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Highlights 
User support

We received 945 bugs; 99 percent of bugs were addressed within two weeks.

Tools

We added 41 features to 7 existing tools and implemented 4 new tools.

DAAC and NASA HDF user community

· We addressed and completed all the requests from our annual NASA briefing of 2006. 

· We are making solid progress on most requests from the HDF and HDF-EOS workshop in 2006.
· We became a partner of Partnership of Federation of Earth Science Information (ESIPFED).
EOS support

We applied the state-of-art automatic configuration technique to HDF-EOS5 library. This will tremendously improve the usability and portability of HDF-EOS5 library. 

HDF5 library
We have worked very hard to make sure the backward and forward compatibility issues of HDF5 libraries are addressed.

We maintained or ported HDF4 and HDF5to all platforms of importance to EOS.

Applications and vendors
We have made substantial progress in developing HDF5-OPeNDAP handler. The fully supported handler will be used by the NASA DAAC to serve Aura data to NASA users. 

Standardization

We submitted a new version of the “HDF5 Data Model, File Format and Library” standardization document to NASA ESDSWG SPG in January 2007.

Others

· We co-hosted HDF and HDF-EOS workshop X and took over maintenance of HDF-EOS website.

· We provided assistance to NPOESS and NPP, and submitted an NPOESS BAA to better support NPP, NPOESS, and NPOESS Data Exploitation.
1 Introduction

The work plan on this project is entitled “The NASA HDF Program Plan for 2006”.  The work plan is attached as Appendix A.  The following report describes the first 10 months of work on this project.

2 Project Goals and Activities

The primary goals of this cooperative agreement for the year beginning July 16th, 2006 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 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 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.  

(6) To Support for long-term preservation of HDF-EOS and HDF-NPOESS data.  The HDF Group will continue to work with the Earth Science community on the problems of long-term preservation of the HDF-EOS data stored in HDF4 and HDF5 formats, and future NPOESS data that will come in the HDF5 format.

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

The HDF Group's HDF helpdesk provides support to DAAC programmers and analysts and other EOS science software teams by providing users with assistance in using HDF 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 2006, 30% of messages were resolved within four hours, 20% were resolved in a day, 20% were resolved in a week and only 1% were still open after 2 weeks. 

The number of helpdesk requests stayed at about the same level as in 2005 (949 requests comparing with 990 in 2005). 72% of all questions were related to HDF5. 

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 MathWorks. 

The HDF helpdesk improved HDF Support Web pages for the HDF5 libraries and tools. New content was added to the Web pages including new program examples, performance tuning recommendations and documentation on the backward-forward compatibility issues.



	3.1.2 Support HDF-EOS development efforts

1. The HDF Group 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 The HDF Group 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.  

2. If parallel uses of HDF-EOS emerge, The HDF Group will work closely with the ECS in this area also.


	During this year, THG worked closely with HDF-EOS developers.

· We continued testing HDF-EOS5 with development snapshots of HDF5 on several platforms crucial for NASA such as Linux, SGI and Windows.

· 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. We also provided HDF4 and HDF5 source code and pre-built binaries for the new platforms such as Mac OS 10.4 and Solaris 5.8 on Intel.

· The HDF Group has been working with the HDF-EOS developers on the new configuration procedures for the HDF-EOS5 library. HDF-EOS5 library was switched to use GNU autoconf and automake tools to improve portability to new platforms and compilers, and to facilitate building and testing processes. New configuration was tested on Linux, SUN Solaris and SGI IRIX systems and discovered defects were removed. The HDF Group is in the process of testing new HDF-EOS5 distribution with upcoming HDF5 releases on other platforms. If tests are successful, a new HDF-EOS5 distribution will be released to the users.
· Information exchanges with HDF-EOS developers included these:

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

· Discussions and email exchange to diagnose bugs in the new configuration for the HDF-EOS library.

· NASA GES DISC data manager showed great interests in our HDF5-OPeNDAP project. It is expected that they will use the official HDF5-OPeNDAP handler to serve aura HDF-EOS5 grid data. 

·  We addressed several issues in the HDF5 library brought up by the NPOESS team (Raytheon, Aurora, CO). Additional APIs were added to the library to get names of the HDF5 objects from the references and references to the regions. Improvements were done to the h5dump tool to display region references in a more convenient way.




	3.1.3 Support DAACs and SIPs

The HDF Group 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.

HDF4 hrepack and hdiff tools have proved to be especially important tools for EOS data producers and users. Several new features were added. About 30 requests, most of them from DAACs, were addressed for these two tools. 
hdiff was modified to support better output for multidimensional arrays while printing differences, new error codes were introduced for clarity, and chunking and compression information is available now in verbose mode.
h5repack performance was improved for files with large number of datasets and several critical bugs for DAACs were fixed. Binaries and/or source code that contained the fixes were made available to the users. 
· To address the request from Goddard DAAC GES DISC and HIRDLS Aura team, the HDF Group added an option to direct the data portion of the h5dump output to a binary file. 

· In HDFView Java tool, the HDF Group added new features such as filtering out fill value for image creation to address need from Goddard DAAC.

The HDF Group also quickly tested HDF5 at new SGI Altix and IRIX 64 machines for Aura HIRDLS team to ensure the working of HDF software in these new systems.

The HDF Group also started investigating how to get access to the library versions of HDF5 objects.  Providing the library versions of HDF5 objects can help ease the problem caused by the version of release lag between EOS venders (IDL, Matlab) and HDF5. 

The HDF Group also contacted the DAAC user service group several times to express earnest willingness of the HDF Group to help in any way to better serve the DAAC HDF users. 

To better serve NASA HDF data community, we also applied for Partnership of Federation of Earth Science Information (ESIPFED) and became a partner in February 2007. It is our earnest hope that by attending activities in ESIPFED, we can have more opportunities to contact more NASA HDF data providers and end-users so that we can understand their issues in using HDF and provide more qualitative supports.

HDF team members used many opportunities during conferences and meetings they attended, to talk to the DAACs’ software developers and to learn about their needs.  

	3.1.4 Maintain HDF-EOS website
In a new activity, The HDF Group is taking on the responsibility for maintaining the HDF-EOS website, an extremely important source of information for the entire community of developers and users of EOS data.


	The HDF-EOS website was used for the HDF and HDF-EOS workshop. An estimation of cost and work to be done on supporting the forum for HDF-EOS website has been sent out.

	3.1.5 Support tool builders and vendors

The HDF Group will continue to work closely with vendors and other tool builders to make sure their software is as useful as possible.


	The HDF Group worked intensively with Mathworks. 

The HDF Group developers visited Mathworks in February 2007 and discussed coordination of the software releases, new features in the HDF5 1.8.0 release, and different backward-forward compatibility issues in HDF5. A special mailing list was created to facilitate information exchange between two teams. The HDF Group continued maintaining HDF software on critical platforms requested by Mathworks such as visual Studio 2005 on windows and Intel Mac.



	3.1.6 Conduct information outreach

The HDF Group 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 following additional activities were conducted:

· Dr. Yang attended the 12th IBM System Scientific Computing User Group(SCICOMP 12) in July, 2006 and gave a talk about parallel HDF5 performance and the recent parallel HDF5 library development. In the mean time, he also visited UCAR Unidata NetCDF developers and EOS Aura HIRDLS team. 

· Dr. Folk and Dr. Yang attended NASA 5th NASA ESDSWG conference in November, 2006. They had intensive discussions with OPeNDAP developers on how to implement HDF5-OPeNDAP data hander to server NASA data.

· Ms. Pourmal and Mr. Laird visited MITRE Corp, Hanscom AFB, MA in February 2007 and discussed the issues of HDF5 data ingestion from IDPS. 

· With NASA and ECS team, THG co-hosted HDF and HDF-EOS Workshop X in Landover, MD, Nov. 28-30.


	3.1.7 Prepare and give tutorials and workshops

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


	We participated actively in the HDF and HDF-EOS Workshop X in November 2006.  In the workshop we conducted tutorials on the HDF5 and HDF tools. 
The presentation on “HDF5 lifecycle of data” provides a clear picture on how HDF5 library handles the data internally. It clearly illustrated the importance of knowing the internal working mechanism inside HDF5 library in order to efficiently use HDF5 APIs and corresponding settings. 
In the presentation of tool update, three new tools h5check, h5stat and h5copy were introduced. 
Two presentations related to remote accesses of HDF5 data through SRB and OPeNDAP were well received. 
The presentation on HDF5 documentation was an overview of the HDF5 documentation (content and structure) and THG’s documentation practices and a request for user feedback.  The discussion was very well received. 
We also presented several posters, including I/O performance studies, HDF Explorer and HDF5 as a Binary Format for STEP/EXPRESS Product data. For more information see http://www.hdfeos.org/workshops/ws10/presentations/index.php 


3.2 Software maintenance and quality assurance

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



	3.2.1 Add features and correct errors

Errors and feature requests will be given the highest priority in consultation with ESDIS, ECS, and users, and will always be addressed immediately.  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.
	During 2006 THG worked on adding new features to HDF5 to support NetCDF-4, on improving sequential and parallel performance and on reducing overhead in HDF5 files.  Configuration work was done in HDF5 Fortran Library to improve portability to the new platforms and compilers. 

Detailed information about new version of HDF5, including description of the new features, APIs, backward-forward compatibility issues, and documentation can be found at http://www.hdfgroup.uiuc.edu/HDF5/doc_1.8pre/WhatsNew180.html
Stable tested snapshots of HDF5 1.8 alpha and beta releases are available from ftp://ftp.hdfgroup.uiuc.edu/pub/outgoing/hdf5/hdf5-1.8.0-pre/
First beta release of HDF5 1.8.0 is scheduled for April 2007.
THG also worked on fixing bugs in a current released version of HDF5 (1.6.5). More than 40 requests were addressed. Most of the bug fixes and improvements were done to HDF5 command-line utilities. HDf5 1.6.6 release is scheduled for May 2007.

In HDF4 critical bugs such as corrupting file while adding data to the several datasets with unlimited dimensions, and application hanging while reading some compressed data were fixed.  HDF4 Fortran library configuration was updated to reduce maintenance work needed when new Fortran compiler is used. Many improvements were done to the command-line utilities. HDF4.2r2 is scheduled for May 2007.


	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
	THG maintains SZIP library. HDF software is tested with SZIP daily.

Work was done to improve support for the SZIP shared libraries. Source code for SZIP version 2.1 will be available at the time of the HDF5 1.6.6 release.

	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, including daily testing on most major platforms.  It is anticipated that the next three years will see increasing use of high performance systems such as Linux clusters.


	During 2006 we added SZIP, HDF4 and HDF5 support for the following platforms by users requests:

· MAC OS 10.4
· Solaris 2.10 Intel

· Cray XT3

· Windows 64-bit (32-bit binaries)

· FreeBSD 64-bit
We are planning to drop support for the following platforms 

· Solaris 2.7, 2.8 and 2.9

· AIX 5.1

· Cray SV1 and TS IEEE

· HPUX 11.00

During 2006 we also added support for g95 to the HDF4 and HDF5 on all platforms where g95 works. 
HDF team has been working on the improvements for Windows maintenance and support. HDF products are tested regularly on the Windows platforms with the automatic batch scripts; 

	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 HDF library.


	HDF documentation is available with every major release of the HDF software in the HTML and PDF formats. 

During 2006 documentation work focused on the HDF5 1.8.0 release. New APIs for 1.8.0 were added to the Reference Manual in a timely manner and were made available at the times of alpha snapshots. Several new chapters were added to the HDF5 User’s Guide. HDF5 documentation was restructured to accommodate growing number of APIs including High-Level APIs.

Multiple bugs were fixed in the HDF5 Reference manual and User’s Guide for the HDF5 1.6.6 release.
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	During 2006 THG focused on HDF5 1.8.0 release.

1.8.0 version of software has a lot of new requested features implementation of which led to the changes to the file format. Therefore its release took more time than usual maintenance release (6 months). 

Tested snapshots of the source code with the new features and bug fixes were made available to the users at the times when file format was stable. It allowed users to try and test new features without danger of making produced data unreadable by the next versions of HDF5.  5 alpha releases were done during 2006 and first quarter of 2007. First beta release is coming in April 2007.

THG made a decision to support for at least another year HDF5 1.6 released version. Release 1.6.6 that includes bug fixes, support for new platforms and compilers is scheduled for May 2007.

HDFView 2.4 beta version was released for Mac OS 10.4.

	3.2.5 Quality assurance

The HDF Group 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 Altix, 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, g95) are tested rigorously along with the multiple versions of the GNU C compiler.  Periodically the HDF libraries are tested on SGI IRIX, Windows, Cray XT3, and Compaq cluster machines.

We also periodically test HDF-EOS5 library with available HDF5 snapshots. HDF-EOS5 was tested with 1.6.6 and 1.8 alpha 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 the feedback when a bug is fixed or a new feature is added.

For each release HDF library documentation is reviewed by the developers, the QA and support group. 




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.  The HDF Group can continue to play a unique role in identifying, validating, and transferring technologies that can enable new capabilities, enhance computing performance, and reduce costs.  
	Subtask
	Status

	3.2.6 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.  

· 
	New features of 1.8.0 such as indexing by creation order, groups and attributes compact storage, shared object headers, better support for variable-length structures, support for UTF-8 encoding, support for links to the objects in external HDF5 files required file format changes in HDF5.

Full description of the file format changes will be available at the time of 1.8.0 release. See  “HDF5 File Format Specification” document http://www.hdfgroup.org/HDF5/doc/H5.format.html for detailed information on changes to the file format.

HDF5 version 1.8.0 will read an update files created by earlier versions. Earlier versions of HDF5 can read and update files created by 1.8.0 if objects in the 1.8.0 file are “known” to the earliest versions. Backward-forward compatibility issues are discussed in http://www.hdfgroup.org/HDF5/faq/bkfwd-compat.html and were presented to at the HDF-EOS Workshop X http://hdfeos.org/workshops/ws10/presentations/index.php
No changes were done to the HDF4 file format.



	3.2.7 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.


	THG 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, DOE and other sponsorship, but it will be very valuable to the EOS community as it embraces new high performance computing technologies.  This included the following activities. 

· Concurrent read/write capability.  The ability to read from an HDF5 file can be very important when the processes data gathering and analysis overlap.  With support from a DOE remote-sensing project, THG has developed technology to permit simultaneous reading and writing the HDF5.  Currently only one reader and writer are supported, but ultimately we hope to support multiple readers and writers.
· Very fast I/O.  The same DOE users needs to be able to write and read HDF5 data at a rate of 300 megabytes per second on a high performing SAN system.  A technique called “direct I/O” can help us achieve this, and thus we have implemented an HDF5 I/O driver for direct I/O on systems that support that feature.  Direct I/O has indeed improved HDF5 throughput, although the 300 MB/sec goal has not yet been achieved.  
· THG continued to support the NSF TeraGrid Project, HDF4 and HDF5 being key technologies used by applications on the computational grid.  This work requires that HDF4 and HDF5 be maintained on a number of systems that are also of importance to EOS and affiliated projects, Altix, IBM SP, large Linux clusters, and BG/L. 

· Performance studies, including netCDF 4.  THG carried out performance studies on high end systems, to compare parallel versions of HDF5, ANL Parallel netCDF, and Parallel netCDF 4.  The latter uses HDF5 as its underlying format.  The study found performance to be comparable between HDF5, parallel netCDF 4, and ANL parallel netCDF, contradicting earlier studies that used HDF5 inappropriately.    
· Collective I/O optimizations inside HDF5.  A project was completed to optimize collective I/O operations for non-regular selections.  This work has the potential to improve EOS, NPOESS and affiliated applications that require fast I/O on large, chunked datasets.

	3.2.8 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 HDFView viewer/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.  

An alternate version of the tool h5jam called h5nub has been created by a member of the NPP project.  H5nub makes it possible to add information to an HDF5 file’s user block without having to rewrite the entire file.  In the coming year, h5nub and h5jam will be integrated into a single tool.

In a separate project, a new tool called h5chk is to be implemented, which will determine the validity of an HDF5 file.  This tool is expected to be of value to EOS in determining whether corruption has occurred in HDF-EOS files, and to determine which version of the HDF5 library must be used for access.  A study will be produced examining the usefulness of h5chk for these purposes.


	Because of their value to the EOS user community, HDF tools were a major focus for THG in 2006.

HDF4 tools.  Many enhancements were done to hrepack and hdiff command utility tools.

H4 to H5 Conversion Tools.  The test suites of these tools were updated by using hdiff and h5diff tools. 

THG has fixed many important bugs and implemented many new features in the existing HDF5 tools that will greatly benefit EOS mission. We also implemented several new tools that were funded by another project. These tools benefit EOS user community as well. A brief description of the developments is listed below. A comprehensive list can be found in Appendix B. 

Enhancement of existing HDF5 tools. Significant developments include:
h5dump 

The HDF Group added many features to h5dump. Especially we added an option to direct the data portion of the h5dump output to a binary file. The request to add this option was from Goddard DAAC GES DISC and HIRDLS Aura team.

h5ls 

Added a non-wrap option when displaying data values

h5diff

Fixed a problem on comparing floating point numbers

h5repack

We used a new HDF5 API H5Ocopy to improve performance of repacking HDF5 objects. The performance measurement (Appendix B) shows it can be 1000 times faster than the previous version.
Other tools

We also enhanced the documentation and test suite for h5import, gif2h5 and h52gif. 
New HDF5 tools
h5check (this tool is funded by another project)
It is important that HDF5 files created and modified by the HDF5 library are fully compliant with the defined HDF5 File Format Specification (File Format) to ensure the data model integrity and long term compatibility between evolving versions of the HDF5 library. The h5check tool verifies that the content of an HDF5 file is encoded according to the File Format. The verification role also makes h5check act as a watchdog for the implementation correctness of the HDF5 library. This tool is expected to be of value to EOS in determining whether corruption has occurred in HDF-EOS files. It has already been in beta release.
h5copy (this tool is funded by another project)
h5copy is a command line tool that allows to make a copy of an HDF5 object (group, dataset or named datatype) from one location to another location within a file or across files. h5copy uses the HDF5 API function H5Gcopy to copy objects, which provides users with several options on how data object is copied, and high efficiency in data copy.
h5stat (this tool is funded by another project)
h5stat is a new utility for viewing different statistics about an HDF5 file such as number of groups, datasets, attributes in the file, storage features of the objects such as chunking, compression and other filters used. THG have been working on adding statistics on HDF5 metadata in the file, for example how much space HDF5 objects headers take. It will help to troubleshoot the problems of the HDF5 files overhead.
h5mkgrp (this tool is funded from other resource)
h5mkgrp creates groups in an HDF5 file from the command line, analogous to the "mkdir" utility in UNIX/Linux. 

Java tools  
HDF-Java release 
HDF-Java 2.4 is scheduled to release in June. Version 2.4 will include all the new features and bug fixes. It will build on the HDF5 1.6.6 release and the newest HDF4 release.
HDF-Java Bug Fixes

The important bugs we fixed include:

· Problem with using right mouse button(requested by EOS team)
· Problem with opening a NetCDF file
· Problems related to handling compound datatype
New Platforms supported

THG added the HDF-Java supports for 64 bit AMD Linux, 64 bit Solaris, Free BSD and Mac Intel.
New Features in HDF-Java Products 
HDFView:  

· Important features such as supports for “large font” and “scrolling images” are added. Information about other features can be found in the Appendix B.

HDF-Java Object Package: 

· Add feature for all copy and paste of fixed length data without a space between items
· Add features to copy object to same group with different name

· Re-use data buffer in Java to deal with large number of 8kx8k 3D datasets/images
HDF4/5 JNI: 

Fourteen new APIs are added. The detailed information can be found in Appendix B. 

HDF-Java Test Suite

· Revise a comprehensive checklist for HDFView test
· Develop a series of unit tests and test basic and advanced HDF Object Package functionality between library releases.  Examples of unit tests are the ability to read/write groups/datasets and coverage of new features.  Add “make check” to the configure file.
HDF-Java Documentation(Java docs)
· Ensure currently published Javadoc documentation is completely documented to reflect the current HDF5 Java code base.  

· Enhance Javadoc documentation to ensure it reflects updates/changes in the HDF5 Java code base

· Revise HDF-java documentation. The Java source code documentation was reviewed by a few people. It was revised to include more information and examples.




3.3 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.  The HDF Group has played a valuable role for ESDIS in this regard over the years, and will continue to do so.
	3.3.1 Investigating new data management technologies including XML and UML

The HDF Group will continue to explore the uses of XML, UML, Web and Grid technologies to improve data accessibility and interoperability, actively collaborating with the EOS community in this work.  
	Two developments from the EOS and elsewhere influenced the direction of this work in the past year.  One was increasing interest in combining HDF5 with traditional databases, and the other was our work with the Earth Science Data Systems Working Group Standards Process Group (SPG).   

The HDF5 standardization effort for SPG is described elsewhere.

As for relational databases, we have begun a study with colleagues from Microsoft and Cornell Theory Center to develop new formal descriptions of HDF5 that are more compatible with traditional relational models.  This study is examining how current XML and UML descriptions of HDF5 may need to change to improve RDBMS compatibility.



	3.3.2 Integrate with other earth-science standard technologies applicable to earth science.  

OPeNDAP is widely used to access Earth Science data, and its use is growing rapidly.  A DAP-HDF4 server is installed at most NASA data centers; playing a vital role in Earth Science data access.  A DAP-HDF5 server is still a prototype.  The HDF Group and OPeNDAP may receive funding from a NASA ROSES grant to implement a DAP2-HDF5 server, and in 2007 a DAP4-HDF5 server.  This project will complement and inform our standardization efforts within the ESDIS project, which will include a DAP4-HDF5 mapping, and also will include the DAP2-HDF5 server in the OPeNDAP distribution, making it available throughout the Earth Science community. 

This work will be publicized and promoted in our outreach activities and submitted to the ESEDWG Standards Process.  In 2007, the finished DAP4-HDF5 server will be included in the OPeNDAP distribution, making it also available throughout the Earth Science community.

	OPeNDAP:

The HDF Group has obtained funding to further harmonize HDF5 and OPeNDAP. Work on this grant was delayed until November 2006 due to administrative issue.  Because OPeNDAP has potentially very high payoff to the EOS community, we leverage this project by doing complementary work under the auspices of the cooperative agreement.
The HDF Group had an in-depth discussion of the project with the OPeNDAP developers during the 5th NASA Earth Science Data System Working Group(ESDSWG) conference in November 2006. The HDF Group also gave a presentation of this project in the 10th HDF and HDF-EOS workshop and was well-received by audience. Especially NASA Goddard GES DISC data provider expressed a strong interest in using the HDF5-OPeNDAP handler to distribute Aura HDF-EOS5 grid data. The HDF Group is diligently investigating the mapping of HDF-EOS5 Aura grid data to OPeNDAP so that the existing OPeNDAP clients can easily read the HDF-EOS5 Aura grid data through OPeNDAP.
NetCDF4:
NetCDF4 has been timely tested against HDF5 1.8 alpha release. NetCDF4 1.0 beta can be released soon after HDF5 1.8 beta release.

	3.3.3 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.  The HDF Group will look for opportunities to make this happen, such as working with the vendors to establish standard ways to store geospatial data in HDF5. 
	We worked with colleagues from the EOS project, NPOESS, NGA, and others toward creating an “HDF-Geo” profile to improve the quality of geospatial data stored in HDF.  The HDF workshop sponsored a special session on this topic, where the Common Data Model developed at Unidata in collaboration with the earth science community, was identified as a promising approach to encapsulating the kind of information that HDFgeo ought to have. 




3.4 Support transition to the NPOESS era

During the period of this CA, The HDF Group 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.

NPOESS developers participated in the HDF and HDF-EOS X workshop in November 2006 and gave talks on the NPOESS data presentation in HDF5 using UML and Profile of NPOESS HDF5 files http://www.hdfeos.org/workshops/ws10/presentations/day3/Profile_of_NPOESS_HDF5_Files.ppt 

HDF Helpdesk and HDF developers exchanged emails and provided support to NOAA CLASS developers.

We submitted a proposal to NOAA BAA to increase support for NPP and NPOESS. We added a new API (H5Rget_name) to retrieve names of the object from object and datasets region references for Raytheon NPOESS team. We modified h5dump utility to use this new function to display datasets regions references. We visited MITRE to build up future cooperation with them to efficiently handle NPOESS data.
3.5 Support for long-term preservation of HDF-EOS and HDF-NPOESS data through HDF standardization

HDF-EOS and NPOESS data are of fundamental importance to current and future research on global climate change, and scores of other applications of national and international importance.  During the period of this CA, The HDF Group will continue to work with the Earth Science community on the problems of long-term preservation of the HDF-EOS data stored in HDF4 and HDF5 formats, and future NPOESS data that will come in the HDF5 format.  

Emphasis on standardization.  HDF standardization efforts will help accelerate the adoption of HDF technologies among the EOS and NPOESS communities, software vendors, different government agencies and research institutions and will make data stored in HDF more accessible and sustainable in the future.  The HDF Group will continue its standardization efforts, including a current proposal under consideration by the NASA ES-DSWG Standards Process to establish standards for the HDF5 data model, format and/or library.  It will also continue to investigate ways to achieve ANSI and ISO standardization for the HDF5 data model, format and library. 

In 2006 and the first quarter of 2007 we worked closely with ES-DSWG SPG on the HDF5 standardization. We submitted new version of the “HDF5 Data Model, File Format and Library” standardization document to SPG in January 2007 http://www.hdfgroup.uiuc.edu/RFC/HDF5/HDF5-standard/. The new version addressed the criticism and included feedback from the reviewers and HDF5 user community.

Elena Pourmal gave a talk to SPG in July 2006 about the challenges THG faced in the standardization process and gave some recommendations to the group.
Another project, outside of the ESDIS project, involved ISO standardization of HDF5 for product model data.  This work is reported under “Related Activities” below.  

Promoting standard usage of HDF. The HDF Group continued to work with appropriate communities to develop standard uses of HDF5 for storing and accessing HDF data.  The HDF-Geo effort described above identified the Common Data Model as probably the best standard for capturing geospatial metadata in HDF.

A number of other efforts, outside of the ESDIS project, focused on standard uses of HDF5 as well.  These are report in the “Related Activities” section below.

Investigation of long-term archiving models.  The HDF Group will investigate other long-term archiving models for data systems. One such model is  Open Archival Information System(OAIS), a model recommended for space data system standards. The Group has developed valuable relationships with Ruth Duerr of the National Snow and Ice Data Center, and will try to obtain outside funding for a workshop to address the problem of long-term preservation of Earth Science data.  Related collaborations are underway with Don Sawyer (GSFC) and Lou Reich (Computer Science Associates), and with the National Archives and Records Administration.

We submitted a joint-proposal with National Snow and Ice Data Center(NSIDC) to NOAA Scientific Data Stewardship(SDS) climate program to investigate the use of HDF5 Archival Information Package(AIP) for storing NASA ECS data. A NOAA-NASA Memorandum of Understanding (MOU) from 1989 ultimately assigns responsibility for the long-term archive of many of EOS data products to NOAA. If the proposal gets funded, it will benefit the successful migration of ECS data from NASA to NOAA and the long-term archival of EOS data at NOAA.

Another activity also involved with the long-term preservation of HDF4 EOS data is the idea of independently mapping HDF4 data objects. At the 10th HDF workshop, Christopher Lynnes of the Goddard Earth Sciences Data and Information Services Center(GES DISC) addressed this need:  “If only we could read HDF data with an independent program that does not rely on the HDF API…”  . After the workshop, the HDF Group then collaborated with NSIDC and GES DISC to submit a memo to NASA project managers aiming to investigate how the map-based approach can be applied to the large body of EOS data that is archived in HDF 4 format in order to facilitate long-term access independently from using the HDF library and tools. This memo will also be discussed at the THG annual NASA briefing in April, 2007.

3.6 Related activities supported by other funding sources

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

HDF and OPeNDAP. Also, 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 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. We worked closely with OPeNDAP developers to design and implement a fully-supported HDF5-OPeNDAP data handler. As described above, our aim is to help NASA Aura users easily access to HDF5 data through DAP. 
HDF5 object access in Storage Resource Broker (SRB).  Another project that has high potential for EOS applications was the integration of HDF5 with the SRB.  This work, supported by NSF, makes it possible to have efficient subsetting and other partial access to HDF5 data stored in remote repositories.

HDF5 recovery after a system failure.  With funding from DOE’s Advanced Simulation and Computing Program (ASC), THG studied possible ways to recover HDF5 that are being written to when a system failure occurs.  A solution has been proposed, and THG is in the process of implementing the solution.  This solution could also be of value to EOS in reducing the risk of data loss when system failures occur while writing data to HDF5.  

HDF5 support on high end systems.  ASC, NCSA and UCAR resources were made available to THG to port and/or maintain HDF5 in a number of high performance platforms of varying architectures including four of the world’s six biggest and fastest machines.  This work is of direct benefit to our EOS users as they migrate their applications to high end systems.
Product model data.  For more than a decade, many organizations have investigated 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 high volume and heterogeneous collections of data.  With support from the National Archives and Records Administration (NARA) we are investigating the use of HDF5 for high volume, complex product model data collections.  Product data ranges over many different types, including CAD/CAM data, images, text, and simulation models.  THG has demonstrated the benefits of HDF5 in two ways: as a way to encapsulate very large heterogeneous data collections of related data objects, and as a way efficiently to store and exchange high volume data such as large computational grids.  

This work was done in collaboration with a committee established by European Union to make HDF5 and ISO standard for product model data interchange.  A proposal was presented to ISO in October 2006, and is currently under discussion.  This project is described at http://www.exff.org/ under “Projects/EXPRESS-binary”.

The lessons learned in this project have proved valuable in our effort to standardize HDF for the EOS community as well.

netCDF 4.  A NASA-funded project to implement the next generation of netCDF on HDF5 was officially completed in 2005, but required additional changes to HDF5 before a formal release could occur.  The current planned release is in Summer 2007.  

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 packet, at very high volume and speed.  The HDF team worked with a Boeing on the use of HDF5 for the collecting test data, where tests are expected generate more than 10 TB of data per day, at a typical rate of 200 megabits per second.  In the past year, Boeing developed a standard profile for HDF5 to store flight test data.  This standard, currently called “HDF Time-History” is designed to store streams of test data from large numbers of instruments for efficient retrieval, visualization, and archiving.  Ultimately, both Boeing and THG hope that this can become a widespread standard for test applications generally.

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


HDF5 and databases.  Increasing interest has been shown in creative combinations of HDF5 with databases.  Microsoft contacted The HDF Group to discuss possible harmonization of HDF5 with SQL Server, and this has led to an investigation of some very promising possibilities.  We have also worked with several other organizations who are either using HDF5 in conjunction with databases, or as a database itself.  We hope to develop a proposal to carry this investigation further.  

This activity could be valuable to EOS users as time goes on and more third-party applications work with EOS data.

High speed reading and writing of large image data.  In another DOE-sponsored project, THG has been addressing the challenge of storing and accessing high volume real-time image data.  In this instance, HDF5 must be able to write 33 streams of images ranging in size from 128x128 to 8000x8000 pixels, sustaining an I/O rate of 300 megabytes per second.  This project continues, and although the target rate has not yet been achieved, it has led to solid increases in HDF5 performance.

A second challenge of this project is that applications must be able to read from the same HDF5 file that is being written to.  This requires implementation of locking strategies, which we also are investigating.  Simple solutions have been achieved, but the work continues, and more effective solutions are under investigation.
HDF5 C# wrappers.  In March 2007 THG released HDF5  C# prototype. The project was

      sponsored by Agilent. The C# wrappers may be invoked from C#, C++/CLI, or from 

      Visual Basic. Basic functionality includes file, group, and dataset creation, writing and

      reading of data of atomic and compound datatypes. Release got a lot of attention from the 

      HDF5 Windows users. THG is looking for sponsors to complete C# work.
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I. 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 carry out work in the following categories:

(1)
Support activities

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

(3) Evolving the HDF5 library and utilities

(4) Integration with complementary technologies and application domains
(5) Support for the transition to the NPOESS era
(6) Support for long-term preservation of HDF-EOS and HDF-NPOESS data through HDF standardization and other activities
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.

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.  Since the project plan described here spans all of calendar year 2006, it includes work that will be done on both contracts.  Because both the NCSA HDF Group and THG consist of the same staff, no significant difficulties are anticipated in carrying out the work described in this project plan.  

II. Primary focus areas

Although the role of HDF in the coming years will in many ways to be similar to its role in the past ten years, there are important differences that must be addressed in the new Cooperative Agreement (CA). 

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 and UML-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, automatic type detections to improve library portability to the new operating systems and compilers and support for shared libraries. 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 especially to provide users with the performance and acceptance tests suites that would come with the HDF binaries and source code distributions.

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.  The HDF Group 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 involves work in two areas: (1) formal standardization of the HDF4 and HDF5 formats themselves, such as the group’s work with the NASA Earth Science Standards Processing Group, and (2) working with key communities, such as the EOS and NPOESS projects, to encourage standard uses of HDF.   

III. 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.

a. Support Activities

User support activities consist of the following tasks.

Provide helpdesk support.  The HDF Group's HDF helpdesk provides support to DAAC programmers and analysts and other EOS science software teams by providing users with assistance in using HDF 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 HDF Group 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 The HDF Group 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, The HDF Group will work closely with the ECS in this area also.

Support DAACs and SIPs.   The HDF Group 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.

Maintain HDF-EOS website.  In a new activity, The HDF Group is taking on the responsibility for maintaining the HDF-EOS website, an extremely important source of information for the entire community of developers and users of EOS data.

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

Conduct information outreach. The HDF Group 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 The HDF Group plays a key role in planning and participating in the annual HDF-EOS Workshop.

b. Maintenance of library and utilities and Quality Assurance

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

Add features and correct errors.  Errors and feature requests will be given the highest priority in consultation with ESDIS, ECS, and users, and will always be addressed immediately.  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.

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, including daily testing on most major platforms.  It is anticipated that the next three years will see increasing use of high performance systems such as Linux clusters.

HDF-EOS testing.   The HDF-EOS libraries are tested regularly as new versions of the HDF4 and HDF5 library are under development.  The HDF Group works with the ECS team to make sure that any potential problems are addressed quickly and effectively.

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 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, The HDF Group 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). The HDF Group 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.

c. 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.  The HDF Group 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 HDFView viewer/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.  

An alternate version of the tool h5jam called h5nub has been created by a member of the NPP project.  H5nub makes it possible to add information to an HDF5 file’s user block without having to rewrite the entire file.  In the coming year, h5nub and h5jam will be integrated into a single tool.

In a separate project, a new tool called h5chk is to be implemented, which will determine the validity of an HDF5 file.  This tool is expected to be of value to EOS in determining whether corruption has occurred in HDF-EOS files, and to determine which version of the HDF5 library must be used for access.  A study will be produced examining the usefulness of h5chk for these purposes.

d. 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.  The HDF Group 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 and UML. The HDF Group will continue to explore the uses of XML, UML, Web and Grid technologies to improve data accessibility and interoperability, actively collaborating with the EOS community in this work.  

Integrate with other earth-science standard technologies applicable to Earth Science.  OPeNDAP is widely used to access Earth Science data, and its use is growing rapidly.  A DAP-HDF4 server is installed at most NASA data centers; playing a vital role in Earth Science data access.  A DAP-HDF5 server is still a prototype.  The HDF Group and OPeNDAP may receive funding from a NASA ROSES grant to implement a DAP2-HDF5 server, and in 2007 a DAP4-HDF5 server.  This project will complement and inform our standardization efforts within the ESDIS project, which will include a DAP4-HDF5 mapping, and also will include the DAP2-HDF5 server in the OPeNDAP distribution, making it available throughout the Earth Science community. 

This work will be publicized and promoted in our outreach activities and submitted to the ESEDWG Standards Process.  In 2007, the finished DAP4-HDF5 server will be included in the OPeNDAP distribution, making it also available throughout the Earth Science community.
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.  The HDF Group will look for opportunities to make this happen, such as working with the vendors to establish standard ways to store geospatial data in HDF5. 

e. Support transition to the NPOESS era

During the period of this CA, The HDF Group 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.

f. Support for long-term preservation of HDF-EOS and HDF-NPOESS data through HDF standardization

HDF-EOS and NPOESS data are of fundamental importance to current and future research on global climate change, and scores of other applications of national and international importance.  During the period of this CA, The HDF Group will continue to work with the Earth Science community on the problems of long-term preservation of the HDF-EOS data stored in HDF4 and HDF5 formats, and future NPOESS data that will come in the HDF5 format.  

Emphasis on standardization.  HDF standardization efforts will help accelerate the adoption of HDF technologies among the EOS and NPOESS communities, software vendors, different government agencies and research institutions and will make data stored in HDF more accessible and sustainable in the future.  The HDF Group will continue its standardization efforts, including a current proposal under consideration by the NASA ES-DSWG Standards Process to establish standards for the HDF5 data model, format and/or library.  It will also continue to investigate ways to achieve ANSI and ISO standardization for the HDF5 data model, format and library. 

Promoting standard usage of HDF. The HDF Group will continue to work with appropriate communities to develop standard uses of HDF5 for storing and accessing HDF data.. 

Investigation of long-term archiving models.  The HDF Group will investigate other long-term archiving models for data systems. One such model is One Open Archival Information System(OAIS), a model recommended for space data system standards. The Group has developed valuable relationships with Ruth Duerr of the National Snow and Ice Data Center, and will try to obtain outside funding for a workshop to address the problem of long-term preservation of Earth Science data.  Related collaborations are underway with Don Sawyer (GSFC) and Lou Reich (Computer Science Associates), and with the National Archives and Records Administration.
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This document is a summary of the major tool work that have been completed during the period of July 15, 2006 to March 4, 2007 by the THG group. 

1. HDF5 Tools

1.1 h5dump

· Add options to h5dump that will allow you to dump in binary and ASCII
· Improve h5dump binary options
· Support long double is 16- byte 128-bit precision

· Show group comment

· Improve how region references are displayed 
· Bug  fix: creation of a hardlink pointing to the root group "/" causes h5dump to display it as a link pointing to itself

· Bug fix: problem when a dataset's dimensions exceed 2^32-1
· Revise  h5tools_dump_simple_subset() for printing of 4D indices when subsetting
1.2 h5ls

· Add non-wrap (–w0) option when display data  values

· Fix problem on cutting of names of soft link with long path/name

· Bug fix:  Did not check error for H5Tequal() in causing at display_type function.  Causing in an error case incorrect type to be printed. 
1.3 h5diff

· Added information of array size when printing differences
· Fix problem on comparing floating point numbers

1.4 h5repack

· Improve the performance of h5repack by using the H5Ocopy(). The table below shows some test results of the h5repack by using the new and the old way. 

	Test Case
	 Time (seconds) in New h5repack
	Time (seconds) in Old h5repack 

	A group with 20,000 attributes
	0.27
	80.97 

	Compound dataset with 80,000,000 rows
	13.52
	 15.34 

	Compressed 16kx16k float array
	 0.03
	30.18

	Chunked  16kx16k_chunk float array
	8.32
	41.62 

	File with 10,000 empty groups
	17.30
	48.39 

	16kx16k integer array
	18.83
	32.06 


· Add a new switch to use the native conversion and put the disk type as default
· Add “h5repack”  name when reporting h5repack errors
· Output the percent of compression (for 1.6 also).

· Bug fix: failed when filters are not specified
· Bug fix: h5repack cannot handle datasets
· Bug fix: h5repack: cannot deal with NULL references
1.5 h5import

· Added the string CHUNKED-DIMENSION-SIZES to the documentation code part

1.6 gif2h5

· Add minimal tests in the test suite (it was not tested).  Wrote RFC for complete tests.
1.7 h52gif

· Bug fix: h52gif fails on AIX with LE int32 dataset

1.8 h5copy (new in 1.8)

h5copy is a command line tool that allows to make a copy of an HDF5 object (group, dataset or named datatype) from one location to another location within a file or across files. h5copy uses the HDF5 API function H5Gcopy to copy objects, which provides users with several options on how data object is copied, and high efficiency in data copy
1.9 h5stat (new in 1.8)

h5stat is a new utility for viewing different statistics about an HDF5 file. Tool is still under development. The goal of the talk will be to introduce the tool and get HDF5 users feedback.

1.10 h5check (new in 1.8)

It is important that HDF5 files created and modified by the HDF5 library are fully compliant with the defined HDF5 File Format Specification (File Format) to ensure the data model integrity and long term compatibility between evolving versions of the HDF5 library. The h5check tool verifies that the content of an HDF5 file is encoded according to the File Format. The verification role also makes h5check act as a watchdog for the implementation correctness of the HDF5 library. This presentation explains the features of the tool and time permitting, shows a demonstration of the tool.
1.11 h5mkgrp (new in 1.8)

This allows one or more groups to be created in an HDF5 file  (creating the HDF5 file, if it didn't exist, or exiting with an error  if the file exists, but isn't an HDF5 file), optionally creating the  intermediate parent" groups along the path to the final group to  create, and optionally creating those groups intermediate and final)  using the "latest version" of the HDF5 group file format

2. Java Tools

2.1 HDF-Java release

HDF-Java 2.4 is scheduled to release in June. Version 2.4 will include all the new features and bug fixes. It will build on the HDF5 1.6.6 release and the newest HDF4 release.
2.2 HDF-Java Bug Fixes

· Problem with using right mouse button
· When reading a dataset in a file, the path to the file is NULL, and the read fails
·  Preview image is incorrect for the attached file
· HDFView can't open a netCDF file with dimension zero
· Enumerations not showing up properly on HDFView
· HDFView: Variable length string attributes not copied properly
· HDFView doesn't show compound data correctly?
· HDFView doesn't display nested compound datatypes properly
· Possible memory leaks in HDF Java
· HDFView does not display data if field name in table contains a "."
2.3 New Platforms supported

· 64 bit AMD Linux
· 64-bit Solaris
· FreeBSD
· Mac Intel
2.4 New Features in HDF-Java Products

2.4.1 HDFView

· Add template from existing datasets when creating a new table
· Allow creation of dataset with enum type
· Add support for "filtering fillvalue" to HDFView
· Offer a "reverse grey-scale" palette
· Show actual palette that results from palette manipulation
· Add ability to chunk a dataset w/compound datatype.
· Add "unregister file format" menu item in the "Tools" menu. Users will be able to remove a registered file format
· Add -geometry switch – Switch to start up HDFView that resizes windows used for viewing
· Implement a method to adjust the fonts for all the menus and displays at runtime
· Implement a more intuitive way to scroll an image by allowing the user to grab the image and drag it
2.4.2 HDF-Java Object Package

· Add feature for all copy and paste of fixed length data without a space between items
· Add features to copy object to same group with different name

· Re-use data buffer in Java to deal with large number of 8kx8k 3D datasets/images
2.4.3 HDF4/5 JNI
· The following APIs are added to the HDF5 JNI:

· H5Pcreate_list 

· H5Pset 

· H5Pexist 

· H5Pget_size 

· H5Pget_nprops 

· H5Pget_class_name 

· H5Pget_class_parent 

· H5Pisa_class 

· H5Pget 

· H5Pequal 

· H5Pcopy_prop 

· H5Premove 

· H5Punregister 

· H5Pclose_class
2.5 HDF-Java Test Suite

· Revise a comprehensive checklist for HDFView test
· Develop a series of unit tests and test basic and advanced HDF Object Package functionality between library releases.  Examples of unit tests are the ability to read/write groups/datasets and coverage of new features.  Add “make check” to the configure file.
2.6 HDF-Java Documentation (java docs)

· Ensure currently published Javadoc documentation is completely documented to reflect the current HDF5 Java code base.  

· Enhance Javadoc documentation to ensure it reflects updates/changes in the HDF5 Java code base

· Revise HDF-java documentation. The Java source code documentation was reviewed by a few people. It was revised to include more information and examples.
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