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December 30, 1996

Dr. John H. Gibbons

Director, Office of Science and Technology Policy
Executive Office of the President

Old Executive Office Building

Washington, D. C. 20500

Dear Dr. Gibbons:

I am delighted to forward you the FY 1997 Implementation Plan for the High
Performance Computing and Communications Program. This document describes in detail
the activities planned by the twelve participating HPCC Agencies to advance the overall
objectives of the Program. '

The HPCC Program celebrated its fifth anniversary in October 1996, with an
impressive array of significant accomplishments to its credit, many of which are described
in this year’s report, “Advancing the Frontiers of Information Technology: Supplement to
the President’s FY 1997 Budget.” Both this report and the Implementation Plan have been
endorsed by the Committee on Computing, Information, and Communications R&D of
the National Science and Technology Council.

The detailed descriptions of the planned budgetary commitments are similar to previous
year’s plans and were determined through substantial interaction with the Office of
Management and Budget. This document will be made available to the public in printed
form and can also be accessed via the NCO World Wide Web home page at
http://www.hpcc.gov.

On behalf of all the participating HPCC Agencies, the knowledgeable professionals
serving in these agencies, and the many helpers and advisors from academia, industry, and
the public, please accept my thanks for your leadership of this effort.

Respectfully yd

CY

John C. Toole
Director
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High Performance Computing and Communications Program

FY 1997 Implementation Plan

1. Executive Summary

Based on the President’s budget request of over $1 billion, this document presents in detail the FY 1997
Implementation Plan for the Federal High Performance Computing and Communications (HPCC) Program.
Established by the High Performance Computing Act 1991, the Program is carried out by twelve Federal agencies.!
Throughout its existence, this Program has achieved extraordinary results relative to the original goals established in
FY 1992.

The Budget figures included in this Implementation Plan derive from a base of $489 million in place at the
beginning of the official Program in FY 1992. Additional funding was added over the following five years.

Since the HPCC Program is part of the Administration's R&D portfolio, program oversight is the responsibility of .
the National Science and Technology Council’s (NSTC) Committee on Computing, Information, and
Communications R&D (CCIC). In FY 1996, the High Performance Computing, Communications, and Information
Technology (HPCCIT) Subcommittee became the Computing, Information, and Communications R&D (CIC)
Subcommittee of the CCIC and is currently responsible for coordinating agencies' collaborative R&D activities.

The HPCC Program forms the core of the CIC R&D programs. Starting with this fiscal year, CCIC has reorganized
its collaborative programs into five Program Component Areas (PCAs) whose structure evolved from the five
components of the original HPCC Program (HPCS, NREN, ASTA, IITA, and BRHR)Z2. The PCAs are areas of high
priority investments by the Federal agencies that participate in the coordinated R&D programs. The PCAs and their
goals are: » 4

High End Computing and Computation (HECC): The goal of HECC R&D is to provide the foundation
for U.S. leadership in computing through investments in leading-edge hardware and software innovations,
and in algorithms and software for modeling and simulation needed to address Grand Challenge-class
applications. .

Large Scale Networking Technologies (LSN): The goal of LSN R&D is to assure U.S. leadership in
communications in high performance network components; technologies that enable wireless, optical,
mobile, and wireline communications; large-scale network engineering, management, and services; and
systems software and program development environments for network-centric computing.

High Confidence Systems (HCS): The goal of HCS R&D is to develop technologies that provide users
with high levels of security, protection of privacy and data, reliability, and restorability of information
services.

Human Centered Systems (HuCS): The goal of HuCS R&D is to make computing and networking more
useful through collaboratories, technologies that provide knowledge from distributed repositories, multi-
modal interactive systems, and virtual reality environments.

Education, Training, and Human Resources (ETHR): The goal of ETHR R&D is to support research
that enables modern education and training technologies, including technologies that support lifelong and
distance learning, and curriculum development.

1 DARPA, NSF, DOE, NASA, NIH, NSA, NIST, NOAA, EPA, ED, AHCPR, and VA. DOT may be added to the
Program later. .

2 High Performance Computing Systems (HPCS), National Research and Education Network (NREN), Advanced
Software Technology and Algorithms (ASTA), Information Infrastructure Technology and Applications (IITA), and
Basic Research and Human Resources (BRHR)
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Many applications span several PCAs, and numerous areas of research may contribute to more than one PCA. In this
document, descriptions of program activities for each agency indicate which activities contribute to which PCAs.

Research directions for the FY 1997 Program include the following:

In HECC, emphasis is being placed on system software technology for high performance systems-—especially
scalable clusters of shared memory processors. There is new emphasis on research on fundamental technologies
based on quantum effects and biological phenomena. There will be less emphasis on procurements of large-scale
experimental systems this fiscal year. Re-competition of the NSF Supercomputer Centers and the DOE High
Performance Computing Research Centers is taking place during this period. 3

In LSN, emphasis is on very high bandwidth optical, wireline, and wireless communications, very large aggregates
of very small processors, connectivity for large numbers of universities and schools, distributed cooperative
computing, and applications using computer-based patient records.

In HCS, agencies focus on the high performance aspects of system reliability, provability, and privacy of sensitive
unclassified data, with some emphasis on information security. As the importance of this area grows, additional
R&D activities will be supported to provide for computer based patient records, electronic commerce, and
emergency management.

In HuCS, emphasis is on human-computer interaction techniques, including interactive problem-solving, software
development technology, speech and document understanding, digital library technology, collaboratories, virtual
reality applications in telemedicine, remote operation of expensive and unique equipment, and technologies required
for remote collaboration.

In ETHR, closer cooperation between the NSTC Committee on Education and Training and the CCIC is planned.
Some of the prior year HPCC education and training budget has been redefined and is no longer considered part of
the HPCC crosscut. Education activities, such as supporting fellowships for advanced training in CCIC areas, are
still high priorities for the HPCC agencies. New efforts to bring health care to remote individuals is also a high
priority.

The world has entered the Information Age and the U.S. is leading the way. This leadership is due in large measure
to long-term Federal research and development in advanced computing, communications, and information
technology. The new CIC R&D programs will be key driving forces for advancing these technologies and their
application to a more secure and better life in 21st century America.

This Implementation Plan contains the details of FY 1997 HPCC Program activities reflected in the President’s FY
1997 budget request.

3 Re-competition of the DOE NERSC center was completed in FY 1996.

6
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2. Introduction

The High Performance Computing and Communications (HPCC) Program was formally authorized by passage, with
bipartisan support, of the High-Performance Computing Act of 1991 (Public Law 102-194), signed on December 9,
1991. The original Program, in which eight Federal agencies participated, has now grown to twelve agencies. This
Plan provides a detailed description of the agencies' FY 1996 HPCC accomplishments and FY 1997 HPCC plans.

HPCC activities are coordinated by the Computing, Information, and Communications R&D (CIC) Subcommittee of

the Committee on Computing, Information and Communications R&D (CCIC), one of the nine committees of the

National Science and Technology Council. This CIC R&D Subcommittee is the new name for the High Performance -
Computing, Communication, and Information Technology (HPCCIT) Subcommittee.

In FY 1991, before the formal start of the Program, the HPCC-related activities by the original eight agencies totaled
approximately $489 million—the Program’s original base level. The Program goals justified annual funding levels
_ that were expected to grow to approximately $1,500 million over five years. Although the funding has not grown to

this level, the Program has remained a healthy and vital mechanism for R&D in the enabling technologies required
for computing, information, and communications.

The overall funding profile for the HPCC Program, is as follows:

Fiscal Year Participating Change Original Change
. Agencies from Eight from
(Number of Agencies) (Dollars in Previous Agencies Previous
millions) Year (Dollars Year for
in Original
millions) Eight
FY 1992 Actual $ 655 +33.9% $ 655 +33.9%
(Eight Agencies)
FY 1993 Actual $ 795 +21.4% s 783 +19.5%
(Ten Agencies)
FY 1994 Actual $ 938 +18.0% $ 925 +18.1%
(Ten Agencies, IITA added) '
FY 1995 Actal $1,129 +20.4% $1,019 +102%
{12 Agencies)
FY 1996 Actual $ 1,043 -7.6% $ 949 —-6.9%
(12 Agencies)
FY 1997 President's $ 1,040 -0.1% $ 966
Request +1.8%
(12 Agencies)*

Section 3 of this Plan provides an overview of the HPCC Program. Section 4 contains more detailed definitions of
the Program Component Areas, with an emphasis on the overall directions and milestones planned for each PCA.
Appendix A provides a detailed look at HPCC Program activities within each agency.

4 The published FY 1997 President’s HPCC Budget also included funding for the Department of Transportation,
which is not yet part of the HPCC Program.

HPCC FY 1997 Implementation Plan 1




3. Program Overview

Through its goals and objectives, the HPCC Program provides the focus for the member agencies' planning,
implementation, and management of activities. Through collaborative coordination, the participating agencies seek
to leverage each other's activities wherever possible and to minimize redundancy in activities. However, funding for
each agency’s HPCC activities flows directly to the agency, and each agency has its own mechanisms to select and
evaluate projects funded under this Program. Published reports, workshops, meetings, and continuously updated
World Wide Web sites are used to distribute the results of HPCC research and to evaluate overall Program progress.

3.1. Goals and Objectives

The High Performance Computing and Communications Program goals are to:
Extend U. S. technological leadership in high performance computing and computer communications;

Provide wide dissemination and application of these technologies to speed the pace of innovation and improve
the national economic competitiveness, national security, education, health care, and the environment; and

Provide key enabling technologies for the National Information Infrastructure (NII) and demonstrate selected
NII applications

These goals are consistent with the goals of the CIC R&D programs, and will be realized by focusing the HPCC
activities within each of the participating Federal agencies and coordinating those activities among the participants.
Throughout the life of the Program, many important applications in government, academia, and industry have
required far greater computing capability than was available at the time, and that remains true today. The HPCC
Program will continue to accelerate the development of scalable computing systems that will have the capability (in
terms of computational cycles) and capacity (in terms of memory and communication speed) to address more of
these critical applications. It will also accelerate development of the supporting technologies, such as file storage
systems, computing environments, and network communications required for effective use of these systems. The
Administration's vision for a National Information Infrastructure (NII) makes unprecedented demands for network
connectivity, capacity, database availability, information management, access security, and ease of use. The HPCC
Program will continue to work with industry to create important elements of the technology base needed for a
universally accessible NIT and will use this technology to develop and demonstrate prototype National Challenge-
class applications. All of these activities depend on inventing more cost-effective approaches to developing and
maintaining scalable algorithms and software. Active support must be provided for developing a cadre of highly-
trained professionals capable of using these modern computing systems and networks.

3.2, Definition of Program Component Areas

The HPCC Program is organized into five Program Component Areas (PCAs) that cover a broad spectrum of
computing, information, and communications technology R&D supported by the Federal government. The PCAs are
areas of high priority investments by the Federal agencies that participate in the coordinated R&D programs. These
PCAs represent a new structure that evolved from the original components—High Performance Computing Systems
(HPCS), National Research and Education Network (NREN), Advanced Software Technology and Algorithms
(ASTA), Information Infrastructure Technology and Applications (IITA), and Basic Research and Human
Resources (BRHR). These original components were crafted more than five years ago and characterized the new
directions that were being explored in high performance computing and communications. Advances in knowledge
and the rapid pace of development of new technologies have necessitated new descriptions of the activities funded
under this Program. The PCAs are defined, briefly, in the following. More extensive definitions and characteristics
are given in section 4. '

High End Computing and Computation (HECC): ‘

HECC R&D is focused on continued U.S. leadership in high performance computing and computation. Investments
concentrate on leading-edge innovations in hardware and software such as storage and data technologies for high-
" end computing systems, experimentation with novel devices, development of system software technologies,
advanced simulation techniques, and fast, efficient algorithms for simulation and modeling. In addition, HECC
research supports exploration of advanced computing concepts in quantum, biological, and optical computing at
both the hardware and software levels. At the high end, these technologies enable distributed, multidisciplinary

]-IQCC FY 1997 Implementation Plan 2




computation-intensive, scientific and engineering applications. Scalable systems allow effective deployment of these
technologies to the workplace, school, and home.

Large Scale Networking Technologies (LSN):

LSN R&D will assure U.S. technological leadership in communications through R&D that advances the leading
edge of networking technologies and services. This includes advanced network components and technologies for
engineering and management of large-scale networks, both for scientific and engineering R&D and for other
purposes. Areas of particular focus include: (1) technologies and services that enable wireless, optical, mobile and
wireline communications; (2) networking software that enables information to -be disseminated to individuals,
multicast to select groups, or broadcast to an entire network; (3) software for efficient development and execution of
scalable distributed applications; (4) software components for distributed applications, such as electronic commerce, .
digital libraries, and health care; and (5) R&D infrastructure support and testbeds.

High Confidence Systems (HCS):

HCS R&D will provide users with high levels of security, protection, reliability, and restorability of information
services. Such systems are resistant to system failure and malicious penetration or damage and readily adapt or
respond to interference. These systems include both physical components, wired and wireless technologies, the data
they contain and transmit, and the software that manipulates these data. HCS R&D focuses on (1) system reliability
(such as management of networks under load, failure, or intrusion; emergency response; firewalls; secure enclaves;
and formal methods), (2) security and privacy (including personal identification, access control, authentication,
encryption and other privacy assurance techniques, public key infrastructures, and trusted agents for secure
distributed computing), and (3) testing and evaluation. Key applications include national security, law enforcement,
life- and safety-critical requirements, personal privacy, and protection of critical elements of the National
Information Infrastructure.

Human Centered Systems (HuCS):

HuCS R&D makes computing systems and communications networks more easily accessible to and usable by a
wide range of user communities. These communities include scientists and engineers, educators and students, the
workforce, and the general public. Technologies enabling such systems include: (1) “knowledge repositories” and
“information agents” for managing, analyzing, and presenting massive amounts of multimedia and multi-source
information; (2) “collaboratories” that provide access to knowledge repositories and that facilitate knowledge
sharing, group authorship, and control of remote instruments; (3) systems that enable multi-modal human system
interactions including speech, touch, and gesture recognition and synthesis; and (4) virtual reality environments and
their application to fields including scientific research, health care, manufacturing, and training.

Education, Training, and Human Resources(ETHR):

The focus of ETHR R&D is on education and training technologies. The goals of this education and training are to
produce (1) researchers and students in high performance computing, communications, information technologies,
and their application, and (2) a citizenry with the skills to compete and prosper in the 21st century's information age.
ETHR includes curriculum development, fellowships, and scholarships for computational, computer, and
information sciences and engineering. It includes the application of interdisciplinary research to learning
technologies, and R&D in information-based learning tools, lifelong learning, and distance learning for people in
remote locations.

3.3. HPCC Management, Planning and Organization

The HPCC Program is implemented as a partnership among Federal agencies, with strong involvement by U.S.
academia and industry. Program oversight and budgetary review are provided by the CCIC and its CIC R&D
Subcommittee. The National Coordination Office for Computing, Information, and Communication (NCO) provides
a central focus for interagency R&D activities and coordinates the activities of the HPCC agencies. The NCO also

~ provides an interface to Congress, academia, indusiry, and the public. John C. Toote, NCO Director and Chair of the
CIC R&D Subcommittee, reports jointly to the Director of Office of Science and Technology Policy and the
President’s Science Advisor, Dr. John H. Gibbons, and to the Chair of the CCIC, Dr. Anita K. Jones.
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The CIC R&D Subcommittee meets quarterly to coordinate agency HPCC Programs through information
exchanges, common development of interagency programs, and the review of individual agency plans and budgets.
The CIC R&D Subcommittee charters a Working Group for each PCA to coordinate activities in specific areas.
Currently active groups include:

e  The High End Computing and Computation Working Group, has evolved from the Scientific and Engineering
Working Group, and coordinates the development of systems software, software tools, and Grand Challenge
applications software. Grand Challenges are computation-intensive fundamental problems in science and
engineering with broad economic and scientific impact, in areas such as weather, climate, the environment,
manufacturing design, biomedicine, and basic scientific research. This Group is developing agendas for high
performance system software technology R&D and for high performance computing systems research.

e The Human Centered Systems Working Group has evolved from the Information Infrastructure Technologies
and Applications Working Group and is developing an agenda for R&D in human-centered information systems
and in distributed collaborative computing.

e Three other Working Groups have been formed, each also associated with a PCA—Large Scale Networking;

High Confidence Systems; and Education, Training, and Human Resources.

The Federal Networking Council (FNC) and the Applications Council also report to the CCIC. The FNC is a forum
for networking collaboration among Federal organizations operating advanced computer communications networks
to meet their research, education, and operational mission goals. The FNC bridges the gap between the advanced
networking technologies being developed by R&D activities and the ultimate acquisition of mature versions of those
technologies from the commercial sector.
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The CCIC Applications Council charter is to: (1) provide a forum for exchanging information between information
and communications R&D communities and applications communities that need advanced information and
communications technologies, (2) identify information and communications R&D needed for information
technology applications, (3) assess critical information and communications technologies needed by applications
(for example, security technologies), and (4) facilitate wider R&D collaborations on information and
communications applications. '

34. Selecting Projects for Funding

To minimize redundancy and encourage adequate funding of all HPCC areas, the CIC R&D Subcommittee works
with the agencies to define complementary areas of responsibility. Within each agency, the mechanisms used to
evaluate and fund activities differ. The HPCC agencies support R&D conducted by agency staff and researchers at
universities, in industry, and in national laboratories. Each agency that funds external (university- or industry-based)
R&D activities has a program to review and fund competitive, merit-based awards that are consistent with the
agency’s mission. Calls for proposals for these grants and contracts may be in the form of Broad Area
Announcements (BAAs), Requests for Proposals (RFPs), Cooperative Research and Development Agreements
(CRADAs), Cooperative Agreement Notices (CANs), etc. These receive wide distribution, including both electronic
means (e.g., electronic bulletin boards and World Wide Web sites onthe Internet) and traditional media (e.g.,
Commerce Business Daily). R&D projects are usually subjected to the peer review process to aid in selection of the
highest quality work and to ensure active participation by the research community.

3.s. Progress Measures

The Federal HPCC Program provides the stimulation and coordination essential to accelerate progress in R&D in
high performance computing, communications, and information technology. Success is measured using both
quantitative metrics, which characterize the capabilities of the technologies in these areas, and qualitative
characteristics, which attempt to capture the impact of using new information technologies in the Federal
government, academia, industry, and by the general public.

e Examples of quantitative metrics include peak or sustained computer speed (measured in billions of floating
point operations per second, “gigaflops”), data storage capacity (trillions of bytes, “terabytes”), the
computational time needed to solve a specific application problem, network communication speed (measured in
billions of bits per second, gigabits/s or “Gb/s”), and network deployment (number of HPCC nodes, number of
universities connected to the Internet through very high bandwidth network links).

e Examples of qualitative characteristics are greater national security, improved public health and safety, and a
cleaner environment.

One method for measuring Program progress is the establishment and subsequent review of yearly milestones
described in the next section. This document reports on milestones for three Fiscal Years. The FY 1995 milestones
are those that were accomplished by the end of FY 1995 (September 30, 1995). The FY 1996 milestones reported
herein are the expected accomplishments for FY 1996, based on Congressional appropriations. FY 1997 milestones
describe anticipated accomplishments, assuming Congressional appropriations at the President's requested level.
Achievement of these milestones depends on specific program activities that take place within the agencies. The
successful completion of these activity-specific milestones across all agencies meets the HPCC Program goals and
objectives. B

HPCC Program objectives and agencies’ project activity milestones are the primary measures of progress when
success can be measured quantitatively. When progress cannot obviously be measured quantitatively, qualitative
measures are used. One aspect of HPCC research is to identify and use effective measures of progress. Whether

_quantitative or qualitative, the HPCC Program works with program managers and technical reviewers to assess
progress.

3.6. Reporting Results and Interactions

At the individual project level, investigators present their results in workshops, conferences, and journal
publications. In addition, investigators rely on electronic means (such as the National HPCC Software Exchange) to
share and distribute software tools. At the agency level, periodic reports summarize the results of HPCC activities.
In addition, HPCC agencies’ Web sites provide direct access to the results of their research projects. The NCO has
established its own Web site that is linked to all of the agency-level sites.
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In FY 1996, the CIC R&D Subcommittee and its Working Groups (or their predecessors) sponsored the following
outreach conferences and workshops:

3.7.

“Computing Systems Briefings™” (October, 1995) in which major U.S. vendors gave briefings on technology
trends, R&D needs, and markets and products

“Electronic Payments Workshop” (November, 1995), which addressed interoperability of multiple electronic
payment systems

A workshop on “Federal Strategies and Programs in the Age of Information” at Supercomputing 95 (December

1995)

“Petaflop Architecture Workshop, PAWS” (April, 1996)
“PetaSoft Systems Software Summer Study (PetaSoft ‘96)” (June 1996)

Program Accomplishments

In 1996 the HPCC Program will complete its fifth year of interagency coordination. Its accomplishments include:

L

The R&D needed to address scaling issues of the Internet from the dozens of users when it was created to
several million users in 1996

Technologies underlying gigabit-speed networks that are a thousand times faster than networks available five
years ago. This high transfer rate is required for multimedia communications

Computing systems architectures, such as high performance scalable parallel systems and networks of
workstations, that provide computing speeds up to three orders of magnitude faster than those available five
years ago

Software that makes these communications and computing technologies easy to use for developing scientific,
engineering, and business applications :

Technologies that build upon this communications, computing, and software base:

Scientific visualization

Virtual reality

Internet access technologies
Digital libraries

Electronic commerce

Security and privacy technologies

Grand Challenge and National Challenge applications software that use these computing and communications
technologies to yield new knowledge and capabilities never before possible. Some of the areas are:

The environment—more accurate weather and severe storm forecasts; fundamental understanding of
the global climate; improved modeling of air and water resulting in better environmental quality and
better management of natural resources; better understanding of the effects of the environment on
humans and the effects of humans on the environment; and improved modeling of energy resources
Design and manufacturing—design of safer and more fuel-efficient engines for cars, trucks, and
airplanes; more energy-efficient homes, offices, and factories; new products that are lighter, stronger,
safer, and cheaper to manufacture and use and that have faster time to market

Biomedicine and health care—improved understanding of the human body and the effects of disease,
injury, and surgical intervention; better understanding of biological molecules; a more effective and
more efficient health care system; improved clinical decision making; and more accurate, uniform, and
retrievable patient care data

National security and national defense—improved civil and defense infrastructure including U.S.
transportation, energy, and communications systems; and protection of critical information systems
against attack and in times of emergency

Basic and applied research—better understanding of the physical world and the universe through
simulation of events too large, too small, too fast, too slow, too dangerous, or too far away to observe
directly :

Education—abetter educational, vocational, and cultural materials available to all citizens regardless of
age, geographic location, or ability

Government-supported information, including scientific data from HPCC agencies and Federal R&D
program descriptions, is freely and easily available to all citizens

The education and training of new generations of developers and users of these technologies (ranging from
researchers in science and engineering to students of all ages)
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Previous years accomplishments are also documented in:

e  “Advancing the Frontiers of Information Technology,” a Supplement to the President’s FY 1997 Budget

e “High Performance Computing and Communications: Foundation for America’s Information Future,” a
Supplement to the President’s FY 1996 Budget
“Federal HPCC FY 1996 Implementation Plan,” which details HPCC plans and budget crosscut

e A four-page flier that documents five years of HPCC accomplishments

These publications are available in print from the NCO and at the Program’s Web site www.hpcc.gov.
38. Program Oversight

The President has selected a High Performance Computing Advisory Committee of non-Federal members, -
including representatives of the research, education, library communities, network providers, and industry, who are
specially qualified to provide advice and information on high performance computing and communications. While
this Advisory Committee is now being appointed, representatives from academia, industry, and professional
associations have conferred with and advised the CIC R&D Subcommittee in several public sessions.

3.9. Agency Program Oversight

Detailed program reviews are also carried out by individual agencies via their management review structures,
including official advisory committees. This section highlights recent and current oversight and review activities and
describes existing review mechanisms within each of the agencies.

The Defense Advanced Research Projects Agency (DARPA) reviews its HPCC efforts at many different levels to
ensure consistent program evaluation in a dynamic R&D environment. Projects produce reports on a regular basis
that are reviewed by program managers. An annual process of updating accomplishments, milestones, and project
plans is tied to the incremental funding process. Site visits, project meetings, principal investigator meetings, and
regular interactions using the Internet as an information infrastructure enable DARPA staff to fulfill their program
management responsibilities. In addition, contracting details are handled by contracting agents that work with
DARPA as part of the program management process. Office directors and program managers develop plans and
milestones that are approved by senior management during the planning and budget cycle. New programs and ideas
are proposed during this process. In conjunction with yearly funding decisions by DARPA and DoD, senior DARPA
technical management critically review program areas, plans, and accomplishments. Guidance is provided to reflect
programmatic, technical, and funding directions. At the DoD level, programs are described through a formal process
that requires agency, DARPA Comptroller, DoD Comptroller, senior DARPA management, and senior DoD
approvals. Once approved, these descriptions become part of the Defense budget submitted to Congress for
approval. In addition to other internal Federal HPCC reviews, there are Congressional briefings, HPCC agency
crosscuts, technical working groups, DoD advisory panels, and several National Academy of Science studies that
contribute to the planning process. .

The National Science Foundation (NSF) HPCC program long-term goals and objectives consist of numerous
processes and mechanisms that contribute to the definition and review of the supported projects. In addition, more
specific goals and objectives are established for each of the activities within the program. The National Science
Board, panels and committees commissioned to study and recommend program activities, and external advisory
committees contribute primarily to the more general, long-term goals. The establishment of goals, objectives,
implementation mechanisms, evaluative measures, and the broader value of specific activities is accomplished
through such means as external peer review (mail reviews, panel reviews, and site visits), workshops for developing
- research agendas, programn committees of visitors, technical oversight teams, ongoing site visits by program staff
and outside experts, program officer review of final project reports, and the bodies of opinion held by the
community of researchers themselves. Evaluation of progress is integrated into the management process as
appropriate to each class of HPCC activities. Examples are:

e Federal Networking Council Advisory Committee for the Internet
e Directorate Advisory Committees
e Committee of Visitors for each research program
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The Department of Energy (DOE) HPCC program focuses on basic mathematics and computational research and
on developing and delivering technology for use by other scientists and engineers in DOE and associated U.S.
academia and industry. Performance evaluation is an integral part of these programs. Because of this focus, external
review by prospective users of the technology is a critical component of measuring performance. In previous years
this has been most explicitly present in the use of committees of users such as the ESNet (Energy Sciences Network)
Steering Committee and the ER (Energy Research) Supercomputer Users Group to evaluate the effectiveness of the
access and networking programs. Many of the education programs established under the DOE HPCC program have
evaluation built in. In software technology, employing prospective users of technologies as reviewers has ensured
that the technology developed is that reguired by users. DOE further formalized these procedures.to include
program-wide reviews of the basic technology components of the program by significant prospective users of those
technologies. These include reviews of effectiveness in all categories as well as specific numerical targets.

The National Aeronautics and Space Administration (NASA) HPCC program evaluations take place at several
levels. At the agency level, the NASA Advisory Council (NAC) has established the Ad Hoc Task Force on
Supercomputing, which completed a review and report on the NASA HPCC program. It is expected that other such
bodies will be permanently chartered under the Aeronautics Advisory Committee to advise the NASA HPCC
program. Within the program, annual comprehensive reviews are conducted for each of the projects. In addition to
appropriate NASA personnel, representatives from other Federal agencies, academia, and industry may be invited to
participate. Annual reviews of program progress and plans will also be conducted by the NASA HPCC Working
Group. In addition, quarterly reviews of the NASA HPCC program are conducted by program managers, the
associate administrator of aeronautics, and the director of the NASA HPCC Office.

The National Institutes of Health (NIH) HPCC program goals are enhancements of existing NIH program
missions to support biomedical science and expand biomedical knowledge. Program objectives are developed by
Institute Directors, advisory bodies, and senior program staff, and are peer reviewed for determination of merit.
Each of the participating NIH components has one or more standing external advisory committees that review new
and existing programs. These include the National Library of Medicine (NLM) Board of Regents, NLM Board of
Scientific Counselors, National Center for Research Resources (NCRR) Advisory Council, NCRR Biomedical
Research Technology Review Committee, the National Cancer Advisory Board, the National Cancer Institute
Division of Cancer Biology and Diagnosis Board of Scientific Counselors, and the Division of Computer Research
and Technology Advisory Council. The final decision regarding individual HPCC programs within sach of the
participating Institutes rests with the Director of that Institute. Within each of the participating NIH Institutes,
mechanisms exist to ensure objective evaluation of progress and results and identification of possible new activities.

The National Security Agency (NSA) reviews its HPCC support efforts on a yearly basis in several separate
reviews, A steering group composed of senior managers from the technical components provides high level
guidance prior to the formal budget process. The steering group receives individual project assessments from the
project managers and determines whether any major shifts or changes are needed to the NSA program. Senior
management has the flexibility to sponsor HPCC efforts in several budget reviews. Individual projects are proposed
and budgeted within the technical components, and are constantly evaluated by the project managers. Monthly status
reports are evaluated and meetings held with the project staff to ensure that the correct focus is maintained. During
the budget review cycle, the projects are evaluated and terminated or retained based on their performance,
importance relative to other initiatives, and priority based on the steering group guidance. New projects can be
proposed by the technical components each year during the NSA Technology Program review process.

The National Institute of Standards and Technology (NIST) has the National Academy of Science review
annually all the programs and activities of each operating unit, as part of its normal operation. Assessment includes
relevance, performance measures, and achievements. Consequently, programs and activities that are a part of the
Federal HPCC Program are subject to review and comments of an external panel of experts from academia and
_ industry. A written report is presented to the Director of NIST, the Administration, and Congress. Selection of
individual projects and subsequent progress reviews are conducted by the program manager. These are reviewed by
an inter-operating unit panel composed of senior managers for relevance to agency mission and the Program, and for
continued acceptable performance.

The National Oceanic and Atmospheric Administration (NOAA) HPCC Program supports and enhances NOAA

programs in environmental prediction and stewardship. Comprehensive NOAA science reviews of these programs
are held periodically. Quarterly reviews of NOAA HPCC program progress are conducted as an integral part of
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NOAA-wide quarterly reviews by the NOAA Administrator and other NOAA senior line and program managers. -
Overall NOAA HPCC program goals and plans are reviewed annually as part of the NOAA strategic planning
process.

The Environmental Protection Agency (EPA) HPCC program is focused on incorporating advances in computing
and communications technology into critical environmental assessment applications and transferring those advanced
tools to key state, Federal, and industrial users. EPA senior management officials review the EPA HPCC program
annually to assess its relevance to the agency mission and program achievements. Agency guidelines require an
external peer review of the EPA HPCC program every two years. The external review panel is composed of
representatives from other Federal agencies, academia, and industry. Within the program, each major project is
reviewed at least twice a year to evaluate progress toward the program objectives.

The Department of Education (ED) technology initiatives are focused on expanding the use of advanced computer
and telecommunication technologies to help students achieve challenging academic standards. ED has awarded 5-
year grants to 43 consortia of local school systems, colleges, universities, and private businesses to develop creative
ways to use technology for learning. These and other R&D efforts also focus on the needs of handicapped learners,
migrant students, and other populations with special needs, as well as to strengthen the links between home and
school, teachers and their colleagues, and students over wide geographic areas and among heretofore diverse
communities of learners.

The Agency for Health Care Policy Research (AHCPR) HPCC program focuses on health care technology
applications of computer based patient records, computerized clinical decision support systems, and patient care data
standards. These HPCC activities are predominantly technology applications support for promoting the development
and evaluation of systems to foster their economic and medical feasibility.

The Department of Veterans Affairs (VA) HPCC program focuses on data capture, information systems, local
area and wide area networks connecting a significant number of its member facilities, which includes 171 VA
medical centers, 362 outpatient clinics, 129 nursing homes, and 35 domiciliaries.

3.10. HPCC Planning Beyond FY 1997

The CIC R&D Subcommittee will continue to seek input and comment from academia, industry, other segments of
the government, and the public, through a wide range of interchanges.

The assessment of options and benefits that derive from continued efforts to stimulate computing and
communications technologies will be investigated by sponsoring a variety of workshops with technical experts and
potential users of these technologies. In FY 1996, the numerous HPCC-related workshops listed in section 3.6 have
been a part of that process. As an additional part of this process, the Subcommittee will actively seek comments on
this Implementation Plan.

Computing and communications are ongoing strategic enabling technologies. The HPCC Program provides
additional stimulation to accelerate progress in developing these technologies and in benefiting from their use.
Through broad input and extensive discussions both within and outside the Federal government, the CIC R&D
Subcommittee expects to develop a long-term R&D plan as well as detailed 1mplementatxon proposals that will
evolve naturally into a budget planning process. . y
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4, HPCC FY 1997 Budget Overview by Program Component Areas

This section presents an HPCC Program overview by agency by year by PCA. The presentation begins with the
proposed agency-level funding on which the planned activities are based. The following summary information is
presented for each PCA: _ :

Description of the types of activities included

Status report describing changes from FY 1996 and their possible future impact
List of milestones expected to be accomplished in FY 1997

Table of the agency activities supporting the area

4.1. Budget Planning Assumptions by PCA

Table 1 summarizes the financial planning information prepared by each HPCC agency for this Implementation
Plan. The “FY 95 Actual” column refers to the actual funds appropriated for that year. The “FY 96 Pres.” and “FY
97 Pres.” columns refer to the funds requested by the President in his budget request to Congress for those two
years. The “FY 96 Est.” column estimates the funds each agency will have been authorized to spend on HPCC as a
result of Congressional appropriations, effective as this Implementation Plan goes to press. The last five columns
break down the FY 1997 Presidential Request into the planned spending level for each of the five PCAs. These
breakdowns are subjective, since an activity may span several PCAs.

In Appendix A, the FY 1995 milestones identify actual accomplishments, and the FY 1996 milestones assume the
FY 1996 estimated funding level for each agency. The FY 1997 milestones assume the FY 1997 Presidential
Request funding level in each agency. All discussions of program status also assume these numbers.

Table 1A provides a comparison by PCA of funding in FY 1996 with FY 1997. Both tables are obtained from a
database that is constantly being updated as new information is obtained from the agencies about Congressional
action, agency funding redirections, etc.
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4.2 High End Computing and Computation (HECC)
4.2.1. HECC Definition

As defined in the FY 1997 Blue Book:

“HECC R&D is focused on continued U.S. leadership in high performance computing and computation. Investments
concentrate on leading-edge innovations in hardware and software such as storage and data technologies for high-
end computing systems, experimentation with novel devices, development of system software technologies, advanced
simulation techniques, and fast, efficient algorithms for simulation and modeling. In addition, HECC research
supports exploration of advanced computing concepts in quantum, biological, and optical computing at both the
hardware and software levels. At the high end, these technologies enable distributed, multidisciplinary computation-
intensive, scientific and engineering applications. Scalable systems allow effective deployment of these technologies
to the workplace, school, and home.”

HECC R&D investments are made in four key science and technologies areas: hardware, software, systems
architecture, and applications R&D. Hardware R&D includes low latency, high bandwidth memory technologies,
innovative mass storage concepts, and- fast, efficient logic devices employing new superconducting, optical,
biological and semiconducting materials technology. Software R&D includes innovative compilers, debuggers, and
fast, efficient algorithms for simulation and modeling. Systems architecture R&D is focused on scalable and
distributed operating systems. The applications area R&D includes support for centers for supercomputing and
advanced experimental computing systems architectures. R&D investments in all four areas are necessary to enable
development of the distributed, multidisciplinary computation-intensive applications mandated by future national
and international scientific, military, and commercial markets.

Many of the HPCC agencies support scientific mission-driven applications called "Grand Challenge” projects. These
projects span the spectrum of scientific problems from cosmology to quantum chromodynamics, to applications in
global climate modeling and protein folding. These projects involve available high end computing systems, such as
parallel vector processors (PVPs), symmetric multiprocessors (SMPs), and massively parallel processors (MPPs).
Grand Challenge projects depend on high performance compatible hardware and software, such as memories,
processors, mass storage, operating systems, program development and data management tools, and network
protocols.

Scalability is a very important consideration in HECC R&D. How well a mid-range computing system scales to a
high end computing system is of paramount interest. The challenge is to find a scaling process, such that market-
driven mid-range computing systems will scale in performance to the higher end systems in a cost-effective way.
The same mid-range program development and management models must be viable for the large end systems
necessary to meet the computational requirements of advanced problems associated with the Grand Challenge
projects. For clusters of SMPs to be effective in high end computing, the technologies and parameters associated
with software, storage, computing, and networking must scale in a fashion that minimizes costs and maximizes
computing power.

Very large scale parallel computing will eventually garner wide scale acceptance outside the scientific and
engineering communities by successfully addressing the following challenges:

¢ Developers of software tools and programming environments must keep pace with developers of advanced
computational hardware

®  An acceptable unified reference model for programming large-scale applications such as the Grand and post-
Grand Challenge projects must be developed

¢ Data management tools for large, diverse data sets must be developed

The consolidation and focus of research on the shared-memory programming model, as commercially delivered in
medium scale (fewer than 100 processors) SMPs, is one evolutionary method that addresses the first challenge.
Research should be focused on developing new hardware to overcome latency and transportable software
technologies that cost-effectively scale the SMP model to significantly larger numbers of processors across diverse
hardware architectures. The primary benefit will be to stabilize the underlying programming model for the
development of software tools and applications, enabling the software-developer community to more easily support
high performance systems.
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An important requirement for addressing the second challenge is a unified programming model that can be adopted
consistently across a wide range of architectures. The diversity of parallel architectures and associated programming
models has expanded our understanding of scalable computing, indicating the need for the generation of portable
software development tools, execution environments, and scalable applications. '

Large scale data management presents a third primary challenge to technological advancement in high performance
paraliel computing; the development of the storage hierarchy hardware technology, from petabyte tape robots to
large, fast on-chip memories. Effective data management demands systems engineering and integration of
components supplied by many vendors. Existing hardware components must be integrated into very large data-
intensive systems. Experience has shown that data management testbeds must be tested at full scale.

The Supercomputer Centers and High Performance Computation Research Centers provide some of the largest
systems of scalable SMPs available today for addressing large-scale applications. Researchers using these systems
are currently faced with the lack of versatile, portable programming environment tools needed to implement their
applications. Support for operating systems software and program development environments is an important thrust
of the HECC R&D activity.

High end computing also requires R&D focused on logic devices that will have delay-power products orders of
magnitude less than the delay-power products of current commercial devices. This can be accomplished by a
revolutionary redesign of the logic circuits and migration to a new materials technology. Some promising concepts
in the research stage include logic circuits based on semiconducting materials such as the III-V binary alloys. R&D
must be conducted on other novel materials, such as low and high temperature superconductors used for logic
circuits and memories. Other promising concepts are on- and off-chip interconnections based on guided optics that
employ wave division multiplexing, massive holographic optical memory devices, and other mass storage concepts.
Basic research must be done on innovative logic devices based on nanotechnology and biological materials that may
exploit the information contained in large molecules such as deoxyribonucleic acid (DNA).

4.2.2. HECC Status

Funds to support activities in High End Computing and Computation for FY 1997 total approximately $454 million,
compared to the FY 1996 Estimated budget of $451 million, an increase of 0.6%.

Effective in FY 1997, NSF has discontinued reporting as HPCC Program activities approximately $9 million in the
Supercomputer Centers’ budgets and approximately $16 million in activities in theoretical computer science—these
actions were recommended in the National Research Council’s Computer Science and Telecommunications Board
report reviewing the HPCC Program. However, new programs in Computing Systems make up for this decrease,
emphasizing fundamental research in the design and implementation of computing systems. NSF will initiate the
Partnerships for Advanced Computational Infrastructure (PACI) to provide access to high performance computing
for the academic research community at a level of one to two orders of magnitude greater than that typically
available at a major research university. NSF will begin a new, interdisciplinary initiative to apply massively parallel
computing using biological materials such as DNA. NSF plans to support research to determine how formal,
automated design techniques can be used to enable rapid advances in design for nanomanufacturing.

In DOE, new activities, such as the new Advanced Computational Testing and Simulation (ACTS) project, are
designed to provide simulations of difficult (even impossible) or dangerous experimental phenomena. DOE will re-
compete both the HPCRC and the Grand Challenges projects for a second phase. They will begin development of
software tools that are designed around the ACTS Toolkit interface definitions and integrate most critical existing
software tools into the ACTS framework. DOE plans to deliver high performance data management and archival
~ storage software to users of DOE high performance computer centers by integrating file systems of supercomputers

in access centers using the High Performance Storage System. DOE will also begin development of ACTS-enabled
applications development in compressible fluid dynamics, combustion, environmental chemistry, and materials
" sciences. This effort is coordinated with parallel development in DOE Defense Programs of ACTS-enabled
applications in weapons hydrodynamics and materials characterization and aging.

DARPA is developing new operating systems capabilities that include object management, high assurance, and

support for real time distributed applications. They are continuing their high performance language and compiler
research and developing advanced software environments. DARPA will provide scalable versions of widely used
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commercial engineering software, including MSC NASTRAN, leveraging scalable software library technology
available to the defense community.

NASA plans to support long-term HECC projects in high performance computing systems research and high
performance systems software and technology, in coordination with DARPA, NSF, and DOE. NASA’s Earth and
Space Sciences (ESS) scalable testbed will support the achievement of 50 gigaFLLOPS sustained on ESS investigator
codes. NASA is also interested in an end-to-end reduction in cost and time to solution for aerospace design
applications on distributed workstation clusters at 25% of the capital cost of a 1994 comparison base. In support of
this effort, NASA will develop commercially available systems software that provides high availability and
portability demonstrated in a large-scale production environment. '

NIH will continue use of high performance computer resources accessible through high speed networks to generate
biomedical images, support structure-based drug design, and perform large-scale computer simulations to elucidate
the structure and function of biological macromolecules including assemblies of macromolecules such as cell
membranes. The intent of the NIH program is to expand activities in high performance computing applications to
determine and predict the structure of proteins, apply computational chemistry to understanding of drug interactions
with enzymes and nucleic acids as a basis for discovery of new drugs, and develop new positron emission
tomography imaging methods.

NSA will begin a new initiative in materials, devices, and optoelectronics for very high communication rates and
computing. They will continue with the design of a uniform memory access supercomputer without a backplane,
seeking to improve processor-to-memory latency and bandwidth by an order of magnitude. They will continue
development of a superconducting crossbar switch and associated electronics.

NIST will stabilize and release a scalable parallel multigrid solver for unstructured adaptive grids and demonstrate
high-performance object-oriented libraries for sparse linear algebra on challenging applications.

NOAA plans to implement its ETA regional model (“ETA” refers to the type of vertical coordinate used in the
model) on one of its massively parallel systems. They will evaluate the model’s performance at several grid
resolutions and assess its potential for use in operational forecasting and for updating real-time experimental forecast
models to support nesting: NOAA’s National Centers for Environmental Prediction (formerly the National
Meteorological Center) plan to use scalable high performance computing systems to enable future improvements in
operational weather forecasting and to initiate algorithm development on scalable systems with the goal of achieving
5-10 kilometer resolution in mesoscale atmospheric models.

4.2.3. HECC 1997 Expected Milestones

¢ Demonstrate 100 gigaops/cu. ft. militarized high performance computing systems

High performance CAD demonstration of 64 Mb/s CMOS wireless transceiver

¢ Demonstrate advanced object management systems integrated with operating systems and applications to
achieve efficient use of memory while enhancing execution speed

e Demonstrate high-level, portable parallel test generation system with fully-integrated, parameterized,
constraint-driven design libraries, including portable software templates for teraFLLOPS scalable testbeds

» Demonstrate initial multisite collaborative design research environment for integrated circuit process simulation
and remote experimentation over the Internet, using advanced software environment that supports composition
tools for composing software, integration, and software development and testing using animation techniques

¢ Demonstrate optimizing compilers with 5-10 times runtime performance improvement through partial
compilation and late optimization during program execution

e Demonstrate real-time distributed operating systems for embeddable high performance computing systems
Demonstrate integrating testbed architecture incorporating advanced distributed simulation, advanced
distributed collaboration, advanced communications and control, and advanced human computer interfaces

¢ Demonstrate initial capabilities of intelligent information services architecture with multiple mechanisms for
describing resource capabilities and with a uniform interface to hybrid search methods for resource retrieval

¢ Demonstrate systems for coordinating sets of workstations as a single computing system and demonstrate
scalability from distributed workstation clusters to teraFLOPS supercomputers on the identical technology base

* Demonstrate end-to-end reduction in cost by a factor of four and in time to solution by a factor of five for
aerospace design applications on heterogeneous workstation clusters
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4.3. Large Scale Networking (LSN)
4.3.1. LSN Definition

As defined in the FY 1997 Blue Book: _

“LSN R&D will assure U.S. technological leadership in communications through R&D that advances the leading
edge of networking technologies and services. This includes advanced network components and technologies for
engineering and management of large-scale networks, both for scientific and engineering R&D and for other
purposes. Areas of particular focus include (1) technologies and services that enable wireless, optical, mobile, and
wireline communications; (2) networking software that enables information to be disseminated to individuals,
multicast to select groups, or broadcast to an entire network; (3) software for efficient development and execution of
scalable distributed applications; (4) software components for distributed applications, such as electronic
commerce, digital libraries, and health care; and (5) software for infrastructure support and testbeds.”

Existing network transport protocols are very successful in enabling data transport across heterogeneous systems. In
addition to this basic level of service, interoperability requires higher level functions that include partitioning,
placement, migration of applications into distributed components of communications, computation, and storage, and
the allocation of system resources to their execution. As servers and-their caches of information move through the
network to different host systems and adapt under different service loads, applications must be able to discover their
location. Applications will need to locate and access global libraries of multimedia objects. As the various national
information infrastructures aggregate into a true Global Information Infrastructure, more reliable mechanisms for
cooperative authentication, resource allocation, and charging are needed.

Components for high-level object services must be designed to be highly adaptive and composable. Reliable
mechanisms are needed, especially in a complex inter-networked environment, to locate and register object services
and to certify object and service functionality. More capable scripting and agent services are needed to describe and
execute arbitrary tasks. Competent high-level support services are needed to create, publish, record, disseminate, and
protect digital objects, such as multimedia documents. To insure that objects interoperate, new technologies such as
mediators and wrappers are needed, as well as frameworks that support interoperability through common object
protocols, interfaces, and adapters. This research includes the development and implementation of Asynchronous
Transfer Mode (ATM) and Wavelength Division Multiplexing (WDM) technologies.

In order to rapidly and accurately analyze varied information, technologies must be developed to enable the rapid
correlation of collections of multimedia objects physically distributed across different repositories, which may be
geographically dispersed. This requires the development of the next generation of object (data and computation)
retrieval, filtering, indexing, and digital library technologies. These technologies will enable personal adaptive
information spaces critical for:

scientific analysis environments

remote instruments

remote computational models of physical phenomena

complex system and product design and analysis environments
business trend analysis and filtering

Information brokering refers to the storage of information, whereas analysis deals with the retrieval of information.
Technology for information brokering must be developed to make it significantly easier to author new kinds of
information objects and to charge for the access and use of such objects. This includes tools for group authoring,
annotation of objects, and collaboration on evolving objects. An important form of brokering service will be
recording and sharing annotated navigation paths through the network, in order to provide value-added summaries
. of the materials available.

43.2. LSN Status

Funds to support activities in Large Scale Networking for FY 1997 total approximately $260 million, compared to
the FY 1996 Estimated budget of $284 million, a decrease of 8.5%.

DARPA plans to develop advanced multicast-based services to include refinements of collaboration systems and
autonomous network processes. Emphasis will be placed on developing transport protocols, reference
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implementations, and demonstrations of applications such as real-time image understanding, target recognition, and
autonomous navigation for reconnaissance and surveillance. DARPA, in collaboration with other agencies including
NSA, will continue to develop an ATM network, with demonstrations of multimedia workstations and parallel
computing technologies for medical imaging and scientific visualization. They will continue the development of
optical switching and WDM devices to support up to 10Gb/s data rates. DARPA will finalize network control and
management strategy of the WDM network and demonstrate WDM in a field trial at ATDnet. DARPA will deploy a
reference implementation of a common base set of network infrastructure protocols and services necessary for
secure and reliable network operation. Programs include wireless communications and wireless network access.

As a result of ongoing privatization, NSF will reduce support of commodity-level network services to educational
institutions, and increase support of very high bandwidth services which focus on experimental applications of high
bandwidth networks and international networking. Among the applications areas targeted for emphasis at NSF are
distributed high performance computing, information based learning technologies, remote visualization and
imaging, and tele-collaboration. NSF will support software systems research to enable the seamless convergence of
computing and communications leading to a transparent information processing system. NSF will also support new
applications of very high bandwidth communications demonstrating the integration of research and education. There

will be increased emphasis on wireless communications and wireless network access, and on very broadband

networks including optical networks.

The NASA projects formerly classified as IITA projects will all be completed in FY 1997, and no new projects in
IITA will be started. NASA intends to upgrade the interconnect between the ESS and CAS testbeds to 622 Mb/s.
They will demonstrate network technologies needed for network management, cost accounting, security, and
support of high performance applications in the NII.

The Digital Library projects, a joint research initiative with NSF, DARPA and NASA, will continue; related new
work in very large databases and knowledge repositories will be supported.

DOE will prototype a system allowing multiple commercial building monitoring and operations from a single
remotely sited control room. ESNet bandwidth services will be upgraded as budget allows, to support high speed
Program Integration and Advanced Computational Testing and Simulation applications.

NSA will continue to develop LIGHTNING, a project to provide support for a WDM testbed. It will also develop an
optically addressed spatial light modulator and complete development of the superconducting crossbar switch and
associated electronics. It plans to transition out-of-band network control for ATM to multi-wavelength overlay
terminal devices in anticipation of FY 1998-1999 testing of multi-wavelength switching devices on the ATDnet
testbed multi-wavelength overlay. NSA will begin implementation and multi-network testing of interoperable
network management over ATDnet and attached networks.

NIH will continue funding projects promoting the application of HPCC technologies to health care, the evaluation of
telemedicine, and the testing of methods for protecting the privacy of electronic health data. There will also be a
special emphasis on R&D for computer-based patient records and public health applications of the NII. NIH will
deploy new capabilities for automatic source selection and for retrieving and sorting information from multiple
databases both within the Internet Grateful Med and Unified Medical Language System (UMLS). The scheduled
increase in the number of funded genome centers will increase sequence data output to greater than 500,000
sequences per year. One of the goals of the program is to bring 3,000 health care institutions on to the Internet.

NIST will collaborate with industry and standards bodies to support the specification, development, validation, and
testing of standards and interoperation of conforming products. NIST will initiate R&D related to passive optical,
non-ATM networks and R&D related to coding and compression, and related testing technologies for wireless

. networks.

The VA intends to develop and test an interactive voice response system to enable access to information from
existing VA computer systems 24 hours a day, 7 days a week. They will test and select clinical and administrative
projects for migration to multiple facilities and develop a prototype epidemiological server for use by clinicians and
clinical researchers. VA intends to enhance and test its Computerized Patient Record System.
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4.3.3. LSN 1997 Expected Milestones

Demonstrate transport protocols for multi gigabit networks

Demonstrate wide-area 40 Gb/s and lab-prototype 100+ Gb/s electro-optical transmission and switching
systems

Demonstrate integrating testbed architecture incorporating advanced distributed simulation, advanced
distributed collaboration, advanced communications and control, and advanced human computer interfaces
Demonstrate initial capabilities of intelligent information services architecture with multiple mechanisms for
describing resource capabilities and with a uniform interface to hybrid search methods for resource retrieval
Demonstrate a virtual reality advancement to allow a CAVE-to-CAVE interaction of at least twenty minutes

" Demonstrate WDM field trial at ATDnet with the final phase field trial at San Francisco Bay area

Demonstrate integration of digital library technologies with remote sensing demonsirations

Demonstrate completed Remote Sensing Database Applications over the Internet

Demonstrate electronic switching of individual data flows at 2.4 Gb/s data streams

Demonstrate a Gb/s Internet capability by connecting Gb/s ATM networks with a Gb/s IP router, with
individual data flow of 2.4 Gb/s over same

Demonstrate as a system a soliton source and transmission, driving a couple of all-optical soliton-based logic
gates, including the optical synchronization of the soliton transmission with the logic gate soliton signal
Demonstrate bandwidth-adaptive multimedia node for mobile computing

Demonstrate transparent application relocation within a mobile environment
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4.4. High Confidence Systems (HCS)
4.4.1. HCS Definition

As defined in the FY 1997 Blue Book:

“HCS research will develop technologies that provide users with high levels of security, protection, reliability, and
restorability of information services. Such systems are resistant to system failure and malicious penetration or
damage and readily respond to interference by adaptation or recovery. These systems include both physical
components, wired and wireless technologies, the data they contain and transmit, and the software that manipulates
these data. HCS R&D focuses on (1) system reliability (such as management of networks under load, failure, or
intrusion; emergency response; firewalls; secure enclaves; and formal methods), (2) security and privacy (including
personal identification, access control, authentication, encryption and other privacy assurance techniques, public
key infrastructures, and trusted agents for secure distributed computing), and (3) testing and evaluation. Key
applications include national security, law enforcement, life- and safety-critical requirements, personal privacy, and
protection of critical elements of the National Information Infrastructure.”

High confidence systems imply a level of reliability, privacy, and security necessary for a wide variety of
applications, including:

National defense secure systems
Electronic commerce

¢ Remote operation of scientific instruments such as synchrotron light sources, telescopes, surgical instruments,
undersea and outer space vehicles, and data collection systems

s Health care patient record exchange systems and telemedicine

Fields of high confidence systems research include fault tolerance, real time operation, security, and functional
correctness. HCS research requires integrating these fields and creating standard metrics for properties such as
safety, security, performance, and reliability. Developers need theories and tools to predict the confidence of
different architectures to be able to use high confidence methods to compose high confidence components. The
limits of composability must be explored to determine if there are collections of high confidence properties (e.g.,
security and performance) that cannot be derived from compositional principles.

A challenge is to develop an integrated security fabric in which trusted components can interact closely and rapidly,
while mutually suspicious agents can cooperate through security gateways. Central to this challenge for security is
scalability of such an integrated security fabric. Scalability is also critical for other properties of high confidence
such as performance. Methods and tools such as automated and semi-automated verifiers have not been
demonstrated for complex distributed systems, and as systems get ever more complex the issue of scalability
becomes critical. :

Mechanical verification tools already used for verifying important kernels must be extended to make them easier to
use and interoperable for distributed operating systems. Research support for the development of educational
programs for safety-critical systems is of vital importance. Areas once considered separate (safety, security,
functional correctness, performance in real time, and fault tolerance) are parts of this emerging area. To improve the
educational environment for high confidence systems, industry, government, and academia must organize curricula,
case studies, electronic textbooks on the Internet, and shared software.

The HCS research includes support of the development of a suite of prototypical high confidence system
specifications so that students in different universities can work on similar sets of reasonably realistic problems. This
requires research into formulating the problems representative of problems faced in industry and government that
. are simple enough that students can develop at least partial solutions in a year.

A high confidence system has clearly defined usage and environmental parameter ranges. The benefits from using
the system must exceed the costs of non-use, failures, and misuse. The user community must have a high level of
confidence that a system will not perform incorrectly due to system errors, faults in the environment, or attempts to
compromise the system. New technologies developed to ease the creation of critical high confidence systems can
also be used to increase confidence and trust in all computing systems.
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44.2. HCS Status

Funds to support the HPCC portion of activities in High Confidence Systems for FY 1997 total $32 million,
compared to the FY 1996 Estimated budget of $30 million, an increase of 6.7%.

DARPA will demonstrate a prototype scalable operating system that incorporates high assurance capabilities for the
Information Survivability program. They will also deploy a reference implementation of a common base set of
network infrastructure protocols and services necessary for secure and reliable network operation.

NSA will release an expanded Synergy prototype including enhancements and improvements derived from
collaboration with vendors and universities, to influence the design of commercial operating system development.

DOE will design and demonstrate adaptable high speed distributed computing communication libraries with
multiple security and authentication, as well as performance, mechanisms.

NIST will begin an initiative in improved methods for software engineering, making use of powerful,
mathematically-based techniques for analysis and synthesis of software systems. The goal is to establish laboratory
facilities to conduct R&D and assess candidate technologies that support automated testing and integrated software
engineering. NIST will also initiate R&D in coding and compression, as well as related testing technologies for
wireless networks.

VA will expand testing of the Nationwide Authentication, Authorization, and Encryption Services to allow secure
transmission of medical data across unsecured telecommunication links such as public networks, phone systems, and
the Internet.

4.4.3. HCS 1997 Expected Milestones .

¢ Demonstrate a prototype scalable operating system that incorporates high assurance capabilities supporting real-

~ time, distributed, and limited fault-tolerant scalable computing applications

* Demonstrate and make available higher assurance components for distributed operating systems
Develop architectures for high speed key management processors or servers

¢ Demonstrate an extended set of interface protocols and integration capabilities for the design, planning, and
production of mechanical production

e Publish an extended series of interface specification documents for integrating software for menufacturing
applications
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4.5. Human Centered Systems (HuCS)

4.5.1. HuCS Definition

As defined in the FY 1997 Blue Book: \

“HuCS R&D makes computing systems and communications networks more easily accessible to and useable by a
wide range of user communities. These communities include scientists and engineers, educators and students, the
workforce, and the general public. Technologies enabling such systems include: (1) “knowledge repositories” and
“Information agents” for managing, analyzing, and presenting massive amounts of multimedia and multi-source
information; (2) “collaboratories” that provide access to knowledge repositories and that facilitate knowledge
sharing, group authorship, and control of remote instruments; (3) systems that enable multi-modal human system
interactions including speech, touch, and gesture recognition and synthesis; and (4) virtual reality environments
and their application to fields including scientific research, health care, manufacturing, and training.”

“Knowledge repositories” are huge electronic databases that are being created for access by users ranging in size
from small groups to the general public. The content is multimedia (text, voice, images, and video), and the data
reside on distributed heterogeneous computing systems that use different database management software. There is a
critical need for tools to manage these databases, as well as for “information agents” to analyze the data and present
the results of this analysis most effectively. Analysis technologies include document translation and understanding.
Technologies required for presenting these data and analyses include visualization, audio, and touch, and need to be
selected by a user based on personal preference or need. Technologies that allow the user to interact with the
information include virtual environments and telerobotics.

Collaboratories, which permit geographically distant people to work together and to use remote resources as if there
were no geographical separation, build upon knowledge repositories and information agents. Collaboratories also
require new technologies for creating multimedia information (for example, middleware for group authorship) and
for controlling remote instruments that will enable researchers to access scarce and expensive research resources
from their desktops.

Although today’s graphical user interfaces are designed for a well-trained and unimpaired individual seated in front
of a desktop monitor and keyboard, tomorrow’s diverse user population requires user-friendly interfaces that are not
only easy for the novice or infrequent user to use—regardless of physical ability, education, and culture—but remain
powerful and productive for the expert. Enhanced Braille interfaces are needed by people who cannot see, and eye-
tracking technologies can be employed by people who cannot type. To this end, HuCS technologies will enable
speech recognition and synthesis, as well as recognition by facial expression, touch, and gesture. Human-centered
application development environments will allow users to tailor services and applications to meet individual needs.
Other areas of HuCS research include interfaces to support computing systems embedded in household appliances
and in wireless hand-held and wrist-mounted devices.

Virtual environments are a requirement for innovative knowledge presentation and collaboratories. They are
interactive, computer-generated multi-dimensional models of real or artificial worlds designed so that the user's view
of the environment changes in real time in response to user control. This control of viewpoint induces kinesthetic
depth perception in which a user can perceive and interactively change a virtual world through direct manipulation
of virtual objects in the environment. Intelligent real-time response and multi-dimensional sensory information can
facilitate explorations involving complex tasks in science, medicine, and manufacturing. High-quality sensory
information—that derived from sight, sound, and touch—is generated by computing systems and delivered to users
by special interface devices. These devices provide the sensation that a user is interacting with an environment just
as that person would interact with the real world, and in addition employ “intelligence amplification” to expand
decision-making capabilities.

Virtual laboratories are virtual environments that facilitate scientific research by enabling interactive exploration in a
three-dimensional environment of large, complex sets of muiti-dimensional data. These data may be produced by
modeling or simulation (for example, computational fluid dynamics used to model the flow of air or water), or may
be empirical data (for example, from on-line experiments feeding observations to the researcher in real time), or
both. This interactive exploration capability will enhance significantly the ability of the researcher to observe and
understand scientific phenomena.
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Virtual environments promise to foster faster and more effective learning. By tailoring virtual worlds to specific
educational or training tasks (for example flight simulators), people can be trained to use complex and costly
equipment without acquiring that equipment or putting equipment and trainee at risk. Virtual laboratory
_ Infrastructures can be easily adapted to educational purposes.

HuCS R&D in the area of virtual environments will include immersion in simulated environments, advanced
modeling and simulation technologies, and group collaborations in virtual spaces. Expert systems that aid in the
design of virtual environments are also required, so that complex environments appropriate to a specialized task can
be automatically constructed. High quality visual displays, and possibly high-quality force and touch displays are
required. Augmented-reality-based systems will require very accurate tracking and methods to closely align the
virtual environment with the real world. Highly portable, wearable, virtual environment systems must be developed
to support product maintenance in the field.

Used in knowledge presentations, collaboratories, and virtual environments, visualization systems and tools for
multimodal presentations are key HuCS technologies. Advances are needed in feature classification, comparative
visualization for trend analysis, merging of multisource data for visualization, combining data from multiple
disciplines for visualization, integrated visualization of both source data and analysis products, and visualization for
the blind.

Telemedicine consultation and treatment allows the patient and health care practitioners to be in different locations
while the patient is examined, diagnosed, and one day treated remotely. In such activities, images and data from
diverse medical instruments (for example, Magnetic Resonance Imaging, X-ray, and sonograms) will be integrated
and displayed in a three-dimensional environment. In the longer term, remotely operated surgical robots may be
used to perform operations, including unusual, difficult, or time-critical operations such as on a battlefield. Such
technologies require substantial improvements over current HuCS technologies, including data management,
accurate registration of remote instruments, and very accurate visual, touch, and force displays and tracking systems.

Other application areas include battlefield management and planning, emergency management, multi-government
interactions, and industrial competition and collaboration. In each of these areas, human centered systems can’
provide an information-rich overview of highly complex situations involving many participants. HuCS technologies
can be used to simulate these applications for training and evaluation purposes and to use real-time input to monitor
actual situations for situation awareness and decision making. These applications also require special authoring tools
for creating and maintaining simulations and the ability to partition a simulation into hierarchical levels of detail. In
- product manufacturing, for example, these technologies can support the total life cycle of a manufactured product,
resulting in improved design, development, testing, manufacture, training and use, and maintenance and repair.

4.5.2. HuCS Status

Funds to support activities in Human Centered Systems for FY 1997 total $249 million, compared to the FY 1996
Estimated budget of $188 million, an increase of 32%.

Major activities are reflected in DARPA programs in Intelligent Systems, where the intent is to develop modular
human language technologies to support easy, low-cost, rapid technology transfer and application development for
document understanding, machine translation, and speech understanding. In the Intelligent Integration of
Information area, DARPA will support the development of tools and techniques to enable the rapid construction of
information fusion, aggregation, and summarization software. DARPA will extend and evaluate large-scale
statistical modeling, machine learning, and knowledge representation methods for spoken and written language
understanding and develop hub formalization that will infuse existing programming languages with new advances in
formal methods. They will continue the experimental evaluation of design technology for high performance
. computational prototyping of systems.

NSF, NASA, and DARPA will continue the Digital Library projects. This research seeks to develop real-time image
understanding algorithms for use in image registration, target recognition, and autonomous navigation for ground
level and overhead reconnaissance and surveillance and to implement initial tools and toolkits for development and
evaluation of highly interactive, agent and dialogue-based human computer interactions.

The NASA IITA program, which includes some HuCS activities, will be completed in FY 1997. NASA, working
collaboratively with other Federal agencies whose primary focus is HuCS, will continue to invest in the area of
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Human Centered Systems using expertise from its Information Technology Center of Excellence. These investments
will be through some of NASA's more traditional efforts such as computational aerosciences.

NSF will increase support for research in information-based learning technologies with the potential to transform
education at all levels in the 21st century and form a new enabler for the integration of research and education.

NSF will initiate the multi-agency program STIMULATE (Speech, Text, Image, and MULtimedia Advanced
Technology Effort) in order to understand multimodal human communication and apply it to computer technology.

NIH will continue its Telemedicine and Visible Human programs and develop and test a graphical user interface for
an existing medical imaging system. NLM will begin projects for the full object identification of the Visible Human
data sets. NCRR will define the requirements to establish and evaluate two or three collaboratory testbeds (possxbly
with NSF and DARPA as partners).

DOE will provide a prototype integrated, distributed multimedia scientific visualization environment for HPCC
researchers by integrating existing collaborative tools into a virtual Laboratory Framework.

NIST will support projects on models, architectures, conformance testing and collaboratory technology supporting
manufacturing integration, information metrology, and improvement in the aCCCSSlblhty of standard reference data
and algorithms for scientists, educators, the workforce and the public.

ED’s National Institute on Disability and Rehabilitation will continue funding of 15 continuing and one new
Rehabilitation Engineering Research Centers (RERCs). These centers support programs designed to conduct
research, demonstration, and trammg activities. RERCs focus on issues deahng with rehabxhtauon technology,
including rehabilitation engineering and assistive technology devices and services.

AHCPR supports research into the barriers to a successful installation of comprehensive health information systems,
emphasizing the speed, cost, and human factors that affect success—to accelerate the transfer of computer-based
information technology. They will evaluate the medical effectiveness and economic impact (cost benefits) of
automated clinical decision support systems in diverse health care settings.

4.5.3. HuCS 1997 Expected Milestones

o Demonstrate integrating testbed architecture incorporating advanced distributed simulation, advanced
distributed collaboration, advanced communications and control, and advanced human computer interfaces

e Demonstrate enhanced feature, real-time distributed operating systems for embedable high performance
computing systems _

¢ Demonstrate initial capabilities of intelligent information services architecture with multiple mechanisms for
describing resource capabilities and with a uniform interface to hybrid search methods for resource retrieval

e Demonstrate initial multisite collaborative design research environment for integrated circuit process simulation
and remote experimentation over the Internet

e Demonstrate feasibility of utilizing advanced software environment that supports composition tools for
composing software, integration, and software development and testing using animation techniques in military
environment
Demonstrate desktop virtual reality for Earth and Space Science Investlgator applications
Implement the prototype for the complete second National Health and Nutrition Examination Survey
(NHANES II) image data base

e Demonstrate and evaluate new applications for prototype systems of virtual environments for scientific
instruments

 Demonstrate an extended set of interface protocols and integration capabilities for the design, planning, and
production of mechanical systems

e Develop and demonstrate modular human language technologies to support easy, low cost, rapid technology
transfer and application development for document understanding, machine translation, and speech
understanding

e Develop and demonstrate high performance, collaborative, knowledoe -acquisition tools for problem solving
tasks and decision aids

e Initiate new, inter-disciplinary research projects in STIMULATE across several agencies
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4.6. Education, Training, and Human Resources (ETHR)
4.6.1. ETHR Definition

As defined in the FY 1997 Blue Book:

“The focus of ETHR R&D is on education and training technologies. The goals of this education and training are
to produce (1) researchers and students in high performance computing, communications, information technologies,
and their application, and (2) a citizenry with the skills to compete and prosper in the 21st century's information
age. ETHR includes curriculum development, fellowships, and scholarships for computational, computer, and
information sciences and engineering. It includes the application of interdisciplinary research to learning
technologies, and R&D in information-based learning tools, lifelong learning, and distance learning for people in
remote locations.”

One major goal of the CIC's R&D program is accelerating the use of high performance computing, communications,
and information technologies in U.S. education. Citizens should be prepared with the knowledge, skills, and insights
to lead research in science and technology and the ability to apply the resulting discoveries to industrial needs. This
activity complements the mission of the NSTC’s Committee on Education and Training (CET), which is formulating
strategies to raise the science and mathematical skills of all Americans. All citizens should be able to become fully
engaged in the technological society of the future. In collaboration with the CET, the CIC will sponsor research in
advanced information and learning technologies to establish a foundation for a new educational methodology.

Educational applications build on all of the computing, information, and communications technologies described
above. These applications demand ease of use, interfaces that span a wide range of user sophistication, access to
distributed collections of information and expertise, ease of authoring new materials, ease of indexing existing
collections, low cost network access, management capabilities that must scale, extensive use of simulation,
visualization, and virtual reality technologies to support training. They also demand privacy, security, protection of
the learning infrastructure, intellectual property protection for authored materials, and assoctated billing and
payment systems.

Research is needed to accelerate the development of educational authoring and presentation tools that provide
seamless, friendly, portable, mobile, easy-to-use and easy-to-maintain environments for learning, and strong links to
Human-Centered Systems. Learning environments provide particular challenges in the user interface arena since
interfaces are needed for learners at all levels of sophistication.

Techniques for improving the efficiency of digitizing holdings in our national archives and museums, of critical
interest in Large-Scale Networking Technologies, would also have great benefit for educational technologies.
Navigation assistants to help educational users browse through huge databases touch on both LSN and HuCS.

4.6.2. ETHR Status

Funds to support activities in Education, Training, and Human Resources for FY 1997 total $45 million, compared
to the FY 1996 Estimated budget of $90 million, a decrease of 50%.

In ED, the Education Resources Information Center (ERIC) will continue to maintain, and provide access to, the

world's largest electronic bibliographic database of education-related publications and documents through a national
- system of specialist clearing houses. The ERIC system provides access to its network of bibliographic information to

educators, policy makers, parents and the general public. It provides access to the database clearinghouses via mail,

telephone, and electronic routes. It maintains a question and answer service via the Internet. Improvements are

planned in two areas: providing increased access through the Internet node (gopher and WWW) to the National
- Library's repository of information about ED programs, projects, publications, and statistics by beginning the
development of a digital library; and actively disseminating syntheses of research and development findings and
other materials through electronic networking. ‘

DARPA will facilitate transition of the Combat Care Associate software to emergency services.
NSF no longer reports the Directorate for Education and Human Resources budget as part of the HPCC Program,

but the educational activity has not decreased in that agency. NSF will continue support of the Grand Challenges and
National Challenges initiated in FY 1993, FY 1994, and FY 1995. It will also continue to support the paradigm shift
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involving increased use of high performance computing to enhance or replace the experimental phase of the
scientific method.

NASA will demonstrate education products from K-14 Education Cooperative Agreement Notice and issue a second
K-14 Education Cooperative Agreement.

NIH/NCRR will continue to provide National Research Service Awards (NRSA) for formalized training for
biomedical scientists in the use of high performance computing. NIH/NCI will apply computational chemistry to
understanding of drug interactions with enzymes and nucleic acids as a basis for discovery of new drugs and provide
support for increasing numbers of users in extramural and intramural research in biomedical computing.

In the DOE Advances in Supercomputing program, the number of state sites will be reduced from five to the
original three. : ’

4.6.3 ETHR 1997 Expected Milestones

Demonstrate protocol based care in all battlefield and peacetime settings

Demonstrate performance gains of advanced software engineering collaborators

e Demonstrate improved life cycle systems management using SEP/DSSA (domain-specific software
architecture)

o Initiate a new program in Learning Technologies that will combine human centered information systems

research with research in education to provide the basis for the next generation of technologies for education

¢ o
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Appendix A. Agency Accomplishments and Plans

Implementation of the HPCC Program takes place within each of the twelve HPCC agencies, where the final
decisions are made on the funding, management, and evaluation of program activities. This section organizes HPCC
activities by agency to reflect the operational structure of the funding. The level of information does not reflect
individual projects. Since many grants are at the level of $100,000-$300,000, a full breakout of each project in a $1
billion program is impractical to assemble and maintain for this plan. Agencies group together projects that are
technically related to reaching similar goals and objectives, as described in the PCAs. Each grouping constitutes a
“program activity,” which range in size from $0.1 M to over $100 M.

Although this structure tracks funds clearly, it has several drawbacks. Interagency collaborations are often difficult
to recognize and may in fact appear as duplication of effort, since similar efforts may be reported within several
agencies’ activities. Also, although the HPCC Program broadly describes activities under the heading of five major
program component areas, actual program activities often span multiple areas, thus making the actual funding
difficult to categorize. Because program activities need not follow strict guidelines of funding within each focus
area, program managers make better decisions, at finer levels of program impliementation, to determine the most
effective use of research funds to meet Program objectives.

Each agency section contains three parts:

e Brief overview of the agency's perspective on HPCC efforts,
e  Table summarizing financial data and collaborative ties for its program activities, and
¢  One- or two-page form describing each program activity and its milestones.

The table at the beginning of each agency's section of the report summarizes the financial data by activity and
indicates collaborative ties.

The individual program activity form contains some fields that require explanation. The “Budget Code” field is an
internal label used by some agencies to track funding. The budget fields provide actual spending (Act.), estimated
spending based on Congressional appropriations and rescissions (Est.), and Presidential requests (Pres.) for various
fiscal years. The numbers below the HPCC component labels estimate the breakdown of the FY 1997 request into
the five PCAs. These numbers are estimates, in that many activities span a variety of PCAs and categcrization of
efforts includes subjective judgment.

The “Agency Ties” section of the form permits two,labels. A “Partner” label indicates that the corresponding agency
participates in this activity as a funding and research partner. Note that two different agencies may view partnering
differently (e.g., developing a scalable system in DARPA would be HECC, but its use for National Challenges could
be inside LSN in NIST or NOAA). A “User” label indicates that the corresponding agency needs the results of this
program activity for another, related activity. The large field in the center of the form gives an overview description
of each activity. The remaining fields provide highlights of major accomplishments and milestones planned for
future years. These entries highlight significant objectives and results; they should not be viewed as complete
descriptions of any activity.
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