roughly equivalent to the text-based STEP format.
Hydroinformatics.  There has been a groundswell of interest in using HDF5, in combination with netCDF 4, as an exchange format for hydroinformatics data.  This activity is just beginning, but is supported by earlier work done by the HDF group, including contributions to a book on hydroinformatics that was published in Fall of 2005 [5].
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5 Introduction

5.1 Organization

The proposal is organized as follows:

Section 1 Summarizes the project goals, and presents a brief history of the project

Section 2 Describes the Cooperative Agreement mechanism

Section 3 Summarizes the primary areas of focus over the next three years

Section 4 Presents a detailed breakdown of objectives and tasks that make up the project

5.2 Project goals

The goal of this project is to provide long-term support for the Earth Science Data and Information System project (ESDIS) to help ensure 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.  It also requires special attention to evolving the project to support the ECS Maintenance and Development phase.  As well, the project must do whatever it can to anticipate and smooth the eventual transition of much of this effort to the NPOESS era.  Finally, as the value of EOS data expands well beyond the core users, the project has an opportunity to serve a very broad community of potential users by helping to improve the general usability and accessibility of EOS data.

To accomplish these goals, 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 the extended CA, NCSA would carry out work in the following categories:

(1)
Support activities

(2)
Maintenance of HDF4 and HDF5 libraries and utilities and quality assurance

(6) Evolving the HDF5 library and utilities

(7) Integration with complementary technologies and application domains
(8) Support for the transition to the NPOESS era
The accomplishment of these objectives will ensure that the HDF project remains responsive to the needs of the EOS community now and into the future.

5.3 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 ensure that NCSA could continue provide longer-term, high quality support for EOSDIS.  This Cooperative Agreement was extended in 2001 to continue through calendar year 2004.  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 the 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 through its work with computational and data grids.  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.

6 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 2005 through 2007, under which NCSA would carry out work in the following areas:

(1)
Support activities.  As EOSDIS matures and increasing amounts of data are archived, current users will be joined by users with an ever-broadening range of applications.  The project will provide continuing user support for the expanding EOS community in the form of HDF consulting assistance, workshops and training, and documentation. 

(1) Maintenance of HDF4 and HDF5 libraries and utilities and quality assurance.  The focus of this work will continue to be on feature changes to address EOSDIS requirements; correcting errors; keeping the software, test suites, configurations, and documentation current; and conducting periodic releases of the software as platforms, operating systems and compilers change.  Quality assurance involves upgrading and extending software testing, reviewing and revising documentation, improving the software development process, and strengthening software development standards.

(2) Evolving the HDF5 library and utilities in key areas.  To support continued maintenance of the system, new development will focus primarily in two areas: supporting high end computing requirements and developing tools to improve the accessibility and usability of data stored in HDF5.  

(3) Integration with complementary technologies and application domains.  Users are best served by technologies that complement and work effectively with related technologies.  Foremost for HDF is to operate well with HDF-EOS technologies, which means making sure that the two perform efficiently together and that the HDF-EOS library and tools use HDF as effectively as possible.  Other technologies, such OPeNDAP, netCDF, XML, and GIS can add tremendous value when effectively integrated with HDF.

(4) Supporting the transition to NPOESS. With the NPOESS project in line to succeed EOS, questions are already being raised about how EOSDIS DAACs, SIPs, and others will interoperate with NPOESS systems.  The HDF Group can play a key role in making sure that these groups will be able to make the greatest use of NPOESS.  

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.

6.1 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.

6.2 Budget

The primary sources of funding for HDF are NASA (this project) and the Advanced Simulation and Computing (ASC) program.   ASC has committed to supporting the HDF5 work at a substantial level until mid-2006.  No commitment is in place beyond that date, but because of the ASC 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 ASC is bearing with NASA the burden of supporting HDF5.  

Based on these assumptions, it is estimated that during 2005, funds in the amount of $900,000 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)

2007 900

2008 920

2009 950

7 Primary focus areas

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

High performance computing (HPC).  With Terra, Aqua and Aura now all operational, we will see increasing emphasis within EOS on computation, particularly on high performance parallel systems.  In this context, parallel file systems, parallel applications that use MPI, parallel programming interfaces such as MPI-IO, and threaded applications will need to be supported at the data access level.  In addition, performance testing, tuning and documentation will be needed.  It will also be important to support HDF-EOS in performance testing and tuning.   We expect to apply resources in the new CA to these needs.

Tools to improve availability and usability of data.  The growing archives of NASA’s earth science data, coupled with an increased emphasis on the availability and usability of this 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, and tools for viewing, editing, and manipulating the data.  It is also important to continue incorporating and investigating the benefits of XML-based technologies for improving access and usability.  The new CA will address these needs.

Stabilizing HDF4 and HDF5.  The HDF4 library and format have shown themselves to be very robust.  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.  In addition, there is still some work that can significantly improve the long-term stability and maintainability of HDF4, such as the detection and configuration of the XDR library, and coexistence with the current version of netCDF.   Similar work is in order for HDF5.    Both HDF4 and HDF5 have significant testing suites, but there is clearly a need to expand the testing regimes for both formats.

Transition to NPP and NPOESS.  With the NPOESS project in line to succeed EOS, questions are already being raised about how EOSDIS DAACs, SIPs and others will interoperate with NPOESS systems.  The HDF Group has taken every opportunity to advise and support the NPOESS development team, and expects to continue to do so.

External engagement.  There are three general areas in which the HDF Group can play a central role in helping expand the usefulness and applicability of EOS data beyond the EOS project itself: in working with tool builders and users, in working to make HDF-based technologies interoperate with other technologies, and in the development of standards.  

Tool builders and users. We are seeing a significant growth in applications and tools that make use of EOS data.  Commercial and non-commercial tool builders are finding a growing clientele of HDF and HDF-EOS users, and their products are greatly expanding the usefulness of EOS data.  These companies and developers will rely heavily on HDF Group resources to help them create and deploy their products.  The ESIP Federation has successfully fostered a number of companies that either use the data or develop software to add value and usefulness to the data.

Other technologies.  The more HDF can interoperate or coexist with other technologies, the more usable it becomes.  A number of successful technologies have emerged as compellingly important in this regard.  OPeNDAP, for instance, is a highly successful technology for accessing data across the Internet, and is widely used in the earth science community.  By working to harmonize HDF (and HDF-EOS) with OPeNDAP, we will be able to improve data access in powerful ways.  Other technologies that have shown similar value to earth science by interoperating with HDF are GIS, the Storage Resource Broker, and Lambda Rail. Similarly, interoperability with other formats such as XML, netCDF and GeoTIFF enhances the value and usability of EOS data.
Standards.  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.  This means working with the NPOESS project to help ensure standard uses of HDF5, and working with appropriate communities to develop standard uses of HDF5 for storing and accessing geospatial data (HDF-GEO). 

8 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 and available resources dictate.  The very highest priority tasks are likely always to be those involving user support, QA, and library maintenance.

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.

8.1 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.   NCSA will continue to advise and support the ECS on this project.   It is anticipated that in the next three years performance will become increasingly important, and NCSA will work closely with the ECS to improve the performance of HDF-EOS, both by helping to analyze and tune the HDF-EOS code and by making necessary modifications to the HDF libraries.  If parallel uses of HDF-EOS emerge, NCSA will work closely with the ECS in this area also.

Support DAACs and SIPs.   NCSA will continue to give a very high priority to helping DAACs, SIPs, and other critical users of HDF.  We anticipate that similar support will be needed for NPP as that system is developed.
Support tool builders and vendors.  NCSA will continue to work closely with vendors and other tool builders to make sure their software is as useful as possible.

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.

8.2 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.

Szip compression.  The Szip compression modules are a special case, as they involve close collaboration with the University of Idaho, as well as special licensing constraints on the Szip encoder.  The HDF Group will make certain that Szip is fully supported for those who cannot use the encoder, as well as for those who can.

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 three 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 likely require about two releases per year for the next three years. In addition, NCSA has found that many users benefit from early “snapshots” of library and utility releases that are under development, and will continue to provide these. 

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.

8.3 Evolve HDF5 library and HDF4 and HDF5 tools

The importance of maintaining the viability of EOS data in the face of rapid and continual 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 three 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 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 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 means of discovering ways to improve the performance of the HDF5 library, and 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.  The HDFViewer/Editor will continue to be a focus of the HDF tools effort, but experience shows that new and enhanced data management utilities can also be extremely valuable to DAACs, SIPS, and other users.

8.4 Integrate with complementary technologies and application domains

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.

Investigating new data management technologies including XML. The HDF Group will continue to explore the uses of XML, Web and Grid technologies, actively collaborating with the EOS community in this work.  

Integrate with other earth-science standard technologies applicable to earth science.  Technologies such as netCDF and OPeNDAP play a vital role in the earth sciences, and share many of the same users as HDF.  NCSA will seek ways to bring the advantages of these and similar technologies to the community of EOS data users.

Improve interoperability with geospatial applications and data.   The applicability of EOS data to geospatial applications has generated a strong interest in finding ways to improve the usability of HDF, especially HDF5, for geospatial applications, such as GIS.  NCSA will work with efforts such as the HDF-GEO initiative to help this happen.

8.5 Support transition to the NPOESS era

During the period of this CA, NCSA will continue to work to establish appropriate relationships with the NPP and NPOESS project. This will require active engagement with stakeholders to establish sustainable support for the future projects.  Activities include attending NPOESS meetings when requested, advising NPOESS developers and principles on their uses of HDF5, and working with the NPOESS project and user communities to help encourage NPOESS products and applications to use HDF5 in standard ways.
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