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EXECUTIVE SUMMARY

The University of Colorado's Laboratory for Atmosphere and Space
Physics in Boulder, Colorado was the site of the second workshop of
the Applied Information Systems Research Program (AISRP). The
workshop was sponsored by the Information Systems Branch of NASA's
Office of Space Science and Applications (OSSA). The purpose of
this year's workshop was to evaluate progress and discern topics
for new AISRP research to address OSSA science division needs. To
this end, AISRP investigators presented their progress to date and
future direction. 0SSA Information Systems Management Board
science division members or their representatives participated in
a panel discussion of the scientific needs and problem areas in the
process of doing their discipline's science.

The Earth and space science participants were able to see where the
current research can be applied in their disciplines and computer
science participants could see potential areas for future
application of computer and information systems research. The
Earth and Space Science research proposals for the High Performance
Computing and Communications (HPCC) program were under evaluation.
Therefore, this effort was not discussed at the AISRP Workshop.
OSSA's other high priority area in computer science is scientific
visualization, with the entire second day of the workshop devoted
to it.

Many of the AISRP investigations are intended for multi-
disciplinary application to the Earth and space sciences.
Therefore, the presentations were organized into sessions according
to computer science disciplines. Joe Bredekamp of NASA/0SSA, and
the program's sponsor, opened the workshop with an overall context
for the program. Dave Thompson of the Ames Research Center chaired
the Tuesday morning session on artificial intelligence and related
areas of expert systems and neural networks. Randal Davis, of the
University of Colorado and our host, chaired the Tuesday afternoon
session devoted to data related research, including data
compression, data archiving, data access, and data analysis. The
entire day on Wednesday was devoted to the scientific visualization
session chaired by Mike Botts of the University of Alabama in
Huntsville. Glenn Mucklow, OSSA's Program Manager for Information
Systems Research and Technology for Joe Bredekamp, chaired the
workshop and Thursday's session addressing programmatic issues.
Thursday included the science discipline panel and a panel on
closer collaboration and cooperation between the Office of
Aeronautics and Space Technology (OAST) and OSSA research and
development activities with application in the Earth and space
sciences. The closing discussions included plans for new research
announcements in FY 1993 from the AISRP and the Center of
Excellence in Space Data and Information Sciences.



The workshop addressed issues raised at last year's workshop in
technology transfer across disciplines and to the broader
scientific community. Action was taken to establish a software
support laboratory at the University of Colorado under the
direction of Randal Davis. This group will provide a minimalist
capability for testbeds and demonstrations, software tool
distribution, capturing user experience, and the development of
data test suites. In addition, progress in other areas identified
at the last meeting were covered. The progress reported in the
area of data formats resulted in a splinter group discussion as did
the areas of data compression and future plans for the Internet.
Agreements on collaboration were made between Dr. Hansen and Dr.
Jacobson, and Dr. Emery and Dr. Kinter. OAST agreed to provide
some funding for AI investigators to work with the OSSA PI's.

Glenn H. Mucklow
Program Manager
Information Systems Research & Technology
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An Interactive Environment for the Analysis of
Large Earth Observation and Model Data Sets f% (

Principal Investigator: Assistant Professor Kenneth P. Bowman
University of Illinois

Co-Investigators: Professor John E. Walsh
University of Illinois

Professor Robert B. Wilhelmson
University of Illinois

Summary:

We propose to develop an interactive environment for the analysis
of large Earth science observation and model data sets. We will
use a standard scientific data storage format and a large
capacity (>20 GB) optical disk system for data management;
develop libraries for coordinate transformation and regridding of
data sets; modify the NCSA X Image and X DataSlice software for
typical Earth observation data sets by including map
transformations and missing data handling; develop analysis tools
for common mathematical and statistical operations; integrate the
components described above into a system for the analysis and
comparison of observations and model results; and distribute
software and documentation to the scientific community.
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Interactive Interface for National Center
Q/X for Atmospheric Research (NCAR) Graphics

Principal Investigator: Dr. William Buzbee
National Center for Atmospheric Research

Co-Investigators: Robert L. Lackman
National Center for Atmospheric Research

Summary:

NCAR Graphics is a FORTRAN 77 library of over 30 high-level
graphics modules which are heavily used by science and
engineering researchers at over 1500 sites world-wide including
many universities and government agencies. These Earth science
oriented modules now have a FORTRAN callable subroutine interface
which excludes their use by non-programming researchers. This
proposal outlines the development of a fully interactive "point
and click" menu-based interface using the prevailing toolkit
standard for the X-Window System. Options for direct output to
the display window and/or output to a Computer Graphics Metafile
(CGM) will be provided. X, PEX, and PHIGS will be implemented as
the underlying windowing and graphics standards. Associated
meteorological and geometric data sets would exploit the network
extended NASA Common Data Format, netCDF.
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Development of a Tool-Set for Simultaneous, / -
Multi-Site Observations of Astronomical Objects .

Principal Investigator: Dr. Supriya Chakrabarti
University of California

Co-Investigators: Dr. J. Garrett Jernigan
University of California, Berkeley

Dr. Herman L. Marshall
University of California, Berkeley

Summary:

A network of ground and space based telescopes can provide
continuous observation of astronomical objects. 1In a "Target of
Opportunity" scenario triggered by the system, any telescope on
the network may request supporting observations. We propose to
develop a set of data collection and display tools to support
these observations. We plan to demonstrate the usefulness of
this toolset for simultaneous multi-site observations of
astronomical targets. Possible candidates for the proposed
demonstration include the Extreme Ultraviolet Explorer,
International Ultraviolet Explorer, ALEXIS, and sounding rocket
experiments. Ground based observations operated by the
University of California, Berkeley; the Jet Propulsion
Laboratory; and Fairborn Observatory, Mesa, Arizona will be used
to demonstrate the proposed concept. Although the demonstration
will involve astronomical investigations, these tools will be
applicable to a large number of scientific disciplines. The
software tools and systems developed as a result of our work will
be made available to the scientific community.
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N Tf;' Multivariate Statistical Analysis Software Technologies for
A7 Astrophysical Research Involving Large Data Bases

Principal Investigator: Professor Stanislav Djorgovski
Ccalifornia Institute of Technology

Summary:

The existing and forthcoming data bases from NASA missions
contain an abundance of information whose complexity cannot be
efficiently tapped with simple statistical techniques. Powerful
multivariate statistical methods already exist which can be used
to harness much of the richness of these data. Automatic
classification techniques have been developed to solve the
problem of identifying known types of objects in multiparameter
data sets, in addition to leading to the discovery of new
physical phenomena and classes of objects. We propose an
exploratory study and integration of promising techniques in the
development of a general and modular classification/analysis
system for very large data bases, which would enhance and
optimize data management and the use of human research resources.
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A Land-Surface Testbed for EOSDIS
a -\
\
Principal Investigator: Dr. William Emery
University of Colorado

Co-Investigators: Dr. Jeff Dozier
University of California, Santa Barbara

Paul Rotar
National Center for Atmospheric Research

Summary:

We propose to develop an on-line data distribution and
interactive display system for the collection, archival,
distribution and analysis of operational weather satelllte data
for applications in land surface studies. A 1,000 km2 scene of
the western U.S. (centered on the Colorado Rockles) will be
extracted from Advanced Very High Resolution Radiometer (AVHRR)
imagery collected from morning and afternoon passes of the NOAA
polar-orbiters at the direct readout stations operated by
CU/CCAR. All five channels of these AVHRR data will be navigated
and map registered at CU/CCAR and then be transferred to NCAR for
storage in an on-line data system. Software will also be
available at NCAR to process and navigate the raw AVHRR data as
needed. A display workstation software, based on a Macintosh II
computer, will be developed that will display and further process
the AVHRR data for studies of vegetation monitoring and snowpack
assessment. Various options of presently used techniques for
both vegetation and snowpack monitoring will be implemented in
the workstation software to provide the individual investigator
with the freedom to interact with the satellite image data. The
display software will be freely distributed online to interested
investigators and the AVHRR data will be made available on-line
to anyone interested. 1In addition, potential users will be
sought out and connected to the on-line data archive. This
experiment with an active on-line archive and interactive
analysis systems will provide experience with a small scale
EOSDIS.
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Multivariate Statistical Analysis Software Technologies for
Astrophysical Research Involving Large Data Bases

Principal Investigator: Professor Stanislav Djorgovski
California Institute of Technology

e ———BIBLIOGRAPHY ---
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2. Development of the Automatic Classification and Sky Survey Analysis Tools:
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“Applying Machine Learning Classification Techniques to Automate Sky Object Cataloguing”
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Pasadena, CA, February 1992.

“Automating Sky Object Classification in Astronomical Survey Images”, Fayyad, U., Doyle,
R., Weir, N, and Djorgovski, S. 1992, to appear in: Proceedings of the Machine Discov-
ery Workshop, Ninth International Conference on Machine Learning, Aberdeen, Scot-
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“An Analysis of the Palomar Observatory - STScl Digital Sky Survey: Catalog Construction
and Initial Results”, Weir, N., Djorgovski, S., Fayyad, U., and Doyle, R. 1992, Bull
Am. Astron. Soc. 24, 741.

Additional papers are now in preparation.
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Geographic Information System for Fusion and Analysis of
High-Resolution Remote Sensing and Ground Truth Data 2
7
Principal Investigator: Anthony Freeman '
Jet Propulsion Laboratory

Co-Investigators: Jo Bea Way
Jet Propulsion Laboratory

Pascale Du Bois
Jet Propulsion Laboratory

Franz Leberl
VEXCEL Corporation

Summary:

We seek to combine high-resolution remotely sensed data with
models and ground truth measurements, in the context of a
Geographical Information System, integrated with specialized
image processing software. We will use this integrated system to
analyze the data from two Case Studies, one at a boreal forest
site, the other a tropical forest site. We will assess the
information content of the different components of the data,
determine the optimum data combinations to study biogeophysical
changes in the forest, assess the best way to visualize the
results, and validate the models for the forest response to
different radar wavelengths/polarizations.

During the 1990's, unprecedented amounts of high-resolution
images from space of the Earth's surface will become available to
the applications scientist from the LANDSAT/TM series, European
and Japanese ERS-1 satellites, RADARSAT and SIR-C missions. When
the Earth Observation Systems (EOS) program is operational, the
amount of data available for a particular site can only increase.
The interdisciplinary scientist, seeking to use data from various
sensors to study his site of interest, may be faced with massive
difficulties in manipulating such large data sets, assessing
their information content, determining the optimum combinations
of data to study a particular parameter, visualizing his results
and validating his model of the surface. The techniques to deal
with these problems are also needed to support the analysis of
data from NASA's current program of Multi-sensor Airborne
Campaigns, which will also generate large volumes of data.

In the Case Studies outlined in this proposal, we will have
somewhat unique data sets. For the Bonanza Creek Experimental
Forest (Case I) calibrated DC-8 SAR data and extensive ground
truth measurement are already at our disposal. The data set
shows documented evidence to temporal change. The Belize Forest

D-6



Experiment (Case II) will produce calibrated DC-8 SAR and AVIRIS
data, together with extensive measurements on the tropical rain
forest itself. The extreme range of these sites, one an Arctic
forest, the other a tropical rain forest, has been deliberately
chosen to find common problems which can lead to generalized
observations and unique problems with data which raise issues for
the EOS Systemn.
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Construction of an Advanced Software Tool
for Planetary Atmospheric Modeling

Dr. Peter Friedland
Ames Research Center

Principal Investigator:

Dr. Richard M. Keller
Ames Research Center

Co-Investigators:

Dr. Christopher P. McKay
Ames Research Center

Michael H. Sims
Ames Research Center

Dr. David E. Thompson
Ames Research Center

Summary:

Scientific model-building can be a time intensive and
painstaking process, often involving the development of large
complex computer programs. Despite the effort involved,
scientific models cannot be distributed easily and shared with

other scientists. 1In general,
complicated, idiosyncratic, and difficult for
original scientist/programmer to understand.

construct a scientific modeling software tool
aid to the scientist in developing, using and
The proposed tool will include an interactive

implemented scientific models are

anyone but the

We propose to
that serves as an
sharing models.
intelligent

graphical interface and a high-level domain-specific modeling

language. As a testbed for this research, we

propose to develop

a software prototype in the domain of planetary atmospheric

modeling.



Construction of an Advanced Software Tool
for Planetary Atmospheric Modeling

Principal Investigator: Dr. Peter Friedland

Ames Research Center

Co-Investigators: Dr. Richard M. Keller

Ames Research Center

Dr. Christopher P. McKay
Ames Research Center

Michael H. Sims
Ames Research Center

Dr. David E. Thompson
Ames Research Center

—--BIBLIOGRAPHY---
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Richard M. Keller, "Artificial Intelli
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Richard M. Keller, "Knowledge-intensive Software Design: Can too much knowledge
be a burden?", Proc. AAAI-92 Workshop on Automating Software Design, San
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J. L. Dungan and R. Keller, "Development of an Advanced Software Tool for
Ecosystem Simulation Modelling”, Abstracts supplement of the Bulletin of the
Ecological Society of America , 72(2) p.104, 1991.

Richard M Keller, "The Scientific Modeling Assistant: An Interactive Scientific
Model-Building Tool", Proc. AAAI-91 Workshop on Automating Software Design,
Anaheim, CA, July 1991.

R.M. Keller, M.H. Sims, E. Podolak, and C.P. McKay, "Constructing an Advanced
Software Tool for Planetary Atmospheric Modeling”, Proc. i-SAIRAS'90
gnternational Symposium on Artificial Intelligence, Robotics and Automation in
pace), Kobe, Japan, November 1990. i
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System of Experts for Intelligent Data Management (SEIDAM)

Principal Investigator: Dr. David G. Goodenough
Canada Centre for Remote Sensing (CCRS)

Co-Investigators: Joji Iisaka
Canada Centre for Remote Sensing

Ko Fung
University of Ottawa

Summary :

It is proposed to conduct research and development on a system of
expert systems for intelligent data management (SEIDAM) . CCRS
has much expertise in developing systems for integrating
geographic information with space and aircraft remote sensing
data and in managing large archives of remotely sensed data.
SEIDAM will be composed of expert systems grouped in three
levels. At the lowest level, the expert systems will manage and
integrate data from diverse sources, taking account of symbolic
representation differences and varying accuracies. Existing
software can be controlled by these expert systems, without
rewriting existing software into an Artificial Intelligence (AI)
language. At the second level, SEIDAM will take the interpreted
data (symbolic and numerical) and combine these with data models.
At the top level, SEIDAM will respond to user goals for
predictive outcomes given existing data. The SEIDAM Project will
address the research areas of expert systems, data management,
storage and retrieval, and user access and interfaces.
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Knowledge-based Assistance for Science Visualization
and Analysis Using Large Distributed Databases

Principal Investigator: Thomas H. Handley, Jr.
Jet Propulsion Laboratory

Co-Investigators: Dr. Allan S. Jacobson
Jet Propulsion Laboratory

Dr. Richard J. Doyle
Jet Propulsion Laboratory

Dr. Donald J. Collins
Jet Propulsion Laboratory

Within this decade, the growth in complex1ty of exploratory

data analysis and the sheer volume of space data requ1re new and
innovative approaches to support science investigators in
achieving their research objectives. To date, there have been
numerous efforts addressing the individual issues involved in
inter-disciplinary, multi-instrument investigations. However,
while successful in small scale, these efforts have not proven to
be open and scaleable. e -

This proposal addresses four areas of 51gn1f1cant need—;;
scientific visualization and analysis; science data management;
interactions in a distributed, heterogeneous environment; and
knowledge-based assistance for these functions. The fundamental
innovation embedded within this proposal is the integration of
three automation technologies, namely, knowledge-based expert
systems, science visualization and science data management. This
integration is based on the concept called the DataHub. With the
DataHub concept, NASA will be able to apply a more complete
solution to all nodes of a distributed system. Both computation
nodes and interactive nodes will be able to effectively and
efficiently use the data services (access, retrieval, update,
etc.) with a distributed, interdisciplinary 1nformat1on system in
a uniform and standard way This will allow the science
investigators to concentrate on their scientific endeavors,
rather than to involve themselves in the intricate technical
details of the systems and tools required to accomplish their
work. Thus, science investigators need not be programmers. The
emphasis will be on the definition and prototyping of system
elements with sufficient detail to enable data analysis and
interpretation leading to publishable scientific results. 1In
addition, the proposed work includes all the required end-to-end
components and interfaces to demonstrate the completed concept.

D-10
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Experimenter's Laboratory for Visualized Interactive Science

Principal Investigator: Elaine R. Hansen
University of Colorado at Boulder

Co-Investigators: Marjorie K. Klemp
University of Colorado at Boulder

Sally W. Lasater
University of Colorado at Boulder

Marti R. Szczur
Goddard Space Flight Center

Joseph B. Klenmp
National Center for Atmospheric Research

Summary:

The science activities of the 1990's will require the

analysis of complex phenomena and large diverse sets of data. 1In
order to meet these needs, we must take advantage of advanced
user interaction techniques: modern user interface tools;
visualization capabilities; affordable, high performance graphics
workstations; and interoperable data standards and translator. To
meet these needs, we propose to adopt and upgrade several
existing tools and systems to create an experimenter's laboratory
for visualized interactive science. Intuitive human-computer
interaction techniques have already been developed and
demonstrated at the University of Colorado. A Transportable
Applications Executive (TAE+), developed at GSFC, is a powerful
user interface tool for general purpose applications. A 3D
visualization package developed by NCAR provides both color-
shaded surface displays and volumetric rendering in either index
or true color. The Network Common Data Form (NetCDF) data access
library developed by Unidata supports creation, access and
sharing of scientific data in a form that is self-describing and
network transparent. The combination and enhancement of these
packages constitutes a powerful experimenter's laboratory capable
of meeting key science needs of the 1990's. This proposal
encompasses the work required to build and demonstrate this
capability.

D-11
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\ Topography from Shading and Stereo

Principal Investigator: Professor Berthold P. Horn
Massachusetts Institute of Technology

Co-Investigators: Michael Caplinger
Arizona State University

Summary: S

Methods exploiting photometric information in images that :
have been developed in machine vision can be applied to planetary
imagery. Present techniques, however, focus on one visual cue,
such as shading or binocular stereo, and produce results that are
either not very accurate in an absolute sense or provide
information only at few points on the surface. We plan to
integrate shape from shading, binocular stereo and photometric
stereo to yield a robust system for recovering detailed surface
shape and surface reflectance information. Such a system will be
of imagery being received, as well as in helping visualize the -
underlying surface. The work will be carried out on a popular. -
computing platform so that it will be easily accessible to other
workers.

D-12
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A Distributed System for Visualizing and Analyzing ;O. [
Multivariate and Multidisciplinary Data

Principal Investigator: Dr. Allan S. Jacobson
Jet Propulsion Laboratory

Co-Investigators: Dr. Mark Allen
Dr. Michael Bailey
Dr. Ronald Blom
Leo Blume
Dr. Lee Elson
[all from Jet Propulsion Laboratory]

Summary:

The Linked Windows Interactive Data System (LinkWinds) is being
developed with NASA support. The objective of this proposal is
to adapt and apply that system in a complex network environment
containing elements to be found by scientists working
multidisciplinary teams on very large scale and distributed data
sets. The proposed three year program will develop specific
visualization and analysis tools, to be exercised locally and
remotely in the LinkWinds environment, to demonstrate visual data
analysis, interdisciplinary data analysis and cooperative and
interactive televisualization and analysis of data by
geographically separated science teams. These demonstrations
will involve at least two science disciplines with the aim of
producing publishable results.

D-13
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The Grid Analysis and Display System (GRADS):
O /\ A Practical Tool for Earth Science Visualization

\

Principal Investigator: Dr. James L. Kinter, III
University of Maryland

Summary:

We propose to develop and enhance a workstation based grid
analysis and display software system for Earth science dataset
browsing, sampling and manipulation. The system will be coupled
to a supercomputer in a distributed computing environment for
near real-time interaction between scientists and computational
results.

D-14
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Planetary Data Analysis and Display System:
A Version of PC-McIDAS 9, {
Principal Investigator: Dr. Sanjay S. Limaye
University of Wisconsin-Madison

Co-Investigators: L. A. Sromovsky
University of Wisconsin-Madison

R. S. Saunders
Jet Propulsion Laboratory

Michael Martin
Jet Propulsion Laboratory

Summary:

We propose to develop a system for access and analysis of
planetary data from past and future space missions based on an
existing system, the PC-McIDAS workstation. This system is now
in use in the atmospheric science community for access to
meteorological satellite and conventional weather data. The
proposed system would be usable by not only planetary atmospheric
researchers but also by the planetary geologic community. By
providing the critical tools of an efficient system architecture,
newer applications and customized user interfaces can be added by
the end user within such a system.
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g/ Multi-Layer Holographic Bifurcative Neural Network
Q System for Real-Time Adaptive EOS Data Analysis

Principal Investigator: Dr. Hua-Kuang Liu
Jet Propulsion Laboratory

Co-Investigators: Professor K. Huang
University of Southern California

J. Diep
Jet Propulsion Laboratory

Summary:

Optical data processing techniques have the inherent

advantage of high data throughout, low weight and low power
requirements. These features are particularly desirable for
onboard spacecraft in-situ real-time data analysis and data
compression applications. The proposed multi-layer optical
holographic neural net pattern recognition technique will utilize
the nonlinear photorefractive devices for real-time adaptive
learning to classify input data content and recognize unexpected
features. Information can be stored either in analog or digital
form in a nonlinear photofractive device. The recording can be
accomplished in time scales ranging from milliseconds to
microseconds. When a system consisting of these devices is
organized in a multi-layer structure, a feedforward neural net
with bifurcating data classification capability is formed. The
interdisciplinary research will involve the collaboration with
top digital computer architecture experts at the University of
Southern California.
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Q-'\ Development of an Expert Data Reduction Assistant

Principal Investigator: Dr. Glenn E. Miller
Space Telescope Science Institute

Co-Investigators: Dr. Mark D. Johnston
Space Telescope Science Institute

Dr. Robert J. Hanisch
Space Telescope Science Institute

Summary:

We propose the development of an expert system tool for the
management and reduction of complex data sets. The proposed work
is an extension of a successful prototype system for the
calibration of CCD images developed by Dr. Johnston in 1987.
(ref.: Proceedings of the Goddard Conference on Space
Applications of Artificial Intelligence)

The reduction of complex multi-parameter data sets presents
severe challenges to a scientist. Not only must a particular
data analysis system be mastered, (e.g. IRAF/SDAS/MIDAS), large
amounts of data can require many days of tedious work and
supervision by the scientist for even the most straightforward
reductions. The proposed Expert Data Reduction Assistant will
help the scientist overcome these obstacles by developing a
reduction plan based on the data at hand and producing a script
for the reduction of the data in a target common language.

---BIBLIOGRAPHY-—-
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Multi-Layer Holographic Bifurcative Neural Network
System for Real-Time Adaptive EOS Data Analysis

Principal Investigator: Dr. Hua-Kuang Liu

Jet Propulsion Laboratory
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VIEWCACHE: An Incremental Pointer-based Access fD J/

Method for Autonomous Interoperable Databases {

Principal Investigator: Associate Professor N. Roussopoulos
University of Maryland

Co-Investigators: Dr. Timos Sellis
University of Maryland

Summary:

One of biggest problems facing NASA today is to provide
scientists efficient access to a large number of distributed
databases. Our pointer-based incremental database access method,
VIEWCACHE, provides such an interface for accessing distributed
datasets and directories. VIEWCACHE allows database browsing and
search performing inter-database cross-referencing with no actual
data movement between database sites. This organization and
processing is especially suitable for managing Astrophysics
databases which are physically distributed all over the world.
Once the search is complete, the set of collected pointers
pointing to the desired data are cached. VIEWCACHE includes
spatial access methods for accessing image datasets, which
provide much easier query formulation by referring directly to
the image and very efficient search for objects contained within
a two-dimensional window. We will develop and optimize a
VIEWCACHE External Gateway Access to database management systems
to facilitate distributed database search.
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Advanced Data Visualization and Sensor Fusion:
0 '\ conversion of Techniques from Medical Imaging to Earth Science

‘{\/

Principal Investigator: Dr Richard C. Savage
Hughes Aircraft Company

Co-Investigators: Dr. Chin-Tu Chen
University of Chicago

Dr. Charles Pelizzari
University of Chicago

Dr. Veerabhadran Ramanathan
University of Chicago

Summary:

Hughes Aircraft Company and the University of Chicago

propose to transfer existing medical imaging registration
algorithms to the area of multi-sensor data fusion. The
University of Chicago's algorithms have been successfully
demonstrated to provide pixel by pixel comparison capability for
medical sensors with different characteristics. The research
will attempt to fuse GOES, AVHRR, and SSM/I sensor data which
will benefit a wide range of researchers. ’

The algorithms will utilize data visualization and algorithm
development tools created by Hughes in its EOSDIS prototyping.
This will maximize the work on the fusion algorithms since
support software (e.g. input/output routines) will already exist.
The research will produce a portable software library with
documentation for use by other researchers.
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Principal Investigator: Dr. James A. Storer -

Brandeis University

Co~Investigators: Dr. Martin Cohn
Brandeis University

Summary:

In the future, NASA expects to gather over a tera-byte per

day of data requiring space for levels of archival storage. Data
compression will be a key component in systems that store this
data (e.g., optical disk and tape) as well as in communications
systems (both between space and Earth and between scientific
locations on Earth). We propose to develop algorithms that can
be a basis for software and hardware systems that compress a wide
variety of scientific data with different criteria for
fidelity/bandwidth tradeoffs. The algorithmic approaches we
consider are specially targeted for parallel computation where
data rates of over 1 billion bits per second are achievable with
current technology.
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SAVS: A Space Analysis and Visualization System

Principal Investigator: Dr. Edward P. Szuszczewicz
Science Applications International
Corporation

Co-Investigators: Dr. Alan Mankofsky
Science Applications International
Corporation

Dr. Charles C. Goodrich
University of Maryland

Summary:

We propose to develop, test, demonstrate, and deliver to

NASA a powerful and versatile data acquisition, manipulation,
analysis and visualization system which will enhance scientific
capabilities in the display and interpretation of diverse and
distributed data within an integrated user-friendly environment.
Our approach exploits existing technologies and combines three
major elements into an easy-to-use interactive package:

1) innovative visualization software, 2) advanced database
techniques, and 3) a rich set of mathematical and image
processing tools. Visualization capabilities will include one-,
two-, and three-dimensional displays, along with animation,
compression, warping and slicing functions. Analysis tools will
include generic mathematical and statistical techniques along
with the ability to use large scale models for interactive
interpretation of large volume data sets. Our system will be
implemented on Sun and DEC UNIX workstations and on the Stardent

Graphics Supercomputer. Our final deliverable will include
complete documentation and a NASA/NSF-CDAW/SUNDIAL campaign
demonstration.
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A Spatial Analysis and Modeling System (SAMS) /67 35 /
for Environment Management /o‘/ /

Principal Investigator: Charles H. Vermillion
Goddard Space Flight Center

Co-Investigators: Fran Stetina
Goddard Space Flight Center

Dr. John Hill
Louisiana State University

Dr. Paul Chan
Science Systems and Applications, Inc.

Robert Jaske
Federal Emergency Management Agency

Gilbert Rochon
Dillard University

Summary:

This is a proposal to develop a uniform global environmental

data gathering and distribution system to support the calibration
and validation of remotely sensed data. SAMS is based on an
enhanced version of FEMA's Integrated Emergency Management
Information Systems and the Department of Defense's Air Land
Battlefield Environment Software Systems. This system consists
of state-of-the-art graphics and visualization techniques,
simulation models, database management and expert systems for
conducting environmental and disaster preparedness studies. This
software package will be integrated into various Landsat and
UNEP-GRID stations which are planned to become direct readout
stations during the EOS timeframe. This system would be
implemented as a pilot program to support the Tropical Rainfall
Measuring Mission (TRMM). This will be a joint NASA-FEMA-
University-Industry project.
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A Distributed Analysis and Visualization
(i \ System for Model and Observational Data
P

Principal Investigator: Professor Robert Wilhelmson
University of Illinois

Co-Investigators: Dr. Steven Koch
Goddard Space Flight Center

Summary:

The objective of this proposal is to develop an integrated

and distributed analysis and display software system which can be
applied to all areas of the Earth System Science to study
numerical model and earth cbservational data from storm to global
scale. This system will be designed to be easy to use, portable,
flexible and easily extensible and to adhere to current and
emerging standards whenever possible. It will provide an
environment for visualization of the massive amounts of data
generated from satellites and other observational field
measurements and from model simulations during or after their
execution. Two- and three-dimensional animation will also be
provided. This system will be based on a widely used software
package from NASA called GEMPAK and prototype software for three-
dimensional interactive displays built at NCSA. The underlying
foundation of the system will be a set of software libraries
which can be distributed across a UNIX based supercomputer and
workstations.
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Tuesday, August 11, 1992

Mr. Glenn Mucklow and Mr. Joseph Bredekamp from the Information
Systems Branch of OSSA welcomed the meeting participants to the
second AISRP Workshop. Mr. Mucklow introduced the Workshop host,
Dr. Randal Davis from the Laboratory for Atmospheric and Space
Physics (LASP), and representatives from OAST, CESDIS, and the Ames
Research Center (ARC). Mr. Mucklow briefly reviewed the agenda and
noted the schedule for the workstation demonstrations during breaks

and lunch. The Workshop Agenda and Demonstration Schedule are
included in this Report in Appendices A and C.
Sr—-82.

ARTIFICIAL INTELLIGENCE/EXPERT SYSTEMS/NEURAL NETWORKS SESSION

The Chairman of first session, Dr. David Thompson from ARC,
introduced the presentations on Artificial Intelligence, Expert
Systems, and Neural Networks.

Dr. S. G. Djorgovski
California Institute of Technology

The Principal 1Investigator (PI), Dr. Djorgovski, and his
collaborators are conducting a dual effort under the AISRP. They
are developing a simple, efficient, user-friendly, interactive
package called STATPROG for multivariate statistical analysis of
relatively small data sets. They are also developing a large,
complex system called FRITZ to help process and analyze large
amounts of data (about 3 Terabytes) from the Digitized Second
Palomar Sky Survey (P0SS-2).

Dr. Djorgovski described the approach taken for STATPROG and its
current status. About fifteen stand-alone programs exist and work,
and several more are under development or testing. The package has
been exported to two external sites for independent testing.
Several papers based on the use of the package have been published
or are in press. The remaining tasks are mostly documentation in
nature. The intent is to deposit the entire package plus the
documentation in an anonymous file transfer protocol (ftp) account
for pickup by any interested parties.

The FRITZ system is being developed in collaboration with the Jet
Propulsion Laboratory (JPL) Artificial Intelligence (AI) group. It
now runs on a Sparcstation II under the Sun Unix Operating System,
but may be ported to a faster machine shortly. The system will
detect objects, measure their properties, classify them, and
catalog them. It will use the external charged coupled device
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Assistant could perform. The project was started over a year ago,
but most of the work has been done over the past eight months.
Removal of cosmic rays from CCD data is a prime challenge, and is
the current focus of the Expert Assistant. The initial system has
been developed and is being critiqued by the lead users. Based
upon their input, the system will be revised and retested with new
groups of users. Distribution is planned for the first quarter of
FY 1994. There were some duestions and discussion regarding
implementation of this tool.

SIGMA: Scientists! i 3 i i Assistant

Dr. Richard Keller
Ames Research Center

This research project is co-funded by OSSA and OAST. Model -
building is essential for scientific advancement, yet it is time-
consuming and error-prone. The goal of this project is to build a
specialized software tool to assist in scientific model-building.
The tool has been developed, but has not yet been deployed to
support scientists in the Cassini and EOS missions.

The two models being worked with are TGM and Forest-BGC. Dr.
Keller discussed why these models were selected, and how the SIGMA
approach differs from the typical manual approach to model-
building. The three basic differences are that the knowledge base
is made available to the system, the scientist conducts an
interactive process at the terminal, and the result is an
executable computation plan. As an example, Dr. Keller used the
Titan atmospheric modeling from the Voyager Flyby. SIGMA developed
a model for computing these elements. Details on this process are
contained in the presentation charts in Appendix E.

In FY 1993, the project plans to finish the Titan temperature
determination, implement the Forest-BGC modeling scenario, build a
graphical egquation-entering facility, and deliver the first
prototype to science users for testing and evaluation.

In discussions, Dr. Keller noted some limits of this tool (the
environment doesn't handle partial differential equations). In
response to questions, Dr. Keller described the applicability of
the tool, the testing by users, and the possibility of trying the
tool on other models.



(ccD) imaging for calibration of both the photometry and object

classification. Long term plans include the exploration and
development of astrophysical research involving very large
databases and the use of rapidly developing expert systems. 1In

response to a questlon, Dr. Djorgovski indicated that there are
plans to reanalyze previous sky surveys using these tools.

Multi-Laver Holoqraphic Bifurcative Neural Network for Real-Time
Adaptive EOS Data Analysis
Dr. Hua-Kuang Liu

Jet Propulsion Laboratory

Dr. Liu discussed the recent major technical achievements in this
investigative area, as well as new technology innovations and
publications over the past year or so. His presentation consisted
of a theoretical discussion of the basic model and the principle of
bifurcation, and the actual results of the experiment. Details of
the theoretical discussions and the experiment set-up and results
are contained in Appendix E.

This research group has introduced a new class of optical pattern
recognition technique which utilizes the bifurcating diffraction
phenomenon in non-linear gain saturation memory media. Future
research for the bifurcating optical pattern recognizer (BIOPAR)
includes the improvement of the quality and resolution of the
bifurcating signals and the application of the BIOPAR for Earth
Observing System (EOS) data classification problems.

Dr. Glenn Miller
Space Telescope Science Institute

In this project, the investigative team focussed on the data
reduction problem, rather than on data analysis or visualization.
Dr. Miller described several different types of data reduction and
analysis systems and their advantages and disadvantages. The
Expert Assistant is an alternative approach which builds on the
foundation of these systems and mitigates some of their
disadvantages, particularly problems associated with data
management and the iterative nature of the work. The goal was to
develop a system which will act much as a graduate student: follow
instructions on how to do data reduction; check for processing and
data quality problems; work longer hours; and have flexibility for
modification for new cases.

Dr. Miller discussed the salient feature of the Expert Assistant
and how best to involve the scientific community. Their project
picked a group of "lead users" who had a real need that the Expert
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OAST AI Program
Dr. David Thompson

Ames Research Center 3

Dr. Thompson (standing in for Dr. Friedland of ARC) gave an
overview of the current OAST AI Program. This is a $13M per year
program involving seven NASA centers. Earth and space science
domains are a major focus of the program at ARC and JPL. The OAST
AI Program includes the following projects: Intelligent Scientific
Laboratory Instruments; Bayesian‘Data.Analysis-iAutoClass; PI-in-a-
Box; Multi-Agent Planning for Heterogeneous Registration; Reactive
Planning, Scheduling, and Control; Spacecraft Health Automated
Reasoning Prototype; and Scientific Analysis Assistant. Dr.
Thompson briefly described each of these projects and the current
status (See Appendix E for presentation details). All of these
projects are intimately tied with users from the very beginning.

DATA COMPRESSION/ARCHIVING/ACCESS/ANALYSIS SESSION

Dr. Randal Davis chaired the session on data compression,
archiving, access, and analysis.

Parallel Algorithms for Data Compression
Dr. James A. Storer
Brandeis University

Dr. Storer gave a brief overview of applications of data
compression and distinguished between lossless data (decompressed
data is identical to the original) and lossy data (decompressed
data may be an approximation of the original). He discussed
systolic algorithms for lossless compression, lossless compression
hardware, image compression visualization tools and experiments,
image compression hardware, video displacement estimation, and
real-time video compression hardware. However, most of the
presentation focussed on vector quantization for image compression
and on-line adaptive vector quantization. Dr. Storer showed slides
of examples of compression on a medical image at 5:1, a NASA image
at 10:1, and a visual portrait at 10:1. The compression did a
surprisingly poor job on subtle shading on the visual portrait, and
demonstrated the problem with visual quality on this type of image.
Details of his presentation are included in Appendix E.

A splinter group chaired by Dr. Storer was set up to further
discuss the issues of data compression.



Performance and Scalability of Client-Server Database Architectures
Dr. Alex Delis
University of Maryland

Dr. Delis discussed ADMS, an enhanced client-server database
architecture with incremental gateways to heterogeneous relational
data base management systems (DBMSs). Today's needs are: inter-
database querying, downloading and downsizing, inter-database
dependency tracking and change propagation; version and change
control; interoperability of heterogeneous relational DBMSs, and
multi-site transaction management. There are several technology
trends that will affect the development of DBMSs, and a major
question is how to take advantage of these technology developments
to create DBMSs that offer fast response time and high throughput.

Dr. Delis described the main features of the ADMS system and how it
meets the user needs. The prototype platform for ADMS is Unix on
suns, DecStations, and Vaxes, with gateways for Oracle, Sybase, and
Ingres. The ADMS enhanced client-server provides distribution of
both processing and data, site autonomy (except for updates), and
minimal net traffic and overhead. Future work on the ADMS
architecture will include: gateway query optimization; pipeline
algorithms for interdatabase queries; adaptive update propagation
strategies; multi-site transaction management and recovery in
autonomous databases; an experiment with increment updates of
mirrored databases; and applicability of the same techniques in a
multi-processor environment with or without shared memory.

A Land-Surface Testbed for the EOS Data Information System (EOSDIS)
Dr. William Emery
Colorado Center for Astrodynamics Research

The goal of this Testbed was to develop on-line AVHRR data
distribution including collection archiving and software, emulate
some EOSDIS functionality, and prepare snowpack and VI composite
images. This is now called the "EOSDIS Testbed" system.

Dr. Emery described the system--how it is accessed, its current
features, and plans for the future. The software is available for
distribution for Unix and MacIntosh, and PC display software has
recently been added. The user base has expanded dramatically.
There are about 734 users, and the user base is growing at an
average of about four per day. The majority of users are U.S.
educational institutions, but there is also a considerable
government component. Dr. Emery showed a full resolution data
example of what they started with. The image coverage was
expanded, which created a lot of network overhead. The Navorder
system was created for the users. The usage statistics indicated
that users began using the browse feature in a manner that
eliminated some of the need for data orders.
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The project and users would like to see this system continue until
Version 0 of EOSDIS can take over.

raphi ormation Svystem (GIS o) usion_ and alysis o
igh-R i emo nsing and t ata
Dr. A. Freeman
Jet Propsulsion Laboratory

Three overflights of the Flevoland calibration/agricultural site
were made by the JPL AIRSAR, and the modified VICAR/IBIS GIS was
used to analyze the data. VICAR (Video Image Compression and
Retrieval) is a set of programs and procedures designed to
facilitate the acquisition, processing, and handling of digital
image data. VICAR/IBIS is a VICAR-based GIS which requires that
all image data be co-registered to a georeference image. The
modified VICAR/IBIS GIS is an extension which replaces the
"tabular" file format with an "info" file format. The objectives
of the modified VICAR/IBIS GIS are: to handle data in many
different formats and from many different sources; link all data
together through a georeference image; and track data in time,
covert pixel values to "actual" values, plot graphs, generate
training vectors for classification algorithms, and compare actual
and measured parameters.

Dr. Freeman described the implementation and results of the system
(details are included in the presentation material in Appendix D).
A working GIS/Image Processing System has now been integrated. GIS
has been exercised using multi-temporal data from the boreal forest
test site and an agricultural site. The rain forest site has been
classified using radar data alone. The University of California,
Santa Barbara (UCSB) continuous and discrete canopy models have
been integrated, and a sensitivity analysis of the models has been
conducted. A software tool, "Light-table," has been installed for
interacting with very large images. A model has been developed
which estimates scattering mechanisms from radar data, and
MACsigma0 software has been developed for release to AIRSAR data
users. Future activities include entry of ground truth data and
correlation with image data; complete integration of the UCSB model
with GIS; analysis of boreal forest data; development of a new
technique for feature selection/classification, registration of
varying terrain height data, and development cf a rain forest site
vegetation cover map.
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Envision: An Analysis and Display System for Large Geophysical
Data Sets

Dr. Kenneth Bowman

Texas A&M University

Envision consists of a metadata browser, a data management system,
a set of links to feed data to existing visualization tools, and a
set of «custom designed visualization, analysis, and data
manipulation tools. Envision requires regular nD grid type data
which must be stored in net common data format (CDF) files. The
grids may contain missing data or undefined regions.

Dr. Bowman described the Envision system layout. The project has
been concentrating on data files, user interface, and building up
the Envision data manager. Envision is used as a metadata browser
of netCDP files and as a metadata editor. The user interface and
data manager allow changes and edits of metadata. The data manager
also manages relationships between files and provides transparent
access as a single entity to a dataset consisting of multiple
files. Currently, most of the data management features are
working, and user interface is being connected. 1In late 1992, the
project expects release of a system with Envision data management
facility, Envision interface, and customized connections to NCSA
XImage, NCSA Collage, and some NCAR Graphics utilities.

The following presentation on the Spatial Analysis and Modeling
System (SAMS) was added to the agenda. This system is a practical
application of information systems research.

Dr. Fran Stetina
NASA/Goddard Space Flight Center

Dr. Stetina's presentation gave on overview of the SAMS for

environmental management. Most of the work to date has been in
disaster management and planning. Dr. Stetina described the SAMS
system and its design: source of data, integration of data,

production of products, and distribution of products to users. The
entire system is contained in one computer or group of computers
networked together. Currently, it 1is in use in a number of
countries, and a demonstration product is being used by the Corps
of Engineers using satellite data, along with rain gage data on
ground radar, to create more accurate rainfall maps.

Key features of this system are: the use of expert systems to
interpret satellite data; a classification model; and an archive
manager which allows the model to go in and find the data it needs
to run the model. The system is completely automated from receipt
of data to generation of models.
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Trends in Data Formats for the Space and Earth Sciences
Dr. Randal Davis
Laboratory for Atmospheric and Space Physics

Dr. Davis discussed the changes in archiving, distribution, and use
of scientific data which result in increased need for better data
formats. In the 1980's, NASA tried to move in this direction with
pilot systems such as the Pilot Climate Data System (PCDS), the
Pilot Land Data System (PLDS), the Pilot Ocean Data System (PODS),
and the Pilot Planetary Data System (PPDS); and operational systems
such as the Astrophysics Data System (ADS), the NASA Climate Data
System (NCDS), the NASA Ocean Data System (NODS), and the Planetary
Data System (PDS). The 1990's will bring the consolidation of
NASA's Earth-oriented discipline data systems (NCDS, NODS, and
PLDS) into the EOSDIS.

In June of this year, NASA held an invitational workshop to begin
to determine if modern data formats will meet the needs of the
future. A number of different formats were discussed at this
workshop, and it was concluded that good data formats are available
for space and Earth science applications, but the relationship
between special scientific data formats and data formats from
general computing has to be examined further. As a result,
developers of CDF, netCDF, and hierarchical data format (HDF) are
examining the possibility of developing a common interface to data
in their formats. Dr. Davis indicated that the next workshop will
be sometime in the Fall.

There was some discussion among the AISRP workshop attendees on the
formats and differences within the community, and how users
interact with this issue. A splinter group session was set-up to
further discuss this topic and develop some recommendations.

Wednesday, August 12

SCIENTIFIC VISUALIZATION SESSION
Dr. Mike Botts chaired the session on scientific visualization.

Most of the presentations in this session were accompanied by
visual demonstrations via computer projection screen.
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The Grid Analysis and Display System (GrADS)

Dr. James L. Kinter

Center for Ocean-Land-Atmosphere (COLA) Interactions
University of Maryland

Dr. Kinter provided background information on the COLA group at the
University of Maryland, and the types of research in which they are
currently engaged. Based upon a survey of users conducted by Dr.
Mike Botts, a number of complaints about existing scientific
visualization tools were summarized. Most users are not interested
in the software tools currently available for these reasons, which
were the same problems identified by the COLA group. As a result,
the COLA group decided to develop GrADS. They have tried to
tightly integrate the following: access of the data; manipulation
of the data interactively; and display of the data to the scientist
in a way that is familiar. Other goals of this system were
interactivity, ease of use, and the capability to generate a
hardcopy output.

Dr. Kinter described how GrADS was designed to meet these goals,
how it addressed the disadvantages noted in the survey, and the
hardware requirements for the system. An on-line demonstration was
conducted, and an example of hardcopy output was shown. This
system has been introduced to a group of users, and considerable
feedback has been received which will enable future improvements.

National Center for Atmospheric Research (NCAR) Interactive Status
Dr. Bob Lackman

NCAR

Dr. Lackman discussed the collaborations with other groups since
last year's workshop. They are using GrADS at NCAR, and with NCAR
graphics, are concentrating on supporting the community NCAR
graphics package with documentation and user support. The first
NCAR graphics user conference, June 17-19, included hands-on
training using workstations as well as presentations,
demonstrations, and panel discussions. Dr. Lackman provided on
overview of conference topics, and made hardcopies of the
presentations available to workshop attendees.

The NCAR interactive community goals are: to guarantee long-term
support via cost recovery; provide university and non-profit
researchers low cost visualization; and advance and support the
scientific infrastructure through common software. NCAR graphics
builds on existing libraries, is a single package for distribution,
and is portable across systems. The package is set up to have
three levels of interface: programmatic; command line; and visual
point and click. Dr. Lackman described what NCAR interactive will
look 1like. currently, they have a functional requirements
document, have completed preliminary design, and have a prototype
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high 1level utility. Next vyear, they will have a qommgnd
interpreter, and the year after that, they will be distributing
software as part of the NCAR graphics distribution.

A Distributed System for the Visualization and Analysis of Observed

and Modeled Meteorological Data
Dr. Steven Koch

Goddard Space Flight Center

The goal of this project, a joint effort of GSFC and the National
Center for Supercomputing Applications (NCSA) was to create a tool
for handling the large amounts of data generated by satellites,
observational field programs, and model simulations; and to extend
existing 2D mapping capabilities with new analysis functions and
modern techniques of 3D visualization, user interaction, and
animation. Dr. Koch discussed the project approach and its
results. The system, called GEMVIS, maximizes the use of existing
software; uses commercially available visualization and application
builder tools; provides visualization and analysis capabilities in
the areas of 3D volumes of data, evolution of data over time, and
distributed processing; and provides a highly interactive
environment on a single display.

Dr. Koch and Dr. John Hagedorn conducted a demonstration of the
GEMVIS using the Explorer map module and functions, deriving
vorticity display. The demo included other orientations and 3D
renderings, as well as animations of wind vectors. They discussed
the accomplishments at GSFC and NCSA, as well as problems
encountered and the gains and losses of 2D GEMPAK. Near term
future work includes minor user interface improvements and fixes,
preliminary annotation, image loop animation, and user
documentation. They will release the software for use in the Sever
Storms Branch of GSFC in October 1992. Long term future work
includes a database for metadata, user interface enhancements,
additional visualization techniques, and additional animation.

There were questions and discussions related to the timing of
distribution of modules and portability to systems other than SGI.
Currently, they are now distributing it on Sun and Cray, and are
looking at a six month window for distribution on HP and DEC. The
problems with proprietary systems was noted and discussed.

Planetary Data Analysis and Display System: A Version of PC-McIDAS
Dr. Sanjay S. Limaye
University of Wisconsin-Madison

McIDAS is an evolutionary hardware/software system for Earth
Atmospheric data in use since the mid-1970's. The planetary
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version is aimed for analysis of primarily imaging data from space
missions such as Voyager, Pioneer Venus, Magellan, Hubble, Mars
Observer, and Cassini. McIDAS-X is a version for Unix workstations
(RISC-6000, SGI, Sun) with X-Windows. Planetary PC-McIDAS
implementation was begun under McIDAS-X. Dr. Limaye described the
current status of system level development, new software
applications, the data descriptor block, multiband data display and
processing, and multispectral analysis. Dr. Limaye discussed and
demonstrated how the optical navigation technique was used to
successfully remove an error in roll angle to correct Voyager
Neptune images.

Experimenter's Laboratory for Visualized Interactive Science
Dr. Elaine Hansen
Colorado Space Grant Consortium

This project was a group effort among the Colorado Space Grant
Consortium, LASP, NCAR, GSFC, and UCSB. Dr. Hansen presented an
overview of the program and its interactions with the wuser
community. The program goals are to provide a capability that
helps visualize data to better understand the large, complex,
diverse, and multi-dimensional data sets; support science research
within and across NASA science disciplines; to provide a laboratory
that can be easily used and tailored; to provide tools at an
affordable price; and to capitalize on existing systems techniques,
technologies, and tools.

Dr. Hansen introduced Dr. Margi Klemp, who discussed the usability
analysis and software design. Usability challenges include: the
integration of wvisualization, data processing, exploratory
analysis, and communication needs into a single application; a user
interface which will hide the complexities of the hardware and
software required to enable these functions; the flexibility to
make changes dynamically in the applications and to add user
specific functionality; input of diverse data formats; annotation;
and direct manipulation interfaces for interaction with data. Dr.
Klemp reviewed the project accomplishments and status to date.
Future work includes completion of the Alpha version by the end of
the year, the continuation of user testing, the integration of the
spreadsheet engine, the development of direct manipulation user
interface, new graphics capabilities, enhancement of TAE+, hooks
for calling external functions, development of a direct
manipulation annotation editor, color hard copy interface, and the
creation of an interface to GL for hardware rendering.

Dr. Bill Boyd showed a slide demonstration of the PolyPaint
functionality, which renders datasets as 3D surfaces. This system
provides the capability to look at several features at once, and
can facilitate meteorological research. The project is trying to
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get these tools into scientists' hands to enable them to
incorporate this into the research cycle.

SAVS: A Space Data Analysis and Visualization System

Dr. E. Szuszczewicz
Laboratory for Atmospheric and Space Scienc?
Science Applications International Corporation

SAVS is a combined effort among SAIC, Advanced Visual Systems
(AVS), and the University of Maryland. The focus of this system is
on the multi-disciplinary databases designed to understand the
cause-effect relationships in the solar-terrestrial system and
their extrapolations to other planetary bodies. The major
components of the system are: innovative visualization software
(AVS); advanced database techniques; a set of mathematical,
analytical, and image processing tools; and a strongly developed
sense of scientific requirements.

Dr. Szuszczewicz discussed the needs of the practicing scientist
and how the SAVS attempts to meet those needs. The visualization
system is wrapped around AVS, which provides a variety of tools for
rendering volume data. However, AVS is just one component in the

overall systen. The SAVS design goals focus on ease and
functionality. Dr. Szuszczewicz discussed the interactive
functionality of the SAVS system and demonstrated this capability
on-line. During this first year of funding, the AVS has been

ported to lower-end platforms, and an extensible user-friendly
architecture and data and model interface modules have been
developed. Basic mathematical and statistical functions have been
implemented, and the development of hooks for an interactive
interpreter has been started. The system has been tested on the
Combined Radiation Release Experiment Satellite (CRRES) and
International Sun Earth Explorer (ISEE) orbits and 1local data
bases, and plans have been initiated for remote data access
capabilities. In response to a question from the audience
regarding documentation, Dr. Szuszczewicz indicated that there will
be a year-end report as will as NASA press releases and science
applications reports. There was some discussion relative to
strategies in working with vendors to accommodate proprietary
system issues. Mr. Bredekamp noted that one of the goals of the
program is to engage the vendor community and work licensing
agreements for the benefit of science users. Some of the program
participants are currently working with vendors on this issue.
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[ASA Su e v Visualization Techni
Dr. Bill Hlbbard
University of Wisconsin-Madison

Dr. Hibbard discussed VIS-5D and VIS-AD. VIS-5D (VISualization of
5-Dimensional data sets) is used to visualize large output data
sets from numerical weather models. This tool is about four years
old, and is currently used by scientists at the University of
Wisconsin (UW), NASA/MSFC, NASA/GSFC, and other sites. It runs on
SGI, IBM RISC, and Stardent, and is available as freeware by
anonymous ftp. VIS-AD (VISualizatlon for Algorithm Development) is
a visual laboratory for experimenting with algorithms for
extracting useful information from remote sensing data. It puts
visualization where people work on developing algorithms for
automatic processing.

Dr. Hibbard discussed how the user can utilize VIS-AD in a highly
interactive environment. He showed how VIS-AD is used in
construction of algorithm. As part of his presentation, he gave a
demonstration of VIS-5D and its interactive capabilities. VIS-AD
can also be viewed as a McIDAS macro language where the user can
invent data structures as needed, display any data object easily,
and invent display frames of reference. VIS-AD can access McIDAS
data structures. Dr. Hibbard noted that anyone who is interested
in using this tool can contact him for instructions on how to
obtain it.

winds: he Li Window, active Data System
Dr. Allan S. Jacobson
Jet Propulsion Laboratory

The objectives of this project were to: develop a software
environment to support the rapid prototyping and execution of data
ana1y51s/V1suallzatlon applications; provide a suite of tocols to
interactively visualize, explore, and analyze large multivariate
and mu1t1d1s01p11nary data sets; develop a user interface which
allows maximum data and tools accessibility with a minimum of
training; and provide system design and tools to make the
environment accessible to application development by users. Dr.
Jacobson described the system and how it 1is implemented,
emphasizing that the scientists drive the development of the
system. I e L -

Linkwinds has standardized on HDT, but other data formats are
accessible via interaction with DataHub. A user has to edit only
three files to use the database. Dr. Jacobson conducted a
demonstration of LinkWinds from ozone and water vapor data from the
Microwave Limb Sounder daily files. Currently, LinkWinds has only
been distributed to a few locations outside of JPL. More
sophisticated tools are needed and are planned. Future plans are
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to port LinkWinds to other Unix platforms, expand the standard
input data formats via interaction with DataHub, and develop
applications for visual data selection and subsetting. They also
plan to implement an applications generator to support user
applications development, and affect a wider distribution of
LinkWinds.

DataHub; KXnowledge-Based Science Data Management
Dr. Tom Handley

Jet Propulsion Laboratory

Dr. Handley discussed the key data base issues which had been
identified by Dr. Jeff Dozier of the EOS Program. Scientists want
to query and analyze a variety of different types of data.
Analysts and modelers need access to stored satellite data, derived
products, and model output on numerous and large objects, with data
distribution among nine archive centers. Researchers want to
render data on local workstations to conduct their research. There
are a number of challenges to meeting all of these needs. DataHub
is a value-added, knowledge-based server between the data suppliers
and the data consumers. It meets the need to address the barriers
associated with distributed, autonomous, heterogeneous systems.

Dr. Handley described the relationship between DataHub and
LinkWinds, and discussed the functional architecture, the data
model, the software architecture and implementation, and the user
created datasets. To date, the project has defined a general
framework for science data management, identified a critical subset
of data operations for the science data visualization applications,
and developed an initial prototype (DataHub 0.3) with common user
interaction, data format conversions, user inventory management, a
DataHub/LinkWinds interface, and underlying object-oriented
structure and methods. After Dr. Handley discussed current status
and future plans, there were some questions regarding how this
could be used in the EOS system, and some interest was expressed in
bringing this before the EOS advisory committee.

Visualization Discussion
Dr. Michael Botts
University of Alabama in Huntsville

Dr. Botts has been on a special assignment to NASA Headquarters as
a result of Congressional attention regarding visualization on the
EOS mission. He made his final report, "The State of Scientific
Visualization with Regard to the NASA EOS Mission to Planet Earth,6"
available to the meeting participants, and presented its findings
as well as some options for meeting the visualization requirements
of the EOS mission.
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A survey of Earth scientists was conducted relative to problems
with current visualization tools. The applications of
visualization are: scientific investigation; data wvalidation:;
model and algorithm development and validation; data browse;
information transfer; and mission operations. The primary use for
visualization is for scientific investigation. Dr. Boots discussed
the variety of reasons why scientists are not wusing the
capabilities that are available to them today. Most of the
visualization bottleneck is related to lack of adequate software
which allows the scientist to take advantage of hardware power and
to interactively visualize and analyze the data. It is
questionable whether Commercial-Off-The-Shelf (COTS) software will
be adequate for meeting all the needs of EOS. Dr. Botts discussed
the advantages and disadvantages of COTS, public domain, and in-
house development software.

With regard to visualization, the development environment within
0SSA can be characterized as fragmented, and lacking adequate
organization and funding structures as well as adequate mechanisms
for technology transfer both within OSSA and between OSSA and OAST.
Dr. Botts identified several general areas presently needing
additional consideration and concentration. His report concluded
that visualization is vital for meeting the scientific objectives
of the EOS mission, and the applications software for putting
visualization techniques and capabilities into the hands of the
scientist are at present inadequate. Although there is increasing
probability that COTS software can serve as a core for meeting many
visualization needs, there will still be a need for in-house
development efforts focussed on extending or modifying these tools
to meet application-specific requirements.

Dr. Botts presented some ideas on what could be done to increase
the effective use of visualization and analysis tools. Items
discussed were: the possibility of a visualization/analysis
working group; assistance centers, 1located at one or more
Distributed Active Archive Centers (DAACs); use of pathfinders;
vendor programs to improve the success of COTS; improvements to the
licensing/procurement process; and improvements to publishing and
remote interaction.

In the discussion period, it was noted that all of the comments are
valid for other disciplines as well as the Earth science and
applications field. 1Inasmuch as there is natural resistance to
doing the "learning" required to utilize some of these tools, it

would be worthwhile to have support for the learning cycle. An
infrastructure like this workshop could facilitate discussions on
how to solve problens. There was some discussion on the

"assistance centers," which were generally seen as a good idea if
they could be staffed with diverse expertise. It was felt that
collocating an assistance center with a DAAC would be essential to
making it work. One of the challenges will be forging a strong
link between the Information System Branch program and the EOS
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program. Other aspects discussed by the workshop part1c1pants
were: the "right way" to do software support; commercialization,
the technology transfer issue and incentives to creative
development; the problem of getting scientists to use the tools;
mechanism for getting support for multi-discipline, non-project
specific aspects of the program.

Oone of the suggestions made for getting tools out to the various
communities was for the participants in this group to go to other
external well-established society meetings, such as the American
Geophysical Union (AGU) and give presentations and demonstrations.
Publication in professional journals was another suggestion.
Another possibility that was discussed was a NASA Research
Announcement (NRA) for investigators to propose applications for
existing tools. These would provide some "seed" money to try out
the tools within the scientific community. This type of mechanism
is already a part of the EOS program. Another idea was for a
"consumer's guide" on current tools, directed to the scientist.

Thursday, August 13, 1992

Before beginning the morning session, the Chairman Mr. Mucklow
announced adjustments to the agenda for the day.

PROGRAMMATIC ISSUES AND ANSWERS SESSION

nformation Systems Res c d chnolo Reports
Mr. Glenn Mucklow o
NASA Headquarters, OSSA

The objectives of this program are to apply advanced information
systems technology to improve support to OSSA science programs, and
enable continual evolution of OSSA data systems environment and
supporting infrastructure. The elements of this program include
the Investigator Working Groups (IWG), applied research, technology
development, and systems evolution. Mr. Mucklow discussed the
approach for each of these elements. The technology transfer
element is the key to the program. It includes testbeds, software
support, strategic users, commercial aspects, and COSMIC, and seeks
to bridge the gap between research and technology development and
mission operations and post-mission science research.
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Electronic Mail and News Groups
Mr. Randy Barth

Goddard Space Flight Center

Mr. Barth provided an overview of the NASA POBox and how to use it.
The NASA POBox simplifies mail exchange among AISRP researchers on
various systems (the Internet, NSI-DECnet, RSCS Networks, X.25
Networks/Nodes, and LAN & PCs connected to these systems).
Currently, there are three AISRP group distribution lists: aisrp-
members, for all members; aispr-pi for all PIs; and aisrp-general,

for general discussions. The NASA Science Internet (NSI) Help Desk
can answer questions on the use of the NASA POBox.

There are several mechanisms for electronic discussion groups:
discussion groups vis a central bulletin board; discussion groups
via USENet NEWS, and discussion groups via Electronic Mail. Mr.
Barth discussed the advantages and disadvantages of each of these
mechanisms.

SA Scienc nterne velopments
Dr. Christine Falsetti
Ames Research Center

Internet, the largest Federal network, is a collection of various
networks. The NSI was established to provide communications to
NASA's OSSA. It provides computer networking services, management
and operations support, and technical assistance to authorized
users throughout NASA centers and research institutions worldwide.
NSI's goal is to provide a high-speed communications network that
connects all space scientists, providing ready access to data and
information stored anywhere in the world.

Dr. Falsetti described the current telecommunications
infrastructure and some of the evolving network-based applications.
The plan for evolution is to use the networks in place and use
advance technologies to go from 45 mbps to 2488 mbps. The National
Research and Education Network (managed out of OAST) is leading
this activity. NASA and the Department of Energy (DOE) have
collaborated in a procurement to obtain advanced technology, which
will enable universities to have better access to the service. 1In
response to dquestions regarding connections to service, Dr.
Falsetti advised participants to contact their regional service and
find out what their plans are to connect to the network. NSI will
serve as the backbone to EOSDIS.

There was some discussion regarding the funding of regionals, and
the prospective commercialization of these services, and how
university users would be affected. Dr. Falsetti indicated that
there are potential problems in this area, and this issue is
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currently in heavy debate. Further discussion on this subject was
deferred to a later group discussion.

CESDIS: Center of Excellence in Space Data and Information
Sciences

Dr. Ray Miller

NASA/GSFC

The CESDIS mission is to bring together computer scientists from
university, industrial, and government laboratories to: conduct
computer science research having application to Earth and space
science; focus attention on accessing, processing, and analyzing
data from space observing system; and collaborate with NASA space
and Earth scientists. CESDIS is managed by the Universities Space
Research Association (USRA). Dr. Miller described the CESDIS
organization, activities and tasks, and the research currently
being conducted by the CESDIS staff.

The Stanford University project has been developing software to
automate the analysis of global auroral images obtained from
Dynamics Explorer (DE)-1 and Viking satellites. The Duke
University project is involved with parallel compression of space
and Earth data. The AISRP Projects are being reported upon at this
Workshop. Dr. Miller described other additional research tasks, as
well as consultants and fellowships that are being funded through
CESDIS. CESDIS has also conducted annual workshops on various data
and information systems topics. CESDIS provides support to peer
reviews for NRA's, organizes the "Advances in Computational
Sciences Seminar Series," and provides support to the Minority
University Space Interdisciplinary Network project. Future CESDIS
direction include more coordination of AISRP projects, assistance
with Earth and space science HPCC projects, and the building of
ties with EOSDIS.

SCIENCE DISCIPLINE DISCUSSIONS

Dr. Amy Walton chaired the session on the science discipline
discussions. Panel members were: Dr. Tom Ayres, Astrophysics; Dr.
Mike Botts, Earth Science; Dr. Jim Willett, Space Physics; Dr.
Robert Jackson, Life Sciences; and Dr. Steven Lee, Solar System

Exploration. Each panel member made brief opening remarks prior to
the general discussions.

Astrophysics
Dr. Tom Ayres

Astrophysics has an unusual type of data set--the images are
relatively sparse and easily compressed. Except for solar physics,
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the data sets are not large. However, there are many different
platforms and missions, and many different interfaces into the data
set as well as a ground-based connection. In terms of bottlenecks,
one of the major concerns is that NASA is not providing enough
funds to procure new workstations, which are needed for more disk
space and faster CPU. One of the most valuable tools is a screen
editor, and the next most valuable is a flexible software
environment. To implement research, scientists in this discipline
need transparent access to existing and new data sets, access to
archival data, and easily modifiable software. 1In parallel, they
need access to expertise and specific software (or software
modules). The researchers do not need a proliferation of
sophisticated visualization systems, but tools that can be easily
modified to attack specific problems.

In the panel discussion, Dr. Ayres emphasized that the need for
interdisciplinary science sharing has increased, and the PDS has
had an influence on astrophysics. In astrophysics, the primary
science problem is not enough telescopes in orbit. The problems
some disciplines are encountering with large data sets has not been
an issue for astrophysics.

Earth Science
Dr. Mike Botts

The major issues within Earth science involve large data sets, and
lots of data, and interuse of multiple data sets from multiple
disciplines. In large data sets, the issues are: keeping
interactivity in visualization (adaptive sampling could help);
automatic feature recognition and tracking:; and data compression

(lossy vs. lossless - how much is acceptable). With the
restructuring on EOS, there is less capability to do on-board
processing. In the interuse of data sets from multiple

disciplines, there are navigation, gridding, and projection issues.
Dr. Botts recommended leaving gridding and navigation till as late
as possible, but tools will be needed to do this. The advantages
and disadvantages of adaptive sampling were also discussed.

The general discussion centered around data formats. A suggestion
was made to have a limited library of formats for choice by users,
and visualization tools would be responsive to this limited library
of formats. It was noted that equal emphasis is needed on the
analysis process, and one approach is to get scientists involved
very early in the process. Dr. Mucklow indicated that there is a
mechanism for doing this.
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Space Physics
Dr. Jim Willett

Dr. Willett indicated that this workshop had been very useful and
helpful, particularly the opportunities to talk with other
participants and share ideas. He noted that the tools produced by
the scientist with the help of computer scientists are the ones
that are most successful and are actually being used in research.
It would be useful for someone to put together a "consumer report"
document to categorize all of the tools/systems, describe salient
features, and show how they fit together. The workshop
participants need such a document to go into their discipline
communities and talk about what's available.

With regard to the earlier discussion on the problem of getting
tools into the community, Dr. Willett noted that in space physics,
the younger investigators used and recognized the value of new

tools, particularly visualization tools. Some of the tools
demonstrated at this workshop might be very useful in displaying
magnetospheric modeling. One possible approach might be to

initiate a joint-funded activity (space physics and information
systems) to pursue implementation of these tools, which could also
help with technology transfer. A suggestion was made to consider
having a technology transfer supplement to the education outreach
grants.

In response to a question, Dr. Willett stated that the National
Space Science Data Center (NSSDC) is a critical element in the
space physics and other discipline data systems. It would be a
node on the space physics data system, and provide a master catalog
and a deep archiving capability. There was some discussion of the
current OSSA data policy, and the evolution to this policy by all
space science disciplines. Currently, space physics 1is the
discipline most firmly entrenched in the old system (data
proprietary to the PI for a period of time). It was noted that
there is current disarray on how this issue is handled in OSSA.

Life Sciences
Dr. Robert Jackson

Dr. Jackson described the Life Sciences program for Space Station
Freedom, and two basic research scenarios--automatic operation and
crew assisted operation. The automatic operation mode provides
routine operation of major facility equipment to support
biospecimen growth and development. The bottlenecks in this mode
are primarily limited downlink bandwidth, downlink interruptions,
and no on-board communications outage recorder. Researchers need
tailored bandwidth reduction techniques and efficient on-board data
processors and storage. The crew operated mode provides for crew
to set up runs, manipulate specimens, collect data, collect and
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analyze samples, and maintain equipment. The bottlenecks in this
mode include crew time and skill maintenance, limited uplink and
downlink bandwidths and interruptions, late delivery of data and
samples, and long storage time of samples. Research is needed to
enable effective conduct of advanced experiments to accommodate
limited uplink and downlink, minimize the demand for power and
volume, and maintain and improve crew skills.

In response to a question about metadata, Dr. Jackson that it has
been inadequate, and life sciences is just starting to begin an

archive. They will need help with this development, and the
implementation to bring it on-line. Recoverable archive remains
one of the major problems. Tools are needed to store more

information up-front. The PI-in-a-box concept was discussed as a
potentially useful tool for life sciences.

r System Explo io
Dr. Steven Lee

Dr. Lee provided a brief background of the PDS and its structure.
JPL provides the management and top-level catalog. Colorado is in
the Atmospheres Node. Each discipline node divides up among
specialty nodes. Problem areas in archiving planetary data from
active missions are: the obligation of flight projects to archive
data; preservation of mission funds for data archiving;
availability of project personnel for archiving tasks; definition
of interfaces between projects and PDS; large lead times needed to
influence archiving plans; selection of storage technology; massive
data volumes; and the proprietary period and scheduling of data
transfer. PDS is actively working all of these areas.

The data formats issue came up again during discussion of the PDS.
Dr. Davis added that the working group has come to the conclusion
that formats should not be prescribed; a more workable approach is
to described a standard set of data objects, and encourage users to
accept those standards. It was noted that the tools demonstrated
at the workshop have applicability to the planetary research
discipline. Another issue discussed was how to get rid of old data
where the cost of maintaining the data for exceeds its usefulness.
Space physics is currently looking into this problem.

TECHNOLOGY TRANSFER DISCUSSION

Dr. Tom Handley and Dr. Larry Preheim led the group discussion on
technology transfer.

For the purposes of this workshop discussion, technology transfer
was defined as the transfer of organized knowledge to a project or
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program for the eventual purpose of producing new or improved
products, processes, or services. The transfer can occur through
consulting, documentation, training, demonstration, or
collaborative technical work. Too often research and development
has been content to "throw its product over the wall and hope
someone will catch it." Technology issues are viewed differently
by advanced development groups and implementation/production
groups. Dr. Handley discussed some of the barriers to technology
transfer. The user community lacks a process to identify common
requirements, and a lacks a vehicle to exert leverage on NASA to
implement common designs. The resources invested in existing
system and applications, as well as the attitude and culture of the
work force, make it difficult to evolve to new technologies. 1In
addition, there are inadequate incentives to foster the insertion
of new technology into new missions, and there is a fear of not
being able to meet mission objectives (performance and budget)
using "newer" technology. Overall, there is no documented coherent
NASA vision for broad-based technology integration or a technology
transfer process.

It was noted that OSSA and OAST have been trying to work out a
process to address some of these barriers and develop a coherent
NASA vision. One example of good collaborative effort is HPCC; the
key was participation and drive from the onset of the project.
Dissemination of information alone does not produce results.
Technology transfer occurs within the context of one-on-one
relationships of technologists and organizations. The programmatic
challenge is to establish these relationships. JPL is putting
together a process for technology transfer at that institution. It
includes a technology transfer readiness review of on-going and new
programs. However, the dominant project individuals need to be
advocates of technology transfer and keep the user community
involved in the process. A flow diagram of the process is included
in the presentation package in Appendix D. The advantages of
collocation were discussed, and it was generally agreed that
directly collaboration, particularly at the beginning of the
process, is optimum. An intermediate "technology transfer" group
can be used to sustain the activity once it is well started.

Another issues that was discussed at some length was how to support
the transfer once it is successful. Support can be time consuming
and expensive, and things that need a lot of "handholding" tend to
stay in research labs for this reason. Dr. Handley noted that
there are several types of transfer: a single, stand-alone tool
for a group of users; a tool which is an integral part of a larger
system (e.g. shuttle scheduling) to other users; and technology
which has only "potential" users.

How to move commercial products into the NASA community was another

popular topic, and the participants discussed the issues with
licensing. Dr. Botts indicated that he has been working on this
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issue, and invited interested parties to get in touch with him to
discuss it further.

Dr. Preheim presented a view of an "optimal solution:" establish
three demonstration sites, GSFC, JPL, and LASP, where prospective
users/interested parties could visit, view the tools, and have
expertise there to walk them through the products. However, there
would need to be coordinated testing for maturity and useability of
the technology. One center (JPL) would be the focal point to
address commercialization issues. This idea was discussed among
workshop participants, who saw value in this type of approach.
However, it was noted that users would need to know the
availability of products at the center, and a "consumer's guide"
was again suggested as a way to fulfill this need.

Mr. Mucklow indicated that by this time next year, the AISRP
investigators will need to identify how they will do technology
transfer. A suggestion was made to have an archive site (e.qg.,
LASP) for the software that was described and/or demonstrated at
this workshop. In response to a suggestion regarding
demonstrations in a special session at AGU, Mr. Mucklow asked that
anyone interested in doing this, please contact him and it would be
pursued.

COLLABORATION AND COMMUNICATION DISCUSSIONS

Mr. Mucklow, Dr. Willett, Dr. Gordon Johnston, and Dr. Peter
Friedland 1led the group discussions on collaboration and
communications.

Dr. Johnston, the thrust manager for science in OAST, explained how
OAST has been restructured from discipline-oriented management to
the focused thrust structure consisting of science, exploration,
and operations. Dr. Peter Friedland from ARC talked about the OAST
culture, which is significantly different from OSSA--it is one of
research of technology to facilitate NASA missions. 1In OAST it is
unusual to have large scale peer reviews--proposals are often
unsolicited, and are funded through the field centers. The AI
program was advocated and approved as a mission-oriented thrust.
The goal in the OAST program is to do a great deal of technology
transfer at all 1levels, and the program office supports
collaborative efforts with O0SSA--in advocating, funding, and
working. With respect to the issue of technology transfer on
flight project, Dr. Friedland acknowledged that technology transfer
is more difficult. However, technology transfer is easier to
accomplish when connected with an experiment instead of part of the
flight transportation system (e.g. the shuttle). A good example of
this was the PI-in-a-Box.

28



The group discussed the possibility of more joint NRA's. There was
general consensus that this approach would be very attractive to
the scientific community. OSSA hopes to increase the CESDIS
activity to provide a mechanism for OAST and space scientists to
work together. In response to a comment regarding funding for
support to space science, Dr. Willett noted that the issue of
science support funding has come up repeatedly in OSSA and in the
Space Physics Division, but most of the activity in the office is
toward getting new projects to fly. Mission operations and data
analysis (MO&DA) funding is dependent on flight missions. The
office would like to get some sort of statement regarding the right
balance among funding to the science community, funding to
hardware, and funding to extend missions. Funding was clearly
recognized as a key issue, but it was also recognized as something
that, to a large extent, is beyond NASA's control, and is driven by
national priorities. What the community can do is work through the
established advisory committees and have enough small scale
missions to provide some support for R&D. The National Academy of
Sciences (NAS) and the National Research Council (NRC) are the
recognized advocates for science, and the community needs to exert
influence through this structure.

Dr. Willett noted that a mechanism for technology transfer of
visualization tools could be an NRA type of activity where funding
is provided tc selected groups to try out the tools and bring in
the technology. OAST is trying to reduce the cost of mission
operations, which could make some more funding available for
science analysis.

R S F SRP RESEARC SCUSSTON

Mr. Mucklow led the wrap-up discussion for the workshop. He noted
that HPCC is currently under evaluation, and four to five major
awards will result. This will generate some massively parallel
processing testbeds. In addition, OAST is sponsoring an HPCC
CESDIS announcement. 0SSA has funding in FY 1994 to fund
additional AISRP grants, and will have an announcement coming out
in 1993. As a result of these workshop discussion and lessons
learned, the program office will try to have more focussed topics
of research. OAST could help provide an opportunity for some of
the creative proposals that fall outside the scope of the next
announcement.

Some key discussion areas identified during the workshop were
issues associated with data compression and analysis, data formats,
and technology transfer.

Dr. Davis, Dr. Storer, and Dr. Falsetti summarized their splinter
group findings on data formats, data compression, and networking.
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REPORT OF SPLINTER SESSION ON DATA FORMATS
Dr. Randal Davis

No one data format can do it all, even within a single discipline.
Factors to consider in selecting data formats are: usability,
performance, ease/difficulty of change, completeness of metadata,
and support for data compre551on. Software must be provided for
every data format. At a minimum, it must display any header or
label information, create a programming language data structure,
and put the data into a "plain" file. A "consumer reports" kind of
analysis is needed to evaluate and compare formats. Data formats
should be "bottom-up" development. Some concern was raised about
"top down" data formats standards efforts, such as the SFDU
concept.

Specific needs differ accordlng to the type of data belng handled:
archive data, active data, quick look/browse data, and operational
data. Archive data needs lots of metadata, minimal. system
dependen01es, and lossless compression. Metadata for active data
is dictated by need and system dependencies may be acceptable.
Quick 1look/browse may not need much metadata, and system
dependencies and lossy compression may be acceptable. Operational
messages require minimal metadata and are heavily encoded.

REPORT OF SPLINTER SESSION ON DATA COMPRESSION
Dr. James Storer

NASA needs for data compression are: archiving of data;
transmitting data more quickly between NASA centers and research
institutions; data distribution on CD~-ROM, etc.; fast data
browsing. It is clear that with over a tera-byte of data per day
to be archived in the future, fast ways to "finger through" the
data are critical.

The tradeoff between storing less data or having more data with
less fidelity for specific key NASA applications needs to be
studied. Better measures of distortion must be developed that can
evaluate compression algorithms for specific applications and which
allow the user to quantitatively specify a tradeoff between
compression and fidelity. Note that such measures are also
critical for compression algorithms to adaptively "learn" about the
data. Continued research is needed on general purpose adaptive
techniques that work well for the wide variety of NASA data and
have an easily "adjustable" compression-fidelity tradeoff. Fast
algorithms (and hardware) for real-time data compression are needed
so that compression and decompression can be "invisible" to the
user. Integration of data compression software and hardware into
current and proposed NASA archives and distribution systems needs
to be studied. Better communication between Earth scientists and
computer scientists is needed so that compression systems that are
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a good "match" to the applications can be developed, and so that
Earth scientists are comfortable using these systems.

Gathering data and transmitting data from remote sensors is an
important issue for NASA, and one for which compression can play an
important role by effectively increasing the bandwidth of
communication channels. However, due to the many highly technical
issues involved, it is reasonable to view it as a separate problem
from the compression of data that has already been obtained.

One action that was suggested by the participants was to identify
some data sets on which to do a data compression exercise. This
could be worked on at the Data Compression Workshop in the spring.
Mr. Mucklow took the action to follow up on this.

REPORT OF SPLINTER SESSION ON NETWORKING
Dr. Christine Falsetti

Issues identified and discussed were:

- Evolving NSFNET infrastructure and support for NASA PIT's at
NSFNET regional institutions. What is the impact on NASA PI's?
What reponsibility will NASA take to support NASA PI's? What are
our plans for support? How does NSI track NASA PI's?

- WAN-LAN roles and responsibilities and interface issues at
sites. As WAN upgrades to high performance network delivery, what
are the implications at the science site? Communities must be
alerted that they should be working with LAN providers to ensure
that they will be able to take advantage of the high-performance
network when deployed.

- Request for more information about NSI at SWG's,
particularly EOSDIS Data Panel meetings.

- How to better listen to the science community. Perhaps
volunteers for involvement in restructured scientist input (SSC)
activities?

A final action on the workshop participants in general was to pass
along any items of group interest via electronic mail; if paper,
pass along to Mr. Mucklow for distribution.
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APPENDIX E:

Presentation Material

The following material was presented or distributed at the meeting.
Full size reproductions of this material are available from
Mr. Glenn H. Muckiow, Code SMI, National Aeronautics and
Space Administration, Washington, DC 20546.
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- Collection and archival of downiinked data
« Quick-look analysis and summary of data

« Generation of potential new protocols
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The system worked under realistic conditions.
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PARALLEL ALGORITHMS FOR
DATA COMPRESSION

Dr. James A. Storer
Brandeis University

August 11, 1992

Parallel Algorithms for
Data Compression

James A. Storer
Computer Scrence Dept.
Brandeis University
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B. Carpentieri (PhD Student)
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E. Lin {Post-Doc}
@. Ye (PhD. Student)
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N

Outline

o Introduction

e Systolic Algorithms for Lossless Compression

s Lossless Compression Hardware

o NC (Poly-Log) Algorithms for Lossless Compression
o Vector Quantization for Image Compression

e On-Line Adaptive Vector Quantization

» Image Compression Visualization Tools and Experi-
ments

¢ Image Compression Hardware
o Video Displacement Estimation
o Real-Time Video Compression Hardware

e Current Research

Applications of
Data Compression

STORAGE
compress DEVICE
or (magnetic disk,
decompress optical disk,
tape drive,
erc.)

lossless =decompressed data
is identical to the original

lossy = decompressed data -
may be an approximation to the original
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( Key types of data:

® text
s computer source/object code
e data bases

numerical data

speech

music
& gray-scale images

® color images

graphics
CAD data

animation

L]

half-tone/fax data

o finger print images

bank check images

map and terrain data

medical imagery

scientific and instrument data, space data

¢ image sequences

® video

\_

N

J

Examples of Speeds Required
for Real Time Processing:

Text sent over a modem ~ 2,500 its per second
{Depending on the cost of the moden, commonly used speeds
range from 1.200 bits per second to 9.600 bits per second.)

Speech ~ 100,000 bits per second
{One government standard uses 8.000 samples per second, 12
bits per samiple.)

Stereo Music ~ 1.5 madlion buts per second
{A standard compact disc uses 44,100 samples per second, 16
bits pur sample, 2 channels )

Picture Phone ~ {2 mdlion buts per second
{A low resolution black and white product might require 8 bits
per pixel, 256x256 pixels per frame, 24 frames per second.)

Black& White Video ~ 60 million bits per second
(A medium resolution product might use 8 bits per pixel, 512
by 512 pixels per frame, 30 frames per second.)

HDTV ~ 1 billion bits per sccond
{A proposed standard has 24 bits per pixel, 1024 by 768 pixels
per frame, 60 {rames per second }

J

f Lossless Data Compression with
On-Line Dynamic Textual Substitution

Idea:

Maintain a dictionary of strings that have occurred frequently
in the past and replace new occurrences of these strings by
their index in the dictionary.

In a “lock-step” fashion, the encoder and decoder are con-
stantly changing their dictionaries to best reflect the data seen
thus far.

N

. Data Compression with
On-Line Dynamic Textual Substitution

(1) Initialize the {ocal dictionary D to have one entry
fur each character of the input alphabet

{2) repeat forever
(a) {Gut the current matchi string 5.}
Use a match heurtstic MH to read s from the input

Transmit {log:{D{] bits for the index of s.

(b) {Update D3}
Add each of the strings specified by an update heuristic UH to D
(if D is full, use a deletion heuristzc DH to make space)

Generic Encoding Algorithm

(1) Initialize D by performing Step 1 of the encoding algorithm
(2) repeat forever
(a) {Get the current match string s:}
Receive [loga|D|] bits for the index of s
Retrieve s flom D and output the characters of s.

(b) {Update D'}
Perform Step 2b of the encoding algorithm.

Generic Decoding Algorithm

~
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f

The Match Heuristic

e Greedy Read the longest match possible.

e Lookahead Employ a lookahead buffer to check if taking
a shorter match now will pay off with better compression
later.

e Special Characters: Read the longest match that ends with
a special character (which can be specified in advance or
dynamically learned).

(

ﬁ

Idea: A forra cn-line textual substitution where the dictionary is just a
window of the last n characters and instead of pointers being simple in-
dices. they are {displacement, length) pairs that indicate a substring of the
window. The update and deletion heuristics are to just “slide” the window
Any match heuristic that reads a string that is a substring of the window
will do; usually the greedy heuristic is used (and is provably uptimal when
all pointer have the same size)

Sliding Window Data Compression

Noter:

o To insure that a match of at least one character can always be found.
a pointer value is reserved for each character of the alphabet.

o In practice, it pays to use “fancier” methods of encoding pointers be-
cause the distribution of pointer values (particularly the length field)
tends not to be uniform. Also, better methods of coding paointers avoid
the inefficiency of having to divide the pointer into two fields.

Efficient Serial Implementation:

« [f the window extends back to the beginning of the input string, a simple
linear time implementation is to bwild a position tree as you go (using
McCreight's Algorithmn) and compute longest matches by walking down
from the root to a leaf and then matching as much additional input us
possible

s When the window does not extend all the way to the beginning of the
input string, the position tree daia structure can be modified to allow
deletion of strings, or three overlapping copies of the position tree can
be employed

.

~

Update and Deletion Heuristics
for Dynamic Dictionaries

Update Heuristic (DH):

e First Character (FC). Add the last match concatenated with the
first character of the current match

o Identity (ID): Add the last match concatenated with the current
match

e All Prefires (AP): Add the set of strings consisting of the last match
concatenated with each of the prefixes of the current match

Deletion Heuristic (DH):

e Freeze when Full (FREEZE): Once the dictionary becomes full it
is “frozen” and remains the same from that point on.

o Restart Perodically or when Compression Drops (RESTART): Pe-
riodically or when compression drops, remove all elements of the
dictionary {except the characters of the input alphabet).

o Least Frequently Used (LFU): Delete the string that has been matched
least frequently.

o Least Recently Used (LRU): Delete the string that has been matched
least recently.

o Suwap when Full (SWAP): Keep two dictionaries. When the primary
dictionary becomes full, start learning new entries in the auziliary
dictionary but continue compressing data with the primary dic-
tionary. From this point on, each time the auxiliary dictionary
becomes full, the roles of the primary and auxiliary dictionaries are
reversed, and the secondary dictionary is reset to be empty.

8 Systolic Pipes
b

<«[Je]

M*D:g

@ All processors are identical and the length of
connections between adjacent processors can
be bounded by a constant.

@ The structure can be laid out in linear area and
power and ground an be routed without crossing wires.

@ The layout strategy can be independent of the number
of chips used. A larger pipe can be obtained by placing
as many processors as possible on a chip and then,
using the same layout strategy, placing as many chips as
possible on a board.

JAN
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Systolic Pipe for the
Static Dictionary Method

(the diciionary is fixed in advance)

input
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Systolic Architecture for the

Sliding Window Method

("match tree'’ architecture)

match tree input

]
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INPUT ACTION

Nothing Nane
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Systolic Architecture for the

Sliding Window Method

("broadcast-reduce’’ tree architecture)

input

Y

shift register with
fog(n}+1 delay

broadcast tree

reduce tree

D

oulput
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E 40

(RN

e i



f

(

Systolic Pipe for the

Sliding Window Method

("wrap' architecture)

— --.-)rj»%
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output
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Systolic Pipe for the
Dynamic Dictionary Method

(Uses a variant of the ID update heuristic that
forms matches in a "bottom-up” fashion.)
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Board Level Design that Implements the
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Real-Time Adaptive Lossless
Compression Hardware
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compression / decompression board

VME Board:
¢ 20 mhz clock
¢ 30 custom chips {1.0u double-metal CMOS)
¢ 160 million bits per second throughput
(one byte is processed on each clock cycle)

HiPPI Board:
e 100 mhz clock
e 15 custom chips (.8u double-metal CAOS)
¢ 800 million bits per second throughput
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Sub-Linear Algorithms
for Text Compression

Idea: Fast sub-linear algorithms that can be programmed on
existing massively parallel machines.

Model of Input-Output: For a dictionary of size n, charac-
ters arrive in blocks of size n to the encoder and leave in blocks
of size n from the decoder.

Note: Dynamic dictionary compression is P-Complete!

Static dictionary or sliding window: We present a sim-
ple algorithm for greedy or_optimal parsing that can be imple-
mented in O(log(n)} time with O(n?) processors.

(In fact, for any 0 < epsilon < 1, this algorithm can be imple-
mented in O(1log(n)) time with O(n'**) processors.

Example:
inputstring=a abaaabbbaaabdbaaa
dictionary= a, b, aa, aad

greedy parsing= aad, aa, @, b, b b, ag, a, b, aa, a

i 2 3 4 5 6 7 8 9 10 I 12 13 14 15 16
4 3 4 6 8 v 3 2 10 12 M 13 1§ 17 g7
4 3 4 8 8 7 8 9 10 12 M 13 W 16 17 7
3] 4 i T 3 -4 9 0312 13 16 1 16 17 o0 ¢
4 3 i .6 8 7 8 9 012 14 13 14 16 17 07
6 4 6 7 9 3 9 10 12 13 16 14 16 17 @ 0
7 [ 7 8 09 1012 13 1 17 16 17T o 1) 0
8 7 8 9 12 10 12 13 1 16 O 70 0 0 0
4 3 4 6 8 7 8 Y 012 1 13 1 16 17 aT
G 4 G 7 3 8 9 10 12 13 16 14 16 17 © 0
7 6 7 8 10 9 0 12 13 W It 16 17 0 0 0
8 7 8 3 12 10 12 13 14 16 o0 i7 0 0 0 0
9 3 7 16 13 12 13 14 16 17 0 0 0 g Y] g
10 2 10 12 14 13 14 16 17 ¢ o} [+ [ [ o Q
12 10 12 13 16 4 16 17 0 0 g "] o 0 a0 0
3 12 13 M 17 16 17 0 0 0 [ 0 Q 0 0 0
4 3 4 6 8 7 8 G 10 12 4 13 W 18 17 17
6 4 & 7 2 8 9 0 12 13 16 1 18 17 0 0
7 6 7 8 09 0 12 13 14 17 16 1T 0 0 0
8 7 3 9 12 10 12 13 14 16 0 170 0 o o
2 8 9 10 13 12 13 1 16 7T 0 0 0 0 0 0
0 9 10 12 14 13 14 16 17 0 0 0 0 0 o o}
12 10 12 13 16 14 1 7T 0 0 0 0 0 g o 0
13 12 13 ¥ 17 1o 7 0 g 0 0 0 0 0 4] 0
4 13 14 16 0 17 0 0 0 0 0 0 o Iy 1] 0
16 14 i 17 0 0 0 0 0 0 0 "} 0 0 o 0
17 16 17 @ ] o 0 ] 0 ¢ o 0 0 ] Y 1]
0 i7 0 0 1] 0 0 0 0 0 0 g 0 0 0 0

Figure

Positions of the first-characters of the phrases ofﬁhe greedy parsing are 1,4, 6,7, 8, 9, 10,

k 12,13, 14, 16.

J

-

Greedy Versus Optimal Parsing
for Text Compression

Idea: Textual substitution algorithmns typically employ greedy parsing, that
is, at each stage, the longest possible string is taken as the next match
However, optimal parsing strategics may sometimes take a shorter match
so that bigger savings can be achieved later

Example:
input string: baba*

dictionary: e, b, {ba':1 <7<k}, bab
optimal parsing: be, ba*
greedy parsing: bab, a, a2, ... a

Theorem: The intersection of the i** phrases of all optimal parsings is
non empty, and hence there is a set of canonical substrings that identify the
positions of optimal phrases

b/ b/ ’ y—
— bd y bl
y b y y
9 — b b
b) bl b
’ b/ y—y

*** This is why optimal parsing can be done on-line and why parallel algo-
rithms for greedy parsing can be generalized to optimal parsing

J

f

Image Compression with
Vector Quantization

arrays of pixels {*vectors™} to

the “closest™ vector in a dictionary of vectars.
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Key Results
for Fixed-Sized (Trained) VQ

A complexity analysis of codebook design and search
shows thac optimal VQ as well as optimal k-means design is

NP-hard.

A complexity analysis of tree-structured VQ shows that
finding optimal pruned trees subject to the leaf entropy or ex-
pected depth is NP-hard, whereas a polynomial-time algorithm
is presented when the cost function is the number of leaves or
maximum depth.

A new tree growing algorithm constructs trees that are
well balanced among different costs; experimental results show
it to achieve the compression performance of optimal pruning
without the computationat overhead.

Worst-case bounds on the performance of tree search ver-
sus optimnal full search have been derived; efficient heuristics
have been developed to significantly improve tree search per-
formance.

Massively parallel algorithms have been developed to im-
plement existing VQ algorithms as well as novel ones for design
and codebook search.

Y (  On-Line Adaptive VQ

1|

DEGHI

-

r

Experiments

Test images:
BrainMR: 256x256, 8 bits/pixel brain image (mr)
BrainCAT: 512x512, 8 bits/pixel brain image (cat-scan)
DonaldsonVilleLA4: 512x512 NASA Satelite Image, band 4
DonaldsonVilleLAG: 512x512 NASA Satelite Image, band 6
WomanHat: 512x512, 8 bits/pixel grayscale photo
LivingRoom: 512x512, 8 bits/pixel grayscale photo
FingerPrint: T68x768, 8 bits/pixel FBI fingerprint image

Visualization Tools:
e criginal image
e compressed image
» movie of adaptive growing process
» “checkerboard" display that maps the rectangles used
» median intensity display
e dictionary display

® errOr image

Results: Signal to noise ratios for a given compression ratio typically equal
or better traditional fixed-sizc trained VQ. As can be seen from the slides
of the decompressed data, resolution of edges is especially accurate {good
for scientific and medical data)

NOTE: This is a huge success! The same adaptive method, with no prior
knowledge of the data, can be used for diverse data sets while achieving the
performance of trained methods

_J
)

Simplified Video Compression System

input

lossy preprocessing of
individual frames

displacermnent
€s1manon

—
=

Y
error
control

output
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(" Displacement Estimation

Idea: Approximate interframe motion by
piecewise translation of blocks of pixels.

(Rotation, zooming, etc., approximated by
block translation, if blocks are small.)

Note : Displacement estimation is a crucial part
of the MPEG standard .

- J

(Limitations of Traditional Displacement Estimation

e Monotonicity assumption.
® Fixed size blocks.

® Serial model of computation.

)

( Fixed Block Method (Jain and Jain [81]) \
“\‘\\\
Uk || * =iU |
k,’—l

FRAME AT TIME T.1 FRAME AT TIME T

U=MxN, Ug= (M+2p) x (N+2p)

Mean distortion function between U and U,:
D@, =.\T\'.>:—‘1 gxg(u(m.n)‘uu(mﬂ,n-o-j)), -p<ijsp

DMD: direction of minimum distortion, for each block

Finding DMD for a block = evaluation of D(,j) in
(2p+1) x (2p+1) positions

Hypothesis: data is such that D{i,j) monotonically
increases as we move away from the DMD

\— J

( The Model of Computation )

controller T VIvZ vi== outpul

frame

buffer )

NxN grid
architecture

DISPLACEMENT ESTIMATION ENCODER

¢ Input/Output is serial.
® 2 :number of pixels per frame.

® Each processor corresponds to a block of & pixels
(i.e. n’k = NxN).

® Controller communicates with only one processor.

® Data for the current and previous frame is
processed by the grid while data for the next

frame is filling up the frame buffer

E 44



a Superblocks "\ (~ Encoder's Algorithm at time t )

Phase 1 - all processors in parallel:

Def. : Superblock at time t : set of adjacent
blocks with the same DMD at time t-1 construct search area
compute DMD

Properties of Superblocks:

® Superblocks will represent areas of the image Phase 2 - controller :
with the same displacement vector get DMD from each processor

compute superblock splits
output a list of all the splits
output DMD of each superblock

® Superblocks may have no prescribed shape

® Superblocks may grow and shrink from
frame to frame

Idea : Use a parallel grid architecture to segment

each frame into superblocks Phase 3 - controller :

construct new superblocks

Note : We will not need the monotonicity assumption
\

\
4 Encoding Splits and Displacements "\ (Communication Between Controller and Processors

Splits : Send ID of the superblocks that need to CONTROLLER
be disoved. R
Send list-of-splits. .

PN N SRS NP N S 2

Displacements : Send one DMD for each Lo >
superblock that has not been g

disolved and the DMD of the 0 Rttt S

blocks for the superblocks that = :

have been disolved. P EE T R e -

Threshold Condition : I IS AR IS B \

If size of data > threshold, controller disolves | | | b ,

all the superblocks.

The communication between processors and
controller is pipelined

Note: Due to the threshold condition, never
worse in terms of data sent than the fixed

k block approach. ) k D
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Analysis of the Algorithm

Time : O(n) (on-line algorithm).

Space : O(1) for processor
O(NxN) for controller.

Fidelity: no worse than fixed block method
(possibly better: no monotonicity assumption).

Amount of data sent:
no more than the fixed block algorithm
(has the potential to represent "easy parts
of a frame, e.g. background areas with
single superblocks).

-

_/

-

Lossless Compression:

Current Research

s Polynomial-Time Algorithus for dynamic off-Line encoding, that are
provably better than greedy. and are on-line decodable in sub-linear
time

o Parallel approximation algorithins for dynamic dictionary

o Sub-linear implement ations on existing massively parallel machines (CMS.
MASSPAR, ete)
s A 2.5 billion bits per second systolic SONET board.

Adaptive Image Compression:
s Provable performance bounds {for both lussless and lossy).
o A better understanding of how quality is learned
e New learning strategies
s Implementations on existing massively parallel machines
« Practical algorithms for hardware implementations.

e Visualization tools - ones that go beyond the tools we have developed
thus far and and allow us to better understand “what is happening”
to the data when it is compressed and to gain insights on improved
growing / update strategies as well as distortion measures.

Video Compression:
¢ Poly-Log displacement estimation
» Provable performance bounds.

» Further study of the complexity of various optimization problems aris-
ing in displacement cstimation

s :nplementations on existing massively parallel machines.
« Practical algorithms for hardware implementations.

¢ Visualization tools.

\

( Implementing the Algorithm on a Pipe )

Controller

Output at time (-1

Input
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PERFORMANCE AND SCALABILITY
OF CLIENT-SERVER DATA BASE
ARCHITECTURES

Dr. Alex Delis
University of Maryland

August 11, 1992

Performance and Scalability

of Client—-Server Database
Architectures

Nick Roussopoulos

Alex Delis

Departinent of Computer Science
Universitv of Maryland

College Park. MD 20742

Applied Information Systems
Research Program (AISRP)
Workshop If

August 11-13 1992
Boulder, Colorado

Today’s Reality

s Antonomons database (lots of them)
o Overlapping and Inconsistent.
o Accessible through networks but not interoperable.

o \Multiple sites. many server machines. thousands of workstations.

o Architectures: centralized or Client Server.
o Cateway access: one database at a time.

o Distiibuted heterogeneons DBMS?

\

Today’s Needs

_J

o Inter database querving,

o Download and Downsize.

o Tarer database dependency tracking and change propagation.

o Version and Change Control

o Architectures (distribured. pipelined. paradlel}.

e Tuteraperabality of heterogeneons telational DBMSs

o Multisite transaction management.
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The Multidatabase Approach

-

o Databases are antonomons — developed, managed and evolve in-
dependently.,

o There is NO global schema,

o Eachi databise has an export schema for allowing remote access.

o Private schema is for hiding portions of the database from re-
mote 1sers

¢ Nointerference from remote transactions and no effect in the local
applications.

o Inconsistency amongst multiple databases is an accepted fact of

life.

N [ Technology Trends

o [nexpensive and powerful (fast CPUs bt relatively slow disks)

o Cunmlative CPU reaches GIPS {mostly wasted).

o Current Software does not take advantage of workstation hard-

ware.

o LANs are fast and they will soon be a lot faster.

Major Question:

How can we take advantage of these developments in order to develop
DBMSs that offer fast response time and high throughput?

\—

-

_/

-

Motivation \ [ Interoperability in DBMSs

o Execute Query Parsing and Optimization on the Workstations.

® Relieve the Server load by isolating intensive processing within
the local workstation environment.

o Access the local disks in parallel.

o Gateway Interface fone at a time).

o Murli window gateways (visnal interface no exchange of mes-

SAges).

o Interleaved envitonments (vontrol and data exchange throngh

Messages,

\




(" ADMSx<: Enhanced Client-Server )
Database Architecture with
Incremental Gateways to
Heterogeneous Relational DBMSs

Site 1 Site 2 Site 3 Site n
INGRES ORACLE
ADMS+

ADMS-

§% 68 6B 68

Workstations

e Every WS runs locally an ADMS- version of the ADMS.
o Every WS offers a serious disk capacity.

o The configuration follows the general Client-Server Model.

)

\_

[

\_

Main Features of the ADMS+ System\

EXPLOIT DATA CACHING:
o Every WS User miy guery server DBMS and choose to eache the
dati

o There s gain when similar or telared reguests are being asked.

DIFFICULT POINT i CACHING

o Aftera Server Updare ocours. it way need to be propagated properly
to all the pertinent clients

How are Updates of Cachied Data being carried out?
¢ Update Logs [Differential Files]

10:33pm 10:48pm 10:53pm

Updates

“Base Information
Object

Figure 1. Lag Overview

/

Main Features of the ADMS+ System

e Everv time a server relation is being queried then a bound hetween
the server and the particular site is created (indicating parent

child association)

e Updated portions of relations are Timestamped at the Serrver

site,

e Every ADMIS- keeps track of the last seen update tinestamp of a
server relation.

¢ From those relations having larger timestamps send to the ap-
propriate ADMS- only the pertinent pieces of the Log == small
imerements are sent over the network.

o Queries and Updates are managed at the Server site utilizing a
2 ¢ Concurreney Control Protocol.

(

Global and Local Access Path )

Distribution

o Hybrid Aceess Paths: global and tocal.

e Global paths are sertalized by the conenrreney control module,

® Local paths run in parallel with other local paths.

Site i Site |

= B

Jom(?l':li)lm ‘ v I

v

Workstation k

J
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Incremental Maintenance of
Downloaded Data

\

o Efficient di f ferential computation.

¢ Reduction in data transfor,

&

4 ADMS+ Software Architecture

J
ﬂ

Server Sitg i

Workslation k

ADMS +
Remore 1Prog Server
{——. Service Interface TEMS
Interoperaniticy Transfer Shared
Service Service Datab
£ Sy ——
LAN
Service User
Request ADMS.- Request
Local and Private
Datrabase

-

Deferred Update Strategies

\

o Lazy on demand updite propagation.

o Periodic ipdate propagation

Advantages

¢ No hroadeasting,

o Low comunmication overheard.

¢ Batched updates are optimized.

[

4 ADMS+ Implementation

J
ﬁ

o Prototvpe Platforne: Unixoon

% St

4 DecStations

* Vaxes

& Gatewinvs for

+ Oracle

* Svhase

* Ingres

¢
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DEMO Configuration N Prototype Behavior )

Servers
USAGE database STATS database USAGE dausbase o NFS and RPC Lehave well.
o Gateway Queries hecome a lot faster when most data is focal
o Load on the servers dropped significantly.
ORACLE INGRES ADMS pped ik :
ADMS ADMS+ ADMS+ e Parallel Access to the local data is the main contribntor to the
L Query Thronghpnt increase.
Site 1 Site 2 Site 3
a (AN
i R o RS e s G R e
Workstations | @!
ADMS. ADMS- ADMS- ADMS.

J \_

\

Combined Query Throughput N\ (  Combined Query Throughput

Throughput ) Throughput
(Queries Updates per Min) (Queries/Updares per Min)
¥ s |
oo Throughput Chart )
roughput Cha Throughput Chart
55.00 (One Server - Two Clients ) - 80.00 (One Servar Three Clients)
50.00.
7000
45.00. i
000
40.00L -
35 00. /\ B S0.00
. ADMS + Enhanced CS
.00 . ‘ N 000 ADMS+ Enhanced CS
S0 T o o
3000,
20.00. Standard CS -

15 00. \l 20.00 /\ Standard CS

10 00. T .
~- 10.00. -

1 B . i e . i
0.00 100 200 3.00 A 000 100 200 3.00 400
Perc. of Modifications Perc. of Modifications

J
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Capabilities

o Inter database queries and mixed breed views,

o Dyvnamic migration of data frons the servers to the workstations.
e [neremental maintenanee of downloaded data.

o Lazy no-broadeasting update strategies.

o Database servers are autonomons,

¢ Each workstation provides the glue for making the server

darabase interoperable.
¢ Location transparency {but no database transparency).

e User pereeives this as a really integrated distributed environment
but does “feel” the distribution.

N

N

Comparison of DB Server
Architectures

SunéDubse

Sharod Dalabesc Sharet Datshae

H|N

Comm. Software
~ i
(Serer ©ECS Server
i i f ]
wy LAY
[
B
-
an g)
Client
Chen Local Disk
Stardard Clent Server Disudess Client-Server ADMS + Ermanced
) RADUNIFY] Ciont Sever fECS)

N

(

Characteristics

Standard Client-Server:
O No distribution of data
o Overload
¢ Single Site
Diskless Client—-Server:
[Rubenstein et al. SIGNOD 87]
< Distribution of processing (better) but still
® no site autonomy
e [ots of net traffic
s concarrency overhead to all queries
ADMS+ Enhanced Client-Server
[Ronssoponlos et al. Computer 86]
O Distribution of both processing and data
e site autonomy {except for npdates)
o minimal net traffic

* ruinimal overhead

/
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Simulation Resul!;s

Parameters

o ! Server  noworkstation clusters
o Query streams: three levels: light. iedinm. heavy /0.
o CPU1/0. Network Rate ete.

Metrics

o Query throughpnt and specdup
o Server [/O) rednetion

& Scale up

[ERRRIT]



Simulation Results

N

Throughput CS and RU Throughput Rates (SQS-U}
3500, - Sme e =
%
30.00. -
N

2570.. B . .
.00
15.00. ~
10.00.

Oy S S

10 20 o 40 50 Clients

Summary

o Extensible. scalable and inexpensive architecture.

o Paralle] access to multiple local copies.

o Incremental access methods for reducing data transfer and main-
tenance of downloaded data.

o Preserves database server antonony.

o Giues multiple commercial DBMSs in a workstation environment.

-

Simulation Results

Throughput ECS Throughput (SQS-U)

12on
0%

800

%
6%

0 v -

0 Clients

J

-

Future Work on the ADMS+
Architecture

[

Gateway Query Optimization.

Pipeline Algorithins for interdatabase queries (N way joins).

Adaptive update propagation strategies.

NMulti site transaction management and recovery in antanomous

databases.

Experiment with increnient apdates of mirrored datibases.

Applicability of the same technigues in multi processor environ-
ment with or without shared memory.

\
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A LAND-SURFACE TESTBED
FOR THE EOS DATA INFORMATION
SYSTEM (EOSDIS)

Dr. William Emery
Colorado Center for Astrodynamics Research

August 11, 1992
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Fhiv festbod data syatem provides advancal vers high aesolution

radiometer TAVHRR)Y satethite images, image viewing, on line hrowse
and matmpulicing software viao the Intesnet The soltware, Muotifsho
tfor TNIX machinesy and fmagic tfor the Macintoshy were develaped
at the Colorado Center lor Astrodviamic Reseinch (CCAR). These
displny programs altow aonser to ook at an image. manipadate the

I wedes, cotor, overbay, and

se

histegiam. crop. enhaee
animate the smages  The major service of the westhed is o provide
digital AVIRR data of the western VS0 o mlerested vsers conpected
t the Imernet. The testbed system allows even the navice compoter
weer fointerface with the browse and ordering systems. The

saftware i € and Motit X Windows programming, which allows users

o casily tteract with the testbed thiongh the screen comnids.

Phe i satellite disa amd AVIRR images e stored on the Nationad
Center for Atmospheric Research (NCARY Mo Stotage Tape Drive
Syatem (NMSSE AN of the Trowse images e stored on the gateway
warhstation,  Due to response time needs and processing constoaints
the festhed unidizes severat programs to nuhe the sysfem
aaccesstully onder and abeliver e date - The data files that are
sored on the MSS e accessed through the NCARS Cray YNMP super
computer which retiieves the AVHRR mmages and sends the images
to the goteway workstabien

Phe ost step i e tostbed svstens iy o COAR 0 ack down

Hink hita from the NOAN weather sorellines The backing sysfem

wes an ephemeris-driven orbital model 1o olow the satethie amd

st the telemetry angest process Iie welemetn seam tansmited
Brom the satedtite i aeconved and recorded by the COAR ground
station

COAR qores Vo GiteBlite passes per i seven abians g

wecks vwch pass cansists of 1R300 megabstes of data The data s

calibiated channels separatel, ges repstered, navipated  and

tormiated  The second step o the weatbed sastens is o wend bl of the
sk AVEIRR dmapes 1o the MSS Once sl of e data has been
pliced gn the Gorape ditcdones on the MISS the gioway coapuen

tithes over

Vhe pateway computer polls the MNS cvenvday 1o update e Gitaboy
vl all the AVHRR mages and aw date This catddog s then moditicd
booanteract wath the atbar ondenmg and brosse progoans Smee the

festhed programaang s owotien s O oand Mot XCWindows ey aie

casthy tansportable to o wide aay ol computers on the hierien
Mot N-Windows provades the display capabilite and s a seoure was
tomteract with all ot ahe soltwiue and compater handware, g i
weers e onhy pven chaesees Trom oo sereen menn and will never gt
A Cnty prodopl W breah the secure envitonment of e window

N Wimdowe gilows msers o0 acerss Browse aid Onder, which e Twao
sepatate pragrams that aie accessed bom the marg programming on

the gateway compuiey Browse ivoa o vompley progonn that alfows

\

J
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usets tooselect an nmage Trom the caprent browse file lise baild e
e, seleet the viewing sizeo nuap the smage. overlay the map on
the image. amd semd the ymage ove the Internet Bronn the host

coanpalter

The browse image i< a sample of the Tull image redoced by a factos

ol Lan both the X od Y dimensians__The briowse dmage 15 only vseln!

in wecing the enrrent weather aver a specific region and area
coverage lom the satelhite pass, while keeping the image sl

cnough to be viewed over the Internet

The order program works the smme as Browse in thal the user s
given a windomw that inferacts with o catatog file of images. The user
has the option o onder one _or severat images and have them
retarned (o the N anenymous divectory amder their name. Ovde
mictats with e MSS it phees the order, acks the process
number tor the arder, tacks the tmage order namber,  parse the
il from the MSS. and combroes ol of thiv to give the mmage i
vrigmal name and order namhec Onder then bies the image o the
user whar ardered e buthds o (e umder the user’s name in the Tip
ditecton, and phices tie tmage in et divectony This process takes
Sominntes o complete, due mainty o the actess tane Tor i MSS

Uhe curent coverage ares of o fulb AVHRR image conasts ot adl of the

west voast ot o the gt plains using all Five chimnels The amages

are 2SOEENT v ISY ) in pived size

N

-

Wk v cmrenthy undersway e upgewde She testbed merface e
wlow sers the optiog ob selling the parameters of the mages ey
want Users will pick the center Latitude, Tongude pomt. the type ol
profection flten o list ol tteen with e sdebande Teing comer the
vesodlunton, the viewing window stze (SEIS120 102800 e and
the channels 10 be processed  thptions ahac mchide the calentation of
sontth amgles, the processsg of a0 hiph resolution overbiy map, the
development ol a clevatian napped dmage, and the peage tosize (R
oot 2 bater The mew testhed sastens will work simehn tao the
orrgenad exeept the nes sastent will massgate amd hild the sub
amrge reguestod by e wser Crarrent tosts show it this sk can

be accamplished within S onnntes teom the e the onder Bs pliced

\

\

LIST OF PROMINENT USERS

UNITED STATES EDUCATIONAL FACILITIES

Purdue Universily

Northern Arizona University
University of New Mexico

Berkeley Universily

Tulane University

University of Utah

Penn State University

Univarsity ol Arizona

University o! Nebraska

University of Montana

Cornell Universily

Brigham Young University

Columbia

Ccolorado State University

University of Virginia

University of Catilornia, Santa Barbara
University of Calilornia, Davis
University of Texas

Universily of Cklahoma Storm Lab
Massachusetts Instilute of Technology

UNITED STATES COMPANIES

Lockhead Corporalion
McDonaid Douglas corporation
Oxidental Corporalion

MEC Analytical Systems
Lighting Sciences inc

IBM

Hewlelt Packard

Seamans

UNITED STATES GOVERNMENT AGENCIES

United Stales Navy
Umited States A Force
NOAA

Pacilic North Labs

U.S Department ol Agriculture
NASA

NASA JPL

USGS

UCAR

SCRIPS

Woods Hole

FOREIGN EDUCATIONAL FACILITIES

University of Ottawa -- Canada
University of Toronto -- Canada
Oslold Regional Coltege --Norway

FOREIGN GOVERNMENT AGENCIES

Department ol Fishenes and Oceans -- Canada

United Kingdom Aere division
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BREAK DOWN OF TEST BED GROWTH

Orders

Ordering has grown from sero order o as much as $00 orders per
Curreotly. tiie test bed ix going through tronsiiion o
And the drep ofl can he baced o users waiting until

month,
waverder
mivorder i oon fine and replaces order

November 1991 t
Decombe:r 1991 6
Jamuary 1997 96
February 1992 (]
Murch 1992 420
Aprit 1992 379
Mav 1992 100
fune 1942 302
Iuly (1992 179
Total  Orders 2,082
Users

Users are hroken down into the following categorivs:
U.S. Education, US Companies. U8 Governmem, Foreign Education.
Toreign Companies. Forcign Government, and No Listing

LS. Education 309
.S, Companies K0
U.5. Government 2163
Forcign Education 15
Fol n Companies 4
Forcign Government 4
Nolisting . U

Total Number urV Loging T34

Graphs are provided Tor the dita ahove

(

-

Total Agencies Using Order -- Images Only =

CHART OF ORDER PROGRAM USERS

ice USEDU
8¢ (.S.COMP
253 U.S.GOV

5 Foreign.EDU

FopeiGe - o

s Non Listing

734

-

Logins Through Order System -- Images

2400 -~

2,082 logins

2160
1920 +
16B0 |
1440 L
1200 [

960
720 |

Number of Logins

480 |-
240 |
0 e 1 i ) i

Nov 91Dec 9! Jan 92 Feb 92 Mar 92Apr 92 May 92 Jun 92 Jul 82
Months

. J

Logins for Order System -- Images Only
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Nov 91Doc 91Jar 92Fob 92Mar 928pr 92May 92Jun 92Jly 92Aug W2
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Megabytes Of Data

—

Data Files Transferred Via FTP
Order System -- Images Only

4000 3.9 Gigabytes

3600
3200
2800
2400
2000
1600
1200

800

400

1 I I R SRS )

0 i L
Nov91 Dec®1 Jan92 Febd2 Mar92 Apro2May92Jund2
Months Of Operation -- Order System

Julez

(’

Megabytes Shipped Over The Network

Megabytes Through Order System -- images
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@
o

210

s
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~
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o

Nov81Deci! Jan32Feb92Mar92Apr92May92Junl2 Jjutd2
Month From 1891 To 1992

J

Navorder System Current Users And Projection
Current Growth 4 New Users Per Day
1400

1260
1120
980
840

700

Logins

560

420

280

Apr92May92Jun92 Jul92 Aug925ep920ct92 Nove2Decs?2
Projection Based On Current Growth

Images Processed By Navorder

Projection of Navorder image Files

Based On Actual Image Order Of

10 Scenes Of 5 Channels Per User
70000 .

63000
56000
48000
42000
35000
28000
21000
14000

7000

Aug92 Sep92 Oct92 Nov92 Dec92
Months
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ORDER SYSTEM IMAGES ONLY

Examples Of Area Coverage And Ordering Window

Example One:
Image Calalog Window

Example Two:
First Area Coverage Browse

Example Three:
Latest Area Coverage Browse

x

RAHRE Images Available

/DS THSAT/NESTS, 58, 12-2,new
#DSS/LUSATZK T8,12-3,new
ADSS/LUSRT/RESTIZ204058,12-4, new
FUSH/CSAT AR STTZ04058, 12-5, rew
D55/ CUSRT/HESTI2A05C  11- 1, new
/BES/TUSRT/RESTIZ040%C,11-2,new
2155/CUSRT/WESTS20405C , 11-3 new
/DSS/CUSAT/RESTI20405C,15-4,new
/DSS/CUSAT/RESTIZ04050,11-5 rew
7B55ACUSAT/HESTIZ04050, 111 new
ZSSATUSATAMESTIZ0405D,18-2 new
ZBSS/CUSAT/RESTIZ04050, 11 -3, new
AASSAUSRT/WESTH20405D, 11-4, new
7055/CUSAT/MEST 9204058, 11-5 ,new
AOSS/CUSAT/WESTIZ04068,12-1 ,new

Place Order Cance]l Dialog

st Yupe Homs

2
2

Ertarcenent lupe

TR



NAVORDER SYSTEM
Examples Of Area Coverage And Navigation Window
Image OF Full AVHRR Pass

Example One:
Satellite Area Coverage Browse

Example Two:
Navigation Ordering Window

N ! -‘ ”
15245440 39 3 24 2o il aa oos 2

New Image Navigate

(
-
(

Hxs1gation by TEHR

Enter Fule Nome:
Latitude Lenter Fuint:
{ongitude Deater Frant:

Ranae fn fegee
thatmel §
Lhannel: Lhame] O
thamne] 3
thannel 4
ihannel &
Pezolut1on Yaluer Tim
Firaled Tmags Sazer O o 29
Froaec v Toypes Conge
Buer 1ag Hap
Tptionz: Jenith Angle-
Eleuation Map 11LS

8 Bt Inane

Flace Order Browse Peturn Clea
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An Analysis and Display System
for Large Geophysical Data Sets
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Kenneth P. Bowman
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Depastment of Meleorology
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John E. Walsh
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Envisi . .
* 2 metadata browser and editor
« 8 data management system

¢ asetof links to feed data to existing
visualization tools

« a set of custom designed visualization,
analysis and data manipulation tools

Envision is Not:
¢ a database system, relational or otherwise
* a new file format
« a tooliat or library
« a specific visualization tool

\-IIENVISION J

J

4 N

* regular nD grids
* grids may contain missing data
or undefined regions

* these grids currently must be stored in
netCDF files

J
ﬂ
—

\IGENVISIOH
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DATA FILES

%

DATA MANIPULATION TOOLS

\S[3ENVISION /

ﬁ

f

The usual way 10 see what's inside a netCDF file:

METADATA

DATA

ncdump

netCDF file

Kr.]ENWSION

4 N\
Envisi Metad B
The Envision Table Display / User Interface

-

_/ F‘Erms:om

Dimensions

i...Vav'ri.'::"t;)‘les | \ - \

Variable defined
in this dimension

Variable not defined
in this dimension

\<ITYENVISION J

J

-
f

Typical file with only the mimmum required metadata:

J

k":‘,ENVISION
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N
. . Envisi Metad Edit
Allows the user 1o modify, augment or delete . .
file metadata, It is not necessary to write these changes to the file.
This is desirable because:
* the file may not be writeable
Examples: (CDROM, user doesn't own file, etc.)
* petCDF library rewrites entire file if
metadata is expanded
* user may not want changes to be
permanent
Data is stored externally by Envision.
However, changes 10 metadata may be incorporated into
acrual data files at any time user desires.
\-[CIENVISION \-KIENVISION
J .
N
( Envisi D M [ visi \
Life is simple if all your data is in one netCDF file. Often however, a dataset consists of more than one file.
™880} ¢
y et cor
boond B804+ oF
- I\ béed a0 o
) v meu08 cof
Q :: _ ~a80? cor
808 cof
netCDF file CDROM - oncood
310 xR
1 st
~812c
P ——
raster viewer This makes it difficult to deal with'lhle dataset as a whole
¢« fles must be processed individually
* the user must keep track of which file the
- desired data is located in
-
-
— = |
H
ettt Liw (AL @ Y
analysis tool
\-CIENVISION \-FIENVISION /
J .
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CDROM yow pvonddpon
oo e ot
17 o810 o
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= 108 files each with 1 monih's dats

covenng the penod 1/83 to 1231

Ideally, however one would like to have...

1 logical entity containing afl data
w;‘bgnnqmpwnd1mw1m1

4 Envision as a Data Manager:

Envision can deal with data contained in multipie files.

——re P

5
=T

Madupte fies bewig setected 10 be soded 1 T taiie dmolwy.

kr.'!EH VISION _/ kmENWSlON
J .
N
Enyision as a Data Manager; A /" Envision as a Data Manager: N\
=a e e e e e e T pe——— = = = = ey N
= el Eaee e e S EEs— i Plabtude| tlongituded] EHAGRE| Selmung |
= i e = Tegrees (V)| dosrees (6} | Rieterza | imortts ]
= === EScEhes R
fx—= S e e N e
= =
z;‘ R —
Table display representing the metadata within the files
after merging like vaniables and dimensions.
After loading multiple files, the variables and dimensions
contained within these files are displayed together.
\mEHVJSION \KEEHVISIOH
J\ -




7~ Eavisi D M
Summary of data management capabilities:
* manages relationships between files

* provides transparent access as a single
entity to a dataset consisting of multiple
files

« delivery arbitrary 1,2,3D "slabs” of data
from a dataset to visualization, analysis
and manipulation tools

* special emphasis on time problems, etc.

files.

»:J‘-,_/

\-IC3ENVISION \-IIENVISION /
J \.
N
[ . i 'c » \
tion tools;
regridding
T o000
&DH == oo o
O 00
fiitering
Flow Emvionment = DATA MANIPULATION '
NCAR Graphics (HLU)
\KIENVISION \-TIENVISION —
_J \.
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s dditional f { Envision:

* distributed procsssing

* contaxt help

* soultiple linked usar intarfaces
= demo capability

\-[3ENVISION

Current Status:
* Currently 11 months into project

+ Dats management code and network
interface mostly completa

* User interface about 50% complete
* Links to XImage and Collage working

Goals;

Releass in late 1992 of a system with:
+ Envision data management facility
« Envision interface

» Cuswmized connections to:
NCSA XImage
NCSA Collage
Some NCAR Graphics utlities (contours)

kE."‘.‘!‘WLSION
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1. INTRODUCTIOM

The objective of this proposal is to integrate a real time
satellite acquisition and data analysis system with environmental

algorithas and models to facilitate data acquisition for
environmental monitoring and managemant. Both the satellite
aystem and environmental models are in existencs. We will

develop an integrated computer environment for these packages,
and make this integrated system transportable to most UNIX
platforms:; and make tha system available to the science and
application community to conduct global change impact studies.

Most softwate systems for analysis of data and images from
various satellites eaxist independently of each other: and not
much effort has been devoted to integrating them into uniform

systems. Such lack of uniformity poses a barrier to users who
often have to search for ad hoc hardware and softwara in
analyzing environmental information from a multitude of

satellites.

We will develop an Environmental Impact Assessment and Modeling
System (EIAMS) as a framework for data gathering, analysis and
distribution to facilitate real-time environmental monitoring
and hydrological modeling. Such a system is required by earth
resource scientists and managers to conduct regional climate
analysis and impact analysis studies.

Currently, components of EIAMS axist. Thes® coBponents include a
set of tools which can be used tc analyze data and images from
multiple satellites (or instruments) DOMSP, TIROS-AVHRR, GOES,
METEOSAT, GMS and INSAT (including SSM/I and TOVS). A package
for analyzing hydro-meteorological data, GEMPAK, has also been
integrated under this software system. Potentially this system
can accommodate data from other instruments and satellites.
Funded under this proposal, the next stage will be tc integrate
satellite rain-rate retrieval algorithms, hydrologic and
agricultures models, and a geographic information syatem (GIS),
all under one computing environment. The GIS and the hydrologic
models are provided by the U.S. Army Corpa of Engineers (COE),
and the agricultural models by Houston Advancad Research Center
(HARC) .

The uniqueness of the proposed EIAMS is that it intagrates
saveral sexisting regional data bases, snvironmental monitoring
systems and models into ons computing anvironment. Numerous
public domain software systems will be integrated and form the
core of the aystem.

Large geographic data bases exist and will bas extended by planned
satellite monitoring missions such as Tropical Rainfall
Measurement Mission (TRMM), and direct broadcast data from
SEAWLFS and the Earth Observing System (EO0S). EIAMS will provide
a framework to integrate and facilitate utilization of the new
data sets from these future NASA satellite missions.

AN

The primary focus of this project would be to integrate the above
set of analysis toola and models under one systes, and to provide
a graphlcal user interface. The system will be data-driven,
instead of image-driven. Hence it will enable the scientists to
perform scientific analysis as well as image processaing.

To test this system, saveral closely relatad applications would
be proposed. For example, cne of them is the znalysis of 58M/1
and GMS data to derive a rain-rate diurnal cycle over the Western
Pacific Ocean to support TOGA-COARE and over Thailand to support
TRMM and Royal Rainmaking Research Institute. The Principal
Investigators of this proposal have assisted the USAF in
developing a real-time satellite data ingest and analysis system
at the Joint Typhoon Warning Center in Guam. This satellite
ground system can receive GN5, TIROS and DMSP. The proposed
software will be tested with data from this satellite ground
system.

Further system tests will be conducted to evaluate the system as
rTegards meeting the users requirements of both applications and
research scientists. These system evaluation tests will be
conducted to support co-investigators from U.S. Army Corp of
Engineers and Federal Emergency Managepent Agency, the Bureau of
Reclamation, Royal Rainmaking Research and Development Institute
of Thailand and the Texas Agricultural Experiment Station.

In summary, the critical development areas of this system are:

1) The system will have data input from a number of sources.
Hence 4 data management softvare is needed for reforpatting
data inputs and outputs and data transactions between

processes.

2

The system will hava a set of basic analysis tools such as
irage analysis and statistical analysis. The system will also
possess sufficient flexibility to allow the user to formulate
their own applications. Hence the application part of the
system is a shell consisting of a number of encapsulated
application modulaes.

3

The intsgration of hydrologic and agricultural models and a
GIS will be the primary activity of this project.

4) The usar will interface with a number of data sources. Thus
an innovative multi-task user interface based on graphics and
visualization is needed.

The proposed project design utilizes public domain software
systems which would run with a wmultitude of software/hardware
systenms. It also utilizes scme of the most comprahensive data
bases available to the snvironmental scientific and commercial
community. This, therafore, makes such a system a likely
candidate for commercialization.

_J

\
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EIAMS. NASA and HARC scientists have had a productive research
association for the past several years.

In the following, Section 2 will discuss the design strategy of

EIAMS; Section 3 will detail the critical developwment areas; and
Section 4 will discuss the applications for EIAMS. Sections 5
through 9 will cover the implementation plan, management

approach, personnel, budget and available facilities.

2. BYBTEH DEACRIPTION

It is the intent of ths proposed project to show the feasibility
of using satellite data and associated spatial modeling and
analysis system as a unified tool to assist sclentists in
forecasting potential droughts, 1lmpacts on agricultural and
acological systems, and to aventually make recommendations for
potentially impacted regions. This requiras complex analysis of
geographic data which need to be organized to support rapid and
effective simultanecus usage.

We have considered integrating a number public domain software
systems. For example, GSFC hag a number of tools for satellite
data ingest and analysis; COE has a GIS and hydrologic models:
HARC is providing the agricultural wmodels, and image processing
will be done with Xhoros, a Uriversity of New Mexico public
domain image processing package.

The core software packages to be integrated into EIAMS are: 1)
software for satellite and environmental data acquisition, 2)
software for analyzing and displaying satellite and in situ data
(raster and vector on the sam® display), 3} hydrologilc and
agriculture models, 4) data management software, 5) gaographic
data bases and software to integrate them, and 6) a smart user
interfaca. Software tens for 1, 2 and ) are either existing
or are under develoupsent at the International Data Systems
Office, GSFC or HARC. HNHence the critical development aresas are
in 4, S and &.

EIAMS will be user friendly and flexible to include algorithms
and models of specific concern to users (e.g. hydrologic models).
It can ba configured to run on a single machine or on a
distributed network system wherein
running in different computers and users will have workstations
with access to the network. _

The modules (or subsystems) in EIAMS and their connectivity can
be illustrated in PFigure 1. With this configuration, EIAMS
receives data from the Global Telacommunication Ssrvice and any
local environmental and meteorological reports. Its own
satellite acquisition equipment is able to receive TIROS and any
jeostationary satellite (GOES, GMS, METEOSAT and INSAT). The
\ integrated module for satellite and environmental data display

r NASA will team up with the U.S. Army Corps of Engineers and The\
Houston Advanced Research Center to integrate the models into

\_

/_ 3.1 DATA MANRAGEXNENT

Saveral software packages wmay be releavant in the analysis of an
environmental event, each containing features best suited to
certain parts of the analysis and each requiring different data
and command input. A cosplete analysis cf the environmental
event may include communication between procasses, for axample,
in feeding one application package's output to another package as
input or combining the rasults of several models to muake
predictions. Hence we have to develop an Archive Manager and a
Reformat Compiler.

An Archive Manager will serve as a1 librarian, knowledgeable as to
the whereabouts and format of all relevant data. The data can
encompass a wide range of madia (disk drives, asagnetic tape,
optical disk, etc.) and cover a wide geographic arsa, and have
varied formats. The Archive Managsr w«ill bae pable of
determining what data is available in response to a simple er
query specific to the type of data being rched for. For
axanple, a search could be made for the satellite images covering
a particular re&gion, or the rainfall rates during a particular
time in a particular region. Thus, queries can be in regard to
temporal and spatial as well as to data specific attributes such
as pixel resolution. -

A potential role of the Archive Managar would be a front end to a
relational data base managemant system {RDBMS). It would
communicate between the user and the RDBMS helping to navigate
the numerous catalog relations, translating spatial or temporal
queries into RDBMS syntax and praserving guery contexts and
accumulated query results. The Archive Manager would accept
varied user query, such as geographic place na instead of
gecgraphic coordinate, and translate units such as “feet" or
"meters" into appropriate model coordinate valus. N

A Reformat Compiler produces data in a format suitable for a
particular model or analysis module. Responding to a command to
transfer data from one package to another, the Reformat Compiler
will read a file describing the input format of the data and the
desired output format. For many instances, pre-sxisting data
descriptions (known to the Archive Manager} associated with the
data sets, and output data formats and assocjated with the
application packages could be used as automatic input to the
Reformat Compiler so that data translation could be performed on
the fly. The opsration of the Reformat Compiler can be
sumsarized by Figure 2.

A comprehensive Reformat Compiler (RC) in needed to reformat and
input the numercus varied data sets. Users will be able to add
applications to the system. Standard system integration tools
such as X-windows, Network File Systema (NFS), and UNIX operating
system will be implemented as appropriate. We envision
developing a "seanless" software system whare various data sets

(

!ro- numerous satellites are being analyzed under one system. )

can handle both raster and vector graphics at the same time and \
is also connected to the geographic information module. This
analysis and display subsystem includes scientific algorithms
such as remote sensing retrievals of atmospheric temperature and
water vapor soundings, sea surface temperature, rainfall rate,
vegetation index and other geophysical rarameters. Initially,

the environmental models that are part of ETAMS includes a
hydrological model for flood prediction and agricultural models

for environmental assessment.

The data flow among the collection of software subsystems is
managed by an innovative data management software, which employs
a archive manager and reformat compiler to incorporate
flexibiiity into ETAMS. Such flexibility allows the adding or
upgrading of fgeographic information and environmental models.
Furthermore, the user will be interacting with a number of
software modules. They are, for example, the environmental
models, image and data analysis software and a geographic
information system. Hence the user interface is designed to
allow the user to interact with several processes at the same
time.

3. CRITICAL DEVELOPKENT AREAB

A critical component of future Earth science studies will be the
development of an interactive spatial information and analysis
system. A scientist or a manager/decision maker should not have
to learn all of the necessary technologies to process data in
order to make informed decisions. No single system is fully
capable of performing the wide variety of GIS and spatial
processing tasks required for a quick response to environmental
events. Therefore, software integration issues are of paramount
importance in the selection of components and the design of the
overall system. The system should gracefully handle combinations
of raster, vector and tabular data while maintaining proper
orientation in both space and time.

The wide variety of data sources and software package to be
potentially integrated demands careful attention to {nitijial
system design, data reformatting programs, and data set format
tracking. A flexible data interface to the spatial modeling
software will feed the GIS data into the models and feed the
nodel output back into the GIS for generating output products.
All data sets must be properly tagged to track time sequences,
assesspents of the coupling of various parameters, and to compare
model output to reality and to thosa from different or improved
models.

Four development areas are considered critical. They are: 1} the
development of a data management software, 2} the integration of
existing analysis tools, and 3} the integration of mnodels and
GIS, and 4) the development of a graphical user-interface Thesa
critical development areas will be discussed in the following
subsections.
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THE GRID ANALYSIS AND DISPLAY SYSTEM
(GrADS)

Dr. James L. Kinter 11l
Center for Ocean-Land-Atmosphere
(COLA) Interactions
University of Maryland

August 12, 1992

-

THF GRID ANALYS!S AND DISPLAY SYSTEM

~

(GrADS):

A PRACTICAL TOOL FOR

EARTH S5CIENCE VISUALIZATION

BRIAN E. DOTY

JAMES L. KINTER 111

CENTER FOR OCEAN-LAND-ATMOSPHERE INTERACTIONS
DEPARTMENT OF METEOROLOGY
UNIVERSITY OF MARYLAND
COLLEGE PARK, MD 20742

L”-') 40S -S3EA L >N )
,,Koh]@ el umih, e o

\(‘.xhr’é e cwd Led o

- N

CENTER_FOR OCEAN-LAND-ATMOSPHERE INTERACTIONS

» Climate Modeling
- Monthly to Seusonal Predictability
- Interannual Variabilit,
- Deforestation
Desertification
- Satellite Sensor Accuracy Requirements

» Duta Assimilation
- Reanalysis for Clirnate Diagnostics/Monitoring

+ Numerical Weather Prediction
- Dynamic Extended Range Forecasting (DERF)

» Ocean Modeling
- Tropical Atlantic Variability

- Use of New Sensors

+ Dynamical Systems
- Predictabilit:* Theory

« Infurmation Systems
- Visualization, Data Manipulation and Munagement

Atmospheric General Circulation Model (AGCM

Basic Research in: .

» Oceanic General Citculation Madel (1OGCM)

- Coupled Climate Modeling » Global Data Assimilation System

CENTER FOR OCE A N-LAND-ATMOSPHFERE INTERACTIONS

- R4OLIS esolution with full physics and diaenal cycle
- Simple Biosphere Model
- Each seasonal simulation
- requires 25 hours Cray Y-MP time
- requires up to 64 MB memory on one processor
- generates 2.7 GGB data

- Based on GFDL Modular Ocean Model
- FEach seasonal global simulation
- requires 5 hours Cray Y-MP time
- requires up to 32 MB memory on one processor
- requires 120 MB SSD (Cray Solid State Disk)
- generates 1 GB data

- Based on NMC GDAS

- Fach seasonal reanalysis
- requires 140 hours Cray Y-MP time
- requires up to 64 MB memory on one processor
- generates 4 GB data

===> SUBSTANTIAL SUPERCOMFUTER TIMFE REQUIRED

===> DATA MANAGEMENT & VISUALIZATION CRITICAL
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COLA COMPUTING

coLa
OFFILLS

DEC 2300 icoe
tL-te M3 e Ty

Uitrix

covd
vai

DEC 5000/ 200
24 M memory

CoLA

o

SERVER

—

DEC 300 2
GH M memiry

i Clreiw
JMeP Ethernet
(to" E;/su)
Cse cse —
e feant Gaftwt G-s2 10% b /sec)
WM $33: /308
o - 12 MB memany -
15 BB wrer disk GsFC NILS
o [NTT2% rrasie
SUrRALEHT TR
) y PEMOHo ey
TR s
Tnternet
(-5x10® b/icc‘)
NCaR NCAR S06¢ P Lehe
Mss s -sakcont- R MR H T N
Cirany Y-MPE ek ¢ ~ Y-mP8/ped
/
Linmy LRIl SN TN Unieos Ve s
Unes APRIL. ML
GrADS - DESIGN GOALY
INTEGRATE:
ACCESS ————— MANIPULATION - DISPLAY
41> Gridded Data Expressions Maps
Station Data Functions Ch'arts'
General Slices Animation
INTERACTIVE:

Sub-Second Response
Data, Display Contro!
Scripting, Programmability

FASE OF USE:

Easy to Learn
Intultive

HARDCOPY:

Veactor Graphics

f

Complaints About Existing Scientific Visualization Tools

(adapted from results of a survey conducted by Mike Botts)

* Tool is not extensible or flexible

* Tool is toou difficult to learn and use

* Too difticult to get existing data into the tool

* Tool does not adequately link processes of visualization
and analysis

* Problems with heterogeneous enviroaments

* Tool designed with computer graphics, rather than
science, in mind

* Scientists not aware that the tool exists

* Scientists lack appreciation that the visualization tool is
a serious scientific tool

* Too difficult to communicate the results

\

N

\

Design
X Windows;
e,
3 Data Set
S 1/0
Cannond I JExpression B
Interpreter Inter c Evalugtion :
~Junction
Package
Gruphlcs
Quiput
* Page 2 COLA/UMCP
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Interpreted Command Line Scripting Language

Language Design:
. Programmuability: as simple as possible

. Form GrADS commands via string manipulatioas and pass
back to program for execution

. Return command results as script variables

Language Elements:

. Variables of type "character”
. Arithmetic and logica! operators
. Built-in and user-specified functions
. Flow control: loons. if/then/else
- Fully recursive
Sample Usage:
. Autemate commoniy used command sequences
. Perform complex calculations

. Create new GrADS data files from results of GrADS
calcuiations

Interact with the graphics screen

/

GeALS - IMPLEMENTATION

PORTABILITY:
ANSII Standard C Code

Isolated Devic2-Specific Graphics
Standard Unix "Strean” Datasets

HIGH SPEED GRAPHICS:

Built-In Routines
Optimization

EXPANDABLE FUNCTIONALITY:

Easy to Add Graphical Dispiays
Easy to Add Data Manipulation Functions

\—

GrADS - REQUIREMENTS

HARDWARE:

Moderately Fast Processor
(386/7, any RISC)

Moderate Resolution Display
(VGA or better)

Dynamic Memory Usage (0.5 MB Minimum)

3 MB disk for GRADS executables and map files
Enough Pisk Space for User Data
(Local or on Network Server)
Postscript Printer - Color or Monochrome
(other devices can be easily supported)
SOFTWARE:

ANSII Standard C Compiler + Libraries

X Windows (UNIX)

GrADS DATA SETS

GrADS INTERNAL FORMAT
- Binary
- Optimized for /O Performance

CREATE
- Fortran OR C
- Standard 1/9 Statement

MODIFY
- Fortran or  or UNIX file comniands
- Update in place

Extend

USE IN OTHER APPLICATIONS
- Fortran or ¢

PORTABILITY
- All UNIX Computers (E. G. NFS)
- DOS-based personal computers

OTHER FORMATS CAN BE SUPPORTED
(packed binary, ASCII, net CDF, etc.)

/
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CURRENT GrADS USAGE

Research;
» Model output analysis
- Global atmospheric general circulation models
- Global vcean models
- Tropical models
- Coupled ocean-atmasphere models
+ Observational data analysis
- Staiion data (Africar rainfall. Asian soil moisture, etc.)
- Gridded objective anaiyses
Education:
« Interactive classroom use
« Student rescarch projects
« Student self-education
Forecasting:

+ Real time observational data analysis

Eublic_information:

« Daily weather forecasts
» Maryland staie ozone maps
« Seminare with interactive displays

E 80

GrADS - CURRENT USER GROUPS
tin chronological order of contact)
U.S. UNIVERSITIES AND FEDERAT LABORATORIES

University of Maryvlane w College Park
Columbia University (Lamont-Doberty Geological Observatoryy
Colorady State University
California Institute of Technolegy (NASA JPL)
National Ceater for Atmo-phere Rescarch
UNIDATA (University Corporation fur Aimospheric Research)y

NASA Goddard Space Flight Center (Codes 910.3, 9104, Y13
NOAA/National Meteorological Center (Dev. Div. and CAC
NOAA/ERL Geophysical Fluid Dynamics Laboratory
NOAA/ERL Air Resources Laboratory
NOAA/ERL Forecast Systems Laboratory
U.S. Geological Survey (USGS - Reston, VA

U.S. COMMERCIAL INSTITUTIONS

Atmospheric and Environmental Research, Inc.

FOREIGN UNIVERSITIES AND GOVT. LABORATORIES

INPE/CPTEC (Space Studics Institute, Brazil)
CNR/IMGA (Geophysics Institute, Taly)
ICTP/ICS (Climaie Institute, Haly)
ENEA (Energy Agency. Haly}
National Tidal Facility (Australiay
KIST/SERI (Korea)

Dathousie University (Canada)
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Summary

* Support users with multiple skill levels

lizations

ing visua

* Decrease time spent specify

* Create an infrastructure that we can build on

* Support interactive data analysis and exploration

* Build a system that will handle data in multiple formats

* Provide mechanisms for users’ contributions

49

SCINTIFIC COMPUTING B VITION
NATIONAL CENTER POR ATMOSPIRENIC AESEARCH

Using NCAR Graphics ia a Data Flow Environmest
1. Introduction
II. Tasues addressed:

a. Data Flow Envirooment Definition and examples

b. Pros and Zons of Using NCAR Graphics in 4 Data Flow Envirooment

¢. Future enhancements o NCAR Graphics for Data Flow Environmest uppor:
d. Hioes on importing NCAR Graphics into a data f10v environment

I1I. Dwfinicion of a data flow Fovircament?
IV. Module Typas

4. Read - used tc read your data format (oetDF, ascil, ....)
b. Filter - used to subsample, asssage and process your data
<. Map - used to convert data inte a visual representation

d. Display - used to reader JOUr image or output.

V. Popular Examples of Data Flow Envircoments:

a. apE -{animation producticn Envirooment) originally daveloped at
the Chio Super Computer Center, Now Taravisual Corp.
b. Khoros - Unjversity of New Maxico
d. Explorer - Silicon Graphics
®. AVS (Application Visualization Systen; - Advanced Visual Systems. Inc.

VI. Senefits of Usiog NCAR Graphics ia a Data Flow Enviroumant

Lase of use for "Non-~-programmers”
. Widget Customization
Distributed Processing.
Image Procassing Tools
Public Domain Modules
1. Ioternatiobal AVS Center (avs.ocsc.ory)
N. Caroliza Super Computing Center
11. UX and US site for Explorer modules
swedlishchef. lerc.nasa.gqov
g. NCAR Graphics adds more power and flexibility to Data Flow Environmencs

n~eOUE

VII. Discussion of reascns for not using NCAR Graphics with a Data Flow fnv,

&. NCAR Interactive

b. SCAR Graphics functionality already in Data Flow Invironments

€. Cost

4 NCAR Graphics does not Currently support geomatric data output.,
VIII. Importing NCAR Graphics into a Data Flow Envircomant Module

. Module Components:
L. Parameter input specification (widgets)
1. Data input specification {ipput part type)
L1ii. Data sutput specificatiom {output port type)
1v. Computation routine (NCAR Graphics program)
b. Hodule Building Templates

IX. Displaying NCAR Graphics output io & Data Flow Envircament
X. Summary
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Approach

Maximize the use of existing software

- GEMPAK, meteorological analysis and display
software developed at NASA / GSFC

- Various 3D interactive capabilities developed at
NCSA

Use commerciaily available visualization and
application builder tools (IRIS Explorer and AVS)

Provide visuaiization and analysis capabilities in
these areas:

— 3D volumes of data
(isosurfaces, 3D cross sections, vector
displays, etc.)

~ Evolution of data over time
(time sequences, trajectories, animation, etc.)

- Distributed processing over workstations and
supercomputers, including interactive control
of simulations

Provide a highly interactive environment on a single
display

\—
s

j

GEMVIS: A Distributed System for the Visualization and
Analysis of Observed and Modeled Meteorological Data

A joint effort between NASA/GSFC and the National
Center for Supercomputer Applications
funded by OSSA/Applied Information Systems Program

a —

Commercially available visualization systems
(AVS and Iris Explorer)

GEMPAK analysis
and display
software

ANIMATION

PARTICLE TRACERS
TRAJECTORIES

INTERACTIVE MODELING

New visualization and distributed
processing capabilities
developed at NCSA

\

20 WEATHER + CONTOUR MAPS

SCALARVECTOR
DIAGNOSTICS

Present 2D GEMPAK Functions

TIME SERIES DISPLAY, HODOGRAPHS

XZ OR T:Z CROSS SECTIONS, VERTICAL PROFILES

20 DISPLAY

THERMODYNAMIC TIAGRAMS
FUNCTIONS

COORDINATE
TRANSFORMATIONS
MAP PROJECTIONS)

EXTRACT
DATA

OBJECTIVE
ANALYSIS

SURFACE OR
SOUNDING DATA FILE

GRIDDED DATA —

OPERATIONAL MODELS e
20730 RESEARCH MODELS «rs
REAL TIME NWS DATA wwen
NCDC DATA ARCHIVES e
FIELD PAOJECT DATA—

J
~

AN

100 60C my 600 700 mp

using GEMPAK vertical ctoss section and horizontal contour mapping functions

Two-~dimensional depictions of a tropopause fold (potential vorticity)

J
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Planned GEMPAK Functions within the 3D Visualization System

REAL -TIME MODEL EVALUATION ANIMATION

ISOSURFACES \ 3D VECTORS

—

VISUALIZATION ——— TRAJECTORIES

& INTERACTION

GEMPAK MAP
PROJECTIONS

SCALARVECTOR
DIAGNOSTICS

EXTRACT
GEMPAK DATA

GEMPAK FILES

VOLUMETRIC RENDERING

NON-GEMPAK
ANALYSES
(0.g.. trajectories)

EXTRACT NON-
GEMPAK DATA

REAL-TIME MODELS e
F

NS
[

\

I\
a .
Software Environment

Goal:
Create a flexible, modular, and distributed
environment for data handling, model simulations,
data analysis, and presentation to be used in
studying atmospheric flows on all scales.

Requirements:
A software technology framework which
incorporates the following as fundamental design
characteristics:

- Change (extensibility, user requirements,
functionality, hardware, etc.)

- Integration with Other Solutions
(hardware/software systems, output
media, etc.)

- Tiered Access for Different Users

- Tools for Constructin User Interface

- Distributed Computing

- Portability

- 3D Interactive Performance

\

-

Software Environment (cont)

Solution:
Likely environments:
- AVS
- Khoros

- iBM's Data Explorer
- SGI's Explorer

None is proven. Of these, AVS is the most widely
used and NCSA has been working with AVS for 2
years. The others are promising - need
investigation.

We choose SGI Explorer as our primary tool for these
reasons:
- 2nd Generation Design
- Natural distributed processing with natyral
concurrent execution framework
- Application User interface designer
- Easily Extensible
- Impressive Development Team
-~ NCSA in a position of influence as to the direction
of Explorer's development

GSFC and NCSA spent time up front 1o prove feasibility
of transiation between Explorer and AVS modules, to
safe-guard the decision to use Explorer over AVS,

/
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Accomplishments (GSEC)

Prototype GEMPAK adaptation to AVS, including
port of GEMPAK to Convex C220

Evaluated and selected visualization and
application builder software

Adaptation of GEMPAK to Explorer

GEMPAK grid file interface to Explorer

Grid scalar and vector diagnostics

Coordinate transformations / map projections
— Topography and map displays

Modification of GEMPAK to generate 3D vector
data

Dispiay of 3D vector fields

N

*

»

-

Acc lish NCSA

Tested alpha and beta releases of Explorer

Prototype 3D interactive display of muitiple level
horizontal 2D contours over a map

Interactive arbitrary vertical cross-section using
map locator selection

Prototype image flip-book animation
Particle trajectory calculation and display

Time handling within Explorer, including time-based
interpolation and looping constructs

HDF data file interface to Explorer

Real time control of simulation running on Cray from
within Explorer on workstation

Demonstration at SIGGRAPH '92

N

Problems Encountered

GEMPAK was conceived as an integraf system.

it's hard to separate subsystems due to unexpected
and hard 1o track connections. These problems
have been resolved.

Explorer Version 1.0 had problems, for example:

- Bugs in:
module grouping
synchronization of data from various

sources

— Lacks functionality in:
database management
animation (scripting, looping, etc.)
user interface management
annotation

Explorer Version 2.0 has addressed all of these
problems except for database management, which
we are addressing in our development.

Explorer has no support for "missing” data. We
will develop our own tools for handing this.

"Visual Programming Environment” sounds good,
but can be confusing to the user. We are using the
Explorer module grouping tool to manage the
complexity of the visual programs.

E 102



(

What We've Gained Over 2D GEMPAK

3-Dimensional Views

High Level of Interactivity

Distributed Processing

.

Easy Extensibility

What We've Lost From 2D GEMPAK

Annotation and Physical Coordinate Display
Standard Meteorological Symbols

Ability to Run on Low-Performance
Machines

~

N\

Future Work — Near Term

We will release software for Use in Severe Storms
Branch of NASA / GSFC in October, 1992.

* Minor User Interface improvements and Fixes
- creation of a set of "canned” processing
maps
- module grouping to simplify the interface
- minor changes 1o improve consistency
among module interfaces

Preliminary Annotation
~ axis labels
- litles
- limited control of size, piacement, etc.

Image Loop Animation
- the ability to store a series of rendered
images either in memory or on disk
- the ability to "play back" the sequence of
images with some control over speed
and order of images

User Documentation

\_
—

Future Work — Long Term

Database for Meta-Data
- units of data
- lime tag
- physical coodinates
- etc.

User interface Enhancements
For example, self-configuring control panels

Enable the User to Query Quantitative Data
from the 3D Scene

* Additional Visualization Techniques
For example:
~ better use of transparency
- different vector representation
— increased use of color

*  Arimation
- scripting
- {ime sequences of data
- animation of parameter changes such as
isosurface value, cross-section
position, or view point
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Future Work — Long Term (cort.)

Annotation
- full control of size, cclor, placement, etc.
axis labels
color legends
time
titles
- elc.

Investigate Performance Enhancements
For example: .

- geometry caching (storing geometries for
each time step. so that they can be
sequenced rapidly)

- memory management to reduce paging
{data compression might be used to
reduce memory usage)

* Port Capabilities inta AVS

Incorporation of Imagery

Improved Handling of Missing Data

On-going investigation of extensions in areas

such as new visual representations, virtual
reality, and video

* Beta Release Through COSMIC & Unidata /
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INTRODUCTION

Modem space. sensor and computer technologics have made it possible 10 understand the Earth ang it
environs as never before. Population pressores and modem techrology bave also tended to make it
mmperative that we do so. To accomplish this., wemendous masses of dat must be pathered, transported,
stored and understood. To address some of these topics. 3 program of research is being conducted o
the applicaton of compuier graphics to the problems of quickly exploning and analyzing very large
amounts of scientific or engineening dota  The objectives of the propram are (1) to develop a software
cnvironment which will support e rapid prototyping of visual data analysis applications, while at the
same ume mantining the high level of performance necessary for inleractively manipulating praphical
displays: (2} to develop a user interface that is truly intuitive ang casy to learn and allows quick access (o
the software for the povice as well as the advanced user, (3) to provide a suitc of sample applicauons
which arc usefu] across a vasiety of scientific disciplines, and (3} 10 provide tools t supporl uscf
development of applications for this environment

LINKWINDS

The Linked Windows Interactive Data System, or LinkWinds, version 1.3 is a prototype product of this
rescarch effort In compliance with our rescarch objectives, it is a visual das analysisexploration sysiem
designed 10 rapidly and intcractively iavesugate large multivanaie and/or multidisciphinary data sets 10
detect trends, correlations and anomalies  LinkWinds is an 8 1L-app
environment wath a full graphical user interface (GUT). The system. operaung under Unix. is based on an
object-orienied programming model and is implemented in the C-language.  For its graphical user
interface and grapbics support software, it draws upon the Silicon Graphics Inc (SGI) GL-library, and
presently runs only on workstations supposting this library This includes ali SGI workstations, and those
of other manylacturers who have licensed and support the GL-library.

Individua! tools and data sets are coded an objects, €ach occupying a window on the LinkWinds screen,
and communicaung with other objects through 3 MESKIEC passing protocol.  The objects or windows.
conuning data displays and conyols for manipulating these displays. can be linked or unlinked at the
discretion of the user. The act of linking the windows [OgCIher SCts BP ONC-Way DISKIET paths.  This
data-linking paradipm makes the system perform much like a2 graphics spreadshect. and & in 3
spreadshect, 1 a powerful way of organizing the dat for analysis while at the same time providing »
natural and intuive interface Data-linking, and its uscr iMerface implications are discussed below

Messages generated by LinkWinds objects are recorded as program sialements in an undetlying language
called Lynx, which is based upon Scheme, 3 dialect of Lisp. A modificd Scheme interpreter is included
in the system. The message passing characteristics are the basis for two key LinkWinds functions The
first of these 1s the maintenance of an internal joural of all user oniginated commands exccuted by the
environment. This file can be saved al anyume through a menu oplion. The record can then be replaycd

-
r

a1 the initiation of subscquent LinkWinds sessinns, allowing the user 10 draw upon 3 previous layout of

LinkWinds applications and links. or repeat a full analysis session

The second function hased upen the [yax message pasung protocol i the multi-user science
environment (MUSEY which provides a method for multiple LinkWinds systems 10 CommuRicate via
netwarks.  Using memy options, v remolely separated can connect o one annther, and by also

stablishing 4 T oI G can coop v ovicw and by their dawk A
succexsful comrnection reguires that ¢ach user be exccoting LinkWinds and that cuch has aceess 1© the
dals Sets that are being analyzed  This is nommadts amanged by wansponung the dui sets 10 cach user
pror to the collahorative sewsiony  The MUSE cupabling s alen used 10 give tytonals over the network
o new users onfwmiliae with LinkWinds, and to allow uwrs o demonstate recommendagions for
application changes OF 10 poim outl bugs

Hard copy of the LinkWinds displuys ar¢ provided by funciion keys on the keyboard  Placing the cunor
m a window. and pressing T produces an image of a window's contents; presang T2 saves the compleie
window: and F3 aaves the Tull sereen The figures shown were nbined in thes manner

DATA-LINKING AND THE

SER INTERFACE

n addition to the normal GUT functions provided by the windowng L dytmic i

of graphs and 1mages 18 fucilitned trough the ati-inking pamdigm Daws-linking can be ynderstood
the comext of a spreadshect. where cells contuning numbers are finked 1o other colls Formulue wre
associated with cach cell, wo that when a number chianges, afl celly hinked 1o w changed celf recalculate
their valves and update.  TankWinds does the same thing, byl i a graphics enviromment where the agid
gnd sgucture gives way 1o free fom, and a cell can transiate, for imtance, Mte a shder or large sealke
number »TAYS SUCh as images,

The user interface based upon the data-linking paradizm s o of the mest distinguishing features of
LinkWinds. Tt evolved from a destre to oneate a truby casy 10 leam :d intunive user interfuce We are
guided by the principic that users are impatient and tto el stanted on productive work as quickly s
possible. Therefore, an inlerface wan necded which can b feamed by cxploration. and which conforms
0 USET TXPECLALONN as they work with it

Data-finking is affected through two icom The liak rcon s a4 haton Jispliving two sntertacking nngs,
while the unlink icon displays two nings that are sepurated  Hach abject on the sereen bas enther i single
fink button, or the full set of link and valink buttons. The presence of 4 single link hution indicates a duti
object. whike the presence of the puir indicates applications with control functions To perform a link, the
cursor 1s placed on the sppropriate button, and a “rubber dund™ i dragied cut and Jropped inte te
application to be baked. To break the tink, the same Unng is done uxing the unlink button. There wre two
simple rules (o follow in apptving the hnkmg parwligm

1. When as a resull of menu selections an ecmpey window appears on the screen, put date inot This i
done by linking a duta ohject into the window

2. When an abject wath U par of link symbols appears, ¢xercise s control function by linking 1t
with any application object

DATABASE INTERFACE

The current version of LinkWinds accepts date in the S-bit rasier Hicrarcbica! Datr Format (HIDF)
created and supported by the National Center Tor Supercomputing Apphicauons (NCSA) at the Univenity
of llincis, Champagne/Urbany A 21 data file is a single image. while a 3D data file 18 2 sequence of
mages. The data ingestion is controlled by two text fifes which are gencrated by Uw user  Sample
versions of cach of these ey are provided and serve as self-explanatory emplates The finst is a e

\

which lists all of the databases of intetest to the user. Those listed appear in the top tevel "Dawbases”
menu.  The second file is a daw i the of il data scis 10 be associated
during the analysis. the number of axcs and tbeir names, My metadawa needed to translaze axis values 10
oumbers meaningful o the data, ete. Data sets fisted in these files appear in the top-level "Data”™ menu
A paleue may be included in the HDF file if the user desires, of it May be defined in the data description
file. Colors can also be assigned during a daws analysis session usiag a cofor management tool provided
A much preater range of data formats will be acceplable 10 LankWinds in future versions.

APPLICATIONS OVERVIEW

A suitc of applications useful across many disciplines has been developed for the LinkWinds
enviroament. Figure | shows 2 typical session 10 explore & data set collected by the Microwave Limb
Sounder (MLS) currendy 1 ofbit aboard the Upper Ammospheric Rescarch Satellite (UARS) The
LinkWinds top-levc! menu is shown on the left and data objects, with their single link buttons, are in the
upper lefi-band comer. In this case. tbe daw dispiayed are ozone and waler vapor. The window entitled
Image] conlains a stice of the daw atan alttude of 21,54 mbars, as selected by Slider] which is Tinked ©
it. Image? is also finked to Shderl and shows the watcr vapor at the same altitude. The southerm
bemisphere ozone bole is shown at the lower Jeft of Imaget, and a bigh valuc of the watef vapor is shown
1n a coresponding location in Image2. The anticorrelanon is shown in Scatterl, where the points shown
come from the bounding box shown in Imagel. controlicd by linking Image! to Scatter!. The ozone datz
are displayed 1n Globel as a beight field rendered on @ sphere. The ozone hole associated with the south
pole is clearly scen. Slider! also controls tbe depth of wis display, and the beight scale is conurolicd by a
verucal slider along the right side of the window. Pan/Zoom and 2-Axis Rotator controls are also linked
10 Globe! through the Animator. The Animator makes it possibic to sclect a starting sl of conuol
settings,.and an cnding sct. Then it will avtomatcally record and save the aumber of frames sclected
wilh its slider, resutung in an animation of the sequence of seltings from start to end  This sequence can
be replayed fater

applicauons show spectral profiles for cach of the data sets. and is controlled by a cross-hair on Imageft
dynamically associating 3 spectrum with cach point on the tervain.  Shiders on Line Pla allow the
selection of three of the ehannels 10 be colored red. green or biuc, and RGBFiler¥ permits interactive
color siretching of cach of thesc channels. These alsa conwol the colors used for the perspective
renderings of te daw in Plancs. Themauc Mappes (TM;. Quad-pole Synthetic Aperture Radar (SAR)
and Thermal Infrarcd Muluspectral Scanner (TIMS) daw are superposed on an clevation map of the
terrain in Planc!, Planc2 and Plane3. respectively. Thosc in wum are ofiented in unison by the Pan/Zoom
and 2-Axis Rotator controls

Figure 2 shows corcistered da collected in the Deadmaun Bune arca of Wyoming  Line Ploté
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Figure 2 - Coregistered spectral data gathered in the region of Deadman's Bufte in Wyoming.
Sevecal spactal bands are shown renderad it perspectve.
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THE STATE OF SCIENTIFIC VISUALIZATION
WITH REGARD TO THE NASA EOS MISSION
TO PLANET EARTH

Dr. Michael E. Botts ]
University of Alabama in Huntsville

August 12, 1992

Executive Summary

THE IMPORTANCE OF VISUALIZATION TO THE EQS MISSION

e Visualizaiion is a vital of the tools required for meeting EOS scientific
objectives. Neglecting visualization could result in failure (o meet these objectives.

«  Atpresent, NASA has given considerable autention to the data retrieval, data management,
and scientific objectives nodes of the data pipeline, but hag given minimal atiention 1o the
tole of visualization within the EOS project. The justification for this approach has been
primarily rooted in the belicl that Commercial Off-The-Shelf (COTS) software, as well as
modest development aclivities of NASA and other agencies, will be adequate to meet these
nceds.

®  This initial report highligh and general deficiencies with the current state of
isualizati lop and applica 1t is based on the results of meetings with 50
groups of EOS scientists and developers at 30 sites, as well as the author's experiences in
trying to meet visualization necds at NASA MSFC. A follow-up repori will examine
possible options for ascuring that there arg ad and proper vi ion tools for
meeting the scientific objectives of the EOS mission.

APPLICATION OF VISUALIZATION WITHIN THE EQS MISSION
e Applications of vissalization within the EOS project include:

— Scientilic Investigation

— Data Vaiidalion

—  Model and Algorithm Development and Validation
— Daia Browse

~ Information Transfer

— Mission Opcrations

BACKGROUND ON VISUALIZATION

*  Visualization, although a relatively new discipling, actually consist of the unification of
several fairly matore components, including:

— Image Processing

— 2D Data Plotting

— 3D Computer Graphics and Animation
- Volume Rendering

— Geographic Information Systems (GIS)
— Computer-Homan Interactions (CHI)

-
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Earth Systems Science Laboratory
University of Alabama in Huntsville (UAH)
Huntsville, AL 35899

N\

[

Each provides imp bilities 10 Earth systems scientists, but, at
present, each also has specific deficiencics for meeting EOS necds.

CHANGING ROLES AND CAPABILITIES

* Due 1o 1apidly increasing CPU and graphics power available 1o the scientist at his deskiop.

1wo major Lransitions arc occurring within the ifi

p g environment, i
ransitions:

= from centralized to distributed computing
— from batch-mode operations 10 interactive computing

Both of these transitions are putting morc computing power and conirol directly in the
hands of the scientist. Tt is this interactivity that will result in the greatest benefits to be
derived from scientific visualization, However, without the proper software 1o take
advantage of this power, these benefits will not be realized,

* These transitions are demanding changes in the roles played by scientisis and compuler
specialists, as well as requiring changes to our visualization and analysis toofs. The batch
mode of handing off visualization jobs to computer specialisis is no longer adequate.

* The movie making vra of visyalizalion was a necessary and important phase of Ihese
transitions, but docs not represent the towal required direction for visualization.

* The most important immediatc direction for visualization efforts is that of putting uscful
and usable Interactive 1o0ls into the hands of the scigntist.

WHY AREN'T SCIENTISTS USING WHAT'S AVAILABLE?

*  Manyof the and P of required for meeting EOS
scientific objectives are available today. However, the actual use by the scicntist of even
our present visualization capabililies is well behind these capabilities,

* Why aren't scienlists using the visualization capabilitics thar are available 1o them today?
Reasons include:

~ The ool is not extensibic or is oo inflexible.

— The too! is too difficult 10 lcarn and use.

— Itis 100 dilficult to get existing data into the 100l

= The tool docs not adequately link visualization and analysis.

— The collection of toals, as well as the data, exist within a complex hewerogencous
computing environment.

— The 1ocl does not do what the scientist needs to do.

— The scientisy is not aware that the 106! exist or that it mects his/her nceds

— The tool is 100 costly.
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—  The scientist docs not have access 1o adequate hardware for running the tool.
~ Itis too difficult to communicaie the results of the Mnding to others, because (a)itis
100 difficult 1o get color prints or video, (b} it is difficult or impossibie Lo interact
remotcly with collcagues, or (c) the publishing industry is too technically and
philosophically archaic 10 mect the present nceds for color hardcopy. animation videos,
algorithm and application cxchange, and voice and sound annotation.

WHERE ARE THE VISUALIZATION BOTTLENECKS ?

s With lew exccpnons hardware capabilities are not, at present, a major limitation of our
. The c marketplace is probably adequate for assuring
in hal logy.

vi i n

necessary

»  The primary botiencck is the lack of adequale software which allows the scientist lo take
advaniage of this power and 1o interactively visualize and analyze his/her data within our
complex computing eavironment. 1t is questionable whether Commercial Off-The-Shelf
(COTS) softwarce will be adequate for meeting all of the visualization needs of EOS.

COTS, PUBLIC DOMAIN, AND IN-HOUSE DEVELOPMENT

«  There are advantages and disadvantages to relying on either COTS or in-house developed
software for meeting the visualization needs of EOS. A proper balance between COTS,
public domain, and in-h is but this balance must be
accomplished with adequate and properly-direcied support.

« I[NASA is to rely more heavily on COTS software, then it must re-cvaluale and improve
the way that it deals with COTS developers.

CURRENT DEVELOPMENT ENVIRONMENT WITHIN NASA

« NASA funded development has resulted in several significant, leading edge visualization
and analysis tools.

«  Unfortunately, with particular regard to visualization, the development environment within
the OSSA can be characterized as:

—  Fragmented, with linle overall dircction or coordination

= Lacking an and under dable organizational structure for funding both
general tool and application- -specific development

— Lacking a firm commitment or plan for mceting the true visualization needs of the
EOS science communny

— Lacking ad i for
OSSA and OAST

= Experiencing incflicient use of limited lunding

hnol

y transfer both within OSSA and between

N

s Required in-house development is of two types: (1) development of general to0ls to meet
the needs of 3 wide range of users, not being met by existing software, and (2) extension,
modification, and integration of cxisting tools 1o meet application-specific requirements.

DIAMONDS AND DINOSAURS

e A difTicult challenge for NASA will be that of recognizing and supporting in-house
~diamonds™ (experimental development efforis which hold much promise for scientists)
and of preventing, recognizing, and dealing with “dinosaurs™ (old development programs
with limited momentum and decreasing application). Present mechanisms for transferring
successful development activities into usable technology is inadequate.

MAIN AREAS FOR CONCENTRATION

»  The main general arcas presently needing consideration include:

— Integration of Visualization with Dau Management and Analysis - Data

analysis, and vi i p: a wriad of i ionality required to
meet scientific objectives of the EOS misslon To meel these objeclives, this triad must
be properly and ad d i links must exist berween each
p Links frorn 1o analysis, and from visualization lo data

are 1Ty i at present. Navigation, or knowing the
spatial and tcmporal locauon of cach data poinl. spans 31t components of this triad and
is a particularly critical subsct of this issue reguiring immediatc attention.

~  Application Development for the Scieatist as the End-User - The most imporiant
immediate need for visualization is that of gelting inleractive tools into the hands of
the scieatist. This requires that these tools meet (he actuval needs of the scientist, be
simple and intuitive 10 use, and be logical to the scienlist rather than 1o & computer
specialist.

- Providing Extensibility without Complexity - Exiensibility of visualization 100ls is a
vital requirement, particularly for COTS software. This extensibility must be provided
without a significant increase in complexily of use, or any resulting complexity must
be able to be hidden from the scientist by customizablc interfaces.

- Application-Specific Programming without Redundaat Programming - Redundant
programming within the Earth systems science community is extensive. Often new
development efforts arc undertaken in order 10 provide functionality not available from
existing software. However, in order to provide new appli -specific functi ity,
many development activities spend a very large portion of its ¢fforts on redundantly
programming functionality that alrcady existed in several other programs, The
availability and application of extensible software and the adoption of objeci-oricnicd

\

programming principles would minimi Prog; while meeting

application-specific nceds.

— Simplification of the Complex Heterogeneous Computing Eavironment - Scientists
and computer specialists are forced to operate within a complex heterogeneous
computing environment, consisting of incompalible operating systems. graphics
protocols, networks, file formats, and output devices. Efforts to homagenize this
environment will help to a limited degree, bul would probably be oaly temporary reliel,
There is a vital need for utilitics which shield scientists from dealing with unnecessary
complexitics, allowing them to concenirale on analysis of data.

— Development of New Techaiques and Componeats - The exploration of new
techniques for anafyzing and visualizing data should continue. In a few cases, very
different app to lyzing and vi data may be i which
require P ofa ppli Rowever, in most cases, the
introduction of new techniques should require only the development of a module or
component which can be added 10 existing applications.

— Education and Communication - Many of the present ch:!lcngcs in visualization are
the result of a lack of proper ication and Sci and project
managers must become better educated as 1o the scientific benefits of visualization and
the availability of existing software, while in-house and COTS developers must become
more aware of the true needs and objectives of the scientist.

— Distribution and Maintenance - The distribution, mainicnance, and support of COTS
public domain, and in-h isasi Proper h
for licensing and supporting COTS software within our distributed environment should
be in place to assure their availability and testing. A m:)or challtnge wu]\ in-house
D is the distribution and of
developmenl and the uansition of such programs from the experimental stage through
maturing and operational stages.

CONCLUSIONS

«  Visualization is vital for meeting the scicntific objectives of the EOS mission.

«  Although our present suitc of visualizati i is imp and powerful, the
application software for putling these capabilitics into the hands of the scientist is, at
present, inadequate.

o The development of extensible, user-friendly, object-oriented software within the
commercial soltware industry, is helping 10 increase the probability that COTS software
can serve as a core for meeting many visuslization needs. However, there will still be 2
need for in-housc cfforts directed at extending and modifying these tools to meet

application-specific requirements, and for developing leading edge technigues and
i not avai from the tal Tront.

» A follow-up report will investigale viable options for meeting the visualization
requirements of the EQS mission in the future. These options will focus on two major
objcetives: increasing the elfective use of visualization tools by scientists, and maximizing
the return on development cfforts.
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THE IMPORTANCE OF VISUALIZATION TO THE EOS MISSION

The proper storage. managemenl, and distribution of the cnormous database to be generated by
the NASA Earth Obscrving System (EOS) Mission is extremely important to the scientis
requiring access 1o this data. However, without the proper tools to also analyze these data sets,
this cnormous database is striclly thag, a d The pli of the
scientific objectives of EOS is highly dependent on the scientists’ ability to analyze and
interact with these data in order 10 retrieve the importans knowledge hidden within this
database. The only way to effectively retrieve significant information from such an Cnormous
database is through a weli- usc of dara . analysis, and visualization.

As illustrated in the simplistic carioon of Figure 1, the 1ypical datla Mow of EOS-related data
moves from the satellitc and ground-based data sources, into (he data storage and daa
management nodes, and 1o the aralysis/visualization nodes where the screntist gaing scientific
insight through his pereeption of the analytical and visual results, Results musl then be
communicated to collcagues or policy makers through speech or visual means. A boltlencck at
any point along this path Mow will result in Iess than successful completion of the scientific
objectives of EOS. At prescnt, NASA has given considerable attention to the data rerricval,
data management, and scientific objectives of the data pipcline, but has given minimal
ateention to the imporant role of visualization. The Jjustification for this approach has been
primarily rooted in the beliel that Commercial Off-The-Shelf {COTS) software, as well as
modest development activities of NASA and other agencies, will be adequate to mect these
nceds,

The purpose of this study is to investigate the needs and application of visuafization tools
relative 10 the EOS objectives, 1o become familiar with matgre and on-going visualization
devetopment efforts of industry, NASA, and other £roups. and 1o evaluate whether these efforis
will be adequate for meeting the scientific objectives of EQS. The results are Based on the
results of mectings with 50 groups of EOS scientists and developers at 30 sites, as well as the
author's experiences in meeting visualization nceds at the NASA Marshall Space Flight Ceater
(MSFC). This initia! report highlights successes and deficiencics with the current siate of
visualization development and application, and recognizes arcas where altention should be
focused. A follow-up report will examine possible oplions for assuring lhat we have adequaie
and proper visualization tools for meeting the scicntific objectives of the EOS mission,

APPLICATION OF VISUALIZATION WITHIN THE EOS MISSION
There are five major applications of visualization within the EQS mission:

Scientific Investigation

Data Validation

Model/Algorithm Development and Validation
« Database Erowse

* TInformation Transfer

* Mission Operations

N
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Flgute 1. A cadoon Tustraling the typical dala flow of EOS related data trom ingest to scientific insighl,
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Visualization is proving invaluable in providing new insight into Earth systems science
problems. Whercas scientists were previously limited to painstakingly analyzing a small
subsel, or profile, of the an available data set, visvalization is row providing tTienlists with
the ability to observe and znalyze complete daia sets within 4D spatial and temporal domains,
Even more significant is the ability to view, amalyzc, and correlaie several data sets, related in
space and time, in order 10 beiter discern the relationships and intcractions of various physical
factlors. The interactivity of these tools allows the scientist to more effectively probe the data
and the analysis process, and 10 receive immediate fesponse 16 "whalt-if” questions.

Even simple animations have been shown 1o be very useful in pinpointing errors within data
and computer models, and in many casee, in tracing the source of these errors. This is
particularly important when locating the source of Propagating errors within mode! runs. Such
errors may not be spotied, otherwise, unless they result in fatal errors. and cven then it
becemes quite difficult 1o trace back to the source of the error without the assistance of
visualization. As visualization lechnigues become better combined with analyvtica! methods,
data and model validation, using visualization, will become much more cflective and efficient.

The abundance and size of data sets available to an EQS investigator, will nceessitate the use
of data browse capabilities. The cfficient usc of actwork tralfic, computer resources, and the
scientist’s time will suffer significantly without the scientist's abilily to quickly transfer and
visualize greatly compressed data subsets, in order to predetermine the seientific relevance of
the full data set.

Finally, visualization offers one of the most cffective and intuitive means of communicating
large amounts of scientific i ion 1o cotleagues, program policy makers, and
students. This importance of vi ion for ed ion ang ion should not
overlocked. Furthcrmore, as remote interaction of scieace via graphics workstations, becomes
more a reality, the use of visualization for information exchange between scientists will

become routing and very cffective,

BACKGROUND ON VISUALIZATION

Although the ficld of scientific visualization is still in its infancy, it actually involves the
anification of several wraditionally independent disciplines, some of which arc fairly well
developed. These include:

2D Data Plotting and Contouring
Image Processing

* 3D Computer Graphics, CAD, and Computer Animation
* Volume Rendering
* Geograpbical Information Systems (GIS)
* Computer-Human Interaction (CHT)
Each of these discipli has p . and will to, provide significant tools for

scientific investigations. Each also has specific areas of deficiencics which will be discussed

PAN
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in more detail in a Jater report. For example, many of the 2D and 3D plotting applications still
retain the mentality of pen-plotier output, which docs not allow mlcr:cnvuy between the user
and the plot displayed on a screen. Many visualizati g have P y
ignored the power and simplicity of plots and contour maps for d-splaymx important
information, much to the dismay of the science community.

Although digital image processing is a very important component of visualization, many
techniques for processing imagery are rather archaic, particularly with regard to fully wili
data available in morc than three spectral bands, Also, many of the major application
programs for image processing have also become somewhat archaic with regard to their user
interfaces, program ar . graphics data structures, interactivity, and
portability to RISC-based workstations.

ng

Advances in 3D P graphics, CAD, and animation, made during the 1980's,
provide a substantial basc for the development of important tools for visualizing 3D, temporal,
scientific data. However, having been developed primarily for the purposes of military
simulation and broadcasl animatien, many of the algorithms and application programs don't
meet the nceds of the visvalization community today. Similarly, while volume rendering holds
much promise for detailed visualfization of volumetric scientific data, most of the present
algorithms were developed for medical applications and are not well suited for interactivity, or
for dealing with lemporal or non-Cartesian data.

o

Likewise, GIS developed primarily within cartographic-bascd, rather than
disciplines. As a result, several present defici 1 GIS techniques have been
recognized which limit its effeciiveness in scientific applications. These include the lack of
effective means for dealing with temporal clements, the inability o recognize and measure
potential errors resulting from different spatial and temporal resolutions between data sets, and
the inadequacies for handling of "[uzzy”, or continuous, daia boundarics.

Finally, the ficld of CHI is providing important insight inlo cffective interaction between man
and compuier. The design and application of proper graphical user interfaces (GUls) and
intgitive program structure are crucial to putting effective visualization tools into hands of the
scientist, Tn addition, a betier understanding of faciors which affect human perception is
certainly imporiant 1o the design of visvalization tools, bul is an area that is often overlooked
during their development.

‘Whereas the '80s was the decade for rapid ad: of phics related to
broadcast animation, miliary simulation, and indusirial CAD, (hc 90s is promising 1o be the
decade for scienlific visualization, Many of the present efforts have simply involved the

p of individual such as graphics and animation, to scientific
data. Certainly, the techniques developed wilhin cach of these components represent a
substantial base for visualization capabilities. However, the success of visualization as a
scientific tool will dcpend on the proper adapuuon of thesc components to mecting the needs
of the science y, as well as I ion of all of thesc components into
application programs which are vscful and usable to the scientist,

It is not only important thar we recognize the deficiencies that exist in our present tools, bul
that we also understand the curreat and Tuture environment under which improvements 10 our
100ls must be made. These are examined in the following section.

CHANGING ROLES AND CAPABILITIES

The CPU and graphics power available to the scientist is increasing at a logarithmic ratc of an
order of magnitude every 3-5 years. At the same time, this power is becoming available on
low-priced workstations. This reality is moving visualization computing away from a highly
centralized environment, in which cxpensive computer cquipment was centrally located and
only highly specialized personne! operated this cquipment, to @ more distributed environment,
where the scientist has significant computing power at his desk, while still having access 10
greater computing power and large amounts of daia over the nctwork. The scicntist is thys
becoming more in control of his computing environment, as well as taking on greater
responsibility for the operation of his compuling tools.

In addition, the increase in computing power and the decentralization of the computing
environment arc allowing much greater interactivity than was previously possible. Assuming
that the proper visualization and analysis tools are in place, it is this interaclivity between the
scientist and his/her data that will result in significant advances in the Earih sysiems science
communily. The baich mode of computer operation is no longer adequate for meeting the
demands of scientific analysis.

We arc presently in a state of transition from ceatralized to distributed computing. and from
batch ta interactive processing. These transitions are demanding changes in the roles played
by the scientists and computer specialist, as well as requiring changes 10 our visvalization and
analysis tools,

As an cxample of these changes, consider the roles and environments existing in typical
visualization activitics of the past and present. Previously, it was adequate for a scientist o
request, from an image processing specialist, that he or she apply a principle component
:nalysxs toa glvcn L:ndsal scene, stretch the resulting bands over 8 bits, create an RGB

of pri 2,3, and 4, and providc a color print of the resulting
nmnge The required batch upcmwn was easify defincd by the scientist, who could in the end
study the final image for weeks or months, creating hand-drawn overlays to illustrate scientific
findings.

In contrast, Lhe scientist of today might wish to study and correlate several data sets which are
related in 3D space and time, including, for example, saellite imagery, data measurcd along a
flight path, 3D volumes from radar. and 3D gridded data from a numerical model. In order 10
gain significant insight from this study, the scientist will probably require, at a minimum, the
ability to render representations of these daia in 3D spacce, irteractively move the point of view
around the 3D space, view and control the animation of the data through time, controf the
representation of the data {e.g. color maps, wransparency, etc.), evaluate the data with an
appropriatcly-placed 3D probe or 2D slice planz, and generate relevant plots “on-the-Ny”™.
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There is no longer a definable product that can be d: ded of the by the
seientist, other than that of providing the scientist with proper 100ls, usable by lhe scientist, of
properly integrating the scientist's data into the tool. and of providing operational training and
assistance when required.

During this transition period, it is expected that we should see some remnants of our previous
rolcs and compuung environments. In fact, the proliferation of sophisticated movies showing

ization is a symp of this. While these movies have undeniably
provided benefits in the form of scientific insight, public relations, and awareness of the power
of visualization, they are not the future direction for visualization that is required (o meet the
1otal needs of the scientist. Far from being interactive nor analytical, these movies have ofien
been created at great cost in time and funding, lyplczlly requiring weeks to months of effort
from teams of scicntists, programmers, experts, i S
and artists, and multimedia specialists. While this movie making is a natural extension of the
80’s style of compuler animation, as well as an ion of the p: roles of the P
specialists, many short-sighted scientists have, as a resull, developed the view that
visualization is strictly for creating “pretty pictures™ and no1 a 1ool for doing significant
science. In others, these movies have instilled false securily that 1he required visualization
wols required are in place. In reality, scientific animation and movic making represent an
important part of visualization, but they are only a small part of the requiremenis for
visualization.

Tn cssence, the most imp diate direction for visuali; efforts is that of putling
1hese 100ls in the hands of the scientist, allowing him/her 10 mleracuvcly probe the data
without the constant aid of iafi. Computer visuali pecialists shouid be
involved in getting these tools into the scientist's hands and modifying and cxpanding thesc
100ls as required, and not in operating the tools for the scientist. Thus, the role of the
computer specialist is moving away from the backend user of the tool, to the frontend gatherer,
tester, and modificr of the tool. This, of course, requires that the application be well designed
for the scientist as an interactive end user, with particular attention given 1o meeting the
scicntist's needs in 3 simple and inwitive manner.

In view of this, i1 is importani to recognize the diversity that exists among scientist with
regard to their application of computer tools. While not based on any statistical surveys, it
appears that approximately 20% of the scicntists are comfortable with and actively involved in
finding, learning, modifying, and applying the computer tools that are available, and in many
cases are willing 10 work with developers on improving these wools. At the other exireme, are
approximately 20% of the scienlists, who belicve that the tools that they have employed in the
past are adequare for meeting their needs, or who, because of lack of time or desirc, only wish
10 be given a tool that requires very little lime of aitention to learn and operate. [n licu of
such a tool. this group of scicntists will rely heavily on computer specialists for all aspecis of
ol application, The remaining 60% of the scientists are reluctant or unablc 16 concentrate 2
Tot of attention on visualization and analysis tools, but will invest the required 1ime 10 test and
learn new tools if properly nuriured and if benefits become apparent.
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Scientists who are willing to invest time and cffort in the Lesting and modification of tools are
a very vital asset o both the developers of thesc tools and to the scicntific community. as a
whole. These scientists should be encouraged and supporicd, not ostracized by other scientists
and funding agencies as has occurred in the past. However, it is also i important for developers
to be aware that these particular scientists cepresents a sclect group and not the majority of
scientists who will not use a tool that is difTicult to learn or use, or that docs not immediately
mcet their needs,

WHY AREN'T SCIENTISTS USING WHAT'S AVAILABLE?

With a few exceptions Lo be discussed in a later Teport, many of the techniques and
components of visualization requircd for the EOS mission are available today: these will
prodably progress and others will to be developed reg: of NASA's direct
involvement. Cerlainly, NASA's support of new techniques for viswalization and
analysis would greatly improve our future abilitics and would direct development efforts
along paths thal are critical to NASA's objectives,

In essence, although many of the componenis do exist to meet many of our present and
Tuture vispalization requirements, the actual use by the scientist of cven our present
visualizalion capabilitics is well behind the development and availability of these
capabilities. The major challenges and deficiencies with visualization, at present, lie in
the integration of these components and techniquoes into applications that arc usable and
useful 1o the scientist in his everyday work.

A major question to ask, then, is “WHY AREN'T SCIENTISTS USING THE
VISUALIZATION CAPABILITIES THAT ARE AVAILABLE TO THEM TODAY?"
The answers to this question begin 1o provide an understanding of the directions
required for improving the state of visvalization within the scope of the EOS mission.
Although not every prablem discussed below applies 1o every available application
Program. most every visualization 100! or collection of 100ls required for 3 particular
task suffers from one or more of the following deficiencies:

® The 100l is not extensible and is too inflexible 10 allow scientist to add
discipline specific functionality or incorporate existing modulcs; thus, 160
many tools arc often required to meet the scicntist's tasks.

® The tool is too difficult to learn or use. This is particutarly troublesome if
more than onc (00} is required to meet scientist's nceds. Difficulties of use can
exist due to archaic command line intesfaces or as 2 result of Program structures
and graphical user interfaces that are intuitive to computer expers, but not
scientists,

/
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®  Ttis too difficult to get existing data into the tool: this is gencrally a result of
(a) incompatidle data formats and ihe lack of available data filters, (b) the lack
of truc integration between the visualization/analysis tool and the data
management system, and {c) the expostre of the seicnlist to the complexities of
networking,

s The tool does not adequately link visualization 1o analysis, which is critical
10 the scientific process. Geing "back 10 the numbers™ or more importantly,
“back and forth beiween the vispal and analytical”™ is crucial before visualization
can become a "real” science tool in the scientist's mind.

» The cotlection of tools, as well as data, that are reqmrcd for m:cnng a
particular science nced, exist within 2 plex heterog: P
environment. For cxample, the required 100ls might be runming on dxl’!’ercnl
architectures with differeat operating systems, data might exist on different
hosts as incompatidlc binary files, and the application might requirc differcnt
data formats. In addition, output of results may require completely different
formats, complicated commands, and the nced 1o transfer data 1o some other

device on the network,

*  The tool does not do what the scientist needs to do, either because 5o tool can
meet all needs or becausc the tool was designed with compuier graphics, rather
than science, in mind.

= The scientist is not aware that the tool exist or lacks appreciation of the
visualization tool as a scrious tool that could greatly benefit his or her
scientific rescarch, or modef and daia validation.

s The tool is teo costly, particularly for deskiop visualization.

e Itis too difficult to communicate the results of the findings to others. This
results from at least three causes: (2} it is woo difficult to get prints or video
from the ool or platfosm, (b) it is impossible or difficult for the scientist to
remotely interact and discuss with other scientist, the intermediate and final
visuat results derived from the tool, and (¢} the publishing world is not well
equipped, nor philosophically structured, 1o deal with the present needs for
colar hardcopy, animation videos, algerithm and applicatioh exchange, and
voice and sound annotation.

* The scientist does not bave access to bardware required to run the application
software, or the scientist's hardware is too graphically underpowered 16 run the
application effectively.

Because of these difficuliies, the application of present vnsuahzahon 100ls have been
inadequate and frustrating to scientists and lists, alike. Many are not able to
dedicate the time required to find and lcarn visualization tools which might meet their

requirements, and have become frustrated and discnchanted with the present 1ools that are
available to them, Tn order to “get the job done™, many scicntists often give up using present
visualization tools in licu of more familiar, but inadequate, analysis methods.  The scientists
who do persevere often reap significant bencfits from the present visualization 100ls. However,
a significant amount of (heir time and concentration, which could be applicd to gaining insight
into the data, is often lost to learning, operating, and modilying the present tools.

WHERE ARE THE YISUALIZATION BOTTLENECKS ?

With a few exceptions, hardware capabilities are not, at present, a major limitation of our
visualization cavironment. The present hardware capabilitics available in the market, greatly
exceed the present availability of software tools with which the scientist can routincly take
advantage of this power. Certainly, cur increasing demands for very large data sets. our
increased network traffic resulting from more distributed processing, the transfer of large files,
increased multimedia activity, and the use of X window protocol, and our need for interactivity
in visualization and analysis, are resulting in a constant requirement for higher CPU and
graphics power, and wider bandwidths throughout the data path. However, with the possible
of network i . the ial marketp is probably adequately suited
for assuring that the capabilities of available hardwarc will continue 10 increase at a rate
commensurate with our demands and with our ability to take advantage of the available power,

With the capabilities of i ing by an order of itude every 3 to 5 years, it is
impartant to consider the short lime frame in which our capabilitics increase and our present
computers become obsolete. In addition, considering that the computer is possibly the most
vital tool of today’s scientist, it is important that funding and cxpedicat procurcment of these
tools be available. The lack of ibility to hardwarc power, particularly at
aniversities, and lack of cxpedicat procurement of required hardware., particularfy ac
zavcrnmenl institutes, are at present hmumg the effective use and development of

i tools in the scientific ¢ y.

Still, the primary bottleneck in visualization, at present, is the lack of adequate software which
would sliow the scientist to interactively visualize and analyze hisfher data within 3 complex
heterogeneous environment, without the need for the scientist to be concerned with the
underlying complexities of the tools. Although there have been some significant advancements
in visvalization software, the available software as a whole is, at present, deficient in meeting
these needs. Unlike hardware, it is questionable whether Commercial Off-The-: -Shell (COTS)
or public domain software will be adequate for clfectively meeting the total visoalization

qui for EOS. The ing section this issue in more detail.

COTS, PUBLIC DOMAIN, AND IN-KOUSE DEVELOPMENT

The question arises as 1o what extent the needs for scientific visualization sofiware can be met
by relying on the commercial software industey or other outside sources, in licu of development
funded by NASA. Each source has advantages and disadvantages.

The advantages of relying on COTS include:
® NASA pays only for working product not development or experimental failures
*  Products tend 10 be more polished
s Maintenance and support not s major an issue for NASA
®  There is generally more awareness of a product’s existence

The disadvantages of relying on COTS include:

®  Applications have wraditionaliy been inficxible and not

®  There is no access 10 source code required for code modification or porting of the
application 1o necessary platforms

» Applications tend (o be designed for farge market appeal, not application specific
needs

* There is a higher cost factor to user, but not necessarily to NASA as a whole

s Uscrs arc Iess apt to “try it out”™ if the soltware must bc purchascd first

»  There is no direct control of directi of future p and no that
devclopers will be around next year

*  Application is ofien developed outside of the scientists’ realm, generally withourt a true
understanding of scicntific needs

»  Approach for meeting necds is gencrally more conservative and less creative

In contrasi, the advantages of rclying on in-house development are:
e Software is designed to meet gencral and specific needs of NASA's scientific objectives
*  Source code is available to all for modification and portabilily
*  The product is generally flexible and adaptable, or can be ¢annibalized for new
applications
s New creative and Icading edge products often resuly

The disadvantages of relying on ir-house include:
¢ NASA assumes the risk of development with no assurance of success
= Mainicnance, distribution, and support are significant chalienges
» There is a risk of the software becoming a costly dinosaur that NASA is forced 1o
maintain
*  Without proper dircction and coordination, there is traditi y much redundancy of
programming with in-house development

There are many commercially available visualization packages which arc well ahcad of most
in-house developed sofiware. Although some of this commercial software arose from initial
development cfforts a1t NASA and other governmental institutes, they have generally become
more polished and portable. There are also many NASA-funded devclopment efforts that are
unmatched in functionality by the sofiware industry. Still, in many cases, COTS sofiware can
probably provide the core for many visualization needs, particularly those products which are
more extensible. However, if NASA intends to rely significantly on COTS sofiware, then
consideration should be given to chaaging the Ievel of inleraction with vendors, Tn particular,
NASA should gE more ication berween and the developers of COTS
software.
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In addition, there arc many significant software contributions available within the public
domain. Alhough 3 few of thesc, such as Khoros and MATLAB, arc large, refined
development efforts, most are primarily small-scale efforts which provide useful utilitics or
limited applications. Since the source code is generally available, public domain sofiware is a
good source for useful utilities or ysable algorithms. Since maintenance and support with
these packages is often a challenge for the developers. particularty for larger-scale cfforts,
NASA should consider means of providing assistance for packages which it feels provide
significant beacfits to EOS scientists.

While COTS software may play a significant role in meeting EOS visualization needs, relying
solcly on development from the general software industry may not be adequate. Particularly
without guidelines from NASA, and changes io the way that NASA deals with vendors, it is
risky o assume that the outside industry will take on the challenge 10 develop visualization
software capable of meeting the needs of the EOS program. This is particularly true for
application-specific nceds which msy not provide an adequate commercial market,

A balanced approach between COTS and in-house development is probably the best solution for
meeting the visualization requirements ol the EOS mission. The needs for in-house
visualization development within NASA include:

» Eatcnsion or modification of existing software 10 mect application-specific
requrirements

+ Contributions of uscful modules or components o lhc general progmmmmg pool

® Leading cdge (experimental) d P of and

« Application-specific programs not available from COTS and nol able 10 be created by
simple extension of existing programs

These needs should be recognized and programs should be siructured 1o adequately provide
support for meeting these needs.

CURRENT DEVELOPMENT ENVIRONMENT WITHIN NASA

Development activities throughout NASA have resulted in some significant, Jcading-cdge
visualization and analysis tools. Both advanced and cxperimental visualization development
has transpired within the Ofﬁc: of Acronautics and Space Technology (OAST) to support
flight op 1 ical i fluid & ics (CFD) research, and
virwal reality. Although not presently well syited for meeting visvalization nceds of EOS.
some of these efforts could be modified to meet some of these requirements,

Within the Office of Space Science and Application (OSSA), support fet visualization
development has been modest, pasticularly within the Earth Science and Application Division
{ESAD) which supports the EOS project. Still, dcvelopment activitics within the Informations
Sysiems Branck (Code SMI) and the various scicnce branches of the ESAD and the Solar
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Sysiem Exploration Division have resulted in successful tools, capable of meeting a limited
part of the EOS rcquirements.

Unfortunatcly, without proper direction and appropriate support, these efforts will be
inadequate for meeting the visualization requirements within EOS. At present, visualization

development activitics within OSS5A and the ESAD can be characterized as:

» Fragmented, with littie averall direction or coordination

s Lacking an and under of] 1 structure for funding both

general oot and application-specific development

» Lacking a firm commitment or plan for mecting the trué visualization necds of the
EQS science community

» Lacking ad i for technology transfer both within OSSA and between
OSSA and OAST

s Experiencing inefficienl use of limited funding

This envi iz ing in i which does not adequatcly address the
full needs of the scientist. In particular, there is much redundant programming and litle
effort directed toward creating tools that can be casily extended and customized. Because of
archaic prog ing practices, fi i ped within one program is not easily
transferred into other development efforts. Awempts to fulfill application-specific
requirements often result in large-scale application development rather than the smaller-scale
addition of modules to existing applications. Finally, the absence of support for small-scale
application development within science proposals generally results in the use of inadequate
tools to meet scicnce objectives, or the scavenging of science {unds in order 10 meet
development requirements.

Requited in-house development is of two types: (1) devclopment of general tools to meet the
needs of a wide range of users not being met by existing software, and (2) extension,
modification, or integration of existing tools to meex application-specific requirements.
Unflortunately, the lack of extensible software in the past, and the lack of coordinated
development activitics at NASA, has not allowed 2 clear distinction between these efforts.
Distinguishing between these cfforts, and providing appropriale support for both, is vital 10
meeting present and future visualization requirements in 3 cost-effective manner.

‘While P of general 100ls should be intimately relned to the scientilic
objectives of the EQS program, the current y that most it
should be "piggy-backed™ with science proposals has been ineffective. The reasons lor this are:

*  Scienlists are 10 include P
fear thai the proposal costs will not be competitive;

cost in science proposals for

« If only 80% of the contract is Tunded, software development is usually the first to be
cut; the scientist will then fall back 1o available tools that arc probably inadequate for
his/her needs;

« Tying development intimately 10 2 particular science proposal generally resuhts in 2
very specialized and hard-wired 10ol. and docs not encourage gencral, reusable tools
for meceting other science requircments:

« Sirictly creating visualization tools required for a specific science proposal does not
address nor encourage the exploratory development of new techniques required o
advance visualization 10 3 stare fequired to meet the EOS objectives,

1t is recommended that general too! development be separated lrom specific science proposals,
but be g d by tcams of both ialists and Tn contrast,
application-specific development could be directly tied to particular science objectives, but
should reccive, at least, minimal funding earmarked for that effort,

DIAMONDS AND DINOSAURS

A difficult challenge for NASA will be that of recognizing and supporting in-house
~diamonds™ (experimental development efforts which hold much promise for scientists) and of
preventing, recognizing, and dealing with “dinosaurs”™ (old development programs with limited

and application). Di ds typically begin as simple experimental
ideas that, through proper and strong by scienti. develop into
applications with significant potential. However, without proper nurturing, such programs
quickly falier due to stagnation, or more commonly, as a result of becoming overwheimed with
the responsibililics associated with distributing and supporting a successful application
program. Without 3 proper mechanism in place (o rccugmzc these diamonds, and (o assist in
the transition of these develop efforts, i and of these
1o0ls is sacrificed for the sake of mainienance and suppost, and the science community losses 2
potentially valuable tool.

At the other extreme are the large programs with a long history of development and maturity
which in many cases offer significantly more funciionality than other existing programs, but
which have become quile acchaic with regard to their interfaces, program structure, data
formats, graphics capabilitics, and portability to modern computing platforms. This is
primarily true with regard to image processing appli Total repr ing of this
functionality using a more efMficient, extensible, and portable approach, is an ambitious cfTort
that has traditionally been avoided. However, simple porting to newer architectures is
inadequate. NASA must cvaluate the importance of the functionality that exists within these
programs and delermine if and how it intends 10 incorporate this functionality into future
applications.

Preventing, or at least slowing, the creation of future dinosaurs is also an important issuc. In
fact, the issues involving diamonds and dinosaurs are not unrelated. The main factors

affecting the creation of dinosaurs from diamonds are initial design, project transitions,
upgrading. and perhaps, inevitability. Certainly, programs that are less flexible to extension
and madification, or ar¢ 100 intimately tied Lo data structures, have a greater danger of rapidly
becoming future dinosaurs. Again, the principles of abstraction and modularity inherent in
object oriented programming could greatly increase the useful life of programs which adhere to
these principles. Secondly, it is imporiant that NASA properly assist the transition of the
program through its various stages, while providing adequate funding for both user support
and pragram upgrading. 5till, while these measures may significantly extend the useful life of
future development efforts, it Is probably inevitable thar any application will, at some point in
time, reach a point of questionable usclulness. NASA should also have a proper mechanism in
place for phasing out support, while minimizing inconveni t0 on-gaing users.

MAIN AREAS FOR CONSIDERATION

Based on these findings, the following gencral areas have becn recognized as requiring
consideration:

Integration of Visualization With Data Management and Analysis
Application Development for the Scientist as End-User
Providing Extensibility Without Complexity
Application-Specific Programming Without Redundant Programming
Smphrunou of Complex Heterogeneous Environments
1 of New Techniques and Comp
Education and Communication
Distribution sod Maistenance

These areas of concern will be discussed briefly below. More specific deficiencies and
requirements will be discussed in a follow-up report. Recognition of these areas of required
concentration does nol, by default, imply that NASA will need to take full responsibility for
meeting these nceds. In fact, meeting these needs will require a proper balance of efforts and
adequate communicalion between NASA, vendors, contractors, and other cutside developers.

Integration of Vi

ization With Data Managemeni and Analysig

As illustrated in Figurc 2, data management, data analysis, and data visualization should be
viewed as a triad of functions which can act on scientific data. In order for this triad to
operate effectively. there must be adequate data paths between all components and Lthey must be
bidirectional. At present, some tentative links exist within this triad, while others are
nonexistenl. In particular, the visualization funciion presently serves primarily as a backend
process, with little return interaction with analytical Lools or database management.

In particular, the llnks betwecn vlsuahullon and analysis are critical, but are, at present,
The of ques can provide si insight into
scientific problems, but it is vital 1o the scientis! 10 test and demonstrate this insight using

Database

Visualization

—  Existing links Nonexistant links

Figure 2. Triad between Data Management, Analysis, and Visualization
functions, showing existing and nonexitant paths
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analytical methods. Until the scientist can easily and interactively go back and forth between
the visual and analytical domains, visualization will not be considered a truc scientific 100l by
the majority of scicntists.

Although data sets derived from analytical or visualizalion tools may be fed back into the
database, the datg management system still essentially acts as a [rontend entity which provides
data to be used by visualization and analysis Lools, but otherwise interacts very little with these
functions. Particularly with the enormous database associated with EOSDIS and the increased
size of many data s¢ls, it is becoming more imporiant for visualization and analysis t00ls to be
able to query the data management system regarding conient of the data. As an example, a
visualization 100l should be able to request of the data management system, “Show me browse
images of other data sets for the area in this bounding box, where the ratio of this paramater o
this parameter is greater than this value.™ Similarly, numerical models should be able to

request additional dala from the database based on i diate results ob during the
model runs.
These examples imply more isti data and datab than

those required for simple inquiries based on sensor type, date of acquisition, and nadir
location. They also suggest a different level of interaction beiween the client {in this case,
another software application) and the data management system, than might be the case if (he
clicnt were an actual vser.

Finally, navigation, or knowing the spatial and temporal location of cach data point, isa
critical issue that spans all components of this triad. The increasing requirement to combine
data sets from 2 varicty of sensors demands increased flexibility for ravigation of the data
within al! three components. Data Management requires the ability 1o subsct data based on
precise spatial and p isualization requires the display of several data sets
within a variety of projections, while analysis requires access to Jow-level dala, as well as the
ability (o grid data into common grids. The present tendency to create higher level data sets,
consisting of regularly gridded data in standard projections, only partly alleviates this
challenge. Because each daia set may have dilferent scientific or instrument requirements,

with regard to dard grids and projections is difficult and often results in
corruption and decreased scientific validity of the data. Regridding previously gridded data
results in dramatically increased errors. It is therefore best to delay gridding and projection til
as late in the visualization and analysis process as possible. This requires the availability of
smart navigation tools, as well as the accessibility to low-level navigation information within
the data sets,

A ication Devel for the Scientict a5 End-User

As discussed previously, the most immediate need for visualization is that of getting useful and
usable interactive tools into the hands of the scientist. This requires that the tool meet the
actual reeds of the scientist, and not force the scientist to adapt [0 (00ls that are inappropriate
for histher needs. This also requires the operation of the tocl, as well as data input and culput
of resuits, be intuitive and simple to the scientist. Interfaces should be simple and should

speak the scicntist’s language where possible. The operation of the too! should be intuitive and
togical to the scientist, rather than requiring the scientist to adapt 1o the logic of a computer
graphics expert. In essence, the scicntist should be abic to focus on the analytical and visual
results, angd not on the operation of the tool.

Few, if any, of ihe available visualization tools meet thesc needs, at present. Those which are
simple to use are ofien inflexible and don't therelore meet required scienlific objectives. Those
which are extensible are ofien 100 complex 1o operate and don't, at present, allow adequate
means of simplifying this complexity.

Eroviding Extensihility Without Complexity

Many COTS visualization programs have not been well aceepied into the EOS scientific
community because of the lack of extensibility and Mexibility. Without the ability for the
scientist or computer specialist 10 input data in new formats, or 10 extend the functionality of
the program with user-defined modules, the scientist is often forced to (1) adapt his/her data
and needs to fit inlo visualization tools which are inappropriate for analyzing the data,
generally with poor results, (Z) apply several independent vispalization 100ls to the data in
order o analyze diffcrent aspeets of the data, (3) give up using present visualization ools in
Tiew of more traditional, but inadequate data analysis tools, or (4) initiate an in-house
development effort which is costly in time and funding, with probably 50 to 75% of the effort
applied to redundant programming of available capabilities.

One of the main reasons quoted by scientists for g an in-h efforl has
been the need for extensidility and flexibility. This has nlso been a major reason for the
success of many NASA-developed and other public-domain application programs, since source
code is generally provided for thesc programs. Furthermore, the COTS visualization programs
that have gaincd the mosi acceptance within the EOS science community are those which
provide a high degree of exicnsibility and fexibility, including AVS, SGI's Explorer, NCAR
graphics, PV-Wave, and IDL. The development of these tools, as well as public domain 100ls

such as Khoros, are major in the ad of scientific visualization

However, the generality and cxtensibility of these tools have been gonerally accompanied by a
high degree of complexity of use. PV-Wave, IDL, and NCAR graphics require custom
programming and command-line interfaces, while the graphical programming paradigms of
AVS and SGI Explorer have given rise to the scil-describing term, “bution hell™. These
complexities, at prescnt, limit the use of these programs to those scientists who have the time
and initiative to become highly involved in the design of their tools. In order for these 100ls o
be i by 2 high ge of EQS it is necessary (hat computer specialists
be able to adapt these tools 1o meet the particular needs of a scientist or project while hiding
the complexities of the cxtensiblc eaviroament from the scientist using a simple and inwitive
user interface,

PV-Wave and IDL have made great stridcs in allowing this, although these programs arc
primarily limited to interacting in 2D space. The developers of AVS and $GI Explorer arc

S .
) : e s 2ot N : :
likewise aware of the issuc, but must work out concerns regarding adaptive scripting, decision running DOS, 05/2, Mac, Unix, VMS, or MVS operating syswems, as well as having various
nodes, and user-defined GUIs before these programs will mect the nceds of 2 large percentage graphics protocols and functionality. Data files reside on an array of storage devices in 3 wide
of EOS scientists. Of course, any in-houase or other NASA funded dcvclepmcnx should also variety of standard and proprictary data formats. Networks operate under a mix of protocols,
concerncd with cxtensibility while allowing for simpli: and i with each protocol or hardware piatform having ils own peculiarities with regard to file
transfer. Access 10 hardcopy or video devices is through serial. paraliel, ethernet, or SCSI
ports, with cach port and each device requiving difTerent protocols or file formats. The need to
Anplication-Sperific Programming Without Redund: Programming operate within this complex envi for a si; loss of efficiency in the use
of our computing Lools. Scveral scientists have estimated that, a¢ least. 60-70% of their
Redundant in-h ing within the Earth syStems science communaity is exieasive. computing efforls are consumed in dealing with the complexities of networks, data formats,
The primary reason gwcn for abandoning OTS software in favor of in-house develop is because and opcrating sysiems, leaving very litile time and cacrgy for concenirating on scientific
available OTS sofiware (a) did not do what was required for specific applications and lacked analysis.
extwensibility and adaptability o modify it accordingly, (b) had a user interface that was
inappropriate or 160 cumbersome, (¢) was 100 expensive, or (d) was inefficient in its use of There are two solutions: h ize the i or make working
computer resources. Although most of these in-bouse application programs provide important within the heterogencous environment simple and transp:rcm The latter is more realistic for
features not availadle in other packages. cach of these deveiopment clforts probably contain both the present and the future. While it is important 1o develop and adhere 10 common data
50-75% redundantly programmed code. In other words, in order to provide the new formats, as well as siandards in opcrating systems, nctwork protocols, windowing
application-specific functionality, 1t was necessary 10 also redundantly devcloy funclionality environments, and graphics languages, it unreasonable 10 belicve thal our computing
that was already available in scveral other programs. C: ism of p environment could ever become, and remain, homogeneous. Therefore, in order to make
code has been helpful in some circumstances. but most of this code is too mnmalcly ued 10 the efficient use of our computing resources, it is vital that operating within this complex
environment of the original program, or limits the flexibility or functionality of the new environment become simple and less painful.
program. Considering that most of these in-house development teams consist of 1- 3
programmers, a considerable amount of effort is tcd in prog: g Y In cssence, a scientist should be able to pull an icon representing data over 10 #n application
that already exist. icon, and have the program operate regardiess of underlying complexities. The scientist sitting
on 3 Unix graphics workstation, for example, should not be required to deal with underlying
As i d above, the availability of more ible and flexible tools in the complexities resulting from the possibility ihat the data resides on a different computer, in 3
future may minimize, o some extent, the amount of in-house programming, and thus the formal i ible with the program, which possibly resides on 2 VMS-based
amount of redundant programming. The extent to which these and other OTS programming computer. Furthermore, the scientist should be able to request a :olm hardcopy or v:deo
environment will meer our future development needs is still uncerain. Huwevu there will animation, with little concern as to the underlying Iexiti in P g that
probably still be requirements i# the future for in-house icati pecific progr request,
The remaining problem then becomes how 1o reduce the amount of redundant programmmg
while meeting the requirement for application-specific programming within the EQS There is no technical reason why such a solution cannot exist today. In fact, present ¢fforts 10
community. The answer probably lics in a bination of hi hical and object-oriented provide Unix and DOS with a more Mac-like interface, as well as cfforts direcied toward object
development. oriented opcrating systems, arc all major advances toward this goal. Siill much emphasis and
effort is required, in order 10 move the scicalific computing community into such an
The dencfits of object-oriented prog g include the ity of modular c environment.
and the minimization, through abstraction, of complexities resulting from our hetcrogeneous
computing environment. Hicrarchical development implies that gencral components, whick
provnde funcuonahly common in many programs, be developed and made available 10 of New Techmigurs and €
PP pecifi efforts, thereby allowing these =rfor1s 10 concentraie on
providing val dded p rather than p 8. Although many of our immedialc aceds involve integraring present c:pabnhues into useful and
usable applicalion for scicntists, ihere is still a need to i investig and
of new techniques and corponcnis. In a few cascs, this may involve 2 new npproach to
Simplification of Camplex Heter Eaxir analyzing and visualizing dala and require d P of a program.
The NASA funded programs, Linkwinds, Interactive Image Spreadshect (1188), and VisAD, are
and p pecialist are i y required to operale in a complex examples of such.
8 P g . Data and applications exist on several computers
S/ N
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However, in most cases, the development of ncw techniques should not require development of
a complete application in order 10.be applied. Insicad, newer techniques, such as spectral
mixing, volume rendering algorithms, or accurate navigation routines, for cxample, should
instcad be developed as functional components or modules which can be added to existing
applications. Unforiunately, the lack of module programming and coordination of devclopment
in the past, has gencrally resulted in the development a new application aroufid cach mew
Adherence 10 obji iented programming principles and the use of extensible

software would our future cfforts and minimize the cost of leading edge
development.
E . i .

Many of the present challenges in placing npproprmc visualization (ools into the scientist's
hands are the result of a simple tack of cor ion and cd i Many scientists lack an
wnderstanding and appreciation of the imporiance of visualization in meeting their scientific
objectives, whilc others lack an understanding of the present limitations. Project managers
aren't certain whether visualization nceds exists and if these needs should be mel with COTS
software or in-hi Many pers lack @ true understanding of the needs of
the scientists and arc often frustrated when don’t appl the tools p to
them. In particular, hardware and software vendors must rely an their own restricied
capabilities for determining the present and future needs of EOS scientists, gencrally obtaining
a narrow view bascd on contact with a few select individuals. Even within NASA, itsell,
scientists, developers, and project managers are often unaware that efforts going on at other
centers or within other organizations, might be beneficial and applicable (o their own
activities.

Furthermore, scientists and specialisis, alike, arc often unaware of the existence and
functionality of many of the available tools that might be usclul 1o them. It is a very time-
consuming process to search out a specific tool that might serve one's need, to download or
order it, ins1all it on the hardware platform at hand, learn to operate it, get appropriate dats
in10 it, and then 1o et it for applicability to the scientific problem, at hand. I that 100! does
not meet the total needs, or in somce cases does not Mmeet the necds at all, then the search and
testing process must begin again or be abandonced. Scicatists and visvalization specialists
would benefit greatly from a system that not only informed them of the availability of
lpprupnaxc visualization 100ls, but oac that also provided them unbiased opinion and expert

in ing whether a given tool would meet their objectives. More than
simply a repository of programs and dara, scientists nced knowledgeable assistance.

Communication must improve both wuhm NASA and between NASA and its contractors And
vendors. Ofien, a lack of il is responsible for NASA ily ™

out for expertise”, rather than using expertise 1hat alrcady exist within other organizations of
NASA. EOS scientists must be made aware of 1ools that arc available to them, while
developers must become better informed of the immediate and future needs of the scientists.
Particularly if COTS software is 10 play a major role in mecting future needs, then vendors
must become more of 3 true parner in 1he process.

Distribution and Maintenance

The distribution and maintenance of application software is a significant challenge,
particularly with regard to NASA funded or public domain software. As an in-house
development project begins 1o reach 3 certain level of success. it is often faced with the
dilemma of limiting the distribution and supporl of the software, or rediretting funding and
manpower from development to support. Withoul the proper funding and mechanism for
assisting in the transilion from cxperimental o operational, distribution and wser support can
become a scrious drain on the project cffort. This results in cither poor uscr support or in
stagnalion of development and growth of the program. Under such conditions, younger
programs ofica never reach a usclfuf Ievel of matwrity, while older efforts become archaic do 10
Tack of program medification and upgrading.

In essence, 1here is a nced for assistance in transitioning experimental sofiware ino -
operalional phases, primarily Tor distribution and uscr-support cfforts, 1t is important that
distribution and support clforts be establishcd well before 3 program becomes completely
polished and documented. In addition, there should be a mechanism for diswributing
unsupported or modular code, since these are often of signili use 10 in-h pers.

In addilion, there are many public domain applications which can be of significant bencefit to
the EOS scicntific community. 1T these cfTorts do not continue 10 receive adequate funding for
product distribution, yscr support, and continucd developmenl, these projects are forced 10
cither dissolve or go commercial, often with disasirous results for the user and devclopment
alike. For applications found uscful for meeting NASA's scientific objectives, it is generally
more cost-effective 10 provide these projecis some level of support through licensing or
funding, than to replace the functionality of these program with in-housc development.

For COTS software, the major challenges lic primarily in the ability to test these programs
before buying, and in establishing proper mechanisms for Ticensing usciul software within a
distributed environment. Improved site licensing mechanisms, such as neiwork licenses,
floating licenses and “pay-Is-you-use” licenses, would be useful. In addition, rapid
procurcment of useful, tested COTS sofiware is essential.

CONCLUSIONS

Visualization is vital for mccnng lhe scientific objectives of the EOS mission. Although our
present suite of vi i is imp and powerful, the application sofltware
for puiting these capabilities inlo the hands of the scientist is, at present, inadequate. The

development of cxiensible, user-friendly, object-oricated sofl within the
software industry, is helping to increasc the probability that COTS software can serve as 2 core
for meeting many visoalization needs. However, there will siill be a need for in-house efforts

dirccted at extending and modifying these tools to meet application-specific requirements, and

for developing leading edge techniques and i nol available rom the
feont.

A follow-up rcport will investigate vizble options for mecting the visualization requirements of
the EOS mission in the future. These options will focus on two major objectives: increasing
the effective use of visvalization tools by scientists, and maximizing the rerurn on development
efforts.
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PARALLEL COMPRESSION OF SPACE
AND EARTH DATA

P

John Relf, Hillel Gazlt, Tassos Markas
(Research Assistant) - Duke University

Dl
6| 13dc, Jo,

SufHalte{de

cres w
quad Yo sire 4
The quad-tres rep! of the Multl-R Vector @
slgorithm which compresses data by dividing an Imagk block Into &
number of variable-size subblock , and ing i
using a quad-lres representation,

Y
asmon

\

UNIVERSITY OF ILLINOIS

RESEARCH

AISRP PROJECTS
e ——
PROJECT STARTING DATE
SPACE TELESCOPE SCIENCE INSTITUTE  July 1, 1892
UNIVERSITY OF ILLINOIS June 4, 1992
TEXAS A&M June 4, 1992
UNIVERSITY OF MARYLAND June 1, 1992

HUGHES AIRCRAFT COMPANY

UNIVERSITY CF COLORADOC, BOULDER

UNIVERSITY OF WISCONSIN, MADISON July 1, 1982
UNIVERSITY OF MARYLAND June 1, 1992
MASSACHUSETTS INSTITUTE OF

TECHNOLOGY June 1, 1992
BRANDEIS UNIVERSITY June 1, 1892
SPACE APPLICATIONS INTERNATIONAL

CORPORATION (SAIC) July 1, 1992
BOSTON UNIVERSITY July 1, 1952
UNIVERSITY OF COLORADO, BOULDER June 1, 1992

NATIONAL CENTER FOR ATMOSPHERIC

June 27, 1992
July 20, 1992

August 1, 1992

July 8, 1992 j

J \ .
™ s
PUTING
HIGH PERFORMANCE COMPUT ADDITIONAL RESEARCH TASKS
AND COMMUNICATION
—— =
George Washington University: John Sibert and Cindy Starr
PROJECT OFFICE 9/90 - 8/91 Computer Graphics for Scientific
Visualization
» To provide NASA Headquarters HPCC Dan Spicer
Project Office advice and support.
George Washington University: Rainald Lohner
10/90 - 9/92 Computer Codes for Simulation
I of 3-D Compressible Magneto~
= Project Coordination Hydrodynamic Flows
Dan Spicer
+ Technical Advice/ Consultation George Washington University: Burt Edelson and Hermann Helgert
11/90 - 9/31 Supercomputer Networking for Space
Sclenca Applications
« Administrative Assistance ACT Satellite
Penn State University: Eric Feigelson
Library Organization 5/90 - 5/92 Research Assistant: Michael LaValley
Improved Data Analysis in
Astrophysics
Personnel: . Stanford University: Philip Scherrer and Richard Bogart
Dr. Thomas Sterling 3/91 - 3/32 AstroMail Development: an Electronic
Mr. Michael MacDonald Mail System for the Astrophysics
Ms. Kimberly Dunn Community
Pat Gary
Brown University: Jeffrey Vitter and Paul Howard
\ / K Data Compression Algorithms
S . :
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N A
/ CONSULTANTS FELLOWSHIPS ®
« Noah Friedland, University of Maryland
Solving Inversion Problems in Atmospheric FUNDED BY CRAY RESEARCH INC.
Sounding
Working with Tony Gualtieri, Milt Halem, and - 1991/92 Douglas Smith, Carnegie Mellon
George Serafino at NASA Goddard University
(H.T. Kung, advisor)
« Dmitry A. Novik : .
Data Compression, Image Analysis and Channel Interr'nedlate Lang u?g e and Virtual
Efficient Coding Architectures for High Performance
Image Processing
Working with Jim Tilton & Manchar Mareboyana
at NASA Goddard
+ 1992/93 Kathleen Perez-Lopez, George Mason
- Etlaine Finger, Johns Hopkins University University
Using Neural Networks for Machine Labeling of (Arun Sood, advisor)
Satellite Data
Working with Richard Kiang at NASA Goddard Use of an Index/Browse Set of Images for
Database Management
- Leonard Dickens, University of Maryland
Development of the SPUDS and IIFS System of
the Intelligent Data Management Project
Working with Nick Short at NASA Goddard
J \. J/
N ™
f WORKSHOPS 6 / OTHER TASKS AND ACTIVITIES ®
— . Sy
- 1989 Computing Challenges in Managing Future : :l’egg ?iltT:.ls Ze](:roerrt“?;nes
Massive Image Systems * Have filled requests for 1200+ copies thru July 31,
Attended by 69 scientists and graduate 1992.
p . Have organized and presented Advances in
Computational Sciences Seminar Series, a joint
- 1880 The Role of Computer Science Research in ;ﬁfflss;;zf:fe??;g"d Computing Division series,
the Mission to Planet Earth ’
I - Data Compression Conference
:33‘;:‘:: ';‘,’, :iﬂ:;ﬁ:‘s‘s‘:&g{:d“a‘e *+ DCC'91 April 7 - 11, 1991, Snowbird, Utah
J people. Provided publicity, registration, and
on-site conference support.
. * DCC'92 March 24 - 26, 1992, Snowbird, Utah
- 1991 Workshop on Parallel Algorithms (WOPA) Provided publicity, registration, and
Provided monetary support for workshop on-site conference support.
held May 9 - 10 in New Orleans. + Peer Review Support for NASA New Research
Announcements
e * 1990 Applied Information Systems Research
1992 Scientific Data Management * 1892 Research in High Performance Computing
To be held September 25. Expect 40-50
\ participants. / \ j
J \ J

E 154



GI'HER TASKS AND ACTIVITIES ®

. Provide support to Minority University Space
Interdisciplinary Network (MU-SPIN) project.

* Provide halt-time administrative support for
Program Coordinator.

* Supported annual Working Group Conference in
September 1991,

* Will support Working Group Conference in
September 1992.

- Have provided access to work space and Sun
computers for varying periods of time for 16
visitors to NASA Goddard since September 1989.

/

/ NEW CESDIS DIRECTIONS ®

—rm——

Hire full-time CESDIS Associate Director.

Hire full-time CESDIS Staff Scientist.

More coordination of AISRP Projects.

Issue HPCC - CESDIS Call for Proposals.

Assist Earth and Space Science HPCC
projects.

Build ties with ESDIS development
(formerly EOSDIS).
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