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1 Introduction

This is an interim Performance report on the Project to provide HDF support for ESDIS.  The last report occurred in July 1999, so this report includes activities since that time.  Items covered in this report are linked the Program Plan for the year beginning August 1999, which  is attached as Attachment A.

2 Project Goals and Activities

The primary goals of this cooperative agreement for the year beginning August 1, 1999 were:

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

2. To extend and adapt the NCSA HDF4 library to support the data type and data structure requirements of EOSDIS. 

3. To maintain and upgrade the HDF library and file structures to meet EOSDIS performance requirements.

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

5. To integrate new technologies resulting from HDF-related research and development, including new features, capabilities, efficiency improvements, and standards changes.  In particular, in the coming year, to facilitate the planned transition of the primary storage format from HDF4 to HDF5.

3 Task-by-Task Description of Work

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

3.1 User Support Activities

Day-to-day user support continued to be a vital activity for the EOSDIS community. Improvements in the quality of the HDF library and utilities resulted in more staff time devoted to work on the HDF tutorials, to improving QA procedures, to maintaining the HDF web site and ftp server, and to providing more in-depth support for individual users and vendors. 

Task
Status

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

3.1.2 Workshops and other visits
We participated in the HDF-EOS workshop in September 1999.  At this workshop we conducted a tutorial on HDF5, we consulted with users on effectively using HDF, and we gave talks on HDF5, the HDF5 data model,  thread safety, and the use of HDF5 in the DOE ASCI project. 

We also participated in a CERES Science Team Meeting Nov. 1999, where we gave a presentation on how to use HDF efficiently.  We also consulted with the CERES data management team on how to organize CERES data in HDF.



3.1.3 Documentation
Work continued on schedule on overhauling the HDF Specification Manual to satisfy requirements for using HDF as an archive format.



3.1.4 Tutorials
The basic HDF5 tutorial was completed in time for the September 1999 HDF-EOS Workshop, and used in the workshop.  The tutorial is available on the Web.  During Sept.-Dec. 1999, several advanced topics were added to the tutorial, and work began on adding the new Fortran 90 API.

3.2 Software maintenance and quality assurance.

Task
Status

3.2.1 Software maintenance
No significant new work was required in this section during the reporting period.  A small number of bugs were uncovered and scheduled for correction by the planned release in the second quarter, 2000.



3.2.2 Quality assurance
Most of the QA effort during this period went into the documentation to support archiving.  (Next item.) 

3.2.3 Documentation to support archiving
Revision of HDF Specification continued on schedule.  The primary purpose of this work is to strengthen HDF as an archival format.  The primary tasks completed during this period were:

· Identification and specification of the SDS file structures and analysis of algorithms used in the library implementation of the SDS API.

· A first draft of the SDS documentation, including documentation of the file structures as well as the library code.

3.3 Software development involving HDF-based software tools

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

Task
Status

3.3.1 JHV maintenance and support
A new version of the Java HDF Viewer (JHV) was released in December 1999.  Details can be found at http://hdf.ncsa.uiuc.edu/java-hdf-html/.  This release includes the following improvements:

· All bugs in our database were fixed.

· The Java HDF Interface (JHI) was upgraded. The HDF library is now accessed as 'static' native methods, making it easier to initialize. Support for Macintosh and Windows path names was added to the JHI.  The JHI was successfully ported to Macintosh.

· The HDF Java Products were compiled and tested with JDK 1.2. 

· The following new features requested by EOSDIS users were added to the JHV:

· The Image window now provides an extra option to expand the image 2, 4, and 8 times using pixel replication. 

· The Vdata spreadsheet has a new option to save data from a 2D field. The saved dataset can be read by the JHV or other tools to create plots or images from the data.

3.3.2 Extension of existing tools to HDF5
Several items were either completed or are underway that lay the groundwork for implementing Java and other tools for HDF5:

· Implementation of a Java interface to HDF5,  (See section 3.4 below). 

· Specifications for storing key HDF4 object types in HDF5, including vdatas, vgroups, images, palettes, and scientific datasets.  A draft specification was completed but not released.  It is expected to be released in January 2000.

· A utility was completed to convert between HDF5 and GIF.

3.3.3 HCR (HDF Configura-tion Records)
We completed porting the HCR software to all ECS required platforms, then packaged and released these tools on the NCSA ftp server.  

We then expanded HCR so that it supports certain primitive HDF objects (SDS, raster, palettes, etc.).   This work was completed in October, 1999, and released on the NCSA ftp server.

3.4 Technology insertion

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

Task
Status

3.4.1 Java binding for HDF5
The Java interface for HDF5, similar to the JHI for HDF4, was completed in November 1999.  Details can be found at http://hdf.ncsa.uiuc.edu/java-hdf5-html/.

3.4.2 Java-based visualization tool for HDF5
Substantial progress was made on adapting VisAD to HDF5.  This involves mapping the HDF5 data model to the VisAD data model, which has been completed, writing a VisAD "data adapter" for HDF5, which is near completion, then testing, documenting and otherwise packaging the tool.   A release of this tool is expected in Q1, 2000..

3.4.3 Basing tools on the use of XML
Though considered important, this work has not yet begun.

3.4.4 Java HDF5 editor
Work on a Java-based HDF5 editor will begin in Q1, 2000.

3.4.5 Higher level additions to the HDF5 API
A Fortran 90 binding for about 95% of HDF5 was completed during this period.  This was released for comment in November 1999. An iterator API for traversing HDF5 groups was also added.  Substantial progress was also made on object-oriented C++ and Java API.  Our goal is to release these API in Q1 2000.  

3.4.6 Thread safety in HDF5
No work was completed on this project, although it is still considered a high priority.

3.4.7 Help EOSDIS projects transition to HDF5
During the reporting period the support personnel worked closely with the two Raytheon teams that are implementing the HDF-EOS API on HDF5.  We also worked with several DAAC parties interested in this transition, such as the members of the CERES team and the data mining project at the University of Alabama at Huntsville.

3.5 Related activities supported by other funding sources

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

1. With substantial support from the Accelerated Strategic Computing Initiative (ASCI), Release 1.2 of HDF5 was delivered in October 1999.  HDF5 is a new version of HDF aimed at addressing future EOS requirements to support substantially larger datasets and more demanding computational requirements.  Includes basic tools, such as a dumper and HDF5-to-HDF4 converter.  HDF5 supports:

·  larger datasets (> terabyte)

·  bigger, faster machines and storage systems

·  varied architectures and I/O paradigms

·  parallel computing environments

·  complex subsetting

·  compound datatypes (like C structs)

2. Under a WP-ESIP grant supporting integration of HDF with the Distributed Oceanographic Data System (DODS), we implemented a netCDF interface to HDF5, and began work on creating an HDF5 DODS server.

3. We had several meetings with Unidata and others involved with the use of netCDF and/or meteorlogical data, including both remote-sensed data and simulations.  Although we have not created or funded a project to do so, there is strong interest in a fully support version of netCDF that is based on HDF5.
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4 Introduction

This is the program plan for the “Cooperative Agreement Between NASA and NCSA/Univ. of Illinois To Provide HDF Support for the ESDIS Project And the EOSDIS Standard Data Format.”  As specified in the Cooperative Agreement this program plan contains: 

Section 2: Project goals and objectives 

Section 3: Task-by task description of the proposed work specified with sufficient technical criteria and milestones as to allow measurement of progress toward the attainment of objectives.

Section 4:  Budget justification for the proposed budget for the upcoming year's activities.

Attachment A: Performance report summarizing the past year's activities and achievements.

5 Project Goals and Activities

The primary goals of this cooperative agreement for the year beginning August, 1999 are:

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

· To extend and adapt the NCSA HDF4 library to support the data type and data structure requirements of EOSDIS.  

· To maintain and upgrade the HDF library and file structures to meet EOSDIS performance requirements.  

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

· To integrate new technologies resulting from HDF-related research and development, including new features, capabilities, efficiency improvements, and standards changes.  In particular, in the coming year, to facilitate the planned transition of the primary storage format from HDF4 to HDF5.

6 Task-by-Task Description of Year's Work

6.1 User support activities

These activities consist of:

· User support for data producers and users. 

· Workshops and science site visits, as needed, in collaboration with the ESDIS project, the ECS contractor, DAACs, and others HDF users.

· Documentation.

· Continuing work, as needed, on the HDF tutorial.

6.1.1 User support for data producers and users

NCSA's HDF group will continue to be in close communication with DAAC programmers and analysts and other EOS science software teams as they work to store their data in HDF and use HDF software to examine, analyze, and visualize their data.  This involves a wide range of activities, as exemplified in the following list:

· Providing users with information on how to use HDF and NCSA tools.

· Assisting users in mapping their data into HDF.

· Helping users to install, test, and use the HDF library.

· Trouble-shooting users' programs.

· Maintaining and sharing information about software contributed by EOS users.

· Hosting  visitors from DAACs and other EOS-related projects.

6.1.2 Workshops and on-site visits

When appropriate, NCSA's HDF group will travel to sites involved in projects related to EOSDIS to participate in workshops or seminars, including participating in an HDF-EOS Workshop III in September 1999.  If the need arises, NCSA will also host one or more HDF workshops. 

6.1.3 Documentation of tools and APIs

The HDF group will prepare documentation in a timely manner, at a minimum providing an up-to-date reference manual at the time of each new release of the NCSA HDF library and utilities.  

6.1.4 Tutorials

NCSA will maintain the  HDF4 tutorial, upgrading it as developments warrant it and as feedback from the user community identifies areas that need improvement.  Work has also begun on an HDF5 tutorial.  NCSA will complete this work, including development of a web version of the tutorial.

6.2 HDF software maintenance and quality assurance

6.2.1 Software maintenance

NCSA will maintain and revise the HDF library and utilities in a timely manner by fixing bugs and upgrading to new operating systems and compilers.  As new requirements are identified, NCSA will work with the ESDIS project to prioritize them, and employ available resources to implement as many as possible. A new release of the library incorporating these changes will be delivered in Spring 2000.

6.2.2 Quality Assurance

NCSA will continue to (1) upgrade and extend the HDF testing procedures, (2) review, critique, and upgrade the HDF source code and documentation, and (3) strengthen the software development standards and processes.  

6.2.3 Documentation to support archiving

During the 1998-99 project year NCSA began a project aimed at making HDF4 a suitable format for archiving EOS data.  HDF4 documentation was identified as the most critical requirement for doing this.  Toward this end, the project will (1) establish standards for file format and source code documentation sufficient to support HDF4 as an archive format, and (2) document the HDF4 Specification and source code according to these standards.  NCSA will continue to work on this project.  The estimated completion date is August 2000.   

6.3 Software development involving HDF-based software tools

We will work toward building on the Java development that we have done over the past year in the following ways.

6.3.1 Java HDF Viewer (JHV) maintenance and support

A complete version of the JHV was released in May 1999 supporting all of the major features requested by the EOS community.  During the coming year, NCSA will maintain and revise the JHV by fixing bugs, upgrading the software to new versions of operating systems and other software (e.g. new JDK versions) on all major platforms possible. We will support collaborators who wish to make extensions to the JHV. We will also continue to increase the exposure of JHV though demonstrations and other outreach activities. 

6.3.2 Extension of existing tools to HDF5

In support of the effort to evolve toward the use of HDF5 as an EOS standard NCSA has begun to extend certain tools to support HDF5. These activities lay the groundwork for supporting HDF5 tools that will be valuable to EOS users.  The following projects are planned for completion in the coming year.

· Specifications are being written for storing key HDF4 object types in HDF5, including vdatas, vgroups, images, palettes, and scientific datasets.  These specifications will be used to facilitate standardization among tools.

· Utilities will be written to convert between HDF5 and other common formats, such as TIFF, GEOTIFF, GIF, and JPEG.

· Collage, an NCSA visualization tool used by some DAACs, will be adapted to support HDF5.

· A utility will be implemented to convert legacy HDF4 files to HDF5.

· As resources permit, a utility called h5dump, which dumps the contents of an HDF5 file in the form a formal data description language (DDL), will be adapted according to any requested features by EOS users.  (Also see section on XML below.)

· If an HDF5 version of HDF-EOS is completed, the HCR tools will be adapted to support this new version of HDF-EOS. 

6.3.3 HCR (HDF Configuration Records)

We will work with ESDIS and others to publicize and disseminate the HCR utilities.  Having recently ported the HCR software to all ECS required platforms, we plan to package and release these tools on the NCSA ftp server.  As a next step, we will expand HCR so that it supports certain primitive HDF objects (SDS, raster, palettes, etc.). 

6.4 Technology insertion

Whereas in past years this category has focused on HDF4, we propose in the coming year to work towards facilitating the transition to HDF5.  

6.4.1 Java binding for HDF5

In order  to implement an HDF5 Java viewer and other Java-based software, HDF5 needs a Java language binding similar to the Java binding for HDF4.  Hence, this is the first task for the HDF Java team and should be completed by the third quarter of 1999.  

6.4.2 Java-based visualization tool for HDF5

An HDF5 viewer is needed to make it easy for users to browse and understand HDF5 files. Currently two options are being explored to providing a Java-based visualization tool for HDF5. One option is to adapt the JHV itself to HDF5.  The other is to adapt VisAD, a highly-regarded Java-based visualization tool for the earth sciences, to support HDF5.  Since the VisAD is already available and highly regarded in the earth sciences field, we will first investigate this implementation.  This project involves mapping the HDF5 data model to the VisAD data model, then, once a Java binding is available, writing a VisAD adapter to HDF5. 

6.4.3 Basing tools on the use of XML

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

As resources permit during the coming year, we will specify a standard XML Document Type Definition (DTD) for HDF5, add to h5dump the ability to general XML, and create Java classes to read XML from H5dump.  This work will not begin until work is completed on the Java binding and the VisAD adapter

6.4.4 Java HDF5 editor

One frequently-requested tool by EOS users is a basic "editor" that enables users to change the contents of HDF files.  The three tasks just described (Java binding, VisAD, XML), added to the work already done on the JHV, will lay the groundwork for possible implementation of an HDF5 editor.  We will investigate the implementation of an HDF5 editor during the coming year, and if resources permit will work on implementing a prototype.

6.4.5 Higher level additions to the HDF5 API

The basic HDF5 data structures and API do not easily support certain types of data and operations on HDF5 files that could greatly simplify the development of applications that use HDF5, such as visualization tools, other language bindings, and many EOS applications.  Two examples are a Fortran 90 language binding and support for data structures and operations to facilitate searching and accessing data and subsets of data. 

6.4.6 Thread safety in HDF5

Thread-safety is increasingly important  in software that supports EOS.  During the past year, we identified the key elements required to produce a thread-safe version of HDF5.  During the coming year, we will implement these elements.  Most of  this work will, we hope, be supported by another agency that is supporting HDF5 (Dept. of Energy), but it is important to maintain close communication with EOS teams as this work progresses.

6.4.7 Help EOSDIS projects transition to HDF5

Part of this work involves supporting the work of others.  For instance, Raytheon is implementing a prototype implementation of the HDF-EOS API to support HDF5 storage of objects. NCSA is advising and supporting Raytheon on this project.   There are also some DAACs that are expected to begin using HDF5 this year, and NCSA will help support that work.

7 Budget Justifications

Staff. The following table shows the approximate breakdown of tasks by full-time equivalent staff (fte) and graduate research assistant (RA) staff.

Activity
Staff required

1. User support activities
1.6 fte

2. Software maintenance and quality assurance
1.7 fte 

3. Software development involving HDF-based software tools
1.2 fte

4. Technology insertion
1.5 fte

Travel.  Based on the past year's experience, HDF staff have averaged one trip per month in connection with ESDIS activities.  Most of these trips are to the Washington, D.C. area. 

Workstations.  Because of donations from Microsoft, only one new workstation will be required for the coming work year.  We propose to replace one of our UNIX workstations because these workstations have not been replaced in several years. Estimated cost for a UNIX workstation is $10,000.  We also request $2,000 for incidental costs, primarily for upgrading the software, memory and disk space on existing workstations. 
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