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Project Goal and objectives

The goal of this project was 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 required not only that NCSA 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, NCSA carried out work in the following categories:

(1)
User support 

(2)
Maintenance of HDF4 and HDF5 libraries and utilities

(3) Quality assurance

(4) Evolution of the HDF5 library and utilities

(5) Integrating HDF4 and HDF5 with complementary technologies and application domains 

(6) Supporting the transition to NPOESS
Summary of Accomplishments
The work performed for this Cooperative Agreement is a continuation of activities that began in 1992 in support of the Earth Observing System by HDF Group at the National Center for Supercomputing Applications (NCSA) at the University of Illinois at Urbana-Champaign.  Throughout this time the NCSA HDF group has 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.  

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(infusion?)
The activities also 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 proved to be very effective, as the annual progress reports.  Highlights of activities follow.  For details, see the annual reports [11] and [18].
User support activities during the period of this agreement included resolution of approximately 900 issues from users per year.  (NASA estimate that there are over 1.6 million users of HDF EOS data.)   95% of all issues were resolved within two weeks; 40% within four hours. The HDF helpdesk work especially actively with SIPS, DAACS and vendors whose support of HDF is important to the EOS community, especially with RSI and MathWorks.
NCSA carried out many activities in support of HDF-EOS developers and users, including testing of HDF-EOS software and collaborative development of HDF-EOS related software with the ECS, including an HDF-EOS plugin for HDFView.

The HDF Group outreach activities were extensive during this period.  The group attended at least 25 conferences and workshops, and produced a number of papers and presentations, including research reports, tutorials, and participation in working groups.  Highlights included co-hosting the annual HDF and HDF-EOS Workshops, together with ESDIS and the NPOESS project.
Library maintenance and evolution was more active for HDF5 than for HDF4 during this period, because HDF4 is now devoted almost exclusively to existing data products, whereas new products are tending to go into HDF5.   SZIP compression was a high priority for EOS, and was added to both libraries. New features and multiple bug fixes were included in the HDF Java products as well. Details of these releases can be found in HDF Newsletters 82-86 at http://hdf.ncsa.uiuc.edu/newsletters/.  
During 2005 the HDF5 team has been working towards the 1.8.0 HDF5 release, which will include important new features to support remote-sensed data, such as new n-bit and scale+offset compression methods.  Applications like HDF-EOS5 will also benefit from improved error handling in HDF5. 

Five new platforms were added, in response to evolving EOS requirements, and two platforms were dropped.   Improvements were done to the HDF5 Fortran library configuration that simplified porting to new systems, and added datatypes for users. 

EOS has a growing number of Windows users.  In response, the HDF team has improved Windows maintenance and support. HDF products are now tested daily on the Windows platforms 
NCSA 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. 
Because of their value to the EOS user community, HDF5 tools were a major focus for NCSA in 2005.  Performance improvements were made to hrepack and hdiff  at the request of the Goddard DAAC, and their use has resulted in enormous cost savings for archiving EOS data.  Several H5dump improvements were also made, at request of users.  A new tool called h5jam was developed to support NPOESS use of user blocks in HDF5. 
HDFView has emerged as a very important tool for the EOS community.  A number of new features were added to HDFView, and the underlying architecture was revised to enable an HDF-EOS module to be added by the ECS team.
A web browser plug-in was developed during this project.  This software extends a web browser on Windows 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.

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.  
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. 
In addition, the HDF Group has obtained funding to further harmonize HDF5 and OPeNDAP, Work on this grant began 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.
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.
During the reporting period of this CA, NCSA continued to work to establish appropriate relationships with the NPP and NPOESS project. This required active engagement with stakeholders to establish sustainable support for the future projects.  Activities included attending NPOESS meetings, 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 representation in HDF5 using UML and future directions of NPOESS data systems development.  Presentations followed by technical discussions with the HDF group members.

In July 2006, at the termination of this agreement and driven in part by its commitment to supporting the mission of EOSDIS, the HDF group left the University of Illinois to form a not-for-profit company (“The HDF Group,” or “THG”) dedicated to supporting the users of HDF, and to sustaining HDF technologies in a way that will make HDF and EOS data available for the long term.  A successor agreement has been put into place, enabling THG to continue its support of EOSDIS at a high level.

Publications

1. Folk, Mike, “A Proposal to Renew the Cooperative Agreement between NASA and NCSA at the University of Illinois to Provide HDF Support for the ESDIS Project and the EOSDIS Standard Data Format.”  November 2004.

2. Folk, Mike, “Program Plan for 2005, Cooperative Agreement Between NASA and NCSA/Univ. of Illinois To Provide HDF Support  for the ESDIS Project And the EOSDIS Standard Data Format.”  December 2004.

3. Folk, M., “Harmonizing OPeNDAP, netCDF and HDF5,” A presentation at the ESIP Federation Winter Meeting, Washington, D.C., January 4-6, 2005.
4. MuQun Yang, Robert E. McGrath, and Mike Folk, "HDF5: A High Performance Data Format for Earth Science" American Meteorological Society, http://ams.confex.com/ams/pdfpapers/88475.pdf, 21st International Conference on Interactive Information Processing Systems (IIPS) for Meteorology, Oceanography, and Hydrology , the 85th American Meteorological Society 2005 annual meeting, Jan. 8th - Jan. 14th, 2005

5. MuQun Yang, Robert E. McGrath, and Mike Folk, "Atmospheric Sciences and Climate Applications Using HDF and HDF5 " , http://ams.confex.com/ams/pdfpapers/88474.pdf,  21st International Conference on Interactive Information Processing Systems (IIPS) for Meteorology, Oceanography, and Hydrology , the 85th American Meteorological Society 2005 annual meeting, Jan. 8th - Jan. 14th, 2005

6. Chilan, C. “IOzone: An Open Source File System Benchmark.”  NCSA HDF Technical Report, March 2005.Folk, M, Q. Koziol, J. Laird, R. Sinha.  “Requirements for Indexing Prototype in HDF5”, Version 1.3.  May 2005.  http://www.ncassr.org/projects/hdf/HDF5_Prototype_Indexing_Requirements_1.0.pdf. 

7. Folk, M, Q. Koziol, J. Laird, R. Sinha.  “Model for HDF5 High Level Indexing Prototype”, Version 0.3.  June 2005.  http://www.ncassr.org/projects/hdf/HDF5_Prototype_Indexing_Model_0.3.pdf. 
8. Folk, M., “Managing and Accessing Large Datasets,” Chapters 7-9 of the book “Hydroinformatics: Data Integrative Approaches in Computation, Analysis, and Modeling,” by Kumar P., J. Alameda, P. Bajcsy, M. Folk and M. Momcilo, published by CRC Press LLC. October 2005. 

9. Pourmal, Elena and Mike Folk.  “HDF5 Data Model, File Format and Library – HDF5 1.6” ESE-RFC, Category: Draft Community Standard.  October 18, 2005

10. Peter Cao, Mike Wan, Mike Folk. "Integration of HDF5 and SRB for Object-level Data Access", The SRB workshop proceedings, February 2-3, 2006. http://www.sdsc.edu/srb/Workshop/SRB-handout-v2.pdf
11. MuQun Yang, Elena Pourmal and Mike Folk.  “Progress Report to ESDIS for 2005 HDF Support for ESDIS”, February 2006.
12. Folk, Mike, “Program Plan for 2005, Cooperative Agreement Between NASA and NCSA/Univ. of Illinois To Provide HDF Support for the ESDIS Project And the EOSDIS Standard Data Format.”  March 2006.

13. Pourmal, Elena and Mike Folk.  “HDF5 Data Model, File Format and Library – HDF5 1.6” ESE-RFC, Category: Draft Community Standard.  February 28, 2005

14. Peter Cao, Mike Wan. "SRB integration with HDF5", TeraGrid 2006: Advancing Scientific Discovery, June 12-15, 2006.   http://teragrid.org/events/2006conference/abstracts.html [abstract]
"http://www.hdfgroup.uiuc.edu/webdev/projects/ncsa_srb/Integrating HDF5 with SRB.ppt" [presentation]
15. Christian M. Chilan, MuQun Yang, Albert Cheng, Leon Arber,  “Parallel I/O Performance Study with HDF5, a Scientific Data Package,” TeraGrid 2006: Advancing Scientific Discovery, June 12-15, 2006. http://www.hdfgroup.uiuc.edu/papers/papers/ParallelIO/ParallelPerformance.pdf 
16. MuQun Yang, Quincey Koziol, “Using Collective I/O inside a High Performance I/O Software Package.” TeraGrid 2006: Advancing Scientific Discovery, June 12-15, 2006.  http://www.hdfgroup.uiuc.edu/papers/papers/ParallelIO/HDF5-CollectiveChunkIO.pdf
17. MuQun Yang et al, “Parallel I/O Performance Study and Optimizations with HDF5, A Scientific Data Package,” 12th IBM System Scientific User Group(ScicoMP), July 20th, 2006.  http://www.spscicomp.org/ScicomP12/Presentations/User/Yang.pdf 
18. MuQun Yang, Elena Pourmal and Mike Folk.  “Progress Report to ESDIS for April-July, 2006 HDF Support for ESDIS”, August 2006.

- 1 -

