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HIGH PERFORMANCE 
C O M P U T I N G  AND 
COMMUNICATIONS National Coordination Office for High Performance Computing and Communications 

Suite 665 4201 Wilson Boulevard Arlington, Virginia 22230 
(703) 306-HPCC FAX (703) 306-4727 nco@hpcc.gov http://www.hpcc.gov/ 

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 &,I deta 
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. 

Enclosure 
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High Performance Computing and Communications Program 

J?Y 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)2. 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: 

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 infomation 
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 modem education and training technologies, including technologies that support lifelong and 
distance learning, and curriculum development. 

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

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. 

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 US. 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 2 1 st century America. 

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

Re-competition of the DOE NERSC center was completed in FY 1996. 
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.. 
FY 1997 HPCC Activities by Program Component Area 

Scalable systems, software, 
and environments 

Integrated circuit simulation 
for microsystems 

Compilers, debuggers, 
program development 
environments 

Supercomputer centers, 
centers for advanced research 
on, experimental systems 

Superconducting components 

$454 Million 

Multi-gigabit network testbed 
including wireline, wireless, 
and mobile technologies 

Very high speed backbones 
for network, scientific, and 
engineering applications 

Network reconfiguration 
tools 

accounting, and 
authentication 

visualization for scientific 
data 

Convergence of computing 
and communications 

$260 Million 

Infrastructure protocols for 
secure and reliablc networks 

High speed cryptography for 
information security in virtual 
laboratories 

Interoperability standards 

Network security and 
restorability 

Telemedicine testbed 
networks, remote surgical 
procedures 

$32 Million 

Multi-modal communication, K-12 education cooperative 
speech understanding agreements 

Collaboratories, tools for Summer school in high 
1 

group authoring, remote performance computation 
control of instruments 

Clinical decision support 
systems, patient records, 
visible human database 

Automatic document 

$249 Million I $145 Million 
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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 mblic 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 coofdinated 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 Scknce and Technology Council. This CIC R&D Subcommittee is the new name for the High Performance 
Computing, Communication, and Information Technology (HPCCIT) Subcommittee. 

In Ey 1991, befm the formal start of the Program, the HFCC-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 pmfde for the HPCC Program, is as follows: 

Fiscai Year 

(Number of Agencies) 

Participating Change 
Agencies from 

(Dollars in Previous 
millions) Year 

S 655 +33.9% FY 1992 Actual 
(Eight Agencies) 

$ 795 +21.4% FY 1993 Actual 
(Ten Agencies) 

N 1994 Actual $ 938 +18.0% 

N 1995 Actual $1,129 +20.4% 

(Ten Agencies, IITA added) 

(12 Agencies) 

(12 Agencies) 
FY 1996 Actual $1,043 -7.6% 

1 -0.1% I $1,040 FY 1997 President's 
Request 

(12 Agen~ies)~ I I 

Original 
Eight 

Agencies 
(Dollars 

in 
millions) 

$ 655 

$ 783 

$ 925 

$1,019 

$ 949 

$ 9 6 6  

Change 
from 

Previous 
Year for 
Original 

Eight 

+33.9% 

+19.5% 

+18.1% 

+10.2% 

-6.9% 

+1.8% 

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 E A .  
Appendix A provides a detailed look at HPCC hogram activities within each agency. 

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 
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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 pe@ormance computing and computer communications; 

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

Provide key enabling technologies for the National Information Infrastructure (NU) 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 prticipants. 
Throughout the life of the Program, many important applications in government, academia, and inclustry 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 caipability (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 NII 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 deve:loping and 
maintaining scalable algorithms and software. Active support must be provided for developing a cadre: of highly- 
trained professionals capable of using these modem computing systems and networks. 

3.2. Defmition of Program Component Areas 

The HPCC Program is organized into five Program Component Areas (PCAs) that cover a broad sjoectrum 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 ,4lgorithms 
(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 characteriz'ed 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 techno1ogie:s 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 
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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. technologicd 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, 
muIticast 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. 

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, industry, and the public. John C. Toole, 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. 

HPCC Management, Planning and Organization 
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Executive Office of the President 
Office of Science andTechnology Policy 

I 

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: 

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 agendais for high 
performance system software technology R&D and for high performance computing systems research. 
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. 
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. 

0 

0 

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. 

3.4. 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 on the 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. 

3.5. 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 infomation technologies in the Federal 
government, academia, industry, and by the general public. 

0 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, gigabitds or ‘‘Gbls”), and network depIoyment (number of HPCC nodes, number of 
universities connected to the Internet through very high bandwidth network links). 
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 Ey 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 
successfuI completion of these activity-specific milestones across all agencies meets the HPCC Program goals and 
objectives. 

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. 

HPCC FY 1997 Implementation Plan 5 13 



In FY 1996, the CIC R&D Subcommittee and its Working Groups (or their predecessors) sponsored the: following 
outreach conferences and workshops: 

0 

0 

0 

0 

0 

3.7. Program Accomplishments 

“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, 1993,  which addressed interoperability of multiple electronic 
payment systems 
A workshop on “Federal Strategies and Programs in the Age of Infomation” at Supercomputing ‘95 (December 
1995) 
“Petaflop Architecture Workshop, PAWS’ (April, 1996) 
“Petasoft Systems Software Summer Study (Petasoft ‘96)” (June 1996) 

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

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 ne:tworks 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 
0 Virtual reality 
0 Internet access technologies 

Digital libraries 
0 Electronic commerce 
0 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-better 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) 

0 
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Previous years accomplishments are also documented in: 

0 

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

3.8. 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, program 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: 

0 

0 Directorate Advisory Committees 
Federal Networking Council Advisory Committee for the Internet 

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 prwious 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 required 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 target;. 

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 tie 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, NLlvl 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 leach of the 
participating Institutes rests with the Director of that Institute. Within each of the participating NIE[ 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 progmn. 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 N O M  
programs in environmental prediction and stewardship. Comprehensive NOAA science reviews of these programs 
are held periodically. Quarterly reviews of N O M  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 segnents 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 implementation proposals that will 
evolve naturally into a budget planning process. 



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: 

0 

0 

0 

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 1mp:lementation 
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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Table 1: HPCC FY 1997 IP Budget Summary 

HPCC PCAs by 1997 President's Request Budget (BA, $ M) 
Agency ETHR HECC HuCS 

117.03 DARPA 7.5 1 75.05 302.4 1 325.52 

291.10 279.51 129.17 57.76 19.1 1 NSF 72.26 I 1.21 

DOE 109.69 124.56 93.29 12.98 3.50 122.35 109.69 

131.40 136.30 

67.35 77.91 

39.93 40.03 

23.5 1 34.10 

27.98 16.95 

37.55 36.00 

5.50 15.40 

12.43 12.00 

14.79 

15.30 1 .oo 

22.90 4.94 

3.50 7.30 

~ ~~ 

126.60 87.20 3.40 3.20 NASA 110.10 

86.21 

~~ 

23.40 29.59 5.38 NIH 79.74 
~ 

36.73 

~~ 

25.93 40.03 NSA 

NIST 

ED 

~~ 

23.5 1 

18.01 

14.55 

23.5 1 5.79 9.56 

11.40 28.93 6.61 I 
21.93 1 .oo 1.80 VA 

6.50 0.50 9.50 NOAA 6.30 

6.58 9.38 EPA 7.18 0.60 

AHCPR 4.10 I 8.40 3.201 4.20 4.20 

Totals 1128.89 1154.03 1043.02 1039.58 453.71 259.79 31.95 248.82 45.31 
c 
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Table 1A: HPCC Budget Comparisons for FY 1997 

AGENCY 

1 DARPA 

I NSF 

I DOE 

I NASA 

I NIH 

I NSA 

I NIST 

I NOAA 

I EPA 

I AHCPR 

n ComDonent Areas bv 1997 President’s Reauest HPCC Program Comnonent Areas bv 1996 ExDected 

HECC LSN HCS HuCS ETHR HECC LSN HCS HuCS ETHR 

75.05 115.93 10.00 117.03 7.51 77.96 96.04 10.00 112.17 6.24 

129.17 72.26 1.21 57.76 19.1 1 140.32 104.47 15.28 3 1.03 

93.29 14.79 12.98 3.50 84.49 12.64 8.56 4.00 

87.20 15.30 1 .oo 3.40 3.20 75.55 27.45 23.60 

23.40 22.90 4.94. 29.59 5.38 22.40 21.51 4.38 24.34 7.11 

25.93 3.50 7.30 29.48 3.00 7.40 0.15 

5.79 2.96 5.20 9.56 5.59 2.20 5.36 10.36 

11.40 6.6 1 11.40 17.53 

1 .oo 9.45 2.30 1.80 3.00 14.13 2.90 1.90 

, 6.30 2.70 0.50 3.30 2.70 0.50 

6.58 0.60 8.70 0.60 0.08 
I 

4.20 3.20 

12 

Totals 453.71 259.79 31.95 248.82 45.31 450.79 284.14 30.04 188.31 89.74 



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 US. 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 s0fh.a.e levels. At the high end, these technologies enable distributed, multidisciplinary computation- 
intensive, scientijk ana' 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 i m p o r t k  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: 

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. 

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 
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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 
parallel 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 111-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 $4.54 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 gigaFL,OPS 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 

0 

Demonstrate 100 gigaopsku. 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 
Demonstrate high-level, portable parallel test generation system with fully-integrated, parameterized, 
constraint-driven design libraries, including portable software templates for teraFLOPS 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 
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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N 
.P 

FY 97 FY 96 Agency I Program Activity FY 97 FY 96 
Total Pres Total Est High End Computing and Computation Pres. Est 
(BA $M) (BA $M) (BA $M) (BA $M) 

75,05 77.96 DARPA 

27.17 32.63 
14.29 16.25 
15.50 18.28 

8.20 14.00 
4.09 2.60 

Supercomputer Centers 57.73 69.36 

Applications 25.49 
Research Centers 

Research Infrastructure 

Grand Challenge Applications Groups 

Scalable Systems and Software 

Microsystems 

System Environments 

Defense Technology Integration and Infrastructure 
Information Sciences 

129.17 140.32 NSF 

Computing Systems 45.95 

6.30 
8.64 
7.32 

~ ~ 

I 
~ ~~ 

I I 17.20 Computing Systems and Components 

26.66 Software Systems and Algorithms 

Engineering (non-NC/GC) 1.65 
3.19 Geosciences (non-NC/GC) 

~~~~ ~~~ 

93.29 84.49 DOE 

32.90 31.81 Advanced Computational Testing and Simulation Research 

Grand Challenge Applications 10.00 10.00 
5.00 
29.76 30.30 

DOE2000 ACTS 

National Energy Research Scientific Computing Center 
a -  .* a- -0. 

13.b5 U . 3 Y  Bigh Bei-foi?;isnce computing Wesoi;rce Providers 

Table 2: High End Computing and Computation 
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FY 97 FY 96 
Total Pres Total Est 
(BA $M) (BA $M) 

87.20 75.55 

23.40 22.40 

Agency / Program Activity FY 97 FY 96 
High End Computing and Computation Pres. Est 

(BA $M) (BA $M) 
NASA 

Testbeds 

Grand Challenge Support 

Systems Software 

Information Infrastructure Technology 

Information Infrastructure Applications 

15.39 12.91 
56.75 52.62 
7.56 10.02 
3.50 
4.00 

NIH 

6.30 5.80 NCRR Biomolecular Computing 

2.20 2.20 NCRR Software Tools for Receptor-Based Drug Design 

NCRR Modeling/Simulation 4.50 4.50 
6.10 6.10 DCRT High Performance Biomedical Computing Program 

3.60 3.60 NCI Frederick Biomedical Supercomputing Center 

0.20 0.20 NCI High Speed Networking and Distributed Conferencing 

NIGMS 0.50 

I 25.93 I 29.48 

I 

NSA I 

I 

_ _ _ ~ ~  ~~ ~ 

23.43 27.48 
2.50 2.00 

Supercomputing Research 

Superconducting Research 

NIST 

2.77 2.37 
1.22 1.22 
1.80 2.00 

Development and Dissemination of Scientific Software for HPCS 

Infrastructure for Information Technology 

Systems Integration for Manufacturing Applications 

, 1.00 3.00 VA 

I 1.00 I 3.00 VA Hybrid Open Systems Technology (VA HOST) 
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FY 97 FY 96 Agency I Program Activity FY 97 FY 96 
Total Pres Total Est High End Computing and Computation Pres. Est 
(BA $M) (BA $M) (BA $M) (BA $M) 

6.30 3.30 NOAA 

I 6.30 I 3.30 Advanced Computation 

6.58 8.70 EPA 
Environmental Modeling 3.45 5.53 
Computational Techniques 3.13 3.17 

I 453.71 I 450.79 I HECC FY 1997 Total I 453.71 I 450.79 1 
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4.3. Large Scale Networking (LSN) 

4.3.1. LSN Definition 

As defined in the FY 1997 Blue Book: 
“LSN RBD will assure US. 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 ( I )  technologies and services that enable wireless, optical, mobile, and 
wireline communications; (2)  networking sofrware 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 

0 

0 

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. 

4.3.2. 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 :;upport 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 inceroperable 
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 wi!ll also be a 
special emphasis on R&D for computer-based patient records and public health applications of the NIL 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+ Gbls 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 demonstrations 
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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W 
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FY 97 FY 96 Agency / Program Activity FY 97 FY 96 
Total Pres Total Est Pres. Est Large Scale Networking 
(BA $M) (BA $M) (BA $M) (BA $M) 

115.93 96.04 DARPA 

28.76 28.72 
37.47 24.19 
17.58 16.30 
32.12 26.83 

Networking Systems 

Defense Technology Integration and Infrastructure 

Global Mobile Infosystems 

Global Grid Communications 

72.26 104.47 NSF 

41.64 44.04 NSFNET 

19.92 Networking, Communications and the Convergence of Computing &Comm. 

Applications 8.20 
Education and Training 2.50 2.50 

0.68 Research Centers 

2.48 Research Infrastructure 

Ubiquitous Computing and Communication 14.44 
5.29 Human-Machine Interaction & Information Access 

12.42 Biological Sciences (non-NC/GC) 

Engineering (non-NC/GC) 1.38 
1.47 Geosciences (non-NC/GC) 

Computational Mathematics (non-NC/GC) 2.67 
Physical Sciences (non-NC/GC) 6.41 

2.14 Social, Behavioral & Economic Sciences (non-NC/GC) 

8.55 National Challenges 

14.79 12.64 DOE 

14.70 I 12A4 ESnct 

Table 3: Large Scale Networking 
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FY 97 FY 96 Agency I Program Activity FY 97 FY 96 
Total Pres Total Est Pres. Est 
(BA $M) (BA $M) (BA $M) (BA $M) 

Large Scale Networking 

15.30 27.45 NASA 

6.60 
15.30 20.85 

Grand Challenge Support 

NREN 

22.90 21.51 NIH 
1.22 0.82 
4.92 4.54 
2.00 2.00 
6.42 6.27 
3.33 2.87 
0.20 0.20 
0.10 0.10 
2.30 2.30 
1.39 1.39 
0.72 0.72 
0.30 0.30 

NLM Medical Connections Program 

NLM Biotechnology Informatics 

NLM IAIMS grants 

NLM Intelligent Agent DB searching 

NLM HPCC Health Care Applications 

NCRR Biomolecular Computing 

NCRR Modeling/Simulation 

DCRT High Performance Biomedical Computing Program 

NCI Frederick Biomedical Supercomputing Center 

NCI High Speed Networking and Distributed Conferencing 

NCI High Perf. Comms for PDQ, CancerNet, and Electronic Publishing 

3.50 3.00 NSA 

Very High Speed Networking I 3.50 I 3.00 
2.96 2.20 NIST 

0.60 0.50 
1.86 1.20 
0.50 0.50 

1.20 0.80 
2.00 4.00 

Development and Dissemination of Scientific Software for HPCS 

Infrastructure for Information Technology 

Systems Integration for Manufacturing Applications 

9.45 14.13 . VA 
Computerized Patient Record and Telemedicine 

Clinical Workstations and Medical Imaging 
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FY 97 FY 96 Agency / Program Activity FY 97 FY 96 
Total Pres Total Est Pres. Est Large Scale Networking 
(BA $MI (BA $MI (BA $M) (BA $M) 

I 0.50 I 0.18 

1 1.00 I 0.65 

Networking Connectivity I 2.70 I 2.70 

Improve Telecommunications Infrastructure and Internet Connectivity 

VA Hybrid Open Systems Technology (VA HOST) 4.75 I 8.50 
VA/DoD Sharing 

2.70 2.70 NOAA 

I 259.79 I 284.14 I LSN FY 1997 Total I 259.79 I 284.14 I 

Table 3: Large Scale Networking 
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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 ( I )  system reliability (such as management of networks under load, failure, or 
intrusion; emergency response; jirewalls; secure enclaves; and fonnal 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 Infastructure. ” 

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

0 National defense secure systems 
0 Electronic commerce 
0 

0 

Remote operation of scientific instruments such as synchrotron light sources, telescopes, surgical instruments, 
undersea and outer space vehicles, and data collection systems 
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&, 
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 cumcula, 
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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4.4.2. 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 idlow 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 

0 

0 

0 

0 

0 

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 
Publish an extended series of interface specification documents for integrating software for manufacturing 
applications 
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FY 97 FY 96 Agency / Program Activity FY 97 FY 96 
Total Pres Total Est Pres. Est 
(BA $M) (BA $M) (BA $M) (BA $M) 

High Confidence Systems 

10.00 10.00 DARPA 

5.00 5.00 
5.00 5.00 

Scalable Systems and Software 

Networking Systems 

1.21 NSF 

I 1.21 I Computing Systems 

1 .oo NASA 

I 1.00 I Grand Challenge Support 

4.94 4.38 NIH 

0.75 0.68 
0.50 0.50 
3.55 3.06 
0.14 0.14 

NLM Biotechnology Informatics 

NLM IAIMS grants 

NLM HPCC Health Care Applications 

NCI Frederick Biomedical Supercomputing Center 

7.30 7.40 NSA 

4.50 4.70 
2.80 2.70 

Secure Operating System Development 

High Speed Data Protection Electronics 

5 30 5 ?A NIST 
1.-- -.-- 

I 4.20 I 4.20 Infrastructure for Information Technology 

I 1.00 I 1.16 I Systems Integration for Manufacturing Applications 

2.30 2.90 VA 

0.20 0.20 
0.60 1.20 

Computerized Patient Record and Telemedicine 

Clinical Workstations and Medical Imaging 

0.25 
1.00 1.50 
0.25 

Improve Telecommunications Infrastructure and Internet Connectivity 

VA Hybrid Open Systems Technology (VA HOST) 

VA/DoD Sharing 
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FY 97 FY 96 Agency / Program Activity FY 97 FY 96 
Total Pres Total Est Pres. Est 
(BA $M) (BA $MI (BA $M) (BA $M) 

High Confidence Systems 

31.95 I 30.04 HCS FY 1997 Total 31.95 I 30.04 
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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 mukes 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 
worworce, and the general public. Technologies enabling such systems include: ( I )  “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 multi-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, lcomparative 
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 te 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 tracloing 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. NAS.A, 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 -timedia 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 (possibly 
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 accessibility 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 training activities. RERCs focus on issues dealing with rehabilitation 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 

Demonstrate integrating testbed architecture incorporating advanced distributed simulation, advanced 
distributed collaboration, advanced communications and control, and advanced human computer interfaces 
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 
Demonstrate initial multisite collaborative design research environment for integrated circuit process simulation 
and remote experimentation over the Internet 
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 Investigator applications 
Implement the prototype for the complete second National Health and Nutrition Examination Survey 
(NHANES 11) image data base 
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 
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 
Develop and demonstrate high performance, collaborative, knowledge-acquisition tools for problem solving 
tasks and decision aids 
Initiate new, inter-disciplinary research projects in STIMULATE across several agencies 
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0 

FY 97 
Total Pres 
(BA $M) 

117.03 

57.76 

12.98 

3.40 

29.59 

FY 96 Agency / Program Activity FY 97 FY 96 
Pres. Est 

(BA $M) (BA $M) 
Human Centered Systems Total Est 

(BA $M) 
112.17 DARPA 

Microsystems 18.21 
System Environments 2.18 

l Defense Technology Integration and Infrastructure 5.24 
19.26 1 Information Sciences 

Intelligent Systems and Software 72.14 
1 NSF 

17.05 
3.68 
9.01 
20.50 
61.93 

8.56 

Human Centered Systems 48.10 
Applications 9.66 

1 National Collaboratory Research 7.98 8.38 
5.00 0.18 I DOE2000 NC 

NASA 

DOE 

3.4 74 
3.40 I Systems Software 

NIH 

0.50 0.45 NLM Biotechnology Informatics 

NLM Electronic Imaging 1.44 1.44 
NLM IAIMS grants 0.90 0.90 
NLM Intelligent Agent DB searching 2.15 2.10 

13.98 12.03 
0.80 0.60 

NCRR Virtual Reality/Environments 7.70 4.20 

NLM HPCC Health Care Applications 

NCRR Biomolecular Computing 

NCRR Modeling/Simulation 0.70 1.20 

DCRT High Performance Biomedical Computing Program 0.50 0.50 
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FY 97 FY 96 Agency I Program Activity FY 97 FY 96 
Total Pres Total Est Human Centered Systems Pres. Est 
(BA $M) (BA $M) (BA $M) (BA $M) 

0.28 I 0.28 NCI Frederick Biomedical Supercomputing Center 

NCI High Speed Networking and Distributed Conferencing 

I I 0.30 I 0.30 
NCI High Perf. Comms for PDQ, CancerNet, and Electronic Publishing 

'W 

~ 

4.20 

NIST I 
~ 

2.20 2.86 
7 nn 

Infrastructure for Information Technology 

Systems Integration for Manufacturing Applications 

ED 

I 11.40 I 11.40 'National Institute on Disability and Rehabilitation Research 

1 VA 

0.40 0.40 
0.40 
1.00 1.50 

'Computerized Patient Record and Telemedicine 

Clinical Workstations and Medical Imaging 

VA Hybrid Open Systems Technology (VA HOST) 

NOAA 

I 0.50 I 0.50 

I 0.60 I 0.60 

Information Dissemination Pilots 

EPA 

Public Data Access 

AHCPR 
I 4.20 I 3.20 Computer-Based Patient Records 

I 248.82 I 172.53 I HuCS FY 1997 Total I 248.82 I 172.53 1 
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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 ( I )  researchers and students in high pelformance 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. I t  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 associated 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 tec:hnologies. 
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 
worlds 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 paratdigm 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 (MSA) 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 
Demonstrate improved life cycle systems management using SEPDSSA (domain-specific software 
architecture) 
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 
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FY 97 FY 96 Agency / Program Activity FY 97 FY 96 
Total Pres Total Est Education, Training, and Human Resources Pres. Est 
(BA $M) (BA $M) (BA $M) (BA $M) 

DARPA 7.5 1 6.24 
I 7.51 I 6.24 Health Information Infrastructure 

Applications 11.86 
7.25 14.12 Education and Training 

4.40 Research Centers 

2.30 Research Infrastructure 

3.60 Human-Machine Interaction & Information Access 

Computational Mathematics (non-NC/GC) 3.52 
Physical Sciences (non-NCIGC) 3.09 

3.50 4.00 DOE 

I 3.50 I 4.00 Advanced Computational Testing and Simulation Research 

3.20 23.60 NASA 

Grand Challenge Support I 0.62 
BRHR 3.20 3.98 
Information Infrastructure Technology 8.80 

10.20 Information Infrastructure Applications 

NLM HPCC Training Grants 1 .  3.04 I 3.04 
5.38 7.11 NIH 

I I 1.80 I 3.50 (NCRR HPCC Training 

0.49 0.49 NCI Frederick Biomedical Supercomputing Center 

NCI High Speed Networking and Distributed Conferencing 0.05 0.08 
0.15 NSA 

I I 0.15 Technology Based Training 

Table 6:  Education, Training, and Human Resources 
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FY 97 FY 96 Agency / Program Activity FY 97 FY 96 
Total Pres Total Est Education, Training, and Human Resources Pres. Est 
(BA $M) (BA $M) (BA $M) (BA $M) 

6.6 1 17.53 ED 
1.00 0.34 
1.90 0.93 
1.50 1.50 

13.21 
0.23 0.20 
1.98 1.35 

AskERIC Service 

OERI Institutional Communications Network (INET) 

Regional Education Laboratory Program 

Teacher Networking Project 

National Parents Information Network 

ERIC Clearinghouses 
~~ 

0.08 EPA 

EducationlTraining I I 0.08 

I 45.31 I 89.74 I ETHR FY 1997 Total I 45.31 I 89.74 1 

P 
VI 
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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 implementation, to determine the most 
effective use of research funds to meet Program objectives. 

Each agency section contains three parts: 

0 

0 

0 

Brief overview of the agency‘s perspective on HPCC efforts, 
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 categclrization 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 NOM).  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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Defense Advanced Research Projects Agency 
DARPA is the lead DoD agency for advanced technology research, and has the leadership responsibility for the HPCC program within 

DoD. This is based on DARPA’s history of technical innovations in computer architecture, integrated circuits, networking, and system 
software. DARPA’s strategy is to focus on developing the underlying technology base for high performance computing and communications 
while other agencies apply these technologies within the context of their mission-specific application focus. 

The High End Computing and Computation (HECC) activity focuses on developing high performance technologies (both hardware and 
software) for computing. Computing elements of the program are aimed at producing scalable software and architectures to meet defense 
computing requirements. 

The Large Scale Networking (LSN) activity focuses on distributed services over broadly based, large scale interconnections of networks. 
Efforts are aimed at information management, secure transaction support, and integrated testbeds including special defense applications. The 
network elements are aimed at interoperability, mobility, and high performance systems. 

The Human Centered Systems (HuCS) activity includes language understanding, knowledge representation, intelligent systems and 
human computer interaction. Virtual environments addresses distributed design environments, languages, and experimental applications. 

The Education, Training, and Human Resources (ETHR) activity addresses intelligent software systems for combat casualty care. 

The High Confidence Systems (HCS) activity addresses technologies for increasing systems reliability and recoverability under conditions 
of load, failure and intrusion. 

December 20, 1996 



Defense Advanced Research Projects Agency 
.b 

Budget (BA, $ 1  
PartnedUser 

Program Activity Budget Account Code Agencies FY 95 

lScalable Svstems and Software I ST-19 

(Microsystems I ST-19 INSFsNSA I 33.641 31.871 33.30 

System Environments ST-19 AI1 HPCC 35.15 24.62 

35.31 31.43 Networking Systems ST-19 NSF, DOE, 

Defense Technology Integration and Infrastructure ST-19 NSF 22.35 23.25 

h opnripp 

Defense Technology Integration and Infrastructure ST- I9 NSF 
n l  

Global Mobile Infosystems ST- I9 0.00 0.00 
Information Survivability ST-24 NSF, DOE, 9.88 
Health Information Infrastructure MPT-07 NIH 9.11 10.24 
Information Sciences c c s - 0 2  NSF 20.56 23.72 
Intelligent Systems and Software ST-1 1 59.21 77.34 
Intelligent Systems and Software (continued) ST-I 1 

Global Grid Communications EE-45 NSA 21.79 26.83 

21.96 

33.72 

41.40 

16.30 

6.24 

23.10 

61.93 

26.83 

IIntegrated Command and Control Technology I IC-03 I I 6.001 0.ml 
ST-19 (Defense Information Enterprise Technologies I 

Totals: 335.06 353.61 302.41 10.00 117.03 7.51 
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Defense Advanced' Research Projects Agency 

I Program Activity 

IScalable Systems and Software 

Budget (BA, $ M) 

]Microsystems 

ISystein Environments 

Networking Systems 

Defense Technology Integration and Infrastructure 

Defense Technology Integration and Infrastructure 

24.621 35.151 21.961 17.68 

35.31 31.43 33.72 33.76 

23.251 22.351 41.40[ 56.71 

Defense Information Enterprise Technologies . 29.61 57.61 I 

HPCC PCAs bv 1997 Pres. Recluest 11 HPCC PCAs bv 1996 Estimated I 

Totals: 335.06 353.61 302.41 325.52 75.05 115.93 10.00 117.03 7.51 
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DARPA I Scalable Systems and Software budget Code: 1 ST-19 
I I __- I 

The Scalable Systems and Software program supports the development of computing and advanced software technologies needed to enable the 
evelopment, introduction, and effective use of secure scalable and distributed high performance computing technologies. The program accelerates the 
volution of computing and communications technologies. The high performance computing technologies developed by this program drive national defense 
apabilities in areas that benefit from the ability to do complex modeling and secure distributed communication. 

Prototype Scalable Systems is focused on developing, demonstrating, and transferring the scalable computing systems technology base. Projects in this 
rea cover a broad range of computing systems technology issues from research into future generation computing systems technology to the validation of 
;alable concepts through supporting the incorporation of advanced technology into industrial prototypes. 

Operating Systems and Services supports the development of advanced software technologies to enable the development, introduction, and effective use 
f secure, scalable and distributed high performance computing technologies. In the past, it was sufficient to develop a "fast" computer system in the 
bsence of a software environment. This is no longer the case as the time between generations of advanced hardware has been reduced from many years to 
:ss than two years, making it essential to maintain a stable software development environment that can span several generations of computer hardware. 
'his is an absolutely mandatory need for DoD which cannot afford to redevelop software for each new generation of computers. 

dilestone FY 96 milestone for scalable OS moved from System Environments 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Designed system architectures incorporating Demonstrate high-availability systems scalable Demonstrate scalability from distributed 

omponents such as programmable protocol engines in performance to 1 teraFLOPls. workstation clusters to teraFLOP supercomputers 
I support scalability and high performance. Demonstrate extensible modular operating on the identical technology base. 

system framework supporting real-time, distributed, Demonstrate distributed cluster technology 
f a real-time operating systems for scalable, and limited fault-tolerant scalable computing scalable to teraFLOPS. 
istributed HPC systems. applications. Demonstrate advanced object management 

Demonstrate user-extensible microkernel systems integrated with operating systems and 
rocesses to isolated domains. applications to achieve efficient use of memory 

while enhancing execution speed. 
GFLO P/s . Demonstrate the prototype of a scalable 

operating system that incorporates high assurance 
capabilities for the Defensive Information Warfarc 
program 

Demonstrate extensible modular operating 
system framework supporting real-time, 
distributed, and limited fault-tolerant scalable 
computing applications. 

FY 1997 Agency Request Milestones 

Demonstrated systems tools for on-line analysis 

Demonstrated operating system ability to confine 
operating system technology, integrating compiler 

Demonstrated first HPC single node operating at and run-time support services. 
Demonstrate computing node architectures that 

dramatically increase internal memory and 
communications bandwidths. 

operating system that overcomes identified 
bottlenecks leading to significant improvcrnents in 
throughput. 

Evaluate first generation of fully scalable OS 
software and programming environments on 
small-scale versions of teraops computing systems. 

Demonstrate I/O enhancements to a scalable 

Budget ($ M) 

FY 95 Act 52-45 
FY 96 Pres. 46-70 

FY 91 Rqst. 32-17 

Program 
Component 

Areas 

HuCS 
ETHR 

FY 9; 
27.17 

5.00 

Agency Ties 

=F== NSF Partner N;Ai Partner 
Partner 

NIH Partner 
NSA Partner a Partner 

Partner 

ED 

AHCPR d 
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DARPA System Environments udget Code: ST-19 
I I I 

The Systems Environments Program supports the development of advanced software technologies needed to enable and accelerate the development, 
introduction, and effective use of scalable high performance computing technologies. It is motivated by the need for a stable scalable software environment 
to enable defense mission agencies to leverage scalable systems and preserve their software investments across multiple generations of computing systems. 
The Systems Environments Program seeks to address this problem in each of three areas: Languages and Runtime Services, Scalable Software Library 
Technology, and Experimental Applications. 

project is coordinating three aspects: minimal extensions to well-known programming languages, compiler technologies that automate exploitation of 
concurrency and data locality, and advanced languages such as ORCA and SISAL in which concurrency is explicit. 

areas. This enables application writers to simply link in the appropriate library for each class of machine. This project’s initial focus is on demonstration of 
application portability and high performance using libraries that contain versions of major algorithms for several architectures. 

Experimental Applications develops scalable versions of defense critical applications leveraging the HPC environments developed by the Languages an( 
Runtime Services project and Scalable Software Library Technology components. The Experimental Applications component is coordinated with other 
DARPA offices, the Defense HPC Modernization office, other defense agencies, and other government agencies, as appropriate. 

Languages and Runtime Services focuses on the technologies to develop high performance, cross architecture services for application programs. The 

Scalable Software Library Technology develops a suite of compatible library routines for major classes of HPC architectures and for major application 

Milestone] FY 96 milestone for scalable OS moved to Scalable Systems and Software 
/ Changes I 

FY 1995 Actual Milestones 
Demonstrated prototype integrated HPC 

programming environment for Fortran and C++ on 
which applications run transparently on several 
distinct scalable computer architectures without 
change. 

scalable computers under real application load, 
identifying significant bottlenecks. 

Demonstrated tools for performance tuning of 
application software using dynamically-collected 
statistics. 

Demonstrated portable scalable software librarie: 
across three major computer architectures applied to 
semiconductors device simulation. 

Completed detailed study of I/O characteristics o 

FY 1996 Estimated Milestones 
Evaluate small-scale teraops class systems a n d  

Define second generation of High Performance 
ndividual gigaops processors. 

;ortran with extensions for task parallelism and 
upport for scalable 1/0. 

Demonstrate extensions of portable scalable 
ibraries to incorporate object-oriented technology 
nd a broader set of applications. 

oftware environment that supports composition 
201s for software creation, integration, 
evelopment, and testing using animation 
xhniques. 

Enhance and experimentally evaluate advanced 

FY 1997 Agencv Request Milestones 
Demonstrate optimizing compilers with 5-to- 1 

mes runtime performance improvement through 
artial compilation and late optimization during 
rogram execution. 

3r both Data Parallel and Task Parallel 
xploitation of concurrency. 

Prototype common runtime services reducing 
urden on individual compiler R&D efforts. 

Provide scalable versions of widely-used 
ommercial engineering software, including MCS 
IASTRAN, leveraging scalable software library 
xhnology available to the defense community. 

Demonstrate feasibility of utilizing advanced 
aftware environment that supports composition 
101s for composing software, integration, and 
oftware development and testing using animatior 
:chniques in military environment. 

Define High Performance C++ with extension 

Budget ($ M) 

Program 
Component 

Areas 

HCS 

Agency Ties 

NASA Partner 
Partner 

tz Partner 
Partner 1 NOAA Partner 

=Partner 
AHCPR $+---= 

1 
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DARPA Networking Systems udget Code: ST-19 

This activity is developing high performance networking technologies to provide enabling technology in support of global climate simulation, high 
resolution remote imagery exploitation, telemedicine as well as national- and global-scale applications requiring high data-rate wide and local area 
communication and information services. This activity will produce networking technologies needed to enable the effective interconnection of the high 
performance computing systems produced by the other parts of the HPCC Program. The Internetworking activity develops technology in four areas: Internet 
Protocols, Communication Services, Routing and Scaling, and Network Security. Internet Protocols insure that differing types of network “bitways” work 
together as a cohesive system to build networks from a local to global scale and from slowest to fastest. Research in this area also insures that integration of 
the newest high performance technology continues to interwork with existing and slower technology in a systematic manner. Routing and Scaling 
technologies insure that networks continue to provide reliable services as the number of networks and connected endpoints continue to increase. 
Communication Services builds on the basic transmission capability of the underlying technology to provide additional services, such as multicast and 
guaranteed Quality of Service, to applications. Finally, the Network Security activity collaborates with the Defensive Information Warfare program to 
integrate security techniques into the evolving network infrastructure. 

optical transmission, and affordable local area designs. This activity develops technology to reduce latency and increase bandwidth by focusing on new 
techniques to interface computers and their applications to networks, to provide distributed computing services that enables high inter-application 
performance, and to evaluate and measure performance through continual experimental applications. The objective is to create a suite of complementary 
communication systems that can be integrated into an overall system with all of the strengths and none of the weaknesses of individual systems. Through the 
use of testbeds, a continually escalating level of performance for application development is provided while validating the effectiveness of the supporting 
technologies. 

7 

Budget ($ M) 

35.31 FY 95 Act 

FY 96 Pres. 3 1.43 

FY 96 Est. 33.72 

FY 97 Rqst. 33.76 The High Performance Networking activity is concerned with satellite, broadcast communication, switching technology, telecommunications standards, 
Program 

Component 
Areas 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Demonstrated bandwidth, delay, and service Demonstrate higher level communication Demonstrate transport protocols for multi HuCS 

ETHR 
reservation guarantees for networks in support of 
real-time control and critical services. 

Demonstrated Synchronous Optical Network 
(SONET) and Asynchronous Transfer Mode (ATM) 
encryption technologies at 155 Mb/s (OC-3c). 

Deployed small-scale, initial prototype of 
gigabit-per-second class, nation-spanning Prototype secure nomadic computing reliable network operation. 
infrastructure in support of high performance 
computing applications. networks. and lab-prototype 100+ gigabit-per-second 

electro-optical transmission and switching 
including multicast-based services and next protocol-independent, multicast-capable. systems. 
generation Internet protocols with improved ease of 
use. services. 

services that coordinate distributed computing 
resources across the network environment. 

Prototype networks at greater than 
40-gigabit-per-second speed using optical 
technologies and experimentally validate scalable 
network protocols at the higher speeds. 

architecture integrated into existing wide area 

gigabit networks. 
Demonstrate systems for coordinating sets of 

workstations as a single computing system. 
Deploy reference implementation of a 

common base set of network infrastructure 
protocols and services necessary for secure and 

Agency Ties 

NSF r Partner 
W E  Partner 

NASA Partner 
Demonstrate robust and secure network-level autonomous network processes, NIH Partner 

Demonstrate wide-area 40-gigabit-per-second DARPA 

Demonstrated advanced network capabilities, Deploy reference implementation of 

infrastructure as basis for development of advanced Develop advanced multicast-based services to ___ 
include refinements of collaboration systems and 

infrastructure protocols to include directory services 
and resource allocation. 

node-level network management. 
Demonstrate technology for autonomous, 
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Partner 
NOAA 

I “A I 
December 20, 1996 



x 
DARPA Defense Technology Integration and Infrastructure I 

I I 
Advanced technologies are of value when they are integrated into usable systems in support of national defense capabilities. This activity is intended to 

- Developing "middleware" adaptive services technology enabling interoperable secure transactions, resource discovery, information management, and 

- Integrating and demonstrating "middleware" services technology within the context of realistic large-scale systems; 
- Leveraging commercial high performance computing hardware and software developments tailored for military applications; 
- Enabling interoperability by establishing a building-block architecture common to many defense solutions. 
The Embeddable Systems activity focuses on leveraging and extending the commercial scalable computing technology base to support present and futur 

ielp transition advanced technologies into the defense mainstream by: 

urvivable distributed computing; 

lefense embedded computing applications. This activity makes strategic embedded-specific investments through leveraging advanced systems packaging 
echnology to achieve system "smallness" with regard to power, weight, and size. 

nformation-intensive applications developed for defense needs. 

ilectronic Commerce. 

The Application Support Technology activity focuses on extending general commercial service technologies to support sophisticated 

The Technology and Services Validation activity consists of focused efforts for fundamentally enabling applications, such as Digital Libraries and 

continued) 

Milestone 
Changes 

FY 1995 Actual Milestones 

nvironment in a defense application. 

ommunication protocols, and prototype for 
mbedded, scalable military systems. 

First Message-Passing Interface (MPI) 
lemonstration of cross-architecture application 
iortability. 

lifferent special, classified defense and intelligence advanced communications and control, and 
nformation systems. 

iPC System. 

FY 1996 Estimated Milestones 
Demonstrated use of advanced visualization Develop and provide experimental testbed 

services employing advanced high performance 
Developed a set of communication benchmarks, computing technologies for special defense users. 

with scalability concepts containing memory 
hierarchy and power on a single unit of replication. incorporating advanced distributed simulation, 

Perform integration tests in key defense advanced distributed collaboration, advanced 
applications such as advanced distributed communications and control, and advanced 
simulation, advanced distributed collaboration, human computer interfaces. 

advanced human computer interfaces. distributed operating systems for Embeddable 
Demonstrate first fine-grained high performance HPC. 

embedded and scalable computer system. Demonstrate 100 gigaops/cu. ft. militarized 
Demonstrate graphical program environments for HPC. 

embedded systems. Demonstrate initial capabilities of intelligent 
Demonstrate prototype toolkits supporting 

development of applications adaptive to changes in mechanisms for describing resource capabilities 
the computing and communication environment. 

through a testbed incorporating information 
management and secure transactions. 
(continued) 

FY 1997 Agencv Request Milestones 
Complete the developments and transition of 

experimental testbed services employing high 
performance computing technologies to special 

Demonstrate integrating testbed architecture 
Prototype embedded computing system modules defense users. 

Demonstrated integrated access to several 
Demonstrate enhanced feature, real-time 

Demonstrated I O  GigaFLOPS/cu.ft. militarized 

information services architecture with multiple 

and with a uniform interface to hybrid search 
methods for resource retrieval. 

Develop real-time image understandin_e 
algorithms for use in image registration, target 
recognition, and autonomous navigation for grounl 
level and overhead reconnaissance and 
survei I I ance. 

Demonstrate prototype of information services 

Budget ($ M) 

Program 
Component 

Areas 

HCS 

HuCS 
__ 

ETHR 

- 
9.01 

Agency Ties 

NIH 

NSA 

NOAA 

AHCPR 

"I-I 
December 20, 1996 DARPA Page A 8 



DARPA Defense Technology Integration and Infrastructure (continued) 
(continued) 

The technologies developed in support of these efforts will enable other applications that require extensive capabilities for large-scale repositories of 
network-linked objects, adaptation to the surrounding resource environment, usage metering-accounting-payment mechanisms, and privacy-enhanced, secure 
and trusted processing. 

Information Infrastructure Software and Services and Information Infrastructure Applications and Demonstrations areas within DIET. 
This program has been augmented by efforts shifted from the Defense Information Enterprise Technology (DIET) program, particularly from the 

Milestone I Changes 1 
FY 1995 Actual Milestones FY 1996 Estimated Milestones 

(continued) 
Demonstrate graphical program environments for 

embedded systems. 
Demonstrate prototype toolkits supporting 

development of applications adaptive to changes in 
the computing and communication environment. 

through a testbed incorporating information 
management and secure transactions. 

I FY 1997 Asencv Request Milestones 

Demonstrate prototype of information services 

DARPA Page A 9 

I 
Budget ($ M) 

FY 95 Act 

FY 96 Pres. 

FY 96 Est. 

FY 97 Rqst. 

Program 
Component 

Areas 
FY 96 FY 97 

HECC 

LSN 

HCS 

HuCS 

ETHR 

- 

Agency Ties 

DARPA 1 I 

NIH 

NSA 

NET 

TIr AHCPR 

December 20, 1996 



DARPA Global Mobile Infosystems udget Code: ST-19 

To satisfy defense requirements for rapidly deployable and robust information systems, it is critical that the technologies be available to support operatior 
n mobile environments. This program will develop and demonstrate technologies to support this requirement. Design techniques, tools, languages, and 
nvironments, developed under the Microsystems program, will be extended to support design and prototyping of wireless computing systems. Architectures 
or modular untethered nodes will be developed and demonstrated that will leverage commercial advances in wireless technologies through the use of 
dvanced design methodologies. New networking techniques will be developed and demonstrated that support rapid deployment and robust networking 
ervice in a hostile and dynamic environment. Advances in end-to-end networking technologies will be leveraged to provide highly capable communications 
ervices that can operate over a heterogeneous mix of networks including a variety of wireless networks. Finally, new computing paradigms will be 
leveloped that provide an underlying infrastructure supporting applications operation in an environment characterized by sporadic connectivity and varying 
juality of service. 

flilcstonc 
Changes Information Enterwise Technology (DIET) was discontinued. 

This program was originally part of the Defense Information Enterprise Technology (DIET) program and was continued as stand-alone program after Defense 
u ,  -. 
FY 1995 Actual Milestones 

nformation Enterprise Technologies. 
Previous milestones were included in Defense 

FY 1996 Estimated Milestones 
Initial prototype of adaptive extensions to 

Demonstrate location-transparent computing 
nternet services in support of mobility. 

elocation and data access within a mobile 
omputing environment. 

Initial prototypes of untethered node 
ardwarekoftware architectures for mobile 
omputing. 

imulation and synthesis of wireless systems 
panning from intcgrated circuits to network 
pplications. 

Complete the experimental evaluation of the 
ntegration of multiple advanced intelligent systems 
nd software technologies in autonomous 
pplications. 

Demonstration of design environments supportin, 

FY 1997 Agency Request Milestones 
High performance CAD demo of 64 MBPS 

Demonstrate bandwidth-adaptive multimedia 

Demonstrate advanced mobile networking 

Demonstrate transparent application relocation 

CMOS wireless transceiver. 

node for mobile computing. 

algorithms and protocols. 

within mobile environment. 

Budget ($ M) 

PY 95 Act 0.00 ____ 
FY 96 Pres. 0.00 

FY 97 Rqst. 17.58 

Program 
Component 

Areas 

HCS 
HuCS 

E L L  
Agency Ties 

DOE 

NASA 

NIH I 

zf 
NOAA 

AHCPR 4 
DARPA Page A 10 December 20, 1996 



DARPA Information Survivability udget Code: ST-24 

The Information Survivability activity develops the technology base underlying the solutions to protect DoD's mission-critical information systems 
against attack upon or through the supporting infrastructure. These technologies lead to generations of stronger protection, higher performance, and more 
cost-effective security solutions scalable to several thousand sites and to high performance computing technologies. The activity focuses on early prototypes 
of software and hardware technologies leading to scalable protection for large-scale heterogeneous systems usable over a wide range of performance in 
diverse threat environments. Technologies developed under this project will be exploited in other DARPA programs, including Networking Systems, Scalabl 
Systems and Software, Microsystems, Defense Technology Integration and Infrastructure, Defense Information Enterprise Technologies, Intelligent 
Integration of Information, Advanced Distributed Simulation, Health Information Infrastructure, Optical Networking, Software Assurance, Software 
Foundations, Embedded Computing, and Global Mobile Communications, to satisfy defense requirements for secure and survivable systems. The activity is 
organized into four areas: High Confidence Networking, High Confidence Computing Systems, Assurance and Integration, and Survivability and 
Vulnerabilities. 

network technologies, as well as robust networking protocols that provide modular security services and mechanisms. 

reliability for distributed computations and to allow geographically-separated parts of an organization to interact as if they shared a common security 
perimeter. 

networking, and other distributed-system protocols and the ability to reason about their security and robustness properties. 

High Confidence Networking technologies will be developed consisting of security mechanisms and value-added security services for integration into 

High Confidence Computing Systems includes secure and fault-tolerant operating systems, firewalls, and system management tools to provide high 

Assurance and Integration tools will allow the development of high assurance and trusted systems that add expression of modular system structures, 

The Survivabilitv and Vulnerabilities area studies other vulnerabilities in the defense comoutine infrastructure and in emerging critical technologies that L Y  

could be exploited b; an information warfare enemy. 
Milestone1 There is no further ST-19 funding in this program. ST-24 is not part of High Performance Computing and Communications (HPCC). 

I Changes I 
FY 1995 Actual Milestones FY 1996 Estimated Milestones 

Developed basic authentication and authorization This program was not part of HPCC in 1996. 
mechanisms based on digital signatures, 
cryptography, and privacy-enhanced mail for use in a 
common infrastructure. 

Completed proof-of-concept Asynchronous 
Transfer Mode (ATM) encryption units for use in 
experimental ATM networks. 

Began operation of certification authority 
supporting privacy enhanced mail and other secure 
services. 

Completed prototype implementation of digital 
signature hierarchy toolkit and domain name system 
enhancements. 

Demonstrated operating system capability for 
strict process separation. 

Demonstrated prototype signaturehime stamp 
server with associated access tools for 
location-independent object security. 

FY 1997 Aaencv Request Milestones 

Budget ($ M) 

9.88 FY 95 Act 

FY 96 Pres. 

FY 96 Est. 

FY 91 Rqst. 

Program 
Component 

Areas 
__ 
HECC 
LSN 
- 

HCS 
HuCS __ 
- 

ETHR 

FY 96)FY 97 

Agency Ties 

=F= NSF Partner 
WE I Partner 

NASA I 

Partner 

EPA 

AHCPR 

VA 
- .  
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DARPA Health Information Infrastructure 
I I 

This activity will develop an intelligent, agent-based clinical associate software system and demonstrate its application in Ambulatory Care and Combat 
Iasualty and Trauma Care. The program vision is to greatly improve the tools that support decision-making by clinical users and patients-consumers. The 
Pbjectives of this activity are to: 

( I )  conduct visionary pilot projects of CLASS that demonstrate significant impact in health care; and 
(2) develop a health care-specific information infrastructure that promotes use and reuse of component-based architectures for health information 

ystems. 
Models of the health care domain are constructed using a scenario-based engineering process. Domain-specific software architecture (DSSA) tools are 

ised to derive reference architecture and requirements and to generate instances of user-based evaluation systems (visionary pilots). Important features and 
ittributes of the sub-domain pilots are generalized to produce an associate systems reference architecture for health care (health care specific tools). The 
Ley functional components of this intelligent systems architecture include: ( I )  The human-computer interaction manager: (2) The task and context manager: 
ind (3) The information broker. 

This architecture stresses multi-modal user interfaces, information integration from heterogeneous sources, multi-modal information acquisition, 
:ommunication, and presentation, intelligent on-line support for medical personnel, logistical planning and resource allocation, and simulation-based 
ystems for decision-makers in health care management. It provides a unique environment for developing tools and techniques for integrating and leveraging 
:xisting and emerging HPCC technologies. A key criterion for success is the transfer of the associate system and health care reference architectures into 
iperational use in the Nation's industrial base. 

Mi'estone Changes I 
FY 1995 Actual Milestones 

Developed domain models for ambulatory and 

Demonstrated CLASS -- Composite Health Care 

Piloted CLASS components in two clinic at 

Developed CLASS reference architecture for 

Captured clinical data directly from physicians ir 

rauma-combat casualty care. 

;ystem mediator. 

rlational Naval Medical Center. 

imbulatory care. 

wo different clinics. 

FY 1996 Estimated Milestones 
Extend CLASS architecture to provide trauma 

Integrate user-task models and knowledge-based 

FY 1997 Agency Request Milestones 
Demonstrate protocol based care in all 

Facilitate transition of combat care associate 
pidelines directly to medics. battlefield and peacetime settings. 

lecision support tools. 

In battlefield. 

lispersed human services clients. 

ssociate system. 

Demonstrate hands-free capture of patient data 

Provide one-stop shopping for geographically 

Create reference architecture for generalized 

to emergency services. 

information systems research with research in 
education to provide thc basis for the next 
generation of technologies for education. I software engineering collaborators. 

Initiate a new program in Learning 
echnologies that will combine human centered 

Demonstrate performance gains of advanced 

-. 
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Budget ($ M) 

FY 95 Act 

FY 96 Est. 

FY 91 Rqst. 

Program 
Component 

Areas 

ETHR Y k  6.24 7.51 

Agency Ties 

DARPA 

NSF 

DOE 

NASA 

NIH 

NSA 

NIST 

NOAA 

EPA 

En 
AHCPR 

VA 

Partner 
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DARPA Information Sciences udget Code: CCS-02 

The HPCC Information Sciences activity leverages basic software technology research supporting military, mission-oriented needs. This software 
technology research develops advanced concepts for methods and tools to produce high assurance software, language concepts that facilitate the rapid 
specification and evolution of software intensive defense systems, and techniques to manage shared complex-structured data objects in larger heterogeneous 
distributed information systems. 

Intelligent systems technology focuses on advanced techniques for knowledge representation, reasoning, and machine learning to enable computer 
understanding of spoken and written language and to advance methods for planning, scheduling, and resource allocation. 

Human-computer interaction technology focuses on design methods and enabling technology for more natural interaction between people and computers. 
Microelectronic science calibrates fundamental concepts to produce reliable, testable, and high performance design. 
High Performance Computing (HPC) science generates concepts and methods for validating and verifying design components, and unique approaches to 

rapidly develop high performance libraries across multiple HPC architectures. 

Milestone 
Changes 

FY 1995 Actual Milestones 
Experimentally evaluated advanced information 

processing methods in spoken language 
understanding, written language understanding, and 
automated planning systems. 

Developed initial tool kits for interactive, 
dialogue-based human computer interaction and 
demonstrate them in a clinical environment. 

image understanding, high assurance, software 
Developed initial language-based methods for 

FY 1996 Estimated Milestones 
Enhance benchmark problems, metrics, and test Develop initial tools and tool kits for 

data sets and conduct experimental evaluations development and evaluation of highly interactive, 
involving multiple intelligent systems and software agent and dialogue-based human computer 
engineering foundations technologies, utilizing interactions. 
knowledge acquisition. 

methods in spoken & written language 
understanding and automated planning systems. 

FY 1997 Agency Request Milestones 

Experimentally support software evolution by 
Enhance advanced information processing integrating numerous formal and informal 

information sources in a "hyperweb"; enhance 
formal notations for software design to include 

Evaluate tool kits for interactive, dialogue-based both svntactic and semantic information; and - -  
Engineering system composition and experimentally human computer interaction. 
:valuated process model approaches for prototyping 
large-scale software environments. 

supports multiple parallel architectures. 

South Florida Clinic. 
Evaluate planning and decision aids prototypes 

prototypes for heterogeneous, distributed software 
system architectures and tools to support construction architectures and tools to support construction and 
and maintenance of advanced intelligent systems. 

- 
Evaluate language-based methods for image 

understanding, high assurance, and software 
environments system composition, 

Begin experimental evaluation of design 
technology to include high performance 
computational prototyping of systems. 

for heterogeneous, distributed software system 

maintenance of advanced intelligent systems. 

Experimentally evaluated library research that 

Demonstrated health information network using 

Developed initial planning and decision aids 

demonstrate multi-language architecture definitioi 
and analysis tools. 

Advance the capabilities of spoken and writtei 
language understanding to solve real-world 
problems and provide widely, usable 
human-computer interface functionality. 

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. 

design technology for high performance 
computational prototyping of systems. 

Continue the experimental evaluation of 

J 

Budget ($ M) 

FY 95 Act 20.56 

FY 96 Pres. 23 -72 

FY 96 Est. 23.10 I;, FY 91 Rqst. 23.35 

Program 
Component 

LS N 

ETHR 

Agency Ties 

NASA 

NIH Fr AHCPR 

~ 
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DARPA I Intelligent Systems and Software budget Code: I ST- 1 1 
I I I 

This activity leverages exploratory intelligent systems and software technology development that supports military, mission-oriented needs. It develops 
iew information processing technology concepts that lead to fundamentally new software and intelligent systems capabilities. This will enable advanced 
nformation systems (involving both humans and computers) to more effectively accomplish decision-making tasks in stressful, time-sensitive situations and 
xeate efficient software systems supporting computer and software-intensive defense systems. 

Major areas of technical emphasis are in: 
( I )  Intelligent systems (artificial intelligence), including autonomous systems, interactive problem solving, and intelligent integration of information 

(2) Software development technology including languages, algorithms, data and object bases, domain specific software architectures, software 

(3) Manufacturing automation and design engineering, including the development of advanced software systems that support sharing of engineering 

'rom heterogeneous sources; 

xototype technology, software design tools, software reuse, and advanced software engineering environments; and 

mowledge, advanced product and process design representations, integrated product and process design, software tools for design process management, 
manufacturing process planning, manufacturing process control and demonstrations. 

Milestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones - I FY 1997 Anencv Request Milestones 

interaction, heterogeneous testbed products and 
Evaluated the integration of advanced intelligent Continue development of human-computer 

Upgraded the Image Understanding Environment 
md develop prototype implementations of advanced 

Develop modular Human Language 
Evaluate knowledge-based decision aids. 
Evaluate methods for information fusion, 

echnologies to support easy, low-cost, rapid 
technology transfer and application development 
for Document Understanding, Machine aggregation, summarization, and explanation. 

systems and technologies in multiple autonomous 
vehicles. 

accessible software testbeds. 

methods for vision guided navigation and 
:artographic modeling. 

iuman-aided machine translation, document 
mderstanding, and robust speech understanding in 
idverse acoustic conditions. 

Developed initial prototype implementations of 
tdvanced real-time planning and control algorithms. 

Enhanced knowledge based decision aids to 
iupport the rapid construction of multiple-crisis 
Sction plans. 

scalable machine intelligent algorithms for 
autonomous associate systems. 

idvanced methods for information fusion, 
tggregation, summarization, and explanation. 
:continued) 

and control. 

Developed initial prototype implementations for 

Developed concepts and implementations of 

Developed initial prototype implementations of 

time problem solving. 

environment that supports composition tool 
integration. 

machine learning techniques and advanced 
information processing. 

Demonstrate feasibility of authoring tools in 
creating domain-specific midtimedia currlcu!~. 

Expand network design and manufacturing 
services to include factory simulation and reusable 
product and process design libraries. 
(continued) 

Enhance and evaluate advanced software 

Enhance agent based architectures to include 

Information area,tools and techniques to enable 
the rapid construction of information fusion, 
aggregation, and summarization software. 

construction facilities for robust software and 
intelligent systems technology prototypes. 

will transition results in automatic target 
recngnibin!?,terrei!? m"de!i!?g fer sirnu!aticn, :.idee 
surveillance, image database retrieval, and 
integrated reconnaissance and operations planning 
to other DoD agencies; continue multidisciplinary 
vision research with Office of Naval Research. 

Demonstrate a software environment rapid 

Image understanding applications effort that 

Budget ($ M) 

FY 95 Act 59.21 
FY 96 Pres. 77.34 

FY 96 Est. 61.93 

FY 97 Rqst. 72.14 

Program 
Component 

ETHR 

FY 97 

72.14 

Agency Ties 

3ARPA 

DOE 
NASA 

NIST 

ED 

AHCPR 4 
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DARPA Intelligent Systems and Software (continued) udget Code: ST-1 1 

(continued) 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 

Continue the activities in human computer 
(continued) (continued) 

domain specific software architectures. 
Evaluated language-based methods for describing 

interaction heterogeneous testbed product 
Developed information infrastructure services for development and insertion. 

manufacturing, e.g., access to engineering analysis 
and rapid prototyping. 

Test, evaluate, and demonstrate to the user 
:ommunity enhancements of the testbed. 

DARPA Page A 15 

FY 1997 Agency Request Milestones 

Budget ($ M) 

FY 95 Act 

FY 96 Est. 

FY 97 Rqst. 

Program 
Component 

Areas -+Exfi 

HCS I I 

Agency Ties 

DARF'A I 

NASA I 

NOAA I 

+I= AHCPR 
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DARPA Global Grid Communications 
I I I 

Q) 
h) Defense needs by leveraging over commercial network developments. 

The objective of this activity is to develop and demonstrate key optical networking technologies with global reach meeting critical Department of 

The major emphasis of this activity is on optical Wavelength Division Multiplexing (WDM) network technologies. Optical fiber has a low loss 
transmission window of over 30 Thz, but today's network is only utilizing about 1% of this bandwidth. The transmission of data is limited to a single 
wavelength carrier and switching is done electronically. This activity will investigate the issues of multiple wavelength transmission and switching in both 
long-distance and local-access network topologies. To the extent possible, optical switching will be used to replace electronic switching to investigate the 
advantagcs of data-rate, format and protocol transparency. This activity supports device development, architecture, network control and management, 
testbeds and field trials. 

emphasized, which includes switching, storage, logic gate, and switching and synchronization. The pulse width is in the picosecond range and the bandwidtt 
is over 100 gigabits per second. These pulses are usually transmitted as solitons to eliminate the dispersive effect in optical fibers. 

A small part of this activity will investigate the technologies of ultra-fast optical Time-Division-Multiplexing. All-optical technologies will be 

Milestone 
Changes Changed budget from HECC to LSN 

FY 97 milestone delete: integration with advanced optical testbeds; large scaIe>lanning demonstrations; and deployable JTF C3. 

FY 1995 Actual Milestones 
Demonstrated liquid-crystal cross-connect for 

high speed data routing. 
Demonstrated network access module: 8 

wavelengths, 2.5 Gb/s per channel, that performs 
transmit, receive, addldrop, multiplex and 
demultiplex functions. 

multiple wavelengths. 

architecture analysis. 

exchange WDM network. 

at ATDnet. 

optical networks. 

wavelength transceiver set. 

Demonstrated amplifier gain equalization with 

Completed long-distance WDM network 

Completed candidate architecture for local 

Completed initial phase of fiber link installation 

Completed target signaling parameters for WDM 

Demonstrated tunable receiver operation for a 32 

Demonstrated 100 Gb/s, 375-km soliton 

FY 1996 Estimated Milestones 
Demonstrate a WDM testbed at the San 

Demonstrate 50 Gb/s optical buffer. 
Demonstrate initial operation of 40 Gbls 

Complete local exchange traffic analysis. 
Demonstrate WDM SONET/ATM self-protection 

Complete phase I of network control & 

Demonstrate 32 wavelength tunable transmitter. 
Demonstrate WDM ring network at San 

2rancisco Bay area. 

:ross-connect switch. 

ing network. 

nanagement software of local exchange network. 

'rancisco Bay area. 

~ 

FY 1997 Agencv Request Milestones 
Finalize network control and management 

Demonstrate WDM field trial at ATDnet. 
Demonstrate final phase field trial at San 

strategy of WDM network. 

Francisco Bay area. 

Budget ($ M) 

FY 95 Act 21 -79 
FY 96 Pres. 26-83 

FY 96 Est. 26-83 

FY 97 Rqst. 32-12 

Program 
Component 

Areas 

lUCS 

Agency Ties 

NIST 

NOAA 

AHCPR $/-- 
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DARPA Integrated Command and Control Technology I 
This program activity develops technology and manufacturing capability for high definition displays and scalable image processing systems. 

-. 

Major components of this activity include: 
Projection, head-mounted, and direct-view displays based on multiple technologies; 
Display architectures and processors; 
Compression algorithms; and 
High speed data transmission. 

These efforts will establish a domestic technical capability and demonstrate the manufacturing of components necessary for military systems that 
apture, process, store, and distribute and display high resolution images. 

dilestone 
Changes 

FY 1995 Actual Milestones 1 FY 1996 Estimated Milestones I FY 1997 Agency Request Milestones 
Continued developing enabling component 

:chnologies for performance and cost goals for high 
efinition image processing systems. 

DARPA Page A 17 

I Budget ($ M) 

FY 95 Act 

FY 96 Est. 

FY 91 Rqst. 

Program 
Component 

Areas 

HuCS 

ETHR 

Agency Ties 

DARPA 

NSF 

EPA 

ED 

AHCPR 
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QI a 

DARPA Defense Information Enterprise Technologies udget Code: ST-19 
I I I 

;lobal-scale problems. The technology is based on those developed for High Performance Computing and Communications, but exhibiting more extensive 
:apabilities for ubiquitous information access, dynamic discovery of and adaptation to new resources, linkage of objects and their dissemination and 
listribution over inter networked distributed systems, and trusted system operation on behalf of users and applications. To drive the development of these 
echnologies, this activity supports integrated systems technology projects. In particular, this activity will develop the underlying technology base for the 
'undamental enabling applications of Digital Libraries and Electronic Commerce. 

The first element is developing service technologies available to applications developers, built upon bitways, that provides a ubiquitously available, 
ietwork-aware, adaptive interface upon which to construct national- and global-scale applications. Information Infrastructure Applications Demonstrations ar 
Focused efforls for fundamentally enabling applications, such as Digital Libraries and Electronic Commerce. The technologies developed in support of these 
will enable other applications that require extensive capabilities for large-scale repositories of network-linked objects, adaptation to the surrounding resource 
xvironment, usage metering-accounting-payment mechanisms, and privacy-enhanced, secure, and trusted processing. The Global Mobile Information 
Systems activity is developing the technologies to support applications that must operate in the presence of platform mobility, sporadic connectivity, and 
jynamically varying bandwidths. Experimental services support experimental design for computational and physical prototyping. 

This activity develops the underlying computer systems technology to enable applications developers to demonstrate prototype solutions to national- and 

Milestone) This program was eliminated in FY 1996. Some efforts were moved to the Defense Technology Integration and Infrastructure program, and the Global Mobile 
Changes (Infosystem subprogram was continued as a stand-alone program. -___ 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Developed initial prototype of common 

iuthentication, authorization, and accounting 
services infrastructure based on security mechanisms 
in Defensive Information Warfare (ST-24) program. 

Demonstrated prototypes of distributed digital 
library technology including techniques for scalable 
;torage management and data repositories, persistent 
ibject bases, and multimedia objects. 

Demonstrated copyright management system, 
xoviding proof of concept including fully electronic 
:opyright registration, recordation, rights transfer, 
tnd management. 

Demonstrated mobile computing system 
Clomputer Aided Design (CAD) environment through 
he design of early prototype, high bandwidth, 
iico-cellular, and wireless access points to the 
wireline infrastructure. 

Module fabrication services. 
Demonstrated network-based access to Multichip 
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National Science Foundation 
NSF supports and elaborates upon the Federal HPCC Program goals of extending U.S. technological leadership in high performance 

computing and communications, accelerating wide dissemination and application of technologies to speed the pace of innovation and to serve 
the national interests in many critical areas, and spurring gains in U.S. productivity and industrial competitiveness through the use of high 
performance computing and networking technologies. Program objectives, as the term is used here, refers to more specific ends, the 
attainment of which signals a major step toward achieving programmatic goals. For NSF, the objectives include: 

laboratories, libraries, and businesses at speeds of up to one billion bits per second; 

performance of one trillion computer calculations per second on application areas representing Grand Challenges; 

communications; 

and engineering and prepared to take advantage of these new capabilities; 

competitiveness; 

information intensive National Challenges and advance education. 

Developing national research and education networking services and capabilities for connecting universities, high schools, research 

Providing early access to new generations of scalable parallel high performance computers and software technologies in order to achieve 

Generating fundamental knowledge with the potential for radically changing the state of high performance computing and 

Creating a cadre of scientists, engineers, and technical personnel knowledgeable in the ideas, methods, and value of computational science 

Encouraging industrial partnerships and affiliations to enhance innovation, technology transfer and U.S: productivity and industrial 

Making advanced computing and communications information infrastructure available to a larger segment of the society to solve 

The NSF strategy for meeting its goals and objectives consists of balanced programs of support for: 
Individual investigators performing long-term curiosity-driven research; 
Small group research teams studying single, broader problems; 
Grand Challenge Applications Groups working on complex problems requiring multidisciplinary teams; 
Science and Technology Centers, targeted on major and significant research areas; 
Deployment of infrastructure, including general availability of networking services, access to specialized high performance computing 

capabilities, and provision of local small-scale state-of-art computing instrumentation; and 
Developing new opportunities and technologies for enhancing science and engineering education. 

For FY 1997, NSF has restructured its program into activities that reflect recommendations incorporated in reports such as the CIC 
Strategic Implementation Plan 'America in the Age of Information' and the National Research Council report 'Evolving the High Performance 
Computing and Communications Initiative to Support the Nation's Information Infrastructure.' This restructuring reflects both the Strategic 
Focus Areas of the CIC plan and the structure of the NSF, The new organization of the program is reflected in the following seven activity 
sheets; the original seventeen activities are included to capture past accomplishments and to help elucidate the transition. 

cn cn 
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National Science Foundation 

Budget (BA, $ M) HPCC PCAs by 1997 Pres. Request PartnedUser . 
Program Activity HCS HuCS ~ H R  Budget Account Code Agencies FY95 FY96 FY96 FY97 HECC LSN 

44.18 46.22 44.04 41.64 41.64 
Actual Preq. EQt. 

NSFNET All HPCC 

Supercomputer Centers DARPA, 

Computing Systems 

Human Centered Systems 

Networking, C F  DARPA,DOE,N 

Applications 

Education and Training DARPAiNASA*. 20.66 20.24 16.62 9.75 

Research Centers 10.68 11.08 11.38 

Research Infrastructure 19.23 21.59 18.20 

Grand Challenge Applications Groups ARPA, EPA 12.83 7.25 7.32 

Computing Systems and Components 19.58 22.33 17.20 

29.82 29.01 26.66 Software Systems and Algorithms 

Ubiquitous Computing and Communication ARPA, DOE, 10.52 14.80 14.44 

ARPA 20.14 14.55 15.69 Human-Machine Interaction & Information Access 

9.89 11.43 12.42 Biological Sciences (non-NC/GC) 

19.81 3.98 4.73 Engineering (non-NCIGC) 

3.59 4.66 Geosciences (non-NC/GC) 

8.14 6.11 8.19 Computational Mathematics (non-NC/GC) 

NIST 10.68 7.09 9.50 Physical Sciences (non-NC/GC) 

3.10 2.14 2.14 Social, Behavioral & Economic Sciences (non-NC/GC: 

National Challenges ARPA, NASA 7.28 17.33 8.55 

PC 

NlU 70.91 74.90 69.36 57.73 57.73 
47.16 45.95 1.21 

48.10 48.10 

A C A  19.92 19.92 

DARPA,NASA,. 55.21 25.49 8.20 9.66 11.86 

2.50 7.25 

~ --------- 
m 

------ ~ ..~__ ~~~ ~ 

N A C A  

NASA*NoAA 4.28 

I I I I 
Totals: 321.73 313.641 291.10 279.51 I 129.17 72.26 1.21 57.76 19.11 
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Engineering (non-NC/GC) I 19.81 I 3.981 4.73 I 
Geosciences (non-NC/GC) 4.28 3.59 4.66 
Computational Mathematics (non-NCIGC) 8.14 6.11 8.19 
Physical Sciences (non-NCIGC) 10.68 7.09 9.50 

Social, Behavioral & Economic Sciences (non-NC/GC: 3.10 2.14 2.14 

National Challenges 7.28 17.33 8.55 

I Totals: I 321.731 313.641 291.101 279.51 129.17 I 72.26 I 1.21 I 57.76 I 19.11 11 140.32 I 104.47 I I 15.28 I 31.03 I 
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NSF NSFNET udget Code: 
I I I 

The purpose of the NSFNET program activity is to provide for the high performance data networking needs of the U.S. research and education community 
his program activity supports operation of the worldwide Internet, and also funds enhancements to and participation in it. 

More than 1,100 US. colleges and universities have been connected to the Internet through the NSFNET program activity, and several thousand high 
:hools have had their connection facilitated. Libraries, medical schools, and public health facilities have also been connected. The program activity has 
irectly stimulated the emergence of a vigorous and highly competitive private-sector industry in Internet hardware, software, and connectivity in which the 
.S. is a world leader with an overwhelmingly positive balance of trade. 

A new, quasi-operational very high speed network backbone service (the 'vBNS') links NSF-supported high performance computing centers, and links arf 
:ing established competitively to scientific applications that demand the performance available. For less demanding, general-purpose networking needs of 
le community, this activity supplies funds to regional networks --most of which have their roots in regional university consortia, and, under the Connections 
rogram, to individual academic institutions needing Internet connectivity. Together with networking programs in other Federal agencies, the NSFNET 
rogram activity participates in funding administrative functions of the Internet, and collaborates in provisioning international Internet links. The NSFNET 
:tivity also supports technical development in such areas as database access and bibliographic protocols, routing and addressing, security and privacy, and 
etwork management. 

dilestone 
Changes 

FY 1995 Actual Milestones 
Completed transition to new NSFNET 

rchitecture including: 

,NS; 

Id NSFNET architecture. 

Overseeing Merit's audit of subcontract award tc 

Closing out Merit cooperative agreement for 

Completed initiation of award for vBNS. 
Began vBNS to NSF supercomputer centers at 0 

Connected vBNS to four NAPS at >45 Mbk. 
Issued solicitations: 

55 Mb/s. 

for vBNS; 
for connections to qualifying high-bandwidth 

pplications; and 
for additional International Internet Services. 

Made targeted awards in the network theory 

Supported connection of 50 additional institution: 

Made two awards in vBNS Connections Program. 

1 i tiative. 

> the Internet. 

FY 1996 Estimated Milestones 
Continue to expand connection of qualifying 

cientific applications to the vBNS. 

irivate sector in implementing new network-layer 
irotocol on the Internet. 

D the Internet. 

ecurity tools for the Internet. 

FY 1997 Agency Reauest Milestones 
As a result of ongoing privatization, reduce 

support of commodity-level network services to 
Participate with other Federal agencies and the educational institutions, and increase support of 

very high bandwidth services which focus on 
experimental applications of high bandwidth 

Support connection of 50 additional institutions networks and international networking. 

Pilot deployment of emerging privacy and emphasis are distributed high performance 
computing, information based learning 
technologies, remote visualization and imaging, 
and tele-collaboration. 

Among the applications areas targeted for 

Budget ($ M) 

Program 
Component 

Areas 
IFY 961FY 97 

LSN 44.04 41.64 

HuCS 
ETHR -'t 

Agency Ties 

""IF NSA User 
NET I User 
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NSF Supercomputer Centers udget Code: 

The four NSF Supercomputer Centers are: 
Budget ($ M) I .  Cornell National Supercomputer Facility at Cornell University; 

!. National Center for Supercomputing Applications at the University of Illinois; 
I. Pittsburgh Supercomputing Center at Carnegie Mellon University, University of Pittsburgh,and Westinghouse; 
1. San Diego Supercomputer Center at the University of California at San Diego. 

states access to state-of-the-art high performance computing resources. Additional activities at the Centers include: information on and access to emerging 
echnologies; software tools for high performance computing; support for Grand Challenge applications; and education, training, and outreach at all levels. 
The Centers have pioneered partnerships with the private sector working to introduce HPC technologies intonational industries to solve design and 
nanufacturing problems. They are also involved in testing the next generation network capabilities, including developing tools for ease of network 
iavigation. The strategic goals of the Centers are: 

FY 95 Act 

FY 96 Pres. 

FY 96 Est. 69.36 

FY 97 Rqst. 57.73 

70.91 

74.90 
They represent major activities that serve the computational needs of all NSF science and engineering disciplines by providing over 8,000 users from 49 

Provide access to state of the art equipment to academic community; 
Research emerging technologies; interact with vendors; 
Develop tools and software for all aspects of high performance computing and communications; 
Lead in computational science applications (Grand Challenges); 
Provide education and training in the use of HPC (vector &scalable systems, workstation access); 
Act as a resource for State and local Centers; 
Provide educational outreach at all levels. 

Program 
Component 

Areas 

Milestone IFY 1997 will be a transition year from the existing program to the new Partnerships for Advanced Computational Infrastructure. LSN 
Changes I 

FY 1995 Actual Milestones 
Installed new systems and upgrades of current 

iystems at Supercomputer Centers to more powerful 
mallel computing systems needed to support the 
icademic computing community. 

irea of mass storage for the national file system 
jeing developed at the Centers. 

Added additional Regional Alliances (4-6) to 
:nhance computing and communications expertise o 
ndividuals in university, education, public and 
)rivate sectors. 

Hosted annual Supercomputing meeting in San 
liego, with Center Directors as General Chair and 
'rogram Chair (5,000 attendees anticipated). 

Enhanced metacenter activities, especially in th 

FY 1996 Estimated Milestones 
Renew Supercomputer Centers cooperative 

Establish National Metacenter as a seamless 

FY 1997 Agency Request Milestones 
Initiate the Partnerships for Advanced 

Computational Infrastructure in order to provide 
access to high oerformance computing for the 

___ greements. 
ETHR 

V .  

ational computing environment across all four NSF academic research community at a level of one to 
two orders of magnitude greater than that typically :enters and other affiliates. 
available at a major research university. A~~~~~ ~i~~ Establish parallel computing as production 

iethod in computational research. 

apacity approaching a teraFLOP. 

pplications. 

Provide access to computer systems with 

Support demonstration of National Challenge 
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NSF Computing Systems udget Code: 
I I I 

Computing Systems Research is concerned with developing a fundamental understanding of computing systems, including their design and 
mplementation,and the evaluation of novel computing and information processing systems and architectures with respect to their design criteria, usually 
nvolving high levels of performance. Computing Systems deals with computer architecture, hardware implementation, system software(compilers, 
lperating systems), interconnection networks, storage and I/O architectures, and novel computing structures and technologies that hold the promise for 
adically new computer systems of the next century. A unifying 'systems' focus is the development and demonstration of balanced scalable, parallel systems 
hat can gracefully scale across a wide range of underlying numbers of processor nodes and interconnection structures. 

TECHNOLOGY: (1) design and evaluation of instruction set architectures and the organization of central processing units; (2) memory systems; (3) 
omputer system interfaces to communications networks and other high speed peripherals; (4) multilevel storage structures; (5)interconnection structures 
mong processors, memories, and input/output channels; (6)compilers; (7) operating systems; (8) parallel algorithms; (9) fault tolerant and redundant 
lardware structures; and (10) high-performance input/output systems. 

irogramming language semantics, and models of computation, with current emphasis on parallel and distributed algorithms and systems. 
FOUNDATIONS: Development of a fundamental understanding of architectural design,interconnection structures, computational complexity, 

EXPERIMENTAL: Design, construction, and evaluation of high performance computing systems. 
INFRASTRUCTURE: Access to high performance networks and computing systems for teams of university researchers. 

Milestone 
Changes 

FY 1995 Actual Milestones 
These are reported under Computing Systems and 

:omponents and Software Systems and Algorithms 
or FY 95. 

FY 1996 Estimated Milestones I- FY 1997 Agency Request Milestones 
These are reported under Computing Systems Continue an initiative, begun in FY 1996, to 

nd Components and Software Systems and 
ilgorithms for FY 96. 

explore problem-solving environments for 
Computation in science, through a 
multi-disciplinary approach. 

for software engineering, making use of powerful, 
mathematically-based techniques for analysis and 
synthesis of software systems. 

Begin a new, inter-disciplinary initiative to 
apply massively parallel computing using 
biological materials, including DNA. 

Determine whether and how the understanding 
that enabled the VLSI revolution might reapplied 
to the design of electromechadical systems. 

Continue support of research that can enable 
more effective compilers for both tightly coupled 
and loosely distributed parallel systems. 

Enable rapid advances in design for 
nano-manufacturing by supporting research to 
determine how fnrma!, ~fi!nmat~_d deslgr. 
techniques can be utilized. 

Begin a new initiative on improved methods 

Budget ($ M) I 
FY 95 Act 

FY 96 Pres. 

FY 96 Est. 

FY 91 Rqsl. 47.16 

Program 
Component 

1.21 
4ucs 
ETHR 

Agency Ties 

IARPA I I 

NASA 

NOAA 

AHCPR 
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pudget Code: I NSF I Human Centered Systems 
I I I 

Human-centered Systems research is concerned with improving the interactions among humans, computing systems, and information resources. Among 
he research issues addressed are data capture; information store, management and access;knowledge representation, delivery and distribution; intelligent 
iuman and computer interfaces;group and organizational interactions; determination of usability and adaptability; and programming paradigms and software 
nvironments tailored to problem domains and task specifications. The key challenge in this research is how to harness new information technologies for the 
ienefits of diverse end users. 

.nowledge acquisition and representation, information management and retrieval, and knowledge mining; (3) Human-system interfaces, including speech 
ecognition, natural language understanding, and other modalities of humanlmachine communication; (4) Multi-media information technologies; (5)Machine 
earning technology, enabling the system to adapt its operations and interactions to human preferences; (6) Collaboration technology; (7) Virtual 
nvironments, including both the advanced simulation and modeling technology and the virtual enterprise technology enabling the restructuring of businesses 
nd corporations in the distributed workplace; (8) End-user enhancement technology, including large-scale robotics and very small-scale, embedded systems. 

nteraction. 

esources to support experimental work. 

TECHNOLOGY: (1) Intelligent sensors and inputloutput devices; (2) Database and knowledge processing technology for data capture and store, 

FOUNDATIONS: Development of the fundamental theories and models required to understand basic aspects of humankomputer interactions. 
EXPERIMENTAL: Design, construction, and evaluation of systems to support human/computer interactions and to validate models and theories for that 

INFRASTRUCTURE Access to high performance networks and computing systems for teams of university researchers and development of sharable dat: 

Wilestone 
Changes 

FY 1995 Actual Milestones 
These are reported under Human-Machine 

nteraction and Information Access. 

FY 1996 Estimated Milestones 
These are reported under Human-Machine 

FY 1997 Agency Request Milestones 
Continue the Digital Library projects, a joint 

research initiative -with DARPA and NASA, and 
support related new work in very large databases 
and knowledge repositories. 

and more facile access to information and 
computing resources by ordinary citizens 
emphasize research including virtual 
environments, multi-modal human-computer 
communications and human-language technology. 

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. 

Initiate the multi-agency program, 
STIMULATE Speech, Text, Image, and 
Multimedia Advanced Technology Effort, in orde 
to understand multimodal human communication 
and apply it to computer technology. 

Interaction and Information Access. 

As part of a long-term goal to enable better 

Increase support for research in 

Budget ($ M) 

FY 96 Pres. 

FY96Est.  I 

Program 
Component 

Areas 
IFY 961FY 97 

HECC 
LSN 

ETHR 

Agency Ties 

=pG- 
NSF 

=I-- NASA 

AHCPR d 
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NSF Networking, Communications and the Convergence of Computing &Comm. udget Code: 

The overall goal is to facilitate access to information and computing in order to effectively and efficiently overcome distance and time barriers. 
Budget ($ M) N Networking research focuses on architecture, protocols, and performance of different types of networks including high band-width networks with multiple 

qualities of service guarantees, as well as wireless and all-optical networks. Communications research focuses on improving communication over optical and 
electromagnetic channels and the systems that enable that communication and on developing new approaches to digital storage systems. It is increasingly 
important to explore communications, computing, and networking as a single system. This convergence is emerging as computers become more universal 
and integrated parts of networked environments, as communication becomes mostly digital, as distributed databases become networked, as the demand for 
interactive and on-demand multimedia services increases, and as on-demand remote computing becomes available. 

(5) Optical systems; (6) Software to support distributed computing; (7) Software to support resource discovery and access to networked resources; (8) I/O 
devices & subsystems. 

FOUNDATIONS: Theoretically based techniques for the design, specification, analysis,implementation, testing, maintenance, and modification of 
architectures and protocols for networks and on-demand remote computing systems. 

EXPERIMENTAL: Design, construction, and evaluation of networking, communications,and on-demand remote computing systems. 
INFRASTRUCTURE: Multiple levels ranging from laboratory optical networks to wide area, complex, high speed networks; from wireless systems to 

FY 95 

FY 96 Pres. 

FY 96 Est. 

FY 97 Rqst. 19 9 2  

TECHNOLOGY: (1) Network access and control protocols; (2) Network management tools& techniques; (3) Wireless networks; (4) Mobile computing; 

Program 

Areas 
widely distributed databases and network storage devices, and networks of workstations to networks of supercomputers. The gigabit testbeds are examples of Component 
infrastructure that supports research integrating communications, networking and computing. The vBNS is another example of infrastructure that will support 
several classes of research activity. '' FY 1995 Actual Milestones I FY I996 E s t i r n a t e - I E  I FY 1997 A enc Re uest Milestones 

Algorithms and Ubiquitous Computing and Algorithms and Ubiquitous Computing and 
Communication. Communication. communications leading to a transparent 

FY 96 FY 9; 

Milestone LSN 19.92 
HECC 

These are reported under Software Systems and These are reported under Software Systems and Support software systems research to enable 
the seamless convergence of computing and 

information processing system. 

I Agency Ties 
Support new applications of very high 

bandwidth communications demonstrating the 
integration of research and education. 

Increase emphasis on wireless 
communications and wireless network access, and 
on very broadband networks including optical 

I 

I I 
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NSF Applications udget Code: 

Societal goals and the pursuit of fundamental knowledge in science and engineering identify the applications to be pursued. These applications fall into 
he following three categories: 

High Performance Applications for Science and Engineering: These applications are intended to push the envelope of computational capabilities in order 
o enable new discoveries in science and engineering. Thus they require access to the highest performance computing systems available, interconnected by 
iigh speed networks. The Grand Challenge problems fall into this category. 

High Confidence Applications for Dynamic Enterprises: These applications are intended to push the envelope of information processing in order to 
lemonstrate and advance new technologies in the Information Age. Improvements in integration, privacy, security, and reliability of information flows 
vithin and across organizations are a consequence of pursuing these applications. Some of the National Challenge problems are examples of this type of 
Ipplication. 

High Capability Applications for the Individual: These applications are focused on socictal needs and are enabled by universal, easy to use access to 
nformation resources, powerful methods of presenting information for ease of understanding, and customization of 'information space' for personal use. 
rlational Challenges such as digital libraries and medical information servers are examples of this type of application. 

These applications have one or both of the following attributes. They will drive and stress the enabling research areas outlined in the descriptions of 
:omputing Systems, Human Centered Systems, and Networking, Communications, and the Convergence of Computing &Communications given elsewhere 
n this document; they will lead to a paradigm shift in the application area involving a fundamentally different way of solving an important class of problems 
'he applications come from the physical and biological sciences, geosciences, social and behavioral sciences, and engineering. 

Milestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
These are reported under Grand Challenges 

FY 1997 Agencv Reauest Milestones 
These are reported under Grand Challenges Continue support of the Grand Challenges and 

ipplications Groups,Biological Sciences, 
{ngineering, Geosciences, Computational Engineering, Geosciences, Computational 1994, and FY 1995. 
dathematics, Physical Sciences,Social, Behavioral, Mathematics, Physical Sciences,Social, 
nd Economic Sciences, and National Challenges. 

Applications Groups,Biological Sciences, National Challenges initiated in FY 1993, FY 

Continue to support the paradigm shift 
involving increased use of high performance Behavioral, and Economic Sciences, and National 

IChallenges. computing to enhance or replace the experimental 
phase of the scientific method. 

Continue the Digital Library projects, a joint 
research initiative with DARPA and NASA, and 
support related new work in very large databases 
and knowledge repositories. 

Budget ($ M) 

FY 96 Pres. 

FY 96 Est. 

Program 
Component 

Area, 
FY 96 

HECC 

LSN 

HCS 

3ucs 
ETHR 

Agency Ties 

DARPA Partner 
NSF 

DOE 
~ 

NASA Partner 
NIH 

NSA 

NlST Partner 
NOAA - Partner 
EPA 

ED 

AHCPR 

VA 
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NSF Education and Training udget Code: I 
I 

The program in education and training is focused on increasing the pool of people with the knowledge, skills and insights to lead research in the science 
nd technology required to make high performance computing and information processing more easily utilized, and to apply those developments in the 
ursuit of fundamental knowledge in all disciplines of science and engineering. A secondary goal is to increase the percentage of the populace with an 
nderstanding of the power of and opportunities for high performance computing and information processing in the 21st century. Example activities include: 

MOSIS - An activity training students and providing research infrastructure for the design and manufacture of custom VLSI chips. 
Undergraduate Education - An activity which provides funding for new course and curriculum development in high performance computing and 

Research Experiences for Undergraduates - Opportunities for undergraduates to perform research in high performance computing and communication ani 

Postdoctoral Research Associates - Postdoctoral training in computational science and engineering and experimental computer science. 
Pilot Educational Networks - Develop networks to develop, implement, test, and evaluate applications of computer and communications to education. 
Network Infrastructure for Education - A joint CISE-EHR activity that addresses issues of large-scale networking for education. 

ommunication and information processing. 

nformation processing. 

vlilestone 
Changes 

FY 1995 Actual Milestones I FY 1996 Estimated Milestones FY 1997 Agency Request Milestones 
Monitored and evaluated existing projects and I Evaluate and analyze ongoing educational 4 Increase support for the incorporation of 

reate new testbeds to demonstrate scalability, 
ost/benefits, policy, effective applications, 
ducational impact, and other characteristics of 
uccessful user-driven models of computer 
etworking in education. 

nd establish a base of knowledge for new applicants demonstrate scalability, cosvbenefits, policy, 
3 the NIE and programs. 

llanning grants and with NTIA infrastructure awards. networking in education. 

pplications of Digital Library awards. 

networking projects to create a base of knowledge 
for successful user-driven model transfer and 
expansion. 

applications of Digital Libraries. 
Support large-scale models for educational 

Monitor and evaluate existing projects that 

effective applications and other characteristics of 
successful user-driven models of computer 

Coordinated the results from existing NIE projects 

Coordinated NIE activities with ED Goals 2000 

Initiated pilot studies for educational Develop plans for technology transfer of 
networked-based educational materials. 

research findings into the undergraduate 
curriculum. 

Increase support for the integration of research 
and education through supplements to existing 
research awards and through the initiation of new 
programs. 

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. 

Initiate a new program in Learning 

HECC 

LSN 

HCS 

-_ 
- 

Program 
Component 

Areas 

2.50 2.50 4 

AHCPR~ I 
V A I l I  
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NSF Research Centers udget Code: 

The HPCC program provides support for four Science and Technology Centers. These centers share several important characteristics: a unifying, 
xoss-disciplinary intellectual focus; an emphasis on knowledge-transfer and linkages with private sector organizations; and significant education and 
Iutreach components. The centers and their focus are: 

Center for Research in Parallel Computation, CRPC, at Rice University -- making parallel computers as easy to use as conventional computers; 

Center for Computer Graphics and Scientific Visualization, CG & SV, at the University of Utah -- building and displaying models that are visually : 
measurably indistinguishable from real world entities; 

Center for Discrete Mathematics and Theoretical Computer Science, DIMACS, at Rutgers University -- applying discrete mathematics and theoretic 
:omputer science to the solution of fundamental problems in science and engineering; 

Center for Cognitive Science at the University of Pennsylvania -- human cognition, perception, natural language processing, and the application of 
)arallel computation. 

Milestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Mileston_es 
Build models that are visually and measurably 

FY 1997 Agency Request Milestones 
Released a set of software tools for the support of This activity is now incorporated into the 

:xperimental analysis in discrete mathematics and indistinguishable from real-world entities. 
heoretical computer science. Provide universal Fortran-based language for Human-Centered Systems. 

Released a portable prototype library for sparse which vendors can provide efficient compilers and 
iirect matrix computation that can be optimized for which will assure program portability. 
iifferent computing systems. Identify and exploit applications areas where 

Developed an object-oriented multi-disciplinary discrete mathematics and theoretical computer 
tnalysis and design tool set to solve optimization science developments can lead to more accurate 
xoblems in industrial design. and efficient computations. 

ihysically based modeling language that extends DIMACS focused on the relationship between 
qeometric modeling languages and operators. mathematics and computational algorithms. 

Released a second version of High Performance 
;ortran that provides support for adaptive, dynamic 
:amputations. 

Began a special year on Mathematical Support 
'or Molecular Biology at DIMACS focused on the 
ipplication of discrete mathematics and theoretical 
:omputer science on problems in DNA sequencing 
ind in protein structure. 

activities described under Computing Systems 

Demonstrated with biological modeling, a fluent, Begin a special year on Logic and Algorithms at 

I 

FY 95 Act 10.68 
FY 96 Pres. 1 1-08 

FY 96 Est. 1 1.38 

FY 97 Rqst. 

Program 
Component 

Areas 
FY 96 FY 97 

HECC 6.30 
LSN 0.68 
HCS 

HuCS 
ETHR 4.40 

Agency Ties 

DARPA 

NSF 

DOE 
NASA 

G t j  
NIST 

AHCPR~ I 
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NSF Research Infrastructure udget Code: 
I I I 

The Research Infrastructure activity aids in the establishment,enhancement, and operation of major experimental facilities and in the acquisition of 
quipment such as workstations in order to support research activities in the areas of computer and information science, computer engineering, or 
omputational science. In general, support is provided for equipment, maintenance, technical support staff, and other appropriate costs. The groups supporte 
ange from single researchers requiring workstations to cross departmental or cross institutional groups requiring access to special purpose instrumentation. 

The largest part of the activity is the Institutional Infrastructure Program. The program activity supports both the acquisition of Scalable Parallel 
omputers for research in parallel computing and computational science and engineering and the acquisition of facilities for experimental research. 

The Research Instrumentation program, a smaller activity, supports experimental research with awards for workstations for experimental facilities and 
ilso for smaller Scalable Parallel computers. 

Wilestone Changes I 
FY 1995 Actual Milestones 

Supported infrastructure for research on the 
nput/output problems with scalable parallel systems. 

Developed infrastructure to support networked 
lpplications in education and advanced 
nanufacturing. 

Provided infrastructure support for gigabit networl 
esearch. 

Provided infrastructure support for virtual 
nanufacturing. 

Provided infrastructure support for multi-media 
ystems research. 

Continued support of identified infrastructure 
Leeds for basic experimental research. 

Participated in the Network Infrastructure for 
lducation (NIE) program supporting infrastructure foi 
ducation applications of the NIL 

FY 1996 Estimated Milestones 
Conduct formal evaluation of existing programs 

FY 1997 Agency Request Milestones 
This activity is now incorporated into the 

D adjust to the infrastructure needs of experimental activities described under Computing Systems, 
esearch in computing disciplines supporting HPCC. I-Iuman-Centered Systems, Networking, 

iecessary for educational uses of the NII. 

nanufacturing, and other applications of information 
nfrastructure technologies 

Develop infrastructure support for basic research Communications and the Convergence of 

Continue infrastructure support for virtual 
Computing and Communications, and 
Applications. 

Increase participation in the NIE program. 

NSF Page A 30 

Budget ($ M) 

FY 97 Rqst. 

Program 
Component 

Areas 
FY 97 

ETHR I 2.30 I 

Agency Ties 

NASA 

NIH 
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NSF Grand Challenge Applications Groups udget Code: 
-_ 

This activity supports multidisciplinary groups of scientists, engineers, mathematicians, and computer scientists to apply emerging high performance 
:omputing and communications systems to advance the solution of fundamental problems in science and engineering. These activities will generate 
iignificant new research in mathematics, computer science, engineering, and other scientific disciplines. The groups are listed below. 

High Performance Computing for Learning--Massachusetts Institute of Technology 
High Performance Computing for Land Cover Dynamics--University of Maryland 
Black Hole Binaries: Coalescence and Gravitational Radiation--University of Texas 
High Performance Imaging in Biological Research--Carnegie Mellon University 
Earthquake Ground Motion Modeling in Large Basins-Carnegie Mellon University 
Computational Biomolecular Design--University of Houston 
Adaptive Coordination of Predictive models with Experimental Observations--Stanford University 
The Formation of Galaxies and Large-Scale Structure--Princeton University 
High Performance Computational Methods for Coupled Field Problems and GAFD Turbulence--University of Colorado at Boulder 
Radio Synthesis Imaging: An HPCC Application--University of Illinois at Champaign-Urbana 
High Capacity Atomic-Level Simulations for Design of Materials Modeling--Carnegie Mellon University 
A Distributed Computational System for Large Scale Environmental Modeling--California Institute of Technology 
Parallel I/O Methodologies for I/O-Intensive Grand Challenge Applications--California Institute of Technology 
Understanding Human Joint Mechanics Through Advanced Computational Models-Rensselaer Polytechnic Institute 
Massively Parallel Simulation of Large Scale, High Resolution Ecosystem Models Determination--University of Illinois 
Advanced Computational Approaches to Biomolecular Modeling and Structure--University of Arizona 

Milestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Extend face recognition system to larger d a t a  

Release of Scientist‘s Visual Workbench to 

Demonstrated the utility of direct sensitivity 
inalysis in air quality models such as those for the sets including recognition in groups. 
Los Angeles basin or the Northeast Corridor. 

astronomers, with development versions of 
;ystem for monitoring biomedical experiments and interactive, distributed visualization and remote 
levelop capability to automatically detect events of rendering of very large images. 
nterest. Demonstrate effectiveness of Archimedes, a 

Demonstrated on high performance platforms special purpose compiler for unstructured mesh 
uch as the CM-5 a simulation of a watershed using computations, through simulation of the seismic 
i discrete event dynamic model coupled to a response of Los Angeles Basin. 
;eographic information system data base with 
visualization on a SGI-based system. with hydrological/ecological relationships to 

demonstrate increased realism within reasonable run 
BIMA telescope system in California to the NCSA times. 
lata archive to full, routine operational status. Begin work with industry to produce an 

affordable, stand- alone successor to AIM, with 
nolecular dynamics simulations of large specialized high performance computing hardware 
iomolecular systems. built in. 

Demonstrated the integrated AIM microscope 

Enhance the CM-5 watershed simulation model 

Brought the real-time transfer of data from the 

Incorporated Fast Multipole type methods into 

Made five new Grand Challenge awards. 
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FY 1997 Agency Recluest Milestones 

ctivity described under Applications. 
This activity is now incorporated into the 

Budget ($ M) 

FY95Act 12.83 -1 FY 96 Pres. 7.25 

PY 96 Est. i” FY 97 Rqst. 

Program 
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FY 97 
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NSF Computing Systems and Components udget Code: 
I I I 

Advances in computing systems and components requires that prototype systems be built quickly and cheaply, and new kinds of design tools need to be 
eveloped for this to take place. Prototype systems allow evaluation of new application-driven and technology-driven systems by 'exercising' them with real 
pplications that provide realistic tests of novel ideas and performance. 

Included in this activity is research on: 

Systems architecture, including application-specific systems and memory hierarchy; 

Early prototyping and evaluation of hardware and software systems; 

New tools for systems level automated design and prototyping; 

Distributed design and intelligent manufacturing capabilities; and 

Optical communications systems and devices. 

- FY 1995 Actual Milestones FY 1996 Estimated Milestones FY 1997 Agency Request Milestones 

Westone 
Changes 

ne University of Michigan was made available for memory hierarchies into low-power machines for 
se over the Internet, speeding development of new ubiquitous computing. 
ligh performance computing systems. 

Initiated projects to design and analyze new computing guided by progress in FY 1994 and FY 
iemory architectures. 1995 and by workshops. 

Initiated projects applying high performance 
omputing to manufacturing, in response to a 
lrogram announcement on virtual prototyping. 

Initiated projects in optical computing as 
:commended by the workshop in FY 1994. 

This activity is now incorporated into the 
activity described under Computing Systems. 

The high-performance rapid prototyping facility at Start projects to integrate high-performance 

Develop new research areas in high performance 

Budget ($ M) 

FY 95 Act 19-58 
FY 96 Pres. 22.33 

FY 96 Est. 17.20 

FY 97 Rqst. 

Program 
Component 

Areas 
FY 9: 

HCS 

lUCS 

ETHR 

Agency Ties 

3ARPA I 

NIH 
NSA 

NOAA 

EPA I------- 
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I 
NSF Software Systems and Algorithms udget Code: 

esearch emphasizes the development of scalable parallel algorithms and software technologies, and the development of problem solving environments. 
reas of research include: 

Parallel languages and optimizing compilers; 
Parallel operating systems; 
Performance evaluation and prediction; 
High performance systems for numeric and symbolic computations; 
Parallel algorithms and data structures; 
Algorithms for biological applications; 
Problem solving environments; 
Software engineering; 
Computer graphics; 
Computational geometry; and 
Real-time systems. 

In addition, a significant fraction of the activity is devoted to fundamental research, with potential impact on high performance computing, in areas 
x h  as the theory of computing,software engineering, and theoretical aspects of computer systems and operating systems. 

The activity also includes a postdoctoral program for interdisciplinary computational scientists. 

dilestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Increase the support for compiler and operating 

ortran for several parallel machines. systems research focused on heterogeneous, 
geographically distributed collections of computing 

ystems. systems. 
Introduce a sabbatical program to support 

ased on information-based complexity for important scientists and engineers to become more proficient 
:ientific problems. in applying parallel computing technology to their 

eveloping and analyzing designs and software with Initiate a program to bring promising computer 
:al-time or other critical dependability constraints. 

Demonstrated software to support transparent 
omputations on a heterogeneous collection of 
omputing systems that are geographically 
istributed. 

Developed program of Challenges in Computer 
cience to support research on technologies that will Extend ongoing research in parallel and 
nhance the usability of high performance computing distributed computing to address problems for 
ystems. universal services including heterogeneity, 

Developed compilers for high performance 

Developed scalable multiprocessing operating 

Developed efficient probabilistic algorithms 

Demonstrated software engineering techniques for disciplines. 

science research to a point of maturity that will 
permit evaluation by the user community. 

Identify and exploit applications areas where 
discrete mathematics and theoretical computer 
science developments can lead to more accurate 
and efficient computations. 

interoperability, and real-time operating systems. 
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ctivities described under Computing Systems an1 
letworking, Communications and the 
:onvergence and Computing and 
:ommunications. 

This activity is now incorporated into the 

Budget ($ M) 
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NSF Ubiquitous Computing and Communication udget Code: 
I I 

The focus of this program activity is basic research on technology for the transfer of information from one point in space to another (transmission and 
letworking) and/or one point in time to another (information storage and retrieval) including multiple access techniques to enable effective collaborative 
ccess to information resources. Research issues include: the efficient utilization of spectral bandwidth for wireless and wired systems; new architectures 
nd multiple access techniques for lightwave systems; optical technologies; reliable and secure transmission or storage of information in local and in 
nultiple access environments; and fundamental aspects of the characterization, control, and management,of information networks. 
keas of currently funded research include: 

Gigabit testbed research; 
Design and analysis of gigabit switching systems; 
Protocols and software structures for network management; 
Resource discovery among collaborative information spaces in large, decentralized environments; 

Network information theory; 
Multi-sender and multi-receiver network security; 
Modulation, detection, and coding of reliable information storage and retrieval; 
All optical networks; and 
Optical technologies for computing and communications. 

MilestonelThe name of this activity has been changed from Very High Speed Networks and Communications in the previous Implementation Plan to reflect the broader 
Changes (nature of the program. 

FY 1995 Actual Milestones I FY 1996 Estimated Milestones 
Reported on the accomplishments of the gigabit I Build on new gigabit research infrastructure by 

estbed project,including lessons learned and the 
trengths and weaknesses of technologies deployed 
n the testbeds. 

Sponsored a conference in November to discuss 
estbed results. 

Held workshops on Wireless Access, Open 
iearer Service, and Network Storage. 

funding research aimed at more effective utilizatioc 
of large information resources; specifically, enablin 
access to, distribution of, and effective interactions 
with these resources. 

Hold competitive program solicitation and make 
awards for wireless access testbeds. 

Continue collaboration with ARPA in IO Gbls 
testbed initiated under the Technology 
Reinvestment Program. 

Continue basic research in coding and coded 
modulation relevant to challenges in wireless acces 
such as mobility management and channels of 
widely and rapidly fluctuating capacity. 

Examine convergence of computing, 
entertainment, and telecommunications from the 

FY 1997 Agency Request Milestones 

ctivity described under Networking, 
:ommunications and the Convergence of 
:omputing and Communications. 

This activity is now incorporated into the 

Budget ($ M) 

FY 91 Rqst. 

Program 
Component 

Areas 

HCS 
HuCS 
ETHR 

Agency Ties 

q-+ 
NIH 

NSA 

NlST [------ 
I 

AHCPR d 
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NSF Human-Machine Interaction & Information Access udget Code: 
I 

The focus of research in the area of human-machine interaction and information access is to advance the underlying scientific knowledge and 
echnologies for creating and inserting an intelligent service layer that will significantly broaden the base of information providers, developers, and 
:onsumers, while reducing the existing barriers to accessing and using information and computing resources for real world applications. 

Work supported in this area includes: 
Human Language Technology--development of technologies for speech recognition, text understanding, multi-lingual language processing, including 

Multi-modal Human-computer interfaces--image processing and computer vision, integrated with sound, text, and gesture recognition; 
Very Large Knowledge Repositories--technologies for storing, accessing, and using large amounts and different varieties of data and information; 
Virtual EnvironmentslCollaboration Technology--sharable computing and communications environments which many can access, interact with, and use 

nachine aided language translation; 

:ffectively across time/geographical and physical/artificial boundaries. 

Milestone 
Changes __- 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Initiate new and extend ongoing research in 

user-centered designjncluding models, interfaces, 
and programming tools for rapid prototyping. 

FY 1997 Aaencv Request Milestones 
Demonstrated a prototype system capable of 

:ollecting, compiling and delivering information in 
nixed media and modalities: sound, speech, texts, 

This activity is now incorporated into the 
activity described under Human-Centered 
Systems. 

images,graphics. 

3nvironments with the aim of shifting the software 
levelopment paradigm to a more distributed, 
Jser-centercd, and domain-oriented focus. 

Developed new and extended thrusts and 
iirections for the Science and Technology Center on 
Zognitive Science at U. Penn to provide sharable 
resources in human language technology over the 
NREN to the larger research community and the 
industry. 

provide better, intelligent interfaces for access of 
computing and communication devices by the 
disabled. 

Initiated a new research thrust in Virtual 

Initiated new research efforts to explore ways to 

Demonstrate-results of research in coordination 
theory, collaboration technology, and group-oriented 
software tools. 

Initiate new and extend ongoing research in 
novel modalities of human-computer 
communications (e.g., face and gesture recognition 
and sensor-motor control), modeling and simulation, 
virtual reality, and problem-solving environments. 

Accelerate development of techniques to 
capture, store, access, refine, search 
distribute,preserve, and interactively use complex 
information over high capacity communication 
channel sin very large knowledge repositories. 
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NSF I Biological Sciences (non-NC/GC) udget Code: I 
I I I 

Many areas of both basic and applied biology require the use of computational tools to resolve significant questions. HPCC has had a dramatic impact 
in many of these areas. Three examples are mentioned below. Each one must analyze experimental results, construct detailed theory and then interrelate 
he two. They must also develop database systems to handle heterogeneous databases and to develop networking technologies to link various databases. This 
rogram activity supports the development of necessary computational tools: software; optimization techniques; and large volume data accessing, storage 
Ind managing techniques. In addition, the activity supports modeling of biological phenomena on new computer architectures, which will allow new 
luestions to be posed and answered in these areas. In many cases projects are supported that involve multidisciplinary groups of investigators. 

lirectly from experimental data or inferring it through comparison with known structures are computationally intensive problems that will not be solved 
vithout HPCC systems. The impact of solving these problems will be felt in both basic and applied biology, e.g., rational drug design, as well as 
liomaterials. 

Neuroscience: The challenge is to understand how networks of neurons work, and ultimately how the entire nervous system operates, from sensory 
ystems to learning and memory. New HPCC architectures allow for explorations of these questions. The impact of further understanding of experimental 
ind theoretical systems will be felt in the areas of health care (neuropharmacology, psychotherapy), artificial intelligence, and robotics. 

Ecology: The challenge is to understand the relationship of individuals that interact at various scales, both spatial -- from microorganisms to higher 
irgrtnisms, from populations to entire ecosystems, ultimately to global scale -- and temporal -- from nanoseconds to geological time. The complexity of the 
lata and of the relationships requires computational solutions. Impact of advances in this area will be felt on issues of global change, biodiversity, and the 
:nvironment. 

Structural Biology: The challenge is to determine macromolecular structure, and to relate structure to function. Determining structure of a molecule 

Milestone Several Milestones listed below contribute to and benefit from other NSF themes such as Ubiquitous Computing and Communication and Human-Machine 
Changes Interaction & Information Access. 

FY 1996 Estimated Milestones 
Develop prototype information workplace of the 

FY 1997 Agencv Request Milestones 

21st century including tools for use and accessibility activity described under Applications, 
This activity is now incorporated into the 

FY 1995 Actual Milestones 
Developed collaborative internet research 

Established the Center for Ecological Analysis 
invironments (e.g.,Khoros). 

Ind Synthesis, prototyping the linking of 
ieterogeneous databases. 

Continued development and distribution of 
iomputational tools for molecular dynamics,neural 
imulators, and ecological simulation studies, with 
ims of increasing size and realism of simulations. 

of heterogeneous (multimedia) distributed 
databases. 

Develop search tools for databases of images. 
Develop postdoctoral and training programs in 

the use of high performance computing and 
information technology. 

Begin partnerships with other agencies regarding 
information infrastructure support and maintenance, 
e.g., the Network of Networks. 

Ecological Analysis and Synthesis, and of models 
and tools to make computer simulations of 
biological phenomena more realistic over temporal 
and spatial scales. 

Continue development of the Center for 
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NSF Engineering (non-NC/GC) udget Code: 

The ENG Directorate supports fundamental engineering research by individual investigators and small groups that contribute to three components of the 

( 1 )  Software tools and algorithms are developed and applied to the solution of computationally complex engineering problems utilizing parallel and 
HPCC initiative: ASTA, BRHR, and IITA. 

distributed computing environments. Support is also provided for engineering groups addressing Grand Challenge problems, under NSF's Grand Challenge 
Application Groups initiative. 

computing and connectivity environments, and on the implementation of wireless network architectures and their interface to optical networks. Emphasis is 
on integration at the interface of devices, and on system level research that can help accelerate the implementation of these technologies. 

Support is also provided for multidisciplinary groups of engineers, computer scientists, and educators to integrate critical information 
systems under NSFs IITA initiative on National Challenges, such as in health care delivery, civil infrastructure systems, advanced manufacturing, 
environmental research, and engineering education. 

(2) Basic research is conducted on optical and optoelectronic technologies that are at the cutting edge for future advances in ultra-high-capacity 

(3) The basic tools, methodology, and information technologies are developed that underlie an expanded National Information Infrastructure. 

Milestone IThis activity supports other NSF themes such as Ubiquitous Computing and Communication and Human-Machine Interaction & 1nformation.Access. I Changes I 
Continued and expanded scope of the FY 1994 

ENG initiative on National Challenges in IITA, to 
include other engineering emphases such as 
environmental research. 

computationally complex engineering problems 
utilizing parallel and distributed computing 
environments. 

between devices and systems in optical and 
optoelectronic technologies for computing and 
communications. 

support for US users in US/Japan Joint 
Optoelectronics Project, to expand the user base in 
optoelectronics fabrication, and to stimulate growth 
of a domestic optoelectronics industry. 

Continued support of innovative approaches to 

Continued research that bridges the interface 

Provided seed funding to establish interagency 

00 
W 

FY 1996 Estimated Milestones 
Develop the basic tools, methodology, and 

information technologies in engineering that 
underlie an expanded National Information 
Infrastructure 

Continue support of innovative approaches to 
computationally-complex engineering problems. 

Initiate research in wireless network 
architectures and their interface with optical 
networks for ultra-high-capacity computing and 
connectivity environments. 

level of advanced optical and optoelectronic 
technologies. 

USNapan Joint Optoelectronics Project. 

Continue research at the device and systems 

Continue interagency support for US users in 

FY 1997 Agencv Reauest Milestones 

Ztivity described under Applications. 
This activity is now incorporated into the 

Budget ($ M) 

FY 96 Est. 

FY 91 Rqst. 

Program 
Component 

Areas 

HECC 
LSN 

HCS 
- 

HuCS 
ETHR - 

FY 96 FY 9; Tzrzr-- 
Agency Ties 

DARPA 
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NSF Geosciences (non-NC/GC) udget Code: 

01) Geosciences and the Office of Polar Programs HPCC activities build on a substantial infrastructure within the directorate. Incremental funds are used to 
Budget ($ M) 

FY 95 Act 4.28 

FY 96 Pres. 3.59 

FY 96 Est. 

FY 97 Rqst. 

enhance present activities and to synergistically integrate existing efforts into a geosciences program and the Global Change Research Program that is 
responsive and effective in using emerging technologies. The acquisition and testing (using Geoscience codes) of parallel computers of various architectures 
is being carried out to determine which technology offers the most promising capabilities. This initial work will guide the acquisition of a massively parallel 
machine in the FY 95-97 time frame. 

Software that effectively uses parallel computers for geoscience problems is being developed and enhanced, including parallel algorithms to be used in 
models such as the Community Climate, global atmospheric chemistry, and eddy-resolving global ocean circulation models. 

Extended activities are carried out to provide access to unique scientific and informational resources by connecting the Antarctic science facilities to 
the Internet for high speed data transmission (especially during the southern hemisphere winter) of global data,images from telescopes, and general 
interactive tele-science from remotely located experimental centers. 

ranging from program son a parallel computer to effective visualization techniques. These courses are offered at NCAR and the other NSF supercomputer 
centers. Graduate assistantships and postdoctoral positions that focus on HPCC activities are established at NCAR. 

necessary for monitoring global change is widely distributed with total databases anticipated to grow to 1 0 s  of petabytes. The development of services, 
standards, tools, and user interfaces for storing, finding, transmitting,manipulating, displaying, comparing, and analyzing three dimensional historical and 
near real-time geophysical data is a major activity. It is the aim of this effort to allow a university user transparent access to petabytes of geosciences data 
located at several centers from which data of interest can be selected. 

The education and training of geoscientists in high performance computing and communication is being addressed through a broad spectrum of courses 

Program 
Component 

Areas 
Technologies are being developed for Internet distribution of real-time geophysical data that have multiple sources at separate locations. Geoscience data 

Milestone I Chanees I 
FY 1995 Actual Milestones FY 1996 Estimated Milestones 

Replace shared memory computer at NCAR and 
upgrade MPP machines. 

Complete final development phase of Earth 
Simulation models running on different computers. 

Establish preliminary Volcano Network and fully 
implement geophysical data distribution. 

Establish an HPCC graduate and postdoctoral 
program for geosciences and revise exiting 
postdoctoral program to add HPCC thrust. Six to 
eight people will be supported. 

Demonstrated Earth Simulation models 
simultaneously running on MPP, clustered and 
shared memory computers and connected by 
'flux-coupler' software and high speed networking 
technology. 

Upgraded Climate Simulation Laboratory 5 
processor CRAY Y-MPiT3D machine to 8 processor 
CRAY Y-MP. 

Completed partial implementation of internet 
data distribution. 

Together with NASA and NOAA demonstrated 
the 256 Kbps data transmission between the U.S. and with high performance MPP computers. 
South Pole Station. 

Enhance Mass Store software to effectively work 

Bring to operation 1.SMbps link at Palmer 
Station, Antarctica using ACTS satellite. 
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NSF Computational Mathematics (non-NC/GC) udget Code: 
I 

I 
I I I 

Mathematics plays a central role in the drive to produce faster and more accurate algorithms that, in  tandem with hardware advances, produce 
tate-of-the-art simulations across the wide spectrum of the sciences. Research supported under this activity satisfies at least one of the following criteria: 

Use of high performance computer systems and architectures as a testbed for research; 
Innovative approaches to development of new algorithms, especially involving parallel and distributed, heterogeneous environments; 
Information-intensive activities, such as wide-area data exchanges, interaction services, and electronic collaborations; 
Unusual developments involving symbolic and numeric computation; 

Mathematical questions involving the preparation of suitable tools for visualization. 
This activity supports other NSF themes such as Software Systems and Algorithms,Ubiquitous Computing and Communication and Human-Machine 

nteraction & Information Access. 

Milestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Expand activities in algorithm research and 

Expand development of computational tools 

Support development of, access to, and 
transmission of large complex databases, and 
development of specialized electronic libraries. 

visualization and analysis. 

geometric features to solve partial differential 

Distributed and develop software with a 
iser-friendly interface to provide information on and development. 
D solve problems involving finitely-presented groups. 

D solve problems in molecular sequence analysis, 
specially for analysis of DNA, RNA, and protein 
equences. 

lroblems in fluid flow with particular emphasis on 
mproved versions of 'immersed boundary method' 
or fluid dynamics in regions with complicated 
noving boundaries. Examples of applicable problems equations arising from problems with moving 
re blood flow in a beating heart and flows in porous interfaces. 
nedia.. 

Produced and distribute algorithms and software exploiting new HPCC technologies. 

Developed algorithms and supported software for Enhance and disseminate software for geometric 

Develop new algorithms blending statistical and 

FY 1997 Agency Reauest Milestones 

ctivity described under Applications. 
This activity is now incorporated into the 

Budget ($ M) 

FY 95 Act 

FY 96 Est. 

FY 97 Rqst. 

Program 
Component 

Areas 

Agency Ties 

IARPA I 

NSA 

NIST 

NOAA 
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NSF Physical Sciences (non-NC/GC) udget Code: 
I I 1 

This activity provides support for research on fundamental problems in Astronomy, Chemistry, Material Science, and Physics using state of the art vecto 
upercomputers or emerging massively parallel systems. The emphasis is on developing models and solution techniques that provide for qualitative and 
pantitative improvements in the simulations. From these more accurate simulations the researchers are able to gain new insights into the nature of the 
Ihysical phenomena being simulated. In addition, this activity broadens the base of users of advanced computing systems by exposing graduate students ant 
iostdoctoral researchers to the benefits of computational science as an intrinsic part of the scientific method. 

This activity supports other NSF themes such as Software Systems and Algorithms,Ubiquitous Computing and Communication, and Human-Machine 
nteraction & Information Access. 

Milestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Working parallelized versions of GAUSSIAN, 

FY 1997 Agency Request Milestones 

CHARM, or other molecular dynamics codes will beactivity described under Applications. 
available for public use at all of the NSF 

Demonstrated the efficacy of parallelized 
:MM/MD codes by using them to predict glass 
ransition temperatures of polymer blends and 
:opolymers. Supercomputer Centers. 

lperator method to fast dynamics on periodic 
ystems with up to one million atoms. 

Ither disciplines to acquire and distribute information 
:asily and rapidly in the form of electronic preprints NSF and NIST in applications of HPCC to 
vas initiated. computational modeling of materials. 

Expand the CARM program to include 
upports high performance computing research in the computation for materials engineering problems. 
naterial sciences was expanded to include a wider Develop rapid, open, and widespread access to 
rariety of materials, algorithms and computing 
ilatforms. 

n the area of computational materials. 

This activity is now incorporated into the 

Extended the Newton-Euler Inverse Mass Through the Supercomputer Centers and the 
parallelized versions of codes supported for public 
use, strengthen the ties between academic 

A new project to enable scientists in physics and researchers and industrial affiliates. 
As appropriate, establish interactions between 

The interdisciplinary CARM program that 

electronic preprints over a broad spectrum of 
physics, chemistry, astronomy, and materials 

Linkages between NSF and NIST were explored science. 

Budget ($ M) 

FY 95 Act 10.68 

7.09 
FY 96 Est. 9.50 
FY 97 Rqst. I 

Program 
Component 

Areas 
FY 96 FY 97 

LSN 6.4 1 

ETHR 3.09 

Agency Ties 

DARPA 

W E  
NASA 
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NSF I Social, Behavioral & Economic Sciences (non-NCIGC) udget Code: 
I I I 

The Division of Social, Behavioral and Economic Research(SBER) was created at the beginning of 1993, by amalgamation of many existing programs. 
lBER is currently engaged in the development of a general plan for computing in the social and behavioral sciences, and it is examining how best to 
ontribute to the HPCC component, IITA. There are five program clusters in SBER, and each one has held a workshop on aspects of high performance 
omputing that relate to its disciplines: 

Cognitive, Psychological, and Language Sciences cluster: 'Cognitive Science' workshop; 
Anthropological and Geographic Sciences cluster: 'Computational Geography' workshop; 
Economics, Decision and Management Sciences cluster: 'Computational Economics' workshop; 
Social and Political Sciences cluster: Artificial Social Intelligence' workshop; and 
Science, Technology and Society cluster: 'Electronic Networks' workshop. 

SBER will be heavily involved in the IITA component, because its goals are close to the social and behavioral sciences. 

Milestone 
Changes 

FY 192j-Actual Milestones FY 1996 Estimated Milestones 
Launch new competition for multi-disciplinary 

FY 1997 Agency Recluest Milestones 

activity described under Applications. 
Established distributed processing geographic 

nformation systems for the National Information 
nfrastructure. 

:ymbolic processors to a wide range of problems in 
he social sciences. 

iccess to previously unavailable government 
,tatistics, while preserving data integrity and 
)reventing misuse. 

This activity is now incorporated into the 
research groups to conduct research in advanced 
computing for the social, behavioral, and economic 

Support work on software and mathematical 
tools for the National Information Infrastructure. 

Develop Cognitive Science activity in a 
partnership of the programs in Linguistics and in 
Human Cognition and Perception. 

Adapted genetic algorithms, neural networks, and sciences. 

Demonstrated new methods for providing wide 

Budget ($ M) 

FY 95 Act 

FY 96 Est. 

FY 91 Rqst. 

Program 
Component 

Areas 

Agency Ties 

DARPA 

NASA 
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NSF National Challenges udget Code: 
- 

National Challenges are information intensive applications that have broad and direct impact on the Nation's well-being and economic competitiveness. 
'he IITA component supports the use and integration of component technologies developed in other parts of HPCC to seek solutions to such applications. 
'he research needed to accelerate these solutions will span a spectrum of activities from concept demonstrations and experimental testbeds to the actual 
lelivery of application systems in specific domains. Areas identified for focus include: 

Digital Libraries; 
Advanced Manufacturing; 
Education, Training, and Lifelong Learning; 
Health Care; 
Civil Infrastructure Systems; 
Physical, Biological, and Geological Network Centers; 

Government Information Delivery: 
Environmental Monitoring; 
Electronic Commerce: 
Crisis Management; 

' Energy Management. 
Initially, the NSF program will focus on the first seven activities. 

Milestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones- 
Demonstrate preliminary results of research and Developed a supplemental program for additional 

nstitutions to participate in the Digital Libraries 
nitiative. Digital Libraries initiative. 

Demonstrated preliminary models and data 
leveloped by the research teams under the 
ross-agency Digital Libraries initiative. 

Implemented a cross-disciplinary research 
irogram on Virtual Prototyping for Advanced 
tlanufacturing. 

teliable Computer Controlled Systems to accelerate 
irogress in providing safe and reliable computing anc 
ommunication devices and systems for National 
lhallenge application areas. 

Developed laboratories as part of the new 
nstitutional infrastructure needed for investigating 
ffective human utilization of massive information 
tores. 

rlatinnal Challenge< 

the experimental testbeds developed under the 

Demonstrate results of research from National 

Initiate new research to accelerate development 
Challenges through workshops and symposia. 

of enabling technologies (e.g., wireless,lightwave) 
for the NII to help provide universal access to 
diverse bitways, including high speed networks. 

Expand programs in National Challenges. Developed and implemented a program on 

Conducted a new round of competition for 
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ctivity described under Applications. 
This activity is now incorporated into the 
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Department of Energy 
DOE faces unprecedented challenges challenges as it approaches the 21st century, DOE is committed to:reducing the global nuclear 

danger through its national security and nonproliferation activities; replacing underground nuclear testing with science; understanding and 
dealing with risks associated with environmental problems resulting from nuclear weapons production during the Cold War; promoting clean 
and efficient supply of energy; ensuring continuing US world leadership in science and technology research; and maintaining U.S. global 
competitiveness through leadership in environmentally-conscious materials, technologies, and industrial processes. 

The DOE High Performance Computing Program is focused on providing DOE with tools to address these challenges. It is a forefront, 
diverse applied mathematical sciences, high performance computing, communications and information infrastructure program which spans 
the spectrum of activities from strategic fundamental research to technology development and demonstration. The diverse activities supported 
by this program are integrated to support two major strategic thrusts: National Collaboratories (NC) and Advanced Computational Testing 
and Simulation (ACTS). 

The thrust in National Collaboratories is developing a set of tools and capabilities which will permit scientists and engineers working at 
different DOE and other facilities to collaborate on solving problems as easily as if they were in the same building. 

The thrust in Advanced Computational Testing and Simulation is developing an integrated set of algorithms, software tools and 
infrastructure which will enable computer simulation to be used in place of experiments when real experiments are too dangerous, expensive, 
inaccessible, or politically infeasible. These two strategic thrusts support the underlying mathematical concepts and information technology 
needs of all Department of Energy (DOE) mission areas (e.g., Defense, Energy Efficiency, Environmental and Fossil programs, etc.) and the 
efforts in these areas are closely coordinated with related activities supported by Defense Programs. 

The DOE program also supports and responds to the Energy Policy Act (EPACT) and to the High Performance Computing Act of 1991 
(also known as the Gore Bill) and provides supercomputer access and advanced communication capabilities (through the ESnet computer 
network) to scientific researchers. Finally, the this program also serves as an advocate within the Department to formulate and coordinate the 
Department's National Information Infrastructure (NII) initiative, especially to promote economically beneficial energy-related 'National 
Challenges' applications such as energy demand and supply management and to develop the underlying technologies to enable these 
applications. 
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Department of Energy 

Program Activity 

Advanced Computational Testing and Simulation 

Grand Challenge Applications 

Budget (BA, $ M) 

!Grand Challenge Applications (continued) I I I I 
INational Collaboratory Research I I 8.381 8.38 1 7.98 

Basic Research for Applied Mathematics Research 

Totals: 122.35 109.69 109.69 124.56 

DOE Page A45 December 20, 1996 



DOE Advanced Computational Testing and Simulation Research 
I I 

This activity has three fundamental research components: Applied Mathematics, Computer Science, and Software Tools. In addition, this activity supports education 
ctivities which are focused on educating the next generation of computational scientists. 

The applied mathematics research component develops theory, algorithms, and tools for enabling the solution of large scientific and engineering problems. This 
omponent supports leading-edge research at ten DOE laboratories and over 30 universities. Applied mathematicians and computational scientists supported by the basic 
esearch program are also active in Grand Challenge projects and other multidisciplinary research projects. Supported laboratory and university researchers meet every two 
rears at a workshop designed to foster collaborations and idea exchanges. 

woblems. Efforts range from efficient operating systems and 110 software for MPPs, to frameworks for isolating application codes from the underlying hardware details, to 
001s for monitoring the performance of scientific applications. In addition, this component supports efforts to improve the management, visualization, and understanding of 
he results of high end computations. 

omputational science, by leveraging the large DOE investment in these areas at universities and the national laboratories. 

'articipating fellows spend at least one summer working at a DOE laboratory in the area of their dissertation. 
continued) 

The computer science and software tools component of this effort focuses on developing advanced software to facilitate the use of high performance systems to scientific 

The education programs focus on engaging and training students, teachers, and faculty from middle and high school through graduate school in computing, networking, and 

The Computational Science Graduate Fellowship (CSGF) Program supports over 50 doctoral students in computational science and engineering at selected universities. 

Changes I 
FY 1995 Actual Milestones FY 1996 Estimated Milestones FY 1997 Agency Request Milestones __ 

Relocated the Lawrence Livermore National Reduce support for the Ames Laboratory and 
Laboratory (LLNL) applied mathematics group to Brookhaven National Laboratory applied mathematics 
Lawrence Berkeley National Laboratory (LBNL) as part programs as part of an overall redirection of funds into 
of the NERSC relocation. more computationally intensive areas. 

Computational scientists at Los Alamos National LBNL and LANL computational combustion 
Laboratory (LANL) and LBNL, working with university researchers, along with their university partners, will 
partners and a commercial combustion firm, released a initiate simulations of internal combustion engines, in 
code based on adaptive mesh refinement techniques that collaboration with industry partners. 
simulates 3D combustion phenomena in complex Continue collaboration between ANL applied 
geometries, with radiation effects included, accurately mathematicians and the DOE Office of Integrated 
enough for the code to be used in the design of Analysis and Forecasting on improving the predictive 
commercial low NOx burners. capabilities of the National Energy Modeling System. 

Applied mathematicians at Argonne National Initiate research at LANL on the predictability of 
Laboratory (ANL), in partnership with researchers at catastrophic events such as wildfires and earthquakes 
nearby Northwestern University, set up the Optimization through the development of modeling and simulation 
Technology Center (OTC) at Northwestern, in order to took. 
enhance laboratoryhniversity collaborations. Strengthen collaborative ties between laboratory 

On-line services at the OTC enable researchers around and university researchers working on Grand Challenge 
the country to access software for solving large-scale problems and other multidisciplinary projects important 
optimization and programming problems. to the DOE mission. Establish interoperability of 

MUSE and CAVE virtual reality technologies to 
developed and distributed improved codes for sparse explore domains of most advantageous use of these two 
matrix calculations that enabled progress on various technologies. 
Grand Challenge problems. kcontinued) 
(continued) 

Oak Ridge National Laboratory (ORNL) researchers 

Budget ($ M) 

Program 
Component 

Areas 

HuCS 
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NIH I q-- 
NOAA 

AHCPR 

December 20, 1996 DOE Page A 46 



U 
k 

DOE Advanced Computational Testing and Simulation Research (continued) 
~~ 

continued) 
The Adventures in Supercomputing (Ais) Program trains middle and high school students and their teachers in the use of computers and networks and provides computers 

nd curricular materials to participating schools. AIS encourages the participation of women and under represented minorities. 
The Undergraduate Computational Engineering and Science (UCES) Program develops curricular materials and application-based modules for undergraduate 

omputational science courses, tests this material at selected universities, and sponsors workshops and conferences for faculty and students. he UCES Program was expanded 
J involve the participation of selected HBCU's in teaching demonstrations and the development of curricula and instructional materials. 

Model Nets, a networking technology assessment project to determine appropriate educational technology tools and curricula in a variety of school systems, was 
ompleted. A catalog of effective technologies for use by teachers, administrators, and local and state education officials is now available in electronic and printed formats. - 

Wilestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 

Advances in modeling and asymptotic techniques 

FY 1997 Agency Request Milestones 
(continued) (continued) 

Deploy advanced scientific data management 
allowed LBNL applied mathematicians to correct technologies to scientific users. 
long-standing errors in commonly-used turbulence Evaluate strategies for producing large applications 
formulas for viscous flows near solid boundaries. software packages that can be executed in 

environments ranging from networks of workstations to 
SUNY Stony Brook applied mathematicians, extended the the highest performance massively parallel processors 
ability of front tracking codes to simulate interfacial available. 
phenomena of importance in fusion and weapons research. Introduce advanced tools for parallel program 

Transfer improved operating systems and message diagnosis and tuning in preproduction versions. 
passing models to US. computer vendors. Begin development of software tools which are 

Investigate scalability of existing performance designed around the Advanced Computational Testing 
analysis tools and deliver beta versions of high and Simulation Toolkit interface definitions. 
performance scalable 110 libraries, 

Develop plan to integrate scalable 110 with distributed scientific visualization environment for DOE 
and archival file and data systems. researchers. Continue evaluation of the effectiveness o 

Evaluated the quality of the first and second group of the CSGF Program. 
CSGF fellows as they enter the professional Complete electronic computational science text 
computational science career path. projects through commercialization. 

Replace Macintosh computers used in the AIS 
undergraduate computational science texts available. Program with PCs  running LINUX software, in order to 

The AiS Program extended its computing and enhance local computing capabilities and train student! 
networking activities to middle school students at in distributed computing. 
selected sites. Initiate follow-on program to the Model Nets Projec 

that focuses on training in-service teachers and 
administrators to use and maintain local- and wide-area 
networks in their schools. 

L 

LANL computational physicists, in partnership with 

Prototype integrated, distributed multimedia 

Made general releases of updated graduate and 

Budget ($ M) 

FY 96 Pres, I 

t FY 96 Est. 

FY 91 Rqst. 

Program 
Component 

Areas 

HCS 

HuCS 

ETHR 

Agency Ties 

trfl Partner +--- NIST 

NOAA I 
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ED 
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udget Code: KJO101, KJ3501 DOE Grand Challenge Applications 
In FY 1992, DOE initiated nine Phase I Grand Challenge projects (GCs) crucial to energy issues. All projects are co-funded by other DOE programs and 

Grand Challenges through the development of advanced algorithms and software and the use of HPCC resources. The selection of these projects was made 
by a panel including DOE program managers and other HPCC agency participants. Each project undergoes periodic reviews to assess research progress and 
future plans for continued funding. The projects are: 
1. Computational Chemistry (CC) -- parallelize key chemistry codes that permit researchers to study environment problems, using techniques such as 
self-consistent field (SCF), second order many-body perturbation theory (MP2), and Configuration Interaction (CI) codes; 
2. Computational Structural Biology -- develop methods for modeling components of genomes and a parallel programming environment for structural 
biology; 
3. Mathematical Combustion Modeling (MCM) -- develop adaptive parallel algorithms for computational fluid dynamics and apply these methods to key 
problems in commercial burner design; 
4. Quantum Chromodynamics Calculations I- develop lattice gauge algorithms on massively parallel machines for high energy and particle physics 
applications; 
5. Oil Reservoir Modeling -- construct efficient algorithms for parallel systems to model fluid flow through permeable media for better oil recovery methods 
from wells; Component 
6. The Numerical Tokamak Project -- develop and integrate particle and fluid plasma models on MPPs as part of a study of Tokamak fusion reactors; 
(continued) 

by industrial partners or other agencies. Participants include DOE laboratories, universities, industry and other HPCC agencies. These projects address the 
Budget ($ M) 

FY 95 Act 1 1.20 
FY 96 Pres. 10.00 

FY 96 Est. 10.00 

FY 97 Rqst. 10.00 

Program 

Areas 

~ 

FY 1995 Actual Milestones FY 1996 Estimated Milestones FY 1997 Agencv Request Milestones 
CC - developed scalable nonlinear optimization Some representative research accomplishments Evaluate results from completed Phase I GC 

techniques and solution schemes for SCF, MP2 and of Phase I GCs in FY-1996 are: projects. 
CI codes. Expanded interactions and benchmarking CC -- developed scalable approaches for evaluation Complete Phase 11 GC applications review and 
with industrial collaborators. of multi-configuration wave functions like make new awards. 

The number of projects supported will be 
combustion flows in complex geometries, such as Developed parallel algorithms for analytic SCF reduced to provide funding of the initiative in 
internal combustion engines. second derivatives and MP2 gradients. Integrated 'Advanced Computational Testing and 

GCM - applied differential sensitivity analysis scalable input/output techniques into the codes. Simulation.' 
and employed a barotropic closure model to resolve GCM -- demonstrated successful coupling of 

component at the DOES High Performance 
Computing Resource Centers (HPCRCs) will be 

large-scale ocean dynamics. Improve strategies for atmospheric-ocean-sea ice models on MPPs. 
coupling ocean and atmospheric models. GCT -- 3D front-tracking and simple fracture 

modeling were incorporated into the GCT code in coordinated with this activity. 
decay strategies; incorporated two-phase and the Groundwater Remediation Grand Challenge. 
three-phase flow with relative permeabilities, This permitted studies of three-phase flow in 

transfer between phases and components into GCT. bounding calculations for uncertainties of 

Classical Molecular Dynamics, Tight- Binding production code for more than 2000 atoms; 
implemented a full large-system multiple scattering Molecular Dynamics, ab initio Pseudopotential, and 
method code on the Paragon in the MPGC large Scale Miiltip!~ Scattering c&s wprp pgrt.~d 

to the Intel Paragon XP/S 150. 
Unified graphical pre- and post-processing tools for 
major codes were developed, 
(continued) 

HCS 

HUCS 

Milestone 
Changes 

_I_ 

Agency Ties MCM - extended code to simulate low-speed, 3D Multi-configuration SCF and CI. 

Funding of computational infrastructural DARPA 

E 
NM 

Developed a tight-binding molecular dynamics remediation strategies. NSA 

NIST 

GTR - tested bioremediation and radionuclide 

additional chemical reactions, and simple mass fractured regimes and the role of geostatics to obtain 
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DOE Grand Challenge Applications (continued) 
I 1 I 

continued) 
I. Global Climate Modeling (GCM) -- develop and implement versions of large-scale atmosphere and ocean general circulation models for MPPs; 
koundwater Transport and Remediation (GTR) -- design and implement a multiphase groundwater transport code with interface tracking, fracture flow, 
nicrotransport; and 
1. First Principles Simulation of Materials Properties -- develop scalable parallel algorithms for performing local density approximation simulations of 
naterials to novel properties for the Materials Properties Grand Challenge (MPGC). 

8. 

i t  the end of FY 1996, Phase I of the GC program was terminated. An RFP was published for Phase I1 of the program with project starts early in FY 1997. 
'he intent and grant procedures of Phase I1 are similar to Phase I but the projects now incorporate a infrastructural component to insure that the projects ha\ 
he computational resources to complete their proposed goals. 

Milestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones FY 1997 Agencv Request Milestones 
(continued) 
MCM -- Incorporated radiation effects into codes 
that simulate the behavior of low NOx commercial 
burners and design algorithms for simulating high 
speed combustion processes in realistic 3D 
geometries. 
RFP published for Phase I1 Grand Challenge 
Projects and technical review was begun. Thirty-six 
applications were submitted. 

Budget ($ M) 

FY 95 Act 

FY 96 Pres. 

FY 96 ESI. 

FY 91 Rqst. 

Program 
Component 

Areas 

HCS 

4UCS 1 I 
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DOE National Collaboratory Research udget Code: KJ0102, KJ3501 
I I I 

The National Collaboratory Research is structured to develop the technologies and tools that will enable scientists and engineers to easily collaborate 
cross geographic boundaries and to interact cooperatively in common problem solving and experimental activities. Elements of this research address the 
asic technology and services that underlie a number of national challenge applications including energy demand management and remote environmental 
ioni toring. 

Information Infrastructure technology R&D is conducted in information navigation and analysis tools, in hierarchical distributed information storage, 
dvanced collaborative multimedia environments and in information surety. 

Networking research activities include security (such as providing secure information retrieval and search mechanisms and interoperable authentications 
:alms), secure software distribution intelligent user interfaces for accessing the network, interoperable interactive multimedia systems, high speed LANs 
nd WANs, telepresence, protocols and services to support energy demand and supply management as well as collaborative work environments. 

Part of this research activity will investigate and develop immersive environment (e.g., CAVE) use of high speed low latency networks and protocols. 
This activity includes evaluation and use of ATM capabilities (e.g., Quality Of Service, signaling) to support advanced applications as well as provide 
iteragency collaborative environments. 

vlilestone Changes I 
FY 1995 Actual Milestones I FY 1996 Estimated Milestones ] FY 1997 Agencv Recluest Milestones I Defined a securitv architecture that orovides 

transparent and easily administered security 
services. 

Software developed to allow remote access to 
Advanced Light Source (ALS) experiments across 
ESnet was deployed in version 1.0 release. 

Developed a prototype system for monitoring 
power quality over the Internet and for providing 
associated energy services. 

Integrate existing collaborative tools into the 
National Collaboratory Framework. Virtual realit! 
advancement to allow a CAVE to CAVE 
interaction of at least twenty minutes. 

Generalize and package the components 
developed for the on-line access of the ALS for 
general use in remote collaborative access of 
facilities and instruments, 

First release of LabSpace software--an 
integrated media server for providing hypermedia 
indexing and information navigation and 
discovery, n-way multipoint media services and 
parallel interactive serving. 

Prototype a system allowing multiple 
commercial building monitoring and operations 
from a single remotely-sited control room. 

demand management using information 
infrastructure (Le., the Internet). 

communications library for hi-end systems 
available for evaluation and use. 

system. 

Prototype, on a small scale, residential energy 

Make the adaptive secure high speed 

Prototype the Secure Software distribution 

Budget ($ M) 

FY 95 Act 

FY 96 Est. 

Program 
Component 

Areas 

HECC 
LSN 

HCS 

- 
- 

HuCS 
ETHR 

Agency Ties 

NASA 1 

NIST 

AHCPR 
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DOE DOE2000 ACTS udget Code: KJOlOl 
I I I 

The DOE2000 focused program in Advanced Computational Testing and Simulation is developing an integrated set of algorithms, software tools, and 
infrastructure that will enable computer simulation to be used in place of experiments when real experiments are too dangerous, expensive, inaccessible, or 
politically infeasible. 

techniques, tools for integrating other physics models, parallelism and software backplane, tools for data assimilation, management, understanding, 
advanced software framework which can be used to accelerate progress in critical DOE applications. 

This program is focused on defining and producing an ACTS toolkit composed of tools for representing complex geometries, advanced numerical 

Milestone 
Changes 

_I_ 

FY 1995 Actual Milestones I FY 1996 Estimated Milestones FY 1997 Agency Request Milestones 
Coordinated definition (with DOE Defense 

Programs) of the interfaces which allow new 
ACTS tools to be incorporated into a unified 
ACTS toolkit. 

DOE Page A 51 

Budget ($ M) 

FY 95 Act 

FY 96Est. I 
FY 97 Rqst. I 5.00 

Program 
Component 

Areas 
/FY 96 1 F;fooii 

HECC 

LSN I I 
HCS 

ETHR 

Agency Ties 

DARPA I 

NASA I 
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DOE DOE2000 NC udget Code: KJ0102 
I I I 

The DOE2000 focused program in National Collaboratories (NC) is developing a set of tools and capabilities which will permit scientists and engineers 
iorking at different DOE and other facilities to collaborate on solving problems as easily as if they were in the same building. The program supports 
esearch in the tools which a virtual laboratory requires: Collaborative tools; Information surety (authentication + security), and High-performance 
etworking and one pilot implementations of these tools in partnership with other DOE programs. 

Changes I 
FY 1995 Actual Milestones FY 1996 Estimated Milestones FY 1997 Agency Request Milestones 

efforts in critical NC 

development program and pilot projects. Select 2 NC pilot projects from partnership 
prospectuses from other Offices 

Budget ($ M) 

FY 95 Act 

FY 96 Est. 

Program 
Component 

Areas 
IFY 96 FY 9: 

HECC 

LSN 

HCS 

+uCS 0.18 5.00 
5THR 

Agency Ties 

IAFZPA 

NIH 
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NIST 
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DOE National Energy Research Scientific Computing Center 
I 

This activi;y provides funding for equipment and personnel for the Scientific Applications effort at the National Energy Re;earch Scientific Computing 
?enter (NERSC). This effort provides high performance computing resources for investigators supported by the Energy Research often through collaboration 
with the NERSC staff. Mission areas of Energy Research include: Material Sciences; Chemistry; Geosciences; Biosciences; Engineering; Health and 
Znvironmental Research; High Energy and Nuclear Physics; Fusion Energy; and Mathematical, Information and Computational Science. 

The Center serves more than 4,000 users working on about 700 projects, of which about 30% are university based, 65% are in National Laboratories, and 
j% in industry. In FY 1996 NERSC operated 4 CRAY computers: a C-90 with 16 processors, with 256 Million words (Mw) of memory, a CRAY-2 with 8 
)rocessors with 128 Mw, a CRAY 2 with 4 processors and 128 Mw, and a J-90 with 32 processors and 512 Mw, and the National Education Supercomputer, i 
:ingle processor CRAY XMP donated by Cray Research, which is available over the Internet to high schools for educational programs. 

fecades, but to an interactive Center whose staff will collaborate with DOEER scientists and engineers to enable them to accomplish their missions through 
:ffective use of the Centers new computing systems with novel architectures. 

The operating philosophy is not to continue to operate NERSC as a first class production computing facility as it successfully has for the last two 

Milestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
While successfully delivering 600,000 Coniputer 

FY 1997 Aaencv Request Milestones 
Implemented massively parallel computer in the Continue to rebuilt the Center to effectively 

reduction environment. Resource Units (CRUs) in FY-1996 (more than in operate within the new philosophy primarily by 
Delivered 576,000 Computer Resource Units FY-1995 ) and an additional 3 Terabytes of hiring scientists and engineers trained in the 

CRUs) to ER Programs. archival storage to ER programs, the operating mission disciplines of DOE Energy Research to 
Supplied an additional 3 Terabytes of archival philosophy of NERSC was rewritten, the Center was work interactively with Energy Research users of 

dorage to ER programs. recompeted, moved, and rebuilt at Lawrence the Center . 
The Special Parallel Processing Program was Berkeley National Laboratory in response to a Install new computing and mass storage 

:xpanded to 70,000 Computer Resource Units by directive to operate the Center in a self sustaining systems, bring into operation, and train and 
lQ95. SPP workshops were held for winning mode for 20% less funding. otherwise aid Energy Research investigators in 
xoposals. In FY-1996, the Center also acquired new effective use of the new Center. 

Brought the NSL technology-based archival computing systems that are not classical vector Expand the efforts of the Center to assess and 
itorage system into limited production use. Supercomputers. These systems, J9Os with a use new computing, collaborating and 

Brought up the Portable Batch System (PBS) to shared-memory multi-processor architecture and a communications technologies important to Energy 
xovide a uniform batch environment across all majorT3E with a massively parallel architecture, will be Research. 
)latforms. acquired from SGI's Cray Research Division 

providing certain performance benchmarks are met. 

computational resources at the Center by more than 
400% before the end of FY-1997. Also acquisitions 
of Mass Storage will improve this component of the 
Center's system by an order of magnitude in the 
same time span. 

The new systems will increase the 

U 
U 
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Budget ($ M) 

34.00 

FY97Rqst.  1 29.76 

Program 
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FY 96 
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I DOE I ESnet udget Code: KJ0102, KJ3501 

A 

0 
0 

I I 1 
The large scale networking activity provides leading edge network infrastructure for the high performance computational research activities and funds th 

gigabit and advanced networking research activities that include gigabit testbed activities and R&D pilot projects such as HiPPI, ATM, National Storage 
Lab, and On-line Electronic Telescope. It also includes R&D for packetized video and voice, next-generation IP deployment. The network infrastructure, 
ESnet, is an integral part of the National Information Infrastructure (NII) and the global internet supporting basic research. It provides worldwide access to 
Energy Research facilities, including: Advanced Light Sources, Neutron Sources, Particle Accelerators, Fusion Reactors, Spectrometers, High Performance 
Computing Resource Providers (HPCRP), Genome Centers, Data banks, and other leading-edge science instruments and facilities. Planned upgrades will 
facilitate remote experimentation and 'national collaboratory' access to these facilities. 

The ESnet project, using laboratory-industry partnerships, provides advanced services through the early acquisition and testing of commercially-supplied 
communications and network services. Funding covers acquisition of services and advanced network capabilities and integration of these with other 
services, primary rate ISDN for video, video multiporthervices, hardware to expand network capabilities (routers, international links), personnel to develop 
tools for network use (e.g., communication, authentication, privacy protocols), advanced network information services, and maintenance. Funding may be 
provided for research and development on ATM issues with regard to High Performance Parallel Interface (HiPPI), standards implementation, interfaces, an 
LAN to WAN ATM interoperability. 
(continued) 

Milestone I Changes I 
FY 1995 Actual Milestones FY 1996 Estimated Milestones 

Integration of ATM into the infrastructure was 
FY 1997 Agency Request Milestones 

Completed ESnet upgrade of eight sites to 45 
Mbs fast packet services, the first Internet 
implementation of Asynchronous Transfer Mode 
(ATM) service. 

additional link to Garching, Germany (128Kbs), 
upgraded the Italy link to 768Kbs, installed data 
compressors on the Italy link, and successfully 
transitioned to the Network Access Point (NAP) 
architecture once NSFNET went away. 

within ESnet, including production quality video and end-to-end encrypted data. 
voice capabilities. 

Implemented massively parallel computer in the 
production environment. collaborators in Europe. Initiated the standards Prototype the Secure Software distribution 

Delivered 576,000 Computer Resource Units 
(CRUS) to ER Programs. 

Supplied an additional 3 Terabytes of archival 
storage to ER programs. 

The Special Parallel Processing Program was 
expanded to 70,000 Computer Resource Units by 
4Q95. SPP workshops were held for winning 
proposals. management on IP networks. reliable multicast). 
(continued) (continued) 

Maintain existing sites and upgrade ESnet 
successful. Ten ATM ports are in production mode bandwidth services, subject to budget constraints 
with speeds ranging from 4 to 155 Mbps. Additional to support Advanced Computational Testing and 
sites have been integrated using frame relay-to-ATM Simulation applications. 

Provide increased connectivity and bandwidtt 
effective. Two ports are active at OC3c ATM to Europe and Japan. Connect the supercomputei 
service. Implemented a successful Internet at Sandia National Laboratory and Oak Ridge 
Transition Strategy. Statistics show ESnet to be National Laboratory via a native ATM circuit. 
reliable and consistent and customer service Deploy RED and CBQ in operational networks. 
remains high. Support was provided for Defense Make available to others the PC based ATM 
Programs activities by supporting unclassified and simulator. 

Further develop high speed advanced 
A transatlantic ATM pilot project was initiated interagency and internetwork peering and 

interconnection points. 

Upgraded links to KEK, Japan (512Kbs) added an connections or N times TI connections where cost 

Added additional video systems interoperability 

to provide 5 to 10 Mbps ATM links to overseas 

process for HiPPI-6400, the gigabit speed system are system. 
network protocol successor of HiPPI. 

Developed Class Based Queuing (CBQ) IP 
gateways that control congestion as well as allow 
link sharing. 

gateways for congestion control and resource 

Design and prototype a HiPPI-6400 switch an 

Continue the development and deployment of 

Develop a strategy, protocols, and tools that 

tester, as well as advance the standard. 

network trgffic ana!ysis end ~ e i s ~ i n g  tnn!s. 

address congestion caused by WWW traffic (e.g. 
Development of Random Early Detection (RED) 

Budget ($ M) 

F Y 9 7 W .  1 14.79 

Program 
Component 

Areas 
IFY 961FY 97 

Agency Ties 

3ARPA I q- 
NASA 

NlST 

NOAA , * AHCPR 
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DOE ESnet (continued) udget Code: KJ0102, KJ3501 
- 

continued) 
Funding may also be used to investigate the network resource reservation and management for isochronous traffic. With additional funding work is 

ieeded in identifying the real issues with inter-nctwork peering and routing. Research on routing and addressing (e. g., end system identifiers, network versus 
Ieographical addressing, automatic host configuration, multi-level peering, etc.) for the growth of the Internet on a multi-protocol dimension must be 
onducted. 

- 
Milestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 

Demonstrated successful remote control of a 

Enhanced audiolvideo (e.g.,. VIC, VAT) 

continued) (continued) 

torage system into limited production use. 

rovide a uniform batch environment across all major collaborative tools and released reference 
llatforms. implementations. Demonstrated a geographically 

Brought the NSL technology-based archival 

Brought up the Portable Batch System (PBS) to 
robot from a CAVE over high speed networks. 

distributed joint site immersive environment 
(CAVES) using an OC-3 ATM network. 

secure software distribution system. 

analysis tools and techniques. 

Multicast (Mtrace) tools. 

the goal of identifying common security R&D as 
well as operational challenges. 

Developed a Pentium PC based ATM long link 
error simulator. Finalized the Real Time Protocol 
standard and reference implementation. Successful 
management and deployment of IWAY for SC ‘95. 

Developed an initial design for a heterogeneous 

Initial development of advanced IP network 

Development of Real time protocol (RTP) and 

Initiated a set or ER-DP security workshops with 

FY 1997 Agency Request Milestones 

Budget ($ M) 

FY 96 Pres. 

FY 96 Est. 

FY 97 Rqst. 
1 

Program 
Component 

Areas 
FY 96m 

lUCS 

ETHR 

Agency Ties 

IARPA I 
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NOAA 
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DOE High Performance Computing Resource Providers 
I I I 

Support the operation of High Performance Computing Resource Providers which provide critical resources for enabling Grand Challenge applications. 
To this end, the HPCRP's acquire large, full-scale, high performance computers exploiting a variety architectures for use by computational scientists workinj 
)n Grand Challenge applications. The centers integrate these early high-performance computing systems into prototype heterogeneous computing 
:onfigurations and make them available through the NREN. This allows for a wide spectrum of experiments for scalability studies, as well as an opportunity 
o provide Grand Challenge researchers access to the largest possible advanced systems. 

The range of architectures includes Intel Paragon, IBM SP2, Cray T3E, and advanced networks of SMPs 

Milestone I 
Chanees I 

FY 1995 Actual Milestones 
Implemented a 150 GigaFLOPS machine at 

IRNL running in single user mode 4Q 1994. 
Upgraded machine at ORNL to multiple 

iser/simple partition - IQ 1995 
Upgraded machine at ORNL to multiple 

iser/overlap partition - 4Q 1995 
Brought advanced architecture MP-node Intel 

'aragon with 1024 nodes to a state of scientific 
eadiness. 

3gabytes at LANL. 
Upgraded memory on the CM5 from 32 to 128 

FY 1996 Estimated Milestones 

message passing interface; 

performance measurements and benchmarking 
capabilities; and 

HPCRC supporting a number of the DOE Grand 
:hallenges teams. 

2. Ames Laboratory for use in developing 

3. Oak Ridge National Laboratory as part of the 
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DOE Gigabit Research and Development udget Code: KC 07 02 

This activity funds the gigabit and advanced networking research activities of the NREN. I t  includes R&D in gigabit testbed activities and pilot projects 
Budget ($ M) HiPPI, ATM, National Storage Lab, Online Electronic Telescope, and more), packetized video and voice, collaborative workspace, telecommuting 

rojects, technologies and mechanisms for supporting energy demand and supply management, next-generation IP deployment, and both secure and scalable 
ommunication libraries for distributed computing environments. 

Funding may be provided for research and development on ATM issues with regard to High Performance Parallel Interface (HiPPI), standards 
mplementation, interfaces, and LAN to WAN ATM interoperability. Funding may also be used to investigate the network resource reservation and 
nanagement for isochronous traffic. Further work in security (such as providing secure information retrieval and search mechanisms and interoperable 
uthentications realms), intelligent user interfaces for accessing the network, interoperable video systems, high speed LANs, telecommuting, protocols and 
ervices to support energy demand and supply management, and collaborative work environments will be funded. With additional funding work is needed in 
dentifying the real issues with inter-network peering and routing. Research on routing and addressing (e. g., end system identifiers, network versus 
:eographical addressing, automatic host configuration, multi-level peering, etc.) for the growth of the Internet on a multi-protocol dimension must be 
onducted. 

2.00 FY 95 Act 

FY 96 Pres. 

FY 96 Est. 

FY 97 Rqst. 

Program 
Component 

Areas 

I Milestone 
Changes 

FY 1995 Actual Milestones 
Scalable communications library was completed. 
LBL released beta code of collaborative 

xhnologies to ARPA and other agencies for further 
efinement and development. 

Packetization of commercial codec video/audio 
iutput was completed and allows ESnet to carry 
lacketized video encapsulated in IP. 

Initiated research, through a workshop, on the 
ntegration of wide area network and scalable IIO 
echniques and technologies. 

, 

HuCS 
ETHR 

-ES ': 
Agency Ties 
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DOE I Software Components and Tools budget Code:l KC 07 01 
I I I 

Developing advanced software to facilitate the use of high performance systems to scientific problems, including: 
* Constructing, maintaining, and monitoring scientific software; 
* Understanding and managing the input and output of scientific software; and 
* Facilitating and enhancing scientific and engineering collaborations. 
This program is focused on fulfilling the needs of users who are a critical part of the review process. This activity will also support an interagency 

onsortium to develop standard scalable I/O interfaces for MPP's and to extend this work to network-based distributed computing. In addition, some work at 
lis level will be invested in making archival storage systems, such as the National Storage Laboratory, a part of this transparent high performance 
rchitecture. 

flilestone Note that funding for the program at Florida State University has been included in this activity since the relationship with FSU was normalized in FY 1996. In 
Changes I addition, the funding identified in previous implementation plans with "Computational Techniques has also been included here. 

Established distributed computing and 
xperimental collaboration testbed for evaluating 
ecurity, resource management, program monitoring, 
nd other computational science tools in the HPCRC 
nvironmen t. 

Began development of flexible, interoperable 
101s for portable parallel program creation, testing 
nd performance monitoring, and interpretation of 
utput on advanced architectures. 

Evaluated the performance of operating system 
oftware on advanced computers and message 
assing software for networks on large scale 
cientific applications. 
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DOE I High Performance Computer Systems' udget Code: KC 07 01 
I I I 

This activity funds research into advanced computer architectures and novel commercial prototypes suitable for scientific computing. Funding for 
levelopment of new prototype architectures has been deemphasized in favor of providing feedback to commercial vendors of novel systems. This activity 
loes include funding to develop a message passing interface for an MPP system, which is critical for easily porting codes among massively parallel 
:omputers. 

This program activity also helps fund the acquisition of large prototype computers for testing and evaluation. Grand Challenge-class problems require 
a g e  prototype systems because they cannot be scaled down without removing essential aspects of their physics. 

Milestone 
Changes 

FY 1995 Actual Milestones 
Produced the reference implementation for a 

nessage-passing interface on massively parallel 
)rocessors (deliverable from IBM-ANL collaboration 
ising SPI). 

A joint agency project (with NASA, NSF, and 
IRPA) was initiated in scalable I/O for parallel 
:omputers. 

1072 processors) at ORNL. 

lperational and supporting Grand Challenge research 
brojects. 

Started workshops and projects to investigate 
iext-generation computational technology for 
irchitectures, computational environments, and 
ipplications to achieve petaflops performance 
equired by DOE programs such as Science Based 
Itockpile Stewardship. 

Installed Intel XP/S 150 Paragon (1024 nodes, 

Had full-scale CM-5 and Paragon systems 

_ _ ~  
FY 1996 Estimated Milestones I FY 1997 Agency Request Milestones 

DOE Page A 59 

_I______) 

Budget ($ M) 

9.30 FY 95 Act 

FY 96 Pres. 

FY 96 Est. 

Program 
Component 

HuCS 
ETHR 

Agency Ties -1 
DARPA 

NSF 

DOE 
NASA 

NIH 

NSA 

NlST 

NOAA 

EPA - 

December 20, 1996 



DOE Collaboration 
I I I 

DOEs Office of Health and Environmental Research contributes direct support through its CHAMMP and Atmospheric Radiation Measurements 
nd waste water monitoring programs. These funds support Grand Challenge work in these areas at the two HPCRCs. 

FY 1995 Actual Milestones 
Continued R&D on Grand Challenge projects at 

he HPCRCs. These projects are co-funded by other 
)OE programs and by industrial partners. Participan 
nclude DOE laboratory, university, industry and 
Ither HPCC agency researchers. They are: 

Computational Chemistry; 
Computational Structural Biology; 
Mathematical Combustion Modeling; 
Quantum Chromodynamics; 
Oil Reservoir Modeling; 
Numerical Tokamak Project; 
Global Climate Modeling; 
Groundwater Transport, Remediation; 
Simulation of Materials Properties. 

FY 1996 Estimated Milestones 

Milestone FY 1996 is the final year of the formal partnership between DOEs Office of Health and Environmental Research and the focused HPCC program. 
Changes 

FY 1997 Agency Recluest Milestones 

Budget ($ M) 

FY 95 Act 

FY 96 Est. 

FY 91 Rqst. 

Program 
Component 

Areas 

Agency Ties 

DARPA 
NSF 

NASA I 
NSA 
NIST I 
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Information Infraservices udget Code: KC 07 02 DOE 
I I I 

This element supports research in the basic technology and 
xvices that underlie a number of IITA applications including energy demand management and environmental monitoring and waste minimization. The 
asic services being explored include authentication, privacy and security, distributed resource management, and distributed collaboration tools. 

Much of this work is done in close cooperation with U.S. computer manufacturers and potential users in industry. 

!mestone Changes I 
FY 1995 Actual Milestones 

Established security (smart cards, authentication, 
tc.) for remote access to resources, such as 
ibraries, digital and object databases, video 
onferences, robots in hazardous areas, etc. 

Zquired to implement an energy demand and supply 
nanagement National Challenge in close 
ollaboration with U.S. power utility companies. 

Developed underlying technologies that are 

FY 1996 Estimated Milestones FY 1997 Agencv Request Milestones 

Budget ($ M) 

FY 95 Act 

FY 96Est. I 
FY 97 Rqst. I 

Program 
Component 

Areas 
FY 9; 

HECC 

LSN 

HCS 

HuCS 

ETHR 

Agency Ties 

DARPA I Partner 

NASA 

NIH 

NSA 

NIST 

NOAA 

EPA Partner 
ED User 

AHCPR 

VA 
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DOE I National Challenges budget Code: I KC 07 02 
I I I 

In conjunction with other DOE programs and with EPA, NASA, and NOAA, develop data integration techniques for multi-spatial scales to integrate local 
ite specific data into a regional context. Working with EPA, NASA, and NOAA, add remote monitoring of environmental conditions at DOE sites. 

Work with DOE Energy Efficiency to build on existing Energy Demand and Supply Management pilot projects by implementing advanced 
elecommunications technologies to provide the capability for real time energy consumption control by both the consumer and the utility company. 

Perform information infrastructure technology R&D within the framework of the National Science and Technology Council's NII and HPCC program in 
nformation: in information navigation and analysis tools; in hierarchical distributed information storage; in collaborative technologies; and in information 
urety. 

m e  architecture, and develop a Common Object Request Broker Architecture to enhance the distributed or collaborative work and telepresence 
mvironments. 

ria the Internet and NII. 

In conjunction with the Federal Network Council, integrate security technologies and mechanisms in a distributed and multi-telecommunications service! 

Demonstrate these capabilities by working with other ER programs to make selected advanced ER facilities (e. g., the Advanced Light Source) available 

Milestone 
Changes 

FY 1995 Actual Milestones I FY 1996 Estimated Milestones 
Completed a joint industry-DOE study on Energy 

Completed additional studies on the issues: 'Do 
)emand and Supply Management. 

3lectric Utilities have legal authority to build the 
Vational Information Infrastructure?' and 'How 
{lectric Utilities can contribute to Universal 
relecommunications Service.' 

FY 1997 Agency Request Milestones 

Budget ($ M) 

0.50 FY 95 Act 

FY 96 Pres. 

FY 96 Est. 

FY 91 Rqst. 

Program 
Component 

HCS %I= 
ETHR :E 

Agency Ties 

DARPA 

NSF 

DOE 

NASA 

NM 
NSA 

NIST 

NOAA 

EPA 
.~ 

m 
AHCPA 

VA 

Partner 
Partner 

Partner 
Partner 

_._ __ 
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DOE Education Programs udget Code: KC 07 01 
I I I 

The Computational Science Graduate Fellowship program supports over 50 doctoral students in computational science and engineering. 
In addition, support is provided for computational science education at various levels where opportunities for significant advancement are anticipated. 

Adventures in Supercomputing (Ais) trains in-service teachers in the use of computers and networks. Ais also encourages the participation of women 

The National High School Honors Program provides summer enrichment in supercomputing for gifted high school students. 
Textbook projects develop instructional materials for undergraduate and graduate courses in computational science. 
A curriculum enhancement project is developing approaches for effecting permanent changes in university curricula at both the undergraduate and 

ind minorities in computational science. 

Zraduate levels. This activity also addresses the issue of engaging university administrators in the process of advocating computational science and 
mgineering education. 

Milestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Moved to the ACTS research activity 

FY 1997 Agency Request Milestones 
Evaluated quality of first group of fellows as they 

mter the professional computational science career 
lath. 

Made second general release of electronic 
:omputational science text available. 

Continued AIS program at reduced level, but 
:xtend computing and networking 
ictivities from high school students to middle school 
itudents at selected sites. 

Produced a science textbook, using techniques 
leveloped in producing the 
:omputational science textbook. 

Held a workshop on the role of schools of 
:ducation in computational science education. 

Initiated networking technology assessment 
woject to determine appropriate educational 
echnology tools and curricula for a wide variety of 
xhools and to produce a catalog of effective 
echnologies for use by teachers, administrators and 
oca1 and state education officials. 

Budget ($ M) 

FY 96 Pres. 

FY 96 Est. 

FY 97 Rqst. 

Program 
Component 

Areas 

I 

HECC 

LSN 

HCS 
- 

E E  ETHR 

Agency Ties 

DARPA 

NSF 

DOE 
NASA 

NIH 

NSA 

NIST 

NOAA 

EPA 

ED 

AHCPR 
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DOE Basic Research for Applied Mathematics Research 
I I 1 

This program activity supports applied mathematics, computer science, and computational science research that develops concepts, algorithms, and tool: 
or enabling solutions to large scientific problems. DOE supports leading-edge research at ten DOE laboratories and over 30 universities. 

Current activities include research in applied mathematics and computational science, the studies of the National Academy of Science's Board on 
dathematical Sciences, over 40 postdoctoral associates at laboratories and universities, and over 60 university graduate students. Applied mathematicians 
nd computational scientists supported by basic research are also active in Grand Challenge projects. 

The applied mathematics program was reviewed in FY 1993 by panels of outside experts. It received uniformly high marks for scientific excellence and 
elevance to the DOE mission. 

The panel also identified new areas for possible funding: 
Inverse scattering; 
Nondestructive evaluation; 
Discrete mathematics; and 
Spatio-temporal chaos. 

Wilestone 
Changes 

FY 1995 Actual Milestones 
Made available codes based on adaptive mesh 

efinement techniques for resolving 3D fluid flow 
)henomena in complex geometries. 

Designed security procedures for voice and data 
ransmission based on sending the data encapsulatec 
n a chaotic signal and decoding the signal using 
echniques for controlling chaos. 

Made available codes for resolving large-scale 
tochastic programming problems of the type found 
n large commercial electric power distribution 
ystems, data transmission networks, and airline 
:rew equipment scheduling operations. 

Developed and integrated sparse matrix 
echniques for finite element codes that perform 
:rash simulation and analysis. 

'Y 1995 has led to dramatic improvements in the 
un-time and accuracy of the NEMS codes. 

Work on algorithms supporting NEMS initiated ii 

FY 1996 Estimated Milestones 
Moved to the ACTS research activity 

FY 1997 Agency Request Milestones 

Budget ($ M) 

FY 95 Act 

FY 96 Pres. 

FY 96 Est. 

FY 97 Rqst. 

16.50 

Program 
Component 

Areas 
FY 97 

Agency Ties 

DARPA 

I 

s y  
NSA 

NIST 1 
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National Aeronautics and Space Administration 
NASA’s primary role in the HPCC Program includes leading the development of applications software and algorithms for scalable parallel 

computing systems that will increase system performance to the sustained teraFLOPS (trillion floating point operations per second) level for 
NASA applications. As HPCC technologies are developed, NASA will use them to solve its Grand Challenge research problems, These are 
fundamental problems whose solutions require significant increases in computational power and are critical to meeting national needs. 
NASA’s Grand Challenges include: 

Improving the design and simulation of advanced aerospace vehicles; 
Enabling people at remote locations to communicate more effectively and share information; 
Increasing scientists’ abilities to model the Earth’s climate and forecast global environmental trends; and 
Improving the capabilities of advanced spacecraft to explore the Earth and solar system. 

NASA has initiated a program component to broaden the reach of the HPCC Program and begin the development of a National 
Information Infrastructure by supporting research and development in education, digital library technology, and access to Earth and space 
science data. The FY 1997 NASA HPCC Program has been organized into four vertically integrated computing projects: 

The Computational Aerosciences (CAS) project; 
The Earth and Space Sciences (ESS) project; , 

The Remote Exploration and Experimentation (REE) project; and 
The Information Infrastructure Technology and Applications (IITA) component. 

The REE project, inactive from FY 1993 through FY 1995, resumed activities in FY 1996, beginning with program definition and 
planning. This project seeks to provide scalable space borne computing to enable affordable and frequent missions involving powerful 
micro-instruments on sophistication miniature spacecraft to meet the exciting and challenging space science needs of the next century. The 
goal of REE is to demonstrate high performance computing capabilities for space borne applications afforded by a scalable family of 
low-cost, low power flight computers. 

capabilities essential for computational design of integrated aerospace vehicle systems and for predicting long-term global changes. 

aerosciences, and supercomputing testbeds. NASA is responsible for implementing the National HPCC Software Exchange to foster 
software sharing and reuse across the Federal HPCC Program. NASA also is acquiring hardware for computational science testbeds and 
developing software tools to enhance productivity, including load balancing tools, run time optimizers, monitors, parallelization tools as well 
as data management and visualization tools. 

In cooperation with other participating Federal agencies, NASA’s program involves deployment of experimental, scalable supercomputer 

NASA conducts a series of workshops that address Federal HPCC Program needs in software technologies and algorithms, computational 

The agency’s NREN activity provides high-speed network connections among NASA, industry, and academic researchers. 
NASA’s Basic Research and Human Resources component encourages research into the underlying theory and concepts of high 

performance computing and will foster research in high performance computing at NASA centers, research institutes and universities. 
The IITA component consists of critical information technologies and the application of these technologies to “National Challenges,” 

problems where the application of HPCC technology can provide huge benefits to all Americans. 
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National Aeronautics and Space Administration 

Budget (BA, $ M) HPCC PCAs by 1997 Pres. Request PartnedUser 
Program Activity Budget Account Code Agencies FY95 FY 96 FY 96 FY 97 HECC LSN HCS H ~ C S  ~ H R  

Actual Pres. Fs t . 

Testbeds 509- 10,509-20.509-30.234.5 ARPA, NSF, 25.12 14.81 12.91 15.39 15.39 16 nnu 

313 717 371 7nh 656 N U  FPA 59.00 59.84 59.84 57.75 56.75 I .00 
Grnnd Challenge Support 

Systems Software 509-10 509-20 509-30 EPA, NOAA, 

509- 10,-20,-30,505,535-538, NSF, DOE, 

8.04 10.02 10.02 10.96 7.56 3.40 hlse NI" 

Fll  NnA A 15.30 

N n A A  FPA 

NREN 509-10,-20,428.538 DOE, DARPA, 14.32 20.85 20.85 15.30 

3.59 3.98 3.98 3.20 3.20 BRHR 509-10,-20,233 NSF, NIH, 

509-40 ARPA, NSF, 7.20 8.80 8.80 3.50 3.50 Information Infrastructure Technology 

Information Infrastructure Applications 509-40 NoAA,EPA,EC 14.13 18.00 10.20 4.00 4.00 
nnF NIH Fn 

131.40 136.30 126.60 110.10 87.20 15.30 1.00 3.40 3.20 
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National Aeronautics and Space Administration 

I I Budget (BA, $ M) - 
Program Activity 6 FY96 FY97 

Fht. R a a  
Testbeds 25.12 14.81 12.91 15.39 
Grand Challenge Support 59.00 59.84 59.84 57.75 

!Systems Software I 8.041 10.021 10.02 I 10.96 
NREN 14.32 20.85 20.85 15.30 

Inforination Infrastructure Technology 7.20 8.80 8.80 3.50 

---- 
BKHK 3.59 3.98 3.98 3.20 

llnforination Infrastructure Applications I 14.131 18.001 10.20 1 4.W 

Totals: 131.40 136.30 126.60 110.10 87.20 15.30 1.00 3.40 3.20 23.60 
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NASA Testbeds udget Code: 509- 10,509-20,509-30,234,536 1 
I I I 

The objective of this activity is to encourage and accelerate U.S. commercial development of high performance computing systems that will support the 
Grand Challenges. To accomplish this, NASA will fund and encourage the commitment to early acquisition, access, and placement of such advanced 

to understand execution of full Grand Challenge applications on TeraFLOPS systems; providing a testbed control environment to assist in the collection of 
data about testbed operations that are needed to project the eventual performance of Grand Challenge applications on TeraFLOPS computing systems; 
developing a set of parallel benchmark codes based directly on the Grand Challenge applications to evaluate disparate architectures; and performing 
research and development activities in ground and flight-based testbeds to be used for demonstration, evaluation, and validation of performance and 
scalability of both high performance and ultra low power prototypes in a controlled environment for use in spacecraft. 

To compare different approaches to TeraFLOPS systems on a common basis, NASA will develop these parallel benchmarks to reflect the computational 
demands of the various Grand Challenge areas. All benchmarks will be scalable and used on HPCC testbeds. 

NASA also will develop tools and techniques to project the execution performance of the Grand Challenge applications. High performance computing 
research facilities will be established to accelerate transition to new generations of high performance computing technology by enabling researchers to 
explore applications of these new technologies. This will provide early access to advanced computing facilities for advanced application experiments and 
facilitate the creation and evaluation of new computing technology. Advanced high performance processors will be integrated into a prototype TeraFLOPS 
computing facility that will include access to the National Research and Education Network, early systems or advanced prototypes of important storage 
hierarchy subsystems, and sufficient advanced visualization facilities to allow system scalability experiments to be conducted. This will provide a spectrum 
of experiments for scalability studies as well as access to the largest possible advanced system by the Grand Challenge researchers. 

a systems by: acquiring advanced prototype and early production model high performance computing systems for use and evaluation; providing network access 

Milestone I Changes I 
FY 1995 Actual Milestones FY 1996 Estimated Milestones 

To accommodate for diminishing outyear 
FY 1997 Agency Request Milestones 

Grand Challenge Investigator Teams were NASA’s ESS 50- 100 GigaFLOPS/s sustained 
provided access to the following testbeds for budgets, NASA exploited the existing infrastructure scalable testbed will support the achievement of 
evaluation of applications: 128 node CRAY T3D at of design workstations, creating a seamless uniform 50 GigaFLOPSIs sustained on ESS Investigator 
JPL, 16,384 node MasPar MP-2 and 8 processor computing environment to integrate all resources. 
Convex SPP-I at NASA Goddard, 528 node Intel During FY 96, NASA will also: 
Delta at Caltech, Thinking Machines CM-5 scalable - Make testbeds available to investigators for 
machines at NASA Ames and Naval Research Lab, applications development and porting, and for 
Kendall Square Research scalable system at system software development and evaluation. 
University of Washington, IBM SP-1s at NASA - Demonstrate interoperation of the network 
Lewis and Argonne National Lab, and IBM SP-2 at infrastructure at NASA Goddard and JPL with NREl 
NASA Ames. at 622 Mbps. 

A new SGI Power Challenge L Cluster Machine - Demonstrate portability and scalability of 
was installed at NASA Ames. 

NASA conducted a workshop on “Future 
Miniature Spacecraft Technologies” which 
introduced REE to potential customers, and validated and validation of a high performance flight prototyp 
the REE concept and vision. This led to the 
formulation of a detailed Implementation Plan in FY sustained scalable ESS testbed. 
96. 

codes. 
NASA will provide a production systems 

software environment that integrates distributed 
workstations with scalable TeraFLOPS machines. 

software components and tools to TeraFLOPS 
systems. 

- Select and award a contract for development 

- Install a third generation 50-100 GigaFLOPS 

- Demonstrate cost effective high performance 
computing at performance and reliability levels 
equivalent to 1994 Vector Supercomputers at 25% 
of the capital cost. 
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509- 10,-20,-30,505,535-538,212,232,23 
e *,.I ,-I 

NASA Grand Challenge Support 
This research area develops, enhances, and evaluates techniques for the multidisciplinary modeling and simulation required by Grand Challenge 

problems. The Computational Aeroscience (CAS) research will focus on understanding the high performance computing environment and how it can be used 
to solve a range of problems of importance in aerospace engineering at a cost that represents the value, flexibility, and short cycle time required by the 
aerospacc community. This will be accomplished with the aid and focus provided by several representative aerospace design problems related to nationally 
important programs. These are: a High Speed Civil Transport (HSCT); an Advanced Subsonics Civil Transport (ASCT); High-Performance Aircraft (HPA); 
and Rotorcraft. 

simulations providing realistic global change understanding; and the integration of models and analysis algorithms for processing, analyzing and 
understanding the enormous volumes of data expected from scientific missions. Research will focus on: large scale structure and galaxy formation; 
cosmology and accretion astrophysics; convective turbulence and mixing in astrophysics; solar activity and heliospheric dynamics; Earth system models; 
four-dimensional data assimilation; climate models, and knowledge discovery in geophysical databases and satellite data. 

Collaborative groups including discipline scientists, software and systems engineers, professional software developers and algorithm designers are 
supported by shared computational and experimental facilities. Technical accomplishments will include development of application-specific codes for 
innovative high- performance computing systems, design and analysis of algorithms, and architecture and performance assessment of specific applications, 
NASA will evaluate the early research products and make the results available to system vendors as quickly as possible. Results in design and theory of 
algorithms are as important to breaking down computational scaling barriers as are performance improvements in computing hardware. Algorithms for 
common techniques such as multidimensional FFTs, Fast Poisson solvers, multigrid methods, Reimann solvers, sparse matrix methods, singular value 
decomposition, matrix factorization methods, and spectral methods are being re-implemented on a variety of architectures in order to understand how 
architecture affects efficiency and algorithm design. 
Milestone I 

Earth and Space Science (ESS) research will cover two critical scientific areas: the coupling of advanced discipline models into scalable global 

I Changes I 
FY 1995 Actual Milestones FY 1996 Estimated Milestones 

Demonstrate multidisciplinary aeroscience and 
FY 1997 Agency Request Milestones 

Science applications sustaining 50- 100 
Developed multidisciplinary Earth and space 

science applications on 10-50 GigaFLOPS testbed, 
including: Cosmology and accretion astrophysics, GigaFLOPS testbeds. GigaFLOPS. 
large scale structure and galaxy formation, 
convective turbulence and mixing in astrophysics, 
solar activity and heliospheric dynamics, 
atmospherelocean dynamics and tracers chemistry. 

The Earth and Space Science Team evaluated 
testbed architectures, running their scientific 
problems, for usability and efficiency. TeraFLOPS systems. Design applications, oriented 

Developed advanced subsonic civil transport 
analysis/optimization code and perform medium 
fidelity high speed civil transport modeling. 

Enhanced the ability of aircraft manufacturers to 
quickly analyze different design options and 
accelerate the prototyping process, thereby reducing 
design cycle costs and producing vehicles with 
improved performance. 

Demonstrated 32 GigaFLOPS sustained 
performance on 144 nodes of the IBM SP-2 at NASA 
Ames in support of FY96 milestone to demonstrate - multidisciplinary aeroscience applications on 10-50 

a GigaFLOPS testbeds. 
VI 

Demonstrate multidisciplinary Earth and Space 
Earth and Space Science applications on 10-50 

time to solution for aerospace design applications on Parallel Benchmarks. 
heterogeneous systems. The approach was to make 
a CAS testbed of heterogeneous workstations and 
high speed local networking openly accessible to 
software activities similar to existing HPCC work on 

around the propulsion industry needs, guided the 
system software. 

Select and award Round-2 ESS Investigators. 

Demonstrate end-to-end reductions in cost and Complete TeraFLOPS scalable ESS and CAS 

Budget ($ M) 

Program 
Component 

Areas 

HECC 
LSN 

HCS 

HuCS 
- 

ETHR 0.62 

Agency Ties 

DARPA 

=E NSA 

AHCPR 4- 
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NASA I Systems Software udget Code: 509-10 509-20 509-30 
I I I 

A 
A for improving portability between parallel computer systems and architectures, advanced compiler technology, tools for optimization and parallelization, 
a data management and interoperability, analysis and performance measurements, user interaction and visualization, and debugging and instrumentation. 

There are common needs in many areas of software technology including programming environments for code development and adaptation, techniques 

Advances in these generic software technology areas will have broad national impact resulting from the united efforts of NASA, other Federal agencies and 
industry. As the lead agency for coordinating advanced software technology and algorithm development, NASA will ensure that new systems software 
developments will involve broad communities. NASA is leading the effort to develop a National HPCC Software Exchange to provide the infrastructure thal 
encourages software reuse and the sharing of software modules across organizations through an interconnected set of software repositories. 

Research will be conducted in the development of program debugging tools and in instrumentation facilities for monitoring execution and developing ne\ 
techniques for monitoring and presenting the state of concurrent program execution in a coherent and user-friendly manner. Studies will include evaluating 
the scalability of these utilities. 

Research also will be conducted in the design of data management software needed to support the development and use of Grand Challenge based 
applications on future highly parallel systems. Techniques will be explored to control efficient, high performance I/O in parallel computer systems. The 
structures that are used heavily in multidisciplinary design applications may be object-oriented. Dynamic resource management methods will be prototyped 
and evaluated. The portability of these methods to various high performance systems will be studied. 

multidisciplinary simulation, analysis, and optimization processes in a manageable, coherent fashion, and to allow for the analysis of the discrete physics 
through visualization, manipulation, and comparisons with other experimental or computational data. 

.Human interFaces will be developed to permit users to observe and manipulate the huge amounts of 3D temporal input and result data from the 

Milestone 1 Changes L 
FY 1995 Actual Milestones FY 1996 Estimated Milestones 

Demonstrate portability and scalability of Improved portability and scalability of software 
components and tools to high performance computing software components and tools for TeraFLOPS 
sy s tems. systems. 

systems software and tools for High Performance 
computing environments. for teraFLOPS systems. 

NASA computational fluid dynamics equation Software Exchange. 
solvers. Demonstrate interactive parallel distributed 

Developed a High Performance Computing visualization over T1 and T3 lines. 
Software Exchange prototype. 

Completed the turn-key Flow Analysis Software steering. 
Toolkit (FAST) virtual reality system. 

Organized the second interagency workshop on Demonstrate portability and scalability of 
aeroscience and ESS software components and took 

Implement the High Performance Computing Completed aerospace industry validation of 

Develop expert system-based simulation 

FY 1997 Agency Request Milestones 

'eraFLOP scalable testbeds 

nd Space Science Investigator applications 

rocessor with systems software 

Demonstrate portable software templates for 

Demonstrate desktop virtual reality for Earth 

Demonstrate a four-node desktop scalable 

I 
I Budget ($ M) 

FY95Act  1 8.04 I 

Component 
Area; 

HuCS 

Agency Ties 7 
NSA 

NlST 

NOAA 
Partner 

NASA Page A IO December 20, 1996 



NASA I NREN udget Code: 509-10,-20,428.538 
I I I 

The National Research and Education Network (NREN) effort will establish standards and provide working models for commercial communications 
infrastructure deployment. NASA‘s role is to deploy the advanced communications required by the Grand Challenge investigators in a manner that satisfies 
the immediate needs of researchers while simultaneously guiding commercial infrastructure development for the nation NASA works with NSF, DOE, 
ARPA, and other agencies to enhance the national network infrastructure by coordinating the development and implementation of enhanced network 
technologies and services: integrated voice, video, and computer data transmission; network management and operations tools; protocol standards; routers 
and switches; security management; emerging high-performance user services including provision of advanced network services for multi-media 
communications; and K- 12 distance learning and outreach applications. 

investigators and NASA. An acquisition for advanced telecommunications services on an early availability basis will bring telecommunication and 
computational standards together to provide a low-cost computer network infrastructure over vendor facilities ultimately targeted at commercial availability. 
This will take advantage of the latest telecommunications technologies, such as Asynchronous Transfer Mode (ATM) over Synchronous Optical Network 
Transmission (SONET) services, initially at 45 Mb/s among five NASA centers. Research collaboration with the DoD’s Application Technology 
Demonstration Network (ATDnet) supports interoperability between independently managed NREN networks that are based on ATM technology supplied by 
multiple vendors. 

NASA also is working with other Federal HPCC agencies to extend the reach of NASA’s data resources and computing capabilities to K-12 schools, 
libraries, and teacher resource centers. Further development of digital libraries and other networking infrastructure technologies under the IITA component 
will promote remote access to NASA HPCC resources, enabling schools and resource centers to collaborate directly with each other over networks on 
distributed NASA education projects. In order to incorporate satellite-based communications technology into the terrestrial gigabit highways of the future, 
two experiments are planned for coupling the NREN effort with the NASA’s Advanced Communications Technology Satellite (ACTS). 
Milestone 
Changes *****Changed budget from HEC to GSN 

Completed T-3 (45 Mb/s) Level 3 HPCC 
interconnects of five NASA centers -- Ames 
Research Center (ARC), Goddard Space Flight 
Center (GSFC), Langley Research Center (LaRC), 
Lewis Research Center (LeRC) and the Jet 
Propulsion Laboratory (JPL) -- with switched packet partners. 
network to serve research communities, 

using the Advanced Communications Technology based on ATM technology supplied by multiple 
Satellite (ACTS) and ground terminals. vendors. This capability is critical to NASA in order 

155 Mb/s high speed communication: Ames maintaining compatibility with the evolving nationa 
Research Center (ARC), Goddard Space Flight network infrastructure that includes other Federal 
Center (GSFC), Langley Research Center (LaRC), Agency networks as well as the private sector 
Lewis Research Center (LeRC) and the Jet networks that will comprise the NIL 
Pro pu Is i on Laboratory (J PL) . 

NASA has deployed 45 Mb/s network services between five NASA centers and the NSFNET, significantly improving communications between remote 

The ACTS experiment was slipped into FY 96 due to delayed availability of the two required high data rate ground terminals. 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Complete ACTS experiments “High Data ACTS 

FY 1997 Agency Request Milestones 
Interconnect ESS and CAS testbeds at 622 

Demonstrate network technologies needed for 
Experiments for Performing Global Science: Keck 
Telescope and Global Climate Model”. 

Operate NREN in support of ESS science 
investigators and aerospace industrial rescarch 

Demonstrate interoperability between 

Megabitds. 

network management, cost accounting, security, 
and support of high performance applications in 
the NREN and NII. 

Demonstrated satellite-based gigabit applications independently managed NREN networks that are 

lnterconnccted five NASA research centers using to meet growing internal requirements while 

Budget ($ M) 

FY 95 Act 14.32 
FY 96 Pres. 20.85 

FY 96 Est. 20.85 
FY 97 Rqst. 15.30 

Program 
Component 

FY 97 

15.30 

Agency Ties 

IARPA] Partner 

EP DOE Partner 

=K NSA 

NIST 

, VU”‘ I 371 
AHCPR 

December 20, 1996 
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NASA I BRHR 
I I 

of computing technology. Areas to be included are: computer architectures; fundamental algorithms; computational complexity; networked and distributed 

NASA supports research institutes and centers of excellence engaged in computer science and computational science under the basic research and 

A 

acornputation; numerical analysis, and application specific algorithms. 

Effective integration of new high performance computing technology into the U.S. mainstream will require a sustained research effort across the spectrum 

human resources component. These include: the Illinois Computer Laboratory for Aerospace Systems and Software (ICLASS) at the University of Illinois; 
the Research Institute for Advanced Computer Science (RIACS) at Ames Research Center; the Institute for Computer Applications in Science and 
Engineering (ICASE) at Langley Research Center; and the Center of Excellence for Space Data and Information Sciences (CESDIS) at Goddard Space 
Flight Center. In addition, NASA funds small university grants on HPCC topics at the individual principal investigator level. 

The NASA HPCC program also focuses on the development of the next generations of computer and computational scientists. The resource potential to 
be developed will be concentrated at the graduate and postdoctoral level, but will extend to the baccalaureate and junior professor degree levels to a lesser 
extent. NASA's HPCC program will address the need to attract more talented scientists and engineers to computer and computational science in multiple 
ways by: 

- Expanding ongoing NASA programs that support pre-baccalaureate and master's level training and research programs (e.g., ICLASS); 
- Expanding doctoral degree research opportunities in High-Performance Computing (e.g., CESDIS, ICLASS); 
- Expanding the ongoing NASA programs that support postdoctoral research and new professors (e. g., CESDIS, ICASE, RIACS, ICOMP). 
In addition, new mechanisms for supporting students and new faculty interested in applying HPCC technology on NASA's applications have been 

initiated. This includes funding students directly at their institutions, provided they have an advisor interested in NASA applications, and expanding on the 
NASA Graduate Student Researchers Program at NASA centers and expanding support for National Research Council Resident Research Associates. 

Milestone 
Changes __- 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Provide annual graduate and postdoctoral support 

Host sixth annual summer school in High 

Transfer results of scalable 110 research to 

Publish Final Report of Round-l Basic Computel 

Select and make Round-2 investigator awards 

FY 1997 Agency Request Milestones 
Provided annual graduate and postdoctoral support 

Hosted fifth annual summer school in High 

Provide annual graduate and postdoctoral 
support for high performance computing research. 

Host seventh annual summer school in High 
for high performance computing research. 

Performance Computational Physics. Performance Computational Physics. Performance Computational Physics. 

for high performance computing research. 

commercial sector. 

Science. Research in key ESS technical areas. 

under ESS Basic Computer Science Research 
Program 

FY95Ac'  j ;:s; 1 
FY 96 Pres. 

Program 
Component 

Areas 
FY 96 FY 97 

HECC 

LSN 

HCS Et---lpl 
ETHR 3.98 1 3.20 

Agency Ties 

DARPA 
NSF 

W E  
NASA 
NIH 

partner1 

User1 

AHCPR 
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NASA Information Infrastructure Technology 

NASA will promote the development and deployment of digital libraries within the National Information Infrastructure in partnership with other Federal 
Igencies. NASA's approach in pursuing this objective is based on unique NASA requirements and technology contributions, as well as on the more general 
tdvanced technology requirements of National Challenge applications. 

NASA continues to participate in digital library technology research and development efforts begun under the NASA Cooperative Agreement Notice, 
'Public Use of Earth and Space Science Data Using the Internet", and the NSF/ARPA/NASA joint initiative "Research on Digital Libraries". A second 
'ooperative Agreement Notice for research and development in digital library technology was planned to be issued in conjunction with the applications of 
iemote Sensing Data project. Successful cooperative efforts resulting from this solicitation will complement ongoing work. 

:ompanies. This will be accomplished through projects to implement tools facilitating transmittal of proprietary data over networks. NASA will enable 
teronautics community collaboration with NASA facilities without jeopardizing the confidentiality of competitive or proprietary data. This will be 
tccomplished through an Authentication and Privacy project using systems analysis, integration and technology transfer to implement secure transmittal of 
amotely acquired aeronautics data. 

NASA will work with aircraft and propulsion companies to facilitate the transfer of NASA HPCC-developed technology to users in major U.S. aerospace 

Milestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones FY 1997 Agencv Request Milestones 
Identify additional digital library technologies 

needed to support remote sensing applications. 
Develop and issue a second Cooperative 

Agreement Notice for Digital Library Technology 
and Remote Sensing Database Applications. 

Initiated a digital library technology cooperative Demonstrate integration of digital library 
technologies with remote sensing demonstrations. 

Release completed digital library software 
funded through IITA Cooperative Agreement 
Notice. 

igreement with Loral Aerosys and Bowie State 
University. 

Cosponsored a Digital Library workshop with 
NSF and ARPA to assess the state of the art and 
identify research directions. 

Demonstrated prototype server for network 
progressive image transmission and compression. 

Implemented "Space Update" kiosk at Houston 
Museum of Natural Sciences. 

Identified authentication and privacy 
requirements of aeronautics industry and 
demonstrated use of commercial off the shelf 
(COTS) products to meet security requirements of 
the High Speed Research Project. 

requirements of IITA remote sensing and NASA 
aeronautics projects. 

Complete an IITA funded requirements analysis 
for an aeronautics Affordable Systems Optimization 
Process (ASOP). 

Identified Digital Library Technology 

Implement Earth Forum Kioskmodule at 

Demonstrate Internet access over commercial 
Houston Museum of Natural Sciences. 

cable television in 100 homes and schools in 3 
cable districts in Maryland, Virginia, and Colorado. 

Demonstrate secure transmittal of proprietary 
simulations and wind tunnel test data between 
NASA installations and aeronautics industry 
partners. 

-~ ~- 

Budget ($ M) 

FY 95 Act 

FY 96 Est. 

FY 97 Rqst. 

Program 
Component 

Areas 

ETHR I 8.80 I 

Agency Ties 

AHCPR 
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NASA Information Infrastructure Applications udget Code: 509-40 
I I I 

NASA will develop and provide access to databases of remote sensing images and supportive software over the Internet. Such databases will be 
lccessible to both public and private institutions, promoting the dissemination of taxpayer-funded Federal information. The information contained within 
hese databases can also be used by the educational and library communities to fulfill their needs and goals. The programmatic goal is to provide broad 
wblic access to remote sensing data to traditionally under-served communities. These data can be NASA and other federally funded data provided to the 
lpplication communities. Providing the access to remote sensing data will promote gains in education, quality of life and economic growth. 

NASA will build on its HPCC program, its aeronautics and space science research and engineering missions, and its existing education outreach 
nfrastructure to facilitate the general development of the National Information Infrastructure to support mathematics, science, and engineering education in 
he K-12 levels. This will be done through both NASA field center 'outreach programs' and through open and competitive solicitations. In FY 95, NASA will 
ssue a cooperative agreement notice open to public and private parties nationwide. The intent of this announcement will be address the National Challenge 
n "Education, Training, and Lifelong Learning" and will focus on doing this through the national aeronautics enterprise . 

Mestone Chanees I 
FY 1995 Actual Milestones 
New cooperative agreements were initiated wit 

:hildhood Project (Passport to Knowledge), Gulf of 
daine Aquarium (Surfing the Net) and SENTAR 
Flood Management). Also, grants were initiated 
vith University of Michigan (Windows to the 
Jniverse), University of California at Berkeley 
Science Information Infrastructure-SII), University 
I f  Washington (The Puget Sound Project), 
Jniversity of Wisconsin (Wisconsin Agriculture), 
Jniversity of North Texas (Emergency and Crisis 
danagement-ECM) and Smithsonian Astrophysical 
Ibservatory (SAO). 

Demonstrated public access and retrieval of 
rlASA databases by traditionally under-served 
,ommunities. 

Distributed the educational video for K-12 callec 
Connecting to the World." 

Completed evaluation of IITA developed K-12 
ligital education material. 

Provided a primary World Wide Web entry for 
he public to all the Digital Library Technology and 
{emote Sensing Database Applications projects 
hrough the Remote Sensing Public Access Center 
RSPAC) in Fairmont, West Virginia. 

FY 1996 Estimated Milestones 
Award cooperative agreements and grants under 

second "Public Use of Earth and Space Science 
lata over the Internet" Cooperative Agreement 
iotice. 

lata for use by funded projects and by the general 
iublic. 

latabase applications over the Internet: 

iroduction: WRC-TV 

nterface: BADGER. 

;OES-8 data for use by IITA funded projects and by 
he general public. 

Establish a World Wide Web server for GOES-8 

Dcmonstrate interim IITA remote sensing 

-Prototype weather broadcast videotape 

- Demonstrate baseline maps and user 

- Establish a World Wide Web server for 

NASA Page A 14 

FY 1997 Agencv Recluest Milestones 

xhnologies with remote sensing demonstrations. 

)atabase Applications over the Internet. 

!ducation Cooperative Agreement Notice. 

kgreement. 

Demonstrate integration of digital library 

Demonstrate completed Remote Sensing 

Demonstrate education products from K- 14 

Issue a second K- 14 Education Cooperative 

Budget ($ M) 

FY95Act  I 14.13 

Program 
Component 

Areas 

HuCS 

Agency Ties 

=F NSF 

NzAi Partner 
Partner 

NIH 

NSA 

EPA Partner 
ED User 

AHCPR 

VA 
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National Institutes of Health 
The National Institutes of Health (NIH) High Performance Computing and Communications (HPCC) programs are an integral part of the 

NIH biomedical research mission to develop basic knowledge for the diagnosis, treatment, understanding and prevention of human disease, 
The scientific activities include the analysis of biomolecular sequences and structures, the application of software tools for receptor-based drug 
design, the processing and visualization of biomedical images, and the modeling and simulation of living systems. The health care-related 
activities include the development of test bed networks linking hospitals, clinics, libraries, and medical schools, the development of 
computerized patient records and telemedicine technologies, and the creation of virtual environments to assist in medical diagnosis. The NIH 
HPCC programs make available to biomedical researchers the benefits of high performance computing and communication systems including 
advanced computing architectures and high speed network connections. The NIH pursues its HPCC goals through the funding of grants and 
contracts to support research conducted at universities and Research institutions throughout the Nation, as well as through research conducted 
at the NIH's intramural laboratories. These HPCC programs are administered by the National Library of Medicine (NLM), the National Center 
for Research Resources (NCRR), the Division of Computer Research and Technology (DCRT), the National Institute of General Medical 
Sciences (NIGMS), and the National Cancer Institute (NCI). 
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National Institutes of Health 

Partner/User 
Budget (BA, $ M) HPCC PCAs by 1997 Pres. Request 

Program Activity LSN HCS HuCS ~ H R  Budget Account Code Agencies FY95 FY96 FY96 FY97 HECC 
Actual F%W. Est. Rost. 

NLM Medical Connections Program 0.61 0.62 0.82 1.22 1.22 

4.92 0.75 0.50 

2.03 2.03 1.44 1.44 1.44 

NLM Biotechnology Informatics 4.32 4.35 5.67 6.17 
NLM Electronic Imaging 

NLM Electronic Imaging (continued) 

NLM HPCC Training Grants 

NLM IAIMS grants 

NLM Intelligent Agent DB searching 

NLM HPCC Health Care Applications 

NCRR Biomolecular Computing NSF 

iNCRR Software Tools for Receptor-Based Drug Design NSF 2.50 2.20 2.20 2.20 2.20 
NCRR ModelinglSimulation ARPA, NSF, 

NCKR Virtual RealityEnvironments ARPA, NSF 

NCRR HPCC Training 

DCRT High Performance Biomedical Computing 

NCI Frederick Biomedical Supercomputing Center 

NCI High Speed Networking and Distributed 

NCI High Perf. Cornms for PDQ, CancerNet, and 

NlGMS NSF 

3.01 3.04 3.04 3.04 3.04 

3.39 3.39 3.40 3.40 2.00 0.50 0.90 

5.35 5.37 8.37 8.57 6.42 2.15 

11.44 20.21 17.96 20.86 3.33 3.55 13.98 

7.60 6.60 6.60 7.30 6.30 0.20 0.80 

AHCPR, VA 

L 

4.80 5.80 5.80 5.30 4.50 0.10 0.70 

4.00 4.20 4.20 7.70 7.70 

1.40 3.50 3.50 1.80 1.80 

8.90 8.90 8.90 8.90 6.10 2.30 ,OS0 

5.40 5.40 5.90 5.90 3.60 1.39 0.14 0.28 0.49 

2.00 1.70 1.34 1.31 0.20 0.72 0.34 0.05 

0.60 0.60 0.60 0.60 0.30 0.30 

0.50 0.50 

NASA 

NSA, NlST 

Pl"D 

Totals: 67.35 77.91 79.74 86.21 23.40 22.90 4.94 29.59 5.38 
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National Institutes of Health 

Budget (BA, $ M) 
Program Activity FY95 FY 96 FY 96 

INLM Medical Connections Program I 0.61 I 0.621 0.82 
Actual Pres. Est 

4.32 

2.03 

NLM Biotechnology Informatics 

NLM Electronic Imaging 
I I I I 

NLM Electronic Imaging (continued) I I I I 
3.01 3.04 3.04 3.04 

3.39 3.39 3.40 3.40 

NLM HPCC Training Grants 

NLM IAlMS grants 

INLM Intelligent Agent DB searching I 5.35 

11.44 NLM HPCC Health Care Applications 

7.60 NCRR Biomolecular Computing 

NCRR Software Tools for Receptor-Based Drug Design 2-50 

NCRR Modeling/Simulation 4.80 

4.00 NCRR Virtual Reality/Environments 

1.40 NCRR HPCC Training 

~~~~~~ 

5.37 8.37 8.57 

20.21 17.96 20.86 

6.60 6.60 7.30 

2.20 2.20 2.20 

5.80 5.80 5.30 

4.20 4.20 7.70 

3.50 3.50 1.80 

I Totals: I 67.35 

- 
HPCC 

HECC 

6.10 

3.60 

0.20 

0.50 - 

PCAs by 1997 Pres. Request 

LSN HCS HuCS ETHR 

7.70 

1 .so 
2.30 0.50 

1.39 0.14 0.28 0.49 

0.72 0.34 0.05 

0.30 0.30 

77.91 79.74 86.21 23.40 22.90 4.94 29.59 5.38 22.40 21.51 4.38 24.34 7.11 
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NLM Medical Connections Program udget Code: NIH I 
I I 

The Medical Connections grant program provides 'jump start' funding to academic medical centers, community hospitals, and other health care 
iganizations to allow them to connect to NREN. Funding by the National Library of Medicine is provided to offset the costs of digital communications 
yipment, digital circuits linking medical centers with academic and commercial mid-level networks, and personnel and services necessary to connect to 
le NREN. During 1992-94 this program was administered for NLM by the National Science Foundation, which has long had a similar program for 
m-medical goals, but in FY 1995 NLM managed the program itself. Special emphasis is given to linking medical libraries with health care delivery 
rganizations and networked databases so that high speed telecommunications can support delivery of timely and accurate information for clinical decision 
laking. The program also supports distribution of Internet capability within an institution, and creation of regional consortia of health care institutions for 
iaring of medical information. 

ii[estone(Due to funding limitations, 1995 grant targets were reduced from 50 to 25. 
Changes I 

FY 1995 Actual Milestones 
Twenty-five grants were awarded. 

FY 1996 Estimated Milestones 
Approximately fifteen grants will be awarded. 

FY 1997 Agency Request Milestones 
Overall program goal is to bring the top 3000 

health care institutions in the U.S. onto the NREN 

NIH Page A 78 

7 Budget ($ M) 

FY95Act I 0.61 I 

Program 
Component 

Areas 

HCS 
HuCS 

ETHR 

I 
Agency Ties 
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NSA 
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NIH I NLM Biotechnology Informatics budget Code: I 
I I I 

The NLM's National Center for Biotechnology Information (NCBI) has been given the legislative mandate to create automated systems for storing and 
analyzing the vast and growing volume of data related to molecular biology, biochemistry, and genetics. This information science is an essential component 
of genome research and protein engineering and drug design, and seeks to develop analytical and predictive methods to identify key molecular patterns 
associated with health and disease as represented in a large number of related data banks encoding DNA, RNA, proteins, and other biologically important 
molecules. NCBI is implementing an integrated database of molecular sequence and structure which contains key linkages to the scientific literature and to 
existing biological data banks; the database is available to researchers nationally via the Internet using special purpose server-client software as well as the 
World Wide Web. Research on efficient and expressive data representation techniques for molecular sequence objects is conducted within NCBI's 
Computational Biology Branch and has lead to the development of new sequence analysis and retrieval methods. Within this distributed database 
architecture, the Center builds and provides access to GenBank, the NIH DNA sequence databank which is a key data resource of the Human Genome 
Project. The Biotechnology Informatics program administered through NLM's Extramural Program also supports investigator-initiated research in 
computational biology via peer-reviewed grants. 

I 

I Milestone I Changes 
FY 1995 Actual Milestones 

Tenfold increase in linkage of gene sequences to 
related scientific literature. Linkage of sequence dati 
to three-dimensional protein structure data. 

Coordinated effort with Washington University 
and Merck to add over 200,000 human cDNA 
sequences to GenBank. 

sequence submission software. 
Completed implementation of network-based 

FY 1996 Estimated Milestones 
Automated sequencing technology accelerates Increase in the number of funded genome 

lace of input to database, from the current rate of centers will increase sequence data output to 
loubling every 20 months. High throughput from greater than 500,000 sequences per year. 
DNA sequencing may is expected to double size of Increased demand for retrieval services due to 
latabase in less than one year. growth in Internet and the World Wide Web and 

NCBI begins distribution of human genetic the availability of complete genome from several 
lisease database produced at Johns Hopkins. organisms. 

Increased user and network demands for 
equence search and retrieval, now approaching publishers of online journals in a WWW project 
10,000 queries per day, will require upgrading server linking the GenBank sequences and MEDLINE 
oftware and hardware. abstracts to the full text of scientific articles. 

Immensity and complexity of genomic data 
will drive development of tools for synthesizing 
and summarizing data into higher level interactivi 
views. 

FY 1997 Agency Request Milestones 

NCBI will continue participation with 
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Budget ($ M) 

FY 95 Act 

FY 96 Est. 

Program 
Component 

Area 
FY 96 

HECC 

LSN 

HCS 
- 

HuCS 

ETHR - 

4.54 
0.68 
0.45 

FY 9; 

4.92 
0.75 
0.50 

Agency Ties 

DARPA 

NSF 

WE 

NASA 

NIST 

NOAA 
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NIH NLM Electronic Imaging udget Code: 

A Images are an important part of biomedical knowledge. New computer-based technologies are providing an unprecedented opportunity to supplement the 
F.J traditional two dimensional images of medicine and biology with dynamic, three-dimensional images that can be viewed, rotated, and reversibly dissected in 

a manner analogous to the physical objects they represent. Visible Human Project: The National Library of Medicine has undertaken steps to build and 
evaluate digital image libraries of anatomical structures of the human body. Full use and understanding of the biological structures depicted in such libraries 
will exploit the integration of advance computer and communications technologies, with medical imaging systems for computer tomography (CT), and 
magnetic resonance (MR)imaging. The combinations of these technologies with efficient algorithms to efficiently render anatomic data into photo realistic 
images which are easily manipulable by students, researchers, or health care providers will offer new tools for health education, research and clinical 
practice. 

DPXNET Program: The NLM is the technical lead agency in a collaborative project in electronic imaging with the National Center for Health Statistics 
(NCHS) and the National Institute of Arthritis and Musculoskeletal and Skin Diseases (NIAMS). The NCHS conducts nationwide surveys and collects a 
broad range of medical, demographic and other health related data in addition to x-rays. This project has succeeded in digitizing and archiving about 17,000 
cervical and lumbar spine x-ray films acquired as part of the second National Health and Nutrition Examination Survey (NHANES 11) to create an electronic 
archive of this unique and nationally important collection. The third survey, NHANES 111, has generated an additional 10,000 x-rays of the hands, wrists and 
knees. 

Accomplishments include: the development of high performance imaging workstations for quality control and standardized readings; the development of 
an electronic store implemented by a 144-platter optical disk jukebox and a RAID system accessible over the Internet; the development of clientherver 
software for general access to the images and collateral data over the Internet; initiating the design of an electronic radiologic atlas and training set for the 
cervical and lumbar spine; began the development of an integrated database with image and collateral data for general access over the Internet and begin - 
the development of a general access workstation. (continued) HECC 

Budget ($ M) 

2.03 FY 95 Act 

FY 96 Pres. 2.03 

FY 96 Est, 

FY 97 Rqst. 

1.44 

1.44 
Program 

Component 
Areas 

FY 96 FY 9: 

Milestone I Changes I 
FY 1995 Actual Milestones FY 1996 Estimated Milestones 
The complete data sets for the Visible Human A subset for the color data will be mapped with 

Male and Female were mounted and distributed both anatomical labels and graphical outlines to serve as 
over the Internet, and as a published volume of 8mm a data structure model for object identification of 
and 4mm tapes. the full male and female image data sets; a 

Completed the scanning, quality control and prototype image database will be designed to house 
archiving of 17,000 NHANES I1 spine x-ray images. the 2D and 3D data sets. 

Developed, tested and demonstrated an extension 
of the electronic x-ray archive by integrating a RAID classification, and linkage of structural data with 
system with an optical disk jukebox. semantic labels. 

Demonstrated a prototype standardized readings Begin the design of a portable standardized 
workstation in the lab, and conducted an evaluation readings workstations for deployment on the 
of this workstation for determining optimum design Internet; plan to begin readings of all cervical and 
parameters for user interface; using this evaluation, lumbar spine images, and incorporate this data with 
began the design of a portable standardized readings the digital images and other NHANES I1 collateral 
workstation for deployment on the Internet. data. 

Complete general access client workstations for 
radiological atlas and training set for spine images, Internet access by universities, government 
and selected image sets for these tools. agencies, research institutions and a broad array of 

independent investigators; conduct beta tests of the 
general access workstations by selected 
communities investigating osteoarthritis and other 
musculoskeletal diseases. 

Begin capture, quality control and archiving of 
10,000 NHANES I11 x-ray images of hands, wrists 
and knees. 
(continued) 

Continue research into automated image 

Began the design of an online electronic 

mage data base. 

iuman data sets. 
Start full object identification of the Visible 

I Agency Ties Mount the prototype Visible Human Subset 
)atabase on line for user beta testing. 

Complete standardized readings gf NHANES I1 

Expand general acccss to integrated database DARPA 
nd 111 images. 

onsisting of NHANES I1 and 111 collateral text 
nd images. 

Ither imageltext databases. 

pecific parameters for maximum compression of 
mages consistent with required quality standards. 

xhnique for use in serverklient systems. 

~~ 

Expand general access workstations to access 

Identify the compression ,technique and 

Encode the multi socket transmission NSA 

NIST 

NOAA 
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NIH NLM Electronic Imaging (continued) udget Code: 

(continued) 
. ISTO Project: The larger size of the Visible Human image set and other medical images offer an enormous challenge to storage and transmission. The 

ull set of Visible Human images would require a capacity of over 100 CD-ROMs, an impractical distribution option. The NLM therefore is investigating 
idvanced compression and communication techniques to minimize the required storage capacity and maximize transmission speed over the Internet. 

Milestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 

Begin an effort to incorporate image 
(continued) 

compression and high speed transmission technique 
to optimize the distribution of the Visible Human 
and digital x-ray images. The multi socket 
transmission technique algorithms will be tested on 
image samples from both collections. 

FY 1997 Agency Request Milestones 

Budget ($ M) 

FY 95 Act 

FY 96 Est. 

FY 97 Rqst. 

Program 
Component 

Areas 

4cs “FJF 
5THR +--I- 

Agency Ties 

NM +- 
N O M  

AHCPR d 
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NIH 1 NLM HPCC Training Grants udget Code: 
I I I 

Currently, there are too few professionals in biomedical fields who have had training in the use of modern computer and telecommunications systems. 
'here is a need both for biomedical professionals cross-trained in Informatics and for persons from computer and information sciences and engineering who 
lave had doctoral or post-doctoral training in the application of these technologies to health problems. Medical centers that wish to modernize and network 
fficiently their institution-wide information services have found it difficult to identify and recruit senior professionals with this kind of education and 
raining. Training in health 
areer training in medical Informatics, both for research and application, and providing an HPCC-in-medicine fellowship training support. 

information management skills is critical. NLM is expanding its successful pre-doctoral and post-doctoral grants program for 

- 
Milestone Because of funding limitations the number of fellowships awarded was kept flat, instead of being increased as called for by the original award schedule. 
Changes 

FY 1995 Actual Milestones 
Support for existing programs continued. 

FY 1996 Estimated Milestones 
Continuing support for existing programs 

ontinued. 

FY 1997 Agencv Reguest Milestones 

IPCC training for health professionals. 
Continued individual and program grants for 

Budget ($ M) 

FY 95 Act 

FY 96 Est. 

FY 97 Rqst. 

Program 
Component 

Areas 

HCS 
HuCS 

Agency Ties 

NIH 
NSA 

NlST I 
NOAA I 
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NLM IAIMS grants udget Code: NIH I 
I I I 

Academic Medical Centers are the backbone of the American biomedical research enterprise. These 120-plus institutions are comprised of health 
Irofession schools, their associated teaching and research hospitals, clinics and laboratories. Information related to patient care, research, education, and 
tdministration is the life blood of these complex centers; increasingly this information is in electronic form: databases of bibliographic and factual 
nformation, molecular databases, patient records, laboratory and clinical data. Currently, these electronic information sources (databases) are largely 
lisconnected and isolated from one another, and communications among the various computerized systems in academic medical centers is primitive or 
ion-existent. The focus of the IAIMS program, initiated in 1984, is the development of the technical and organizational infrastructure necessary to link and 
.etrieve conceptually related information from many disparate sources within the medical center, and to link medical centers. The administrative, clinical, 
:ducational, and research databases should be able to communicate, and to appear as one database to the user. The goal of the program is the devFlopment, 
esting, and implementation of generalizable systems of information flow management within university health science centers or major teaching hospitals. 
rhe expected outcomes of this program are greater research productivity, improved access to patient data for technology assessment and health outcomes 
.esearch, and more efficient patient care leading to increased efficiency in the use of health care resources, The work is expected eventually to benefit all 
iealth delivery organization, including community hospitals and outpatient services. 

Milestone I 
Changes 
~. 

FY 1995 Actual Milestones I FY 1996 Estimated Milestones 1 FY 1997 Agency Reauest Milestones 
In addition to continuation of active awards, I Six IAIMS projects were supported by grant 

mechanisms, including three implementation 
:ontinuation awards and .three planning awards. 

approximately four new planning awards and two 
new implementation awards will be made; 
emphasis on sharing of information via the NREN 
will be a central focus of the program. 

NIH Page A 83 

Continued progress toward integration of 
academic information management by American 
lmedical centers. 

Budget ($ M) 

FY 95 Act 

FY 96 Est. 

Program 
Component 

Areas 

HCS 1 0.50 I 0.50 
HuCS 0.90 0.90 
ETHR - 

Agency Ties 

DARPA 

NM 

NSA 
NIST 

NOAA I 

December 20, 1996 



NIH NLM Intelligent Agent DB searching udget Code: 
I I I 

With the large and rapidly growing number of computerized data base resources and services offering bibliographic, full text and factual data via the 
nternet, i t  is difficult for the user to locate and process needed information. One may not know where -- in which data base -- to look, and the user must 
ea1 with the structured and unforgiving access protocols and retrieval languages that differ from one data base service to the next. An especially vexing 
roblem arises if the user needs to search across several data bases or services containing information in multiple formats. In biomedicine, the disparity in 
le biomedical terminology used to describe related concepts in different machine readable files also prevents practitioners and researchers from retrieving 
nd integrating relevant biomedical information from separate sources, such as the biomedical literature, clinical records, medical data banks, and expert 
nowledge bases. NLM's approach to these problems is to develop intelligent gateways among data base services, using a Unified Medical Language 
ystem (UMLS) to compensate for the dissimilarity in the ways related information is classified in different automated systems. Intelligent-agent-mediated 
ateways will provide users with a single point of access to needed information and free the user as much as possible from having to know the peculiarities 
f the various information sources. The UMLS will function as an electronic Rosetta Stone, making the myriad of classifications of medical knowledge 
wisible to the user and enabling retrieval of related biomedical information from many sources. 

vli'estone Changes I 
FY 1995 Actual Milestones 

Deployed for beta-testing a new access model 
gateway) architecture, known as Internet Grateful 
4ed (IGM), as one option for use of NLM's services 
y Internet users. IGM provides intelligent assistancc 
J users of NLM's online services. 

Developed and beta-tested a 239.50 MEDLINE 
erver. 

FY 1996 Estimated Milestones 
Make Internet Grateful Med generally available 

FY 1997 Agency Request Milestones 
Deploy new capabilities for automatic source 

o provide intelligent-agent-mediated multi-database selection and for retrieving and soiting informatioi 
iearching to all NLM users with Internet access. 

Deploy Internet-based tools for creation of 
lescriptions of Internet-accessible biomedical 
nformation resources and for intelligent source 
:election, as part of NLM's UMLS Information 
iources Map development. 

from multiple databases both within the Internet 
Grateful Med and UMLS Information Sources 
Map context and from replacement of the retrieva 
engine. 

Budget ($ M) 

5.35 PY 95 Act 

FY 96 Pres. 

FY 96 Est. 

FY 91 Rqsl. 8.57 

5.37 

Program 
Component 

Areas 

HCS 

ZTHR 

Agency Ties 

IARPA 

NSF 

NSA 

NIST * AHCPR 
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NIH NLM HPCC Health Care Applications udget Code: 
I I 

Through a variety of mechanisms, the NLM is promoting the application of HPCC technologies to health care. The program supports research and 

1, Test bed networks for linking hospitals, clinics, doctor's offices, medical schools, medical libraries, and universities to enable health care providers 

2. Software and technology for visualizing the human anatomy and analyzing imagery from X-rays, CAT scans, PET scans, and other diagnostic tools; 
3. Virtual reality technology for simulating operations and other medical procedures; 
4. Telemedicine or collaborative tech'nology to allow several health care providers in remote locations to provide real-time treatment to patients; 
5. Database technology to provide health care providers with access to relevant medical information and literature; and 
6. Database technology for storing, accessing, and transmitting patients' medical records while protecting the accuracy and privacy of those records. 

evelopment projects in each of the following IITA areas: 

nd researchers to share medical data and imagery; 

flilestom In FY 1995 milestones, the CSTBnOM study of 'best practices' for protecting privacy was added due to the need to identify and disseminate appropriate ways to 
Changes protect the privacy of health data that will be transmitted in proiects funded by NLM and other federal agencies. 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Initiate and expand HPCC health care 

FY 1997 Agency Request Milestones 
Continuation funding of the twelve initial HPCC Continue funding projects promoting the 

IAA three-year awards and the initial cooperative 
greements. 

Funded 3 additional cooperative agreements. (2 
JLM; 1 AHCPR) 

Funded, in conjunction with the Health Care 
5nancing Administration and the Department of 
reterans Affairs, a study by the Institute of Medicinc 
If the National Academy of Sciences to identify the 
ange of criteria appropriate to the evaluation of 
slemedicine projects. 

Funded, in conjunction with the NIH Clinical 
:enter, a study by the Computer Sciences and 
'echnology Board and the Institute of Medicine of 
he National Academy of Sciences of current 'best 
aactices' and areas for research in protecting the 
lrivacy of electronic health care data transmitted 
iver networks. 

applications, with special emphasis on evaluation of application of HPCC technologies to health care, 
impact of telemedicine and testing of best practices the evaluation of telemedicine, and the testing of 
for protecting privacy of health data. methods for protecting the privacy of electronic 

Continue funding of twelve HPCC BAA awards health data. There will also be a special emphasis 
and 8 (5.5 NLM; 2.5 AHCPR) cooperative on R&D for computer-based patient records and 
agreements. public health applications of the NII. 

Budget ($ M) 

FY 96 Est. 17.96 

FY 97 Rqst. 20.86 

Program 
Component 

Areas 
FY 96 FY 97 

HECC 

LSN 2.87 3.33 
HCS 3.06 3.55 
IuCS 12.03 13.98 
ETHR 

Agency Ties 

3ARPA 

NSF 

DOE 

NASA I I 
NIH I I 

EPA 

ED 

A T 1  ::a;; 1 
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NIH NCRR Biomolecular Computing udget Code: 

Biomolecular computing using high. performance computing involves extensive, often complex calculations to determine or predict: 
1. The structure of biologically relevant macromolecules, e.g., proteins; - .  

2. Their structural and functional changes due to interactions with other molecules or drugs; 
3. How they are made in the cell and how they fold; 
4. How they interact with water and biological membranes, and 
5. Especially for drugs, the energetics of molecules going into solution, 
Achieving meaningful results in a reasonable timeframe requires powerful computers and efficient software and algorithms. Hardware, including 

nassively parallel processors, are available to several NCRR resource centers through a partnership with the NSF. Investigators at these resource centers 
levelop the algorithms and software to address these important and difficult research problems. 

Milestone 
Changes 

FY 96 goal of predicting protein structure from sequence will not be achieved. 
Significantly improved models for predicting protein folding aye expected in FY 97. 

FY 1996 Estimated Milestones 

structures at least five times faster than currently 
possible. At least a partial solution of the protein 

A complete study of DNA binding protein p53 

FY 1995 Actual Milestones 
Methodology to predict protein structure using 

NMR data and sequence information; if successful, 
pharmaceutical companies should obtain new 

folding problem will have been achieved. 

:ommercially. Improved methods to solve the 
nultiple-minima problem. 

42 with a membrane, involved in many disorders 
will bc undertaken. 

FY 1997 Agency Request Milestones 
Methodology to predict protein structure from 

sequence and NMR data ready for 
commercialization. 

Improve methods for predicting final protein 
structure from its amino acid sequence. 

Continued improvements in computational 
technology capable 'of addressing increasingly 
larger complexes of proteins and DNA in water 

Completed study of a related glucocorticoid Several resource centers operational to support eniironmeit. 

project grants, 
'eceptor and initiated a related study on a computational technology, both hardware and 
INA-binding protein, the estrogen receptor, and gene software, capable of addressing very large 
d protein. complexes of proteins and DNA in a water 

n human cancers. Applied integration of graphics research project grants. 
md molecular dynamics to problems in protein 
lesign using massively parallel processors. 

Support new investigator-initiated research 

Studied a DNA binding protein p53, a key factor environments. Support new investigator-initiated 
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Budget ($ M) 

FY 95 Act 

FY 96 Est. 

FY 97 Rqst. 

Program 
Component 

Areas 
FY 97 
6.30 
0.20 

0.80 

Agency Ties 

NASA I 

NlST 

NOAA 

AHCPR 

vA I 
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NIH NCRR Software Tools for Receptor-Based Drug Design udget Code: I 
I I I 

The goal of this activity is to develop computational methodologies for use in the design of drugs. This endeavor includes the establishment of high 

( I )  accurately and efficiently estimate electrostatic forces in molecular and atomic interactions; 
(2) effectively employ core computer technologies to calculate drug-protein binding energies from quantum mechanics, statistical mechanics and 

(3) eventually attain dramatic improvements in performance of molecular dynamics programs to permit theoretical and experimental studies to be 

jerformance computer-based environments that: 

imulation techniques; and 

:xecuted in similar time frames. 

Milestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Use of high performance resources accessible Continued refinement of high performance 

:omputer-based environments to include access to through high speed networks will enable 
,tate-of-the-art massively parallel computers, new structure-based design of drugs to become a reality 
tlgorithms and software specifically tailored for use in the pharmaceutical industry. 
)n these systems, and updated interfaces with high 
,peed networks. capability to predict protein-drug binding energies. 

Access to resource center facilities available to Work on calculation of solvation energies 
cientists nationally to conduct drug design research. should uncover overestimates in certain binding 

Tested the ability to predict binding constants of energies, e.g., hydrogen binding. New potential 

Design of new molecule-drug combinations usini 

functions must be developed for biomolecular 
modeling to become quantitative. 

project grants. 
Support new investigator-initiated research 

mown molecule-drug combinations, for example, a 
:nown HIV protease-drug inhibitor. 

Use of new methods for calculating solvation 
:nergies to determine the solubilities of candidate 
)harmaceuticals prior to chemical synthesis. 

FY 1997 Agency Request Milestones 
Continue use of high performance computer 

sources accessible through high speed networks 
I support structure- based drug design. 

Improve methods to efficiently and accurately 
*edict protein-drug binding energies. 

Enhance simulations of complex protein-drug 
iteractions on/in cellular membranes. 

Support new investigator-initiated research 
*oject grants. 

I Budget ($ M) 

FY95Act  I 2.50 I 

FY 96 Est. 

FY 97 Rqst. 

Program 
Component 

Areas 

HECC 

LSN 

HCS 
- 

FY 96 
2.20 

ETHR E€ 
Agency Ties 

DARPA 

NSA 

NIST 

zl-----i AHCPR 

VA 
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udget Code: NIH NCRR Modeling/Simulation 
I I 

As scientists strive to understand increasingly more complex biomedical processes, the computer requirements, both hardware and software, needed to 
nodel and simulate these processes increase in performance and complexity. These requirements extend to network capabilities which will be required to 
:arry increasingly more data per unit time. The research resource centers are the focus for NCRR supported simulation/modeling high performance 
:omputing activities. Areas of interest include simulations of subjects as small as molecules and as large as the entire body--cells, tissues, organs, and orgai 
ystems. In addition are epidemiological models, especially for pressing health problems such as AIDS and cardiovascular disease. 

Milestone 
Changes 

FY 1995 Actual Milestones 
Development of new programs specifically 

ailored for use on massively parallel computer 
ystems to achieve very high performance on large 
liomolecular systems, such as proteins embedded in 
ipid membranes. 

Created combined transport and metabolism 
qodels to understand the dynamics of substances 
uch as oxygen or metabolites in whole organs. 
iignificant progress towards the realization of a safe 
eliable hemoglobin-based blood substitute based on 
imulations of complex NMR data from hemoglobin. 

Extended the Monte Carlo models to cover even 
maller populations such as cells. 

Began new initiatives in simulation and 
lodeling. 

FY 1996 Estimated Milestones 
It is estimated that simulations of large 

nolecular systems in excess of 100,000 aton 
le visualized and interactively controlled thr 
he integration of improved parallel algorithn 
aster numerical methods for longer integratic 
teps, and the new generations of massively 
omputers. 

Capability to realistically model oxygen 
pansport and metabolism for the whole body. 

Enhanced Monte Carlo models with the 
apability to provide dynamic visualization c 
pidemiological data. 

Extend initiatives in simulation and modc 
Progress from new initiatives begun in Fk 
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FY 1997 Agency Request Milestones 

iolecular systems. 

eskin heart model. 

iodeling centers via internet. 

Continued simulation of increasingly large 

Enhanced models of cells and organs, e.g., 

Increased interaction between NIH and NSF 

Budget ($ M) 

-1 

FY 96 Est. 

FY 91 Rqst. 

Program 
Component 

Areas 
FY 96 FY 97 

HECC 4.50 4.50 
LSN 0.10 0.10 
HCS 

HuCS 1.20 0.70 
ETHR 

Agency Ties 

IAFWAI Partner I 1 Partner 

NASA Partner 
NIH 

F D I  

December 20, 1996 



NIH NCRR Virtual Reality/Environments ’ udget Code: I 
I I 

In certain areas of basic research, the ability to visualize large amounts of data in a ’natural environment‘ is often crucial. In clinical care the ability to 
’see‘ deep inside the body, especially the brain, can determine whether a surgical procedure or other therapeutic intervention can be successfully performed 
with minimum trauma to the patient. These fundamental requirements are increasingly being provided by an evolving technology known as virtual reality or 
virtual environments. Among requirements for effective virtual reality is the need to provide realistic images--visualization--in real time, that is, these 
images change in a realistic fashion according to where the observer is looking in real time. All but the most simple cases require high performance 
computer capability. The NCRR effort in virtual reality is focused on applications for. scientific instruments via basic research, molecular visualization, and 
well defined opportunities to support surgical and other therapeutic interventions such as radiation planning. 

Milestone In FY 96 “Explore feasibility of establishing ‘virtual laboratory testbeds‘ focused on important biomedical research problems” was added. 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Obtain preliminary results on the value of 

coupling virtual visualization capabilities to 
instruments such as the atomic force microscope; 

Molecular scientists to experiment with an 
improved version of the room-filling molecule 

FY 1997 Aaencv Request Milestones 
Refine prototype systems of virtual 

environments for scientific instruments. 
Demonstrate and evaluate new applications fc 

Establish two or three virtual laboratory 

Extended the nanomanipulator approach to an 
atomic force microscope which will permit 
experimentation on biologically interesting 
macromolecules. access over wideband networks. these prototypes. 

Extended telemicroscopy using network 
capabilities. 

Extended the room filling molecule technology to technology. 
permit more sophisticated interaction and better 
wayfinding, such as backbone high-lighting and the technology for molecular docking and folding 
ability to identify residues at will. studies . neuroscience research. 

Enabled chemists to use a new technology 
force-display arm of high resolution, accuracy, and 
frequency response for molecular docking and folding course of natural behavior for brain behavior 
studies. research. 

Explore feasibility of establishing ’virtual 
behavior research, including the addition of virtual 
force capability. biomedical research problems. 

investigator-initiated research project grant support 

testbeds (possibly with NSF and DARPA as 
partners). 

virtual environments to support cognitive 
Establish preliminary utility of force-arm Continue to develop and integrate kinetic and 

Integrate kinetic and virtual displays to permit 
dissociation of visual and vestibular cues in the 

Installed virtual environment technology for brain 
laboratory testbeds’ focused on important 

Began new activities through Progress in specific basic and clinical research 
applications initiated in FY 1995. 
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Budget ($ M) 

FY 95 Act 

FY 96 Est. 

FY 91 Rqst. 

Program 
Component 

HECC 
LSN 

HCS I I 
HuCS 4.20 7.70 
ETHR -H- 

Agency Ties 

DARPA~ Partner I =w NASA 

NIH I I 

~1~ AHCPR 
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NIH NCRR HPCC Training udget Code: 

NCRR provides training in high performance computing mainly through its research resource centers that focus on the use of this technology. This 
aaining, which is generally integrated with the research and development activities of the resource centers, can involve undergraduate and graduate 
tudents, postdoctoral fellows, and established scientists from within and outside of the host institution. The primary focus of this training is to introduce 
iomedical scientists to high performance computing, make them aware of how to use available software tools for biomedical research, and instruct them on 
ow to access high performance computer resources from their laboratories over the internet. NCRR plans to expand these training efforts to include science 
ducation and computer literacy programs for K- 12 students and formal programs for biomedical scientists. 

Budget ($ M) 

1.40 FY 95 Act 

FY 96 Pres. 3.50 

FY 96 Est. 3 S O  
FY 97 Rqst. 1.80 

Program 
Component 

Areas 
FY 96 FY 9; 

HECC 

vlilestone Delayed implementation of NRSA Training to FY 1997. LSN 
Changes 

HCS FY 1995 Actual Milestones FY 1996 Estimated Milestones FY 1997 Agency Reauest Milestones - 
Continue hands-on training programs. Continue 

Develop plan for National Research Service 

I__- 

HuCS ETHR E 3.50 1.80 

Agency Ties 

Continued hands-on training programs. Funded 

Trained K- 12 teachers to use interactive learning 

Continue hands-on training programs. 
Continue science education projects. 
Provide NRSA awards for formalized training 

ne science education project from FY 1994. 

3ols--computers, electronic communication, 
etworks and other multimedia--in classroom 
ctivities and to enhance the scientific-computer 
teracy of the participants. centers. 

science education projects. 

Awards (NRSA) awards for formalized training for 
biomedical scientists in the use of high performance performance computing; awards not limited to 
computing; awards not limited to NCRR resource 

for biomedical scientists in the use of high 

NCRR resource centers. 

DAFG'A 7 

I=& 

1 .z#= 
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I NIH DCRT High Performance Biomedical Computing Program udget Code: 
I I I 

The goal of the Division of Computer Research and Technology (DCRT) High Performance Biomedical Computing Program is to make available to the 
NIH staff the benefits of high performance computing and communication systems in their scientific and clinical research efforts. To achieve this goal, 
DCRT determines which high performance parallel architectures are best for the classes of problems that arise in biomedical computing, develops parallel 
algorithms and computational techniques for advanced biomedical computing problems, and provides a high performance distributed computing environment 
that benefits the NIH staff in their scientific computing needs including the appropriate network and workstation technologies. DCRT is developing methods 
and algorithms for a number of biomedical applications that can benefit from computational speedup. These include image processing of electron 
micrographs, radiation treatment planning, medical imaging, protein and nucleic acid sequence analysis, human genetic linkage analysis, protein folding 
prediction, nuclear magnetic resonance spectroscopy, x-ray crystallography, quantum chemical methods, and molecular dynamics simulations. 

__.___ - 
Milestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Expand the IBM SP2 Scalable POWER parallel 

system initially deployed in FY 1995 for biomedical 

Continue to apply high performance parallel 

Deployed and evaluated an IBM SP2 Scalable 
POWER parallel system capable of providing 15 
GigaFLOPS for biomedical applications. applications. 

Continued developing parallel methods and 
algorithms for a variety of biomedical applications. computing and communication methods to 

Developed new parallel computing methods for biomedical applications at NIH. 
reconstructing Positron Emission Tomography (PET) Demonstrate a scalable parallel method for 
images. searching the conformational space of proteins to be 

Developed a new parallel method for homologous used for predicting the three-dimensional structure 01 
biological sequence retrieval applications. proteins from their amino acid sequence. 

Continued with the implementation of a 
distributed computing environment for radiation Spectroscopy and X- ray Crystallography. 
treatment planning including a prototype high-speed 
ATM network, workstations for image display, and a workstation, and parallel computing technologies fot 
shared high performance parallel computer for 
three-dimensional dose calculations. 

Develop parallel software tools for NMR 

Continue to develop ATM network, multimedia 

medical imaging. 
Implement high-speed network connections to 

other high performance computer centers in the 
Washington, D.C. metropolitan area using ATM 
technology. 

NIH Page A 91 

FY 1997 Agency Recluest Milestones 

etermine if a new system should be obtained for 
iomedical applications at NIH. 

Continue to apply high performance parallel 
omputing and communication methods to 
iomedical applications at NIH. 

Continue to develop ATM network, 
iultiniedia workstation, and parallel computing 
:chnologies for medical imaging and scientific 
isualization. 

Evaluate new scalable parallel architectures tc 

- 

Budget ($ M) 

FY 95 Act 

FY 96 Est. 

FY 97 Rqst. 

Program 
Component 

Areas 
- - - T E % f i  

HCS 

ETHR 

Agency Ties 

q--- 
NIST 

TIr AHCPR 
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NIH NCI Frederick Biomedical Supercomputing Center udget Code: I I I I 
The NCI Frederick Biomedical Supercomputing Center's (FBSC) purpose is to provide high performance computing dedicated and available to the entire 

iomedical scientific community to develop basic knowledge for the diagnosis, treatment, understanding and prevention of cancer and other diseases. It 
mploys advanced techniques in a fully integrated environment of workstations, mid-level, supercomputer and massively parallel computers connected by 
etworks. Activities are concentrated in those areas of biomedical research computation that are too demanding to be pursued on conventional or immature 
omputers. Primary concerns are structure determination by x-ray and magnetic resonance, structure prediction of nucleic acids and proteins, computational 
liochemistry and problems that arise from modern molecular biology. Genomic sequence analysis, molecular mechanics, ab initio chemistry, linkage 
nalysis, image analysis and mathematical modeling are primary problem areas. High production algorithms are adapted to vector-multiprocessor and 
nassively parallel systems, entirely new algorithms are developed and leading-edge computer science discoveries from the areas of computer vision, 
obotics, deterministic and non-deterministic, algorithms. 

Milestone 
Changes 

Provide state of the art capabilities in a fully integrated high performance computing center. 
-- 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Continue to attract important areas of research 

FY 1997 Agency Request Milestones 
Used computational and structure-based 

echniques to design novel inhibitors of enzymes 
mplicated in AIDS, cancer, and tuberculosis. 

Adapted algorithms for motif detection in Expand activities in the use of distributed, 
:enomes and molecular structures to several parallel heterogeneous computing for problems such as 
omputer architectures. 

he system- investigator in interfaces. 

Expand activities in high performance 
for the application of high performance computing tocomputing applications to molecular structure 
health-related basic research. prcdiction of nucleic acids and proteins. 

Apply computational chemistry to 
understanding of drug interactions with enzymes 

molecular mechanical calculations. and nucleic acids as a basis for discovery of new 
drugs. 

workstation farms, and distributed batch computing 
queues for rapid throughput of smaller tasks. in extramural and intramural research in 

Evaluate the advanced computational hardware biomedical computing. 
and software available for productive, forefront 
application, especially those architectures showing 
promise of proven balanced pcrformance in a 
research production environment. 

Implemented client server technology to improve Provide expanded scalable computing such as 
Provide support for increasing numbers of user! 

Budget ($ M) I 
FY 95 Act 

FY 96 Est. 

FY 97 Rqst. I 5-90 

Program 
Component 

Areas 
FY 97 
3.60 
1.39 

HCS 1 0.14 I 0.14 1 

Agency Ties 

=i NSF 
DOE 

NASA 
NIH 

NSA ::$ Partner 
NIST 

NOAA 

EPA 

ED 

Partner 4 
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NIH I NCI High Speed Networking and Distributed Conferencing udget Code: 
I I I 

Niomedical Supercomputing Center (FBSC) by improving the data communications and networking infrastructure through the implementation of evolving 
etworking technologies and high speed interfaces. Initiatives in this area cover a wide variety of data communications technologies including local area 
etworking, wide area networking, requirements for multimedia data transmission, dedicated specialized high speed interfaces for local computer to 
omputer connections (e.g. high speed crossbar switches, HIPPI, fiber channel, etc.), and the use of evolving data communications standards such as ATM 
nd SONET. 

Improve access methodologies for diverse members of the biomedical research community to the entire computational infrastructure of the NCI Frederick 

Changes I 
~~ 

FY 1995 Actual Milestones I FY 1996 Estimated Milestones 
Acquired and deployed high speed interconnects 

ir the major components of the FBSC. 
Established connections to other laboratories of 

le NIH and biomedical community for high speed 
ata communication. 

Refined and developed software for access to 
xperimental and computational data from 
rorld-wide sources. 

Bring demonstrated capabilities in high 
performance computing to health research 
organizations of the public and private sector in 
open and efficient manner. 

remote sites for access of the intramural and 
extramural biomedical research community for 
video and data conferencing, distributed 
collaborations and distributed database and 
computing. 

Develop and expand high speed links between 

NIH Page A 93 

terac'tions between komedical computing 
searchers and projects. 

FY 1997 Apencv Request Milestones 
Expand availabilitv of visual and voice 

Budget ($ M) 

Program 
Component 

Areas 
IFY 961FY 97 

Agency Ties 

W E  

NASA 

3= AHCPR 
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NIH NCI High Perf. Comms for PDQ, CancerNet, and Electronic Publishing udget Code: 

CancerFax and CancerNet are free services that allow users to access data from NCI databases. CancerFax allows users to dial into one of ICIC's 
Bomputcrs from a fax machine and retrieve a faxed image of any of the Physician Data Query (PDQ) statements on cancer screening, prevention, treatment, 
br supportive care in English or Spanish, current CANCERLIT searches on over 60 topics, and over 100 Fact Sheets from NCI's Office of Cancer 
:ommunications. CancerNet is a free e-mail service on the Internet, enabling users to obtain free access to the same information in CancerFax. Additional 
ancer information is being added to CancerFax and CancerNet, and utilization is increasing rapidly. Approximately 30% of CancerNet requests originate 
butside the U.S. This information is also available and highly used on Gopher servers at NIH, Tokyo, Japan, and Singapore. ICIC strategic plans call for 
.mphasis on the creation of multi-media information servers to take advantage of technology advances and R&D in the areas of communications and 
)ersonal multi-medidcomputing devices. 

Mi'estone Changes I 
FY 1995 Actual Milestones FY 1996 Estimated Milestones 

Began to develop a series of digital information Continue to develop multi-media informational 
)roducts that contain integrated text, graphics, products for distribution via the Internet: 
ound, and full motion video over the Internet using Build a reliable network of sources for 
he World Wide Web. multimedia such as medical images, patient 

Began to develop the use of these complex data oriented videos, etc., and develop the ability to 
ypes in the ICIC information product. This will create these materials where not already available. 
jermit NCI to distribute multi-media products: PDQ, Develop an infrastructure to maintain these 
he Journal of the National Cancer Institute; the media and to disseminate multimedia cnhanced 
ournal of the National Cancer Institute Monographs; cancer information. 
)CC educational booklets, and other special reports Explore the dissemination of this information 
rom the NCI using full multi-media capabilities. 

Peer review and programming for CD-I on breast Continue working with community networks to 
ancer screening and treatment options will be 

FY 1997 Agency Request Milestones 
Complete client server integrated multi-media 

database to serve communication media of the 
future. 

using cable TV and telephone lines. 

utilize ICIC's electronic information products. 
:ompleted and CD- I prepared for distribution. 
3egan facilitating electronic CancerNet delivery to 
:ommunity networks. 
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Budget ($ M) 

FY 95 Act 

FY 96 Est. 

FY 97 Rqst. 

Program 
Component 

Areas 

HECC 
LSN 

HCS 

HuCS 
ETHR 

FY 96 

0.30 

0.30 

FY 97 

0.30 

0.30 

Agency Ties 

=+ NSF ""1------- NASA 

NIST 

AHCPR 

December 20, 1996 



NIH I NIGMS Pudget Code: I 
I 

rlational Institute of General Medical Sciences Project 

ind dynamics of biological macromolecules, including proteins and nucleic acids. This program supports the prediction of the folded structure of proteins 
rom the amino acid sequence, solvation of proteins and nucleic acids, new computational methods for solving the phase problem in crystallography, and the 
tinding of ligands to proteins, the latter with an emphasis on targeted drug design. These efforts are done in collaboration with investigators at and make 
:xtensive use of facilities supported by the HPCC initiatives at the National Science Foundation, the National Center for Research Resources, and the 
Iivision of Computer Research and Technology. 

Through its extramural grants program, NIGMS is supporting activities that contribute significantly to understanding the theoretical basis of the structure 

Milestone 
Changes e-- , -. . -. . . 

FY 1995 Actual Milestones 1 FY 1996 Estimated Milestones I FY 1997 Agency Request Milestones 
I Continued progress in the areas supported by 
NIGMS with an emphasis on capitalizing on 
recent improvements in protein folding algorithms 
and searching algorithms for finding ligands 
capable of binding to macromolecular targets. 

Making software that results from these efforts 
available through the HPCC initiatives supported 
by NSF, NCRR, and DCRT. 

I 
I Budget ($ M) 

FY 96 Pres. 

FY 96 Est. 

FY 91 Rqsl. E 
Component Program 

Areas 

HuCS 
ETHR 

Agency Ties 

""̂ I+ NSF Partner 

AHCPR 
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National Security Agency 
A The National Security Agency (NSA) has traditionally influenced and been a very early and sophisticated user of the highest performance commercial computer, storage, and 
&orking systems. For these reasons, NSA actively participated in the original HPCC studies which led to the Federal HPCC program. Through the entire period of growth of high 
performance computing and networking, spanning several decades, NSA has stimulated both industry and academia with some of the most challenging problems in the nation. A number of 
major U.S. computer companies are now using hardware and software technology in their products which originated at NSA. This role must continue, both to assure the availability of 
increasingly higher performance systems to meet the nation's national security interests and to ensure that benefits of NSA's activities accrue to the overall advantage of the industry and 
the satisfaction of other HPCC Grand Challenges. 

NSA will continue to pursue high performance computing and very high speed networks in order to perform its mission. Many of these programs will also contribute directly to the 
overall goals of HPCC. NSA sponsors divisions of the Institute for Defense Analyses (an FFRDC) to do most of this research. 

Results of programs and external drivers have led to revised priorities and funding levels for the supercomputing, superconducting, and very high speed research programs. 

- 
Budget (BA, $ M) 

Actual Pres. Est. Rqst. 

HPCCPCAs by 1997 Pres. Request Partner/User 
HCS HuCS ETHR Program Activity Budget Account Code Agencies FY95 FY96 Fy96 FY97 HECC LSN 

Supercomputing Research ARPA, 25.90 27.40 27.48 23.43 23.43 

Supercomputing Research (continued) ARPA, 

Superconducting Research NASA 

Very High Speed Networking 

- ~ ~ ~ _ _ _ _ _ _ _ _ _ _ - ~  

NASA, NIH 
2.00 2.00 2.00 2.50 2.50 

----- 
ARPA 3.50 3.00 3.00 3.50 3.50 

I I I I I I I I 

I I I - 
5.70 4.70 4.70 4.50 4.50 

2.80 . 2.80 

Secure Operating System Development NIST - 
High Speed Data Protection Electronics ARPkNASA 2.60 2.70 2.70 

-P-_==Pp---- 

0.23 0.23 0.15 Technology Based Training 

Totals: 39.93 40.03 40.03 36.73 25.93 3.50 7.30 
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National Security Agency 

A 

P w 

Budget (BA, $ M) 
Program Activity FY95 FY 96 FY 96 FY 97 

Actual Pres. Est. R O L  
Supercomputing Research 25.90 27.40 27.48 23.43 
Supercomputing Research (continued) 

2.00 2.00 2.00 2.50 Superconducting Research 

Very High Speed Networking 3.50 3.00 3.00 3.50 
Very High Speed Networking (continued) 

Secure Operating System Development 5.70 4.70 4.70 4.50 
High Speed Data Protection Electronics 2.60 2.70 2.70 2.80 
Technology Based Training 0.23 0.23 0.15 

HPCC PCAs by 1997 Pres. Request HPCC PCAs by 1996 Estimated $1 

Totals: 25.93 3.50 7.30 29.48 3.00 7.40 0.15 
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NSA Supercomputing Research udget Code: 

A NSA has a perennial requirement for the highest performance computing technology in order to perform its mission, the national security “Grand 
& Challenge.” The Supercomputing Research Program is directed to the discovery and application of methods seeking order of magnitude improvements in the 

computer support required for deriving intelligence from mathematical and signal processing problems. Activities range from invention and prototyping of 
new concepts, to improvement in the ability to use leading edge commercial products. A current focus of the research is on parallelism, the ability to apply 
many processing elements simultaneously to a single problem. The following projects are included within the Supercomputing Research Program: 

Budget ($ M) 

FY 95 Act 25.90 
FY 96 Pres. 27-40 

FY 96 Est. 27.48 

FY 97 Rqst. 23-43 

SPLASH - A field programmable gate array-based architecture; 
Parallel language work - AC (for T3D); implementation of ‘futures‘ model of message-passing programming; 
MARQUISE/SOLITAIREi - Repackage a High Performance Computer (HPC) using diamond-based Multi-Chip Modules (MCMs). This computer will 

TEARDROP - Area array I/O (AAIO) microelectronic technologies have the potential to improve device interconnect bandwidths by an order of 
demonstrate the performance and reliability characteristics of diamond substrate and MCMs. 

magnitude. This project will evaluate the impact of AAIO integrated circuits and MCMs on the performance and scalability of uniform-memory-access 
(UMA) supercomputer architectures. 

3-D DIAMOND MCM CUBE COMPUTER - DARPA program to build test vehicle to demonstrate a 3-D computer architecture with a nanosecond 
system clock 

MICRO SPRAY COOLING - Heat extraction values as high as 250 Watts per square centimeter have been demonstrated using micromachined spray 
head cooling. Values as high as 700 Watts per square centimeter are claimed to be possible by using dynamic feedback temperature sensors. 

FIBER-OPTIC LOGIC - Optical techniques can theoretically support data rates of several hundred Gb/s for future communications and computing 
systems. 
(Continued next page) 
Milestone LSN 
Changes 

~ HCS FY 1996 Estimated Milestones FY 1997 Agency Request Milestones 
PARALLEL LANGUAGE WORK - Continued 

Program 
Component 

Areas 
FY 96 FY 97 

HECC 27.48 23.43 

FY 1995 Actual Milestones 

ETHR 

SPLASH commercialization completed. BRIOLETTE -- A follow-on program to 
PARALLEL LANGUAGE WORK - Continued development of C-based compilers - expansion of The Program 

implemented all of the technologies demonstrated 
in the DARPA 3-D Diamond MCM Cube except 
for the axis. Phase of the BRIOLEnE 
program would be the design and evaluation phase 
(including limited hardware test vehicles) of a 
UMA supercomputer without a backplane, thereby 

bandwidth by an order of magnitude. 

devices, optoe~ectron~cs for very high 
communication rates and computing. 

development of C-based compilers - improved AC-supported parallel processing platforms. 
mechanisms for distributed memory access model of 
computation with high efficiency and ease-of-use. 

MARQUISE - Design and demonstration of a 
repackaged commercial supercomputer board using 
processor modules implemented with diamond-based improving processor-to-memory latency and DARPA Partner 
MCMs. 

MARQUISE/SOLITAIRE - Demonstration of 
repackaged commercial supercomputer with all 
logic and network components implemented with 
diamond-based MCMs for 

micro-machined spray cooling. Completion of 
coolant study and spray cooler environment testing. 

TEARDROP - Completion of evaluation study. 
3-D DIAMOND MCM CUBE COMPUTER - 

Agency Ties 

and size 
machine use 

- NSF 

DOE 
TEARDROP - Initiation of 
3-D DIAMOND MCM CUBE COMPUTER -- 

Accomplished testing and MCM development work. 

New initiative in the area of materials, 

Completion and demonstration of all components LIGHTNING - Support for a wavelength NASA Partner CARNOT/CYC - Build 2 cooperating intelligent 
agents. and test vehicle. division multiplexing testbed. Develop an NIH User 

published by peer-review journals on the concepts 
behind project LIGHTNING. The architecture was 
completed. It was verified in software at Sarnoff 
Laboratories under contract to NSA. 
(Continued) speed logic operation. (Continued) 

NSA 

NIST 

MICRO SPRAY - Delivery of several Prototype optically-addressed spatial light modulator. 
Systems and establishment of a reliability data base 
for system operation. 

FIBER-OPTIC LOGIC -  emo on strati on of 
c a ~ c d e d  idtipie upticai gatas to support iii& 

FIBER-OPTIC LOGIC - Techniques that can 
restore data signals so that high bit error rates can 
be maintained without compromise of signal 
quaiity. 

LIGHTNING - A number of papers were 

(Continued) 

AHCPR 

VA 
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NSA Supercomputing Research (continued) udget Code: 

Continued) 
OPTOELECTRONIC CIRCUITS - supports research into a high performance spectrometer on a chip, and a semiconductor optical amplifier. 
PROGRAMMING METHODS AND LANGUAGES - Provides computational methods and languages for massively parallel, distributed heterogeneous 

ADVANCED COMPUTATIONAL TECHNIQUES - Develops mathematical theory and computational methods to analyze many complex problems akin 

GLOBAL NETWORK ISSUES - Understanding and using methods and technology concerning computing systems and the “Global Network” to support 

TECHNOLOGY OF COMPUTING - Assist in the research of extremely fast communications and computations based on exotic concepts such as 

omputing platforms and special-purpose processors. 

o factoring discrete logarithms, digital signatures, etc. 

he NSA’s communications missions. 

ianosecond devices, quantum mechanics, DNA, and non-linear optics. 

Milestone 
Changes 

(Continued) (Con ti nued) (Continued) 
OPTOELECTRONIC CIRCUITS - Ridge wave 

pides that have very low optical loss factors were 
lesigned, manufactured, and tested. 

ested the spray cooling assembly to cool the 
omputera ~i~~ diamond McM substrates were 
ssembled at Cray Research and Texas Instruments 
ising a copper polyamide interconnect process. 

peed bit error rate tester was procured for NSA to 
rerify test results of the research in high speed 
iptical switching experiments. 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 

OPTOELECTRONIC CIRCUITS - Develop an 

FY 1997 Agency Request Milestones 

DATA HANDLING TOOLS - 
infrared-sensitive photodetector- which, when 
assembled with a liquid crystal, will form an 

addition a circular grating infrared laser source will 
be developed for open beam communication of 1 
Gb’s data- 

CYC - Evaluate Cyc for use in message 
HIGH SPEED OPTICAL SWITCHING - A high understanding, machine translation, and text 

Applications-driven knowledge-based tool 
research. 

HIGH POWER LIGHT SOURCE - Successfuliy optically-addressed spatial light modulator. In 

retrieval applications. 
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Budget ($ M) 

FY’95Act  I 
FY 96 Pres. 

FY 96  Est. 

FY 97 Rqst. 

Program 
Component 

Areas 
----E-Kfi 

ETHR ””k 
Agency Ties 

NOAA 
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ED 
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NSA Superconducting Research udget Code: 

The program in superconducting electronics is aimed at providing high performance computing alternatives to current silicon and gallium arsenide 
xhnologies, which have speed and power limitations. Prior research suggests that superconducting supercomputers can deliver very high performance with 
very low power requirements, NSA would like to cooperate with industry to develop such a computer. 

~ 

Wilestone 
Changes 

FY 1995 Actual Milestones 

uperconducting crossbar switch will be available. 

Delay Feasibility Study until FY96. 
Delay initiating design of a superconducting supercomputer until components are tested. 

FY 1996 Estimated Milestones 
Fifteen-level multi-Gb/s MCMs will be 

FY 1997 Agency Request Milestones 
Test results of best-effort 128x128 Complete development of the superconducting 

constructed and tested. crossbar switch and associated electronics. 
Evaluate superconducting MCMs for use with 

Evaluate manufacturability of superconducting 
uperconducting electronics. 

lectronics chips. 

One-hundred-and-twenty five-trace stripline, 2.5 

High speed connectors will be built and tested. 
Superconductive detector chips will be tested. 

3b/s ribbon cables will be fabricated and tested. 
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Budget ($ M) 

FY 95 Act 

FY 96 EsI. 

Program 
Component 

Areas 

HuCS 
ETHR 

Agency Ties 

3ARPA 

NSF 
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NSA Very High Speed Networking udget Code: 
I 

The National Security Agency has a perennial requirement for the fastest networking technology in order to perform its mission, the national security 
Grand Challenge.' The Very High Speed Networking Program will provide NSA a high performance network infrastructure characterized by both 
nulti-gigabit per second trunking speeds and the ability to support sustained data flows of at least hundreds of megabits per second each now, and ultimately 
nulti-gigabits per second each. 

Milestone Delay demonstration of electronic switching of individual data flows at 2.4 Gbls data streams to FY97. 
Changes 

FY 1995 Actual Milestones 
Install an in-house optical crossbar network 

estbed to explore high-speed optical network 
irchitectures and optical network management 
echniques. 

Install in-house ATM/SONET testbed equipment 
md begin experimentation on sustained data flows 
iundreds of megabits per second. 

Initiate development of wave division optical 
witching and multiplexing devices to support Gbls 
lata rates. 

Conduct soliton research to explore application 
iigh-speed networks by developing soliton source 
ind logic gates. 

Continue collaboration with industry on the 
levelopment of high-speed (electronic and optical) 
wototype switching equipment. 

Continue collaboration with industry on the 
Ievelopment of operation, administration and 
nanagement protocols for optically switched 
ietworks. 

FY 1996 Estimated Milestones 
Demonstrate electronic switching of individual Demonstrate electronic switching of individua 

data flows at 650 Mb/s data streams. 
Initiate resolution of discovered ATWIP Demonstrate a Gb/s Internet capability by 

incompatibilities, and the development of IP routers connecting Gbls ATM networks with a Gb/s IP 
at Gb/s, to achieve a truly Gbls Internet. router, with individual data flow of 2.4 Gb/s over 

Determine the characteristics of end-to-end same. 
protocols that are effective in a Gb/s Internet. Continue the development of optical switching 

Continue the development of optical switching and wave division multiplexing devices to supporl 
and wave division multiplexing devices to support up to 10 Gbls data rates. 
up to 10 Gb/s data rates. Transition out of band network control for 

Integrate and experiment with out of band ATM to multi-wavelength overlay terminal 
network control in optical crossbar network. devices in anticipation of FY98-99 testing of 

Test multi-wavelength signals on installed fibers multi-wavelength switching devices on the 
for multi-wavelength overlay on DC Metro area DC-area testbed multi-wavelength overlay. 
ATMlSONET testbed. Ultimately (1999), the full Begin significant implementation and 
multi-wavelength testbed will begin to show multi-network testing over DC-area's ATM testbec 
transition path from ATMlSONET cell switching to and attached networks of interoperable network 
wave division switching and wave conversion management. 
network. 

FY 1997 Agencv Request Milestones 

data flows at 2.4 Gb/s data streams. 

(Continued) 
(Continued) 

Budget ($ M) 

FY 95 Act 

FY 96 Est. 

Program 
Component 

Area 

LSN 

HCS 

HuCS 

___. 

FY 97 

3.50 

Agency Ties 

NASA I 

AHCPR 
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NSA Very High Speed Networking (continued) udget Code: 1 

nilestone I 
Changes I ____. 

FY 1995 Actual Milestones FY 1997 Agency Request Milestones 
(Continued) 

Continue soliton research to explore application 

FY 1996 Estimated Milestones 

Demonstrate as a system a soliton source and 

soliton-based logic gates, including the optical 
synchronization of the soliton transmission with Continue collaboration with industry on the I (Continued) 

to high-speed networks by developing soliton source transmission, driving a couple of all-optical 
and logic gates. 

development of high-speed (electronic and optical) the logic gate soliton signal. 
prototype switching equipment. 

development of operation, administration and 
management protocols for optically switched 
networks. In particular, implement and experiment 
with prototype signaling implementations 
conformant to ATM Forum Standard on the 
DC-areas’ ATM Testbed. Further define and begin 

Continue collaboration with industry on the 

L 
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Budget ($ M) I 
FY 96 Pres. 

FY 96 Est. 

FY 97 Rqst. 

Program 
Component 

Areas 
FY 96 FY 97 

HECC 

LSN 

HCS 

HuCS 

ETHR 

Agency Ties 

NASA I I 

NIST 

NQ.4.4, 

EPA I I 

AHCPR .+I 
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NSA Secure Operating System Development udget Code: 

NSA is responsible for researching solutions to ensure the security of the nation's networks and distributed systems. In collaboration with NIST and DISA, 
4SA is identifying issues and researching security policy-flexible, cost- effective ways to ensure the security of both government and commercial enterprise 
ystems. The Synergy research program at NSA is developing an 'open architecture' along with secure distributed system prototypes based upon security 
jolicy-flexible, operating system microkernels. Synergy will provide a means for commercial vendors to address a wide variety of security markets with a 
ingle architecture, thus lowering everyone's costs. Synergy can be the foundation on which security solutions for major initiatives can be built, whether 
Iddressing government-peculiar needs or commercial-enterprise needs, from the Defense Department Global Grid to the National Information Infrastructure. 
iynergy will integrate the INFOSEC research work in computer misuse and anomaly detection (audithntrusion detection), real-time and multimedia, 
Ivailability, network security management, high speed networking, and secure database management systems. 

Milestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones FY 1997 Agencv Request Milestones 
Second public release of Synergy software and 

initial evaluation documentation and experience, to enhancements and improvements derived from 
encourage modular system design and evaluation. collaboration with vendors and universities, to 

influence the design of commercial operating 

Continue Synergy research to improve the 

Released Synergy proof of concept software to 
iniversities, commercial research labs, and secure 
ystem vendors. 

Continued university research program to 
idvance Synergy arch. improve security, assurance, performance, system development. 

Funded 1-3 universities to develop course in 
ecure distributed systems and perform Synergy 
esearch. Demonstrate and make available higher assured Investigate high-assurance security 

nitigate the risks and costs associated with high 
lssurance product implementations of the Synergy 
Irchitecture. 

Developed a centralized security management 
ool to be integrated with Synergy on a high-speed 
estbed. 

Established a collaborative relationship via 
:RADA or contract with one or more commercial 
iperating system vendors or consortia, to begin 
mplementing the Synergy architecture in a 
:ommercial distributed system. 

Release expanded Synergy prototype includinl 

Continue research on Synergy architecture to 

availability, and portability in distributed and 
real-time operating environments. 

Initiated internal and external research efforts to versions of security managers and Synergy 
components. 

Continue university research contracts, and 
ensure successful technology transfer of research 
results into Synergy architecture development 
efforts. 

to encourage the development of Synergy-based 
systems that can satisfy commercial enterprise 
security requirements and those of DoD and the 
government. 

security of distributed operating systems. 

mechanisms to support future distributed operating 
system architectures. 

Demonstrate and make available high 
assurance components for distributed operating 
systems. 

Continue funding university research in the 
Continue collaboration with commercial vendors areas of high-assurance operating systems and 

distributed systems. Integrate results into Synergy 
security solutions. 

commercial vendors to influence the design of 
future commercial architectures. 

Continue working relationships with 

Budget ($ M) 

Program 
Component 

Areas 

HuCS 

ETHR 

FY 9 

4.50 

Agency Ties 

DARPA I 
NSF 

M3E 
NASA 

NIH 

NSA 

NIST 

NOAA 

EPA 

ED 

Partner 

AHCPR -=-I 
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NSA High Speed Data Protection Electronics udget Code: 
I I I 

Network data security is a requirement throughout the National community, from the financial community through the medical community to a wide 
ange of research activities. NSA will take the lead in developing network security and information security techniques and products for high speed networks 
t will establish high speed network testbeds to explore network security issues. Many of the research efforts have moved from protection of network trunks tc 
'rotection of high speed individualized computer links. The focus of this effort is to develop a technology that will interface to network management system: 
nat can be used with the high speed networks that are exemplified by the National Security Community and the NIL 

vlilestone 
Changes 

FY 1996 Estimated Milestones 
Revise the detailed design of the 2.5 Gb/s 

FY 1997 Agency Reguest Milestones 
Develop architectures for high speed key 

Continue development of second-generation 
systems based upon the actual IC performance as 
previously tested. Fabrication, assembly, and testing 
will then take place. 

a second generation demonstration with an order of 
magnitude increase. 

management processors or servers. 

optical smart pixel demonstration. Develop the detailed design for secure 
Develop larger arrays of optical smart pixels for 

,000,000 gates. 

Cs will also take place. 
Begin development of a prototype 10 Gb/s front 

nd processor for a high speed data encryption unit. 
First prototype development (Phase I )  for optica 

mart pixel technology. 
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Budget ($ M) 

2.60 
FY 96 pres. 2.70 

FY 96 Est. 2.70 

FY 95 Act 

FY 97 Kqst. 2.80 

Program 
Component 

HECC 

LSN 

HCS 
- 

HuCS 
ETHK - 

Areas 

=p 2.70 2.80 

I 
Agency Ties 

NIH 

NSA 
NIST 
. .-' .. . 

AHCPR 

December 20, 1996 



pudget Code: 1 NSA Technology Based Training 
NSA considers lifelong access to education and training for all employees to be highly crucial in order to maintain and enhance their skills. NSA must 

isure its viability in a world of rapidly changing technology. Traditional training approaches take too long and are too expensive. Consequently, NSA is 
eveloping a skill-based assessment and training model that will use emerging communications and computer techniques to sustain each employee's 
3ilities at the levels required in today's constantly changing workplace. The key ingredient in this approach will be on-demand access to Technology Based 
raining (TBT) of known quality and relevance delivered directly to the workplace. Delivery over corporate LANs and the Internet, and the possible use of 
iDN technology, will be addressed. Although initial offerings would consist largely of text-based TBT courseware, digital video and other media will be 
xommodated as they become available. 

Placing existing TBT courseware on the network is something that can be accomplished quickly, but there are various conceptual, technical and 
rocedural issues that must be addressed before it can be made generally accessible. Foremost among these issues are: 

1 -- Definition of the skills needed to perform specific jobs and a process for certifying the efficacy of training modules that address those skills; 
2 -- Storage, access, and maintenance of large numbers of TBT courses; 
3 -- Cataloging of available courseware in a manner that minimizes the difficulty of identifying suitable courses or training modules; 
4 -- Identifying and resolving the interoperability problems in delivering TBT courses over a network to a wide variety of computer terminals; 
5 -- Defining and selecting appropriate user interfaces (special effort will be focused on interfaces for home-computer configurations); 
6 -- Developing an EDI-based business model bringing market forces to bear on the availability and costs of Technology Based Training. 

lilestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Evaluate, modify, and extend Electronic 

Complete formal guidelines and procedures for 

Design and pilot Individual Development Plan 

Perform skill-based certification of approximately 
30 existing training modules. 

Build user-friendly catalog of available certified 
Jurses. 

Established'digital warehouses' of TBT on-line 
ia Internet and the NSA corporate network. 

Implement pilot of Electronic Payment business 
iodel for purchase/delivery of COTS TBT over the 
JTERNET. 

Payment business model for online training modules 

creation of certified skill-based training modules. 

(IDP) database and management software. 
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Budget ($ M) 

FY 95 Act 

FY 96 Est. 

FY 91 Rqst. 

Program 
Component 

Areas 
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Agency Ties 
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National Institute of Standards and Technology 

* Apply high performance computing and networking technology to promote improved U.S. product quality and manufacturing 

* Promote the development and deployment of advanced information and communications technology to support the education, research 

* Advance performance measurement methodologies and analytic tools for high performance computing and networking systems, 

* Develop efficient algorithms and portable, scalable software for the application of high performance computing systems to industrial 

* Support, promote, and coordinate the development of voluntary standards that provide interoperability and common user interfaces 

Goals of NIST's Program are: 

performance, to reduce production costs and time-to-market, and to increase competitiveness in international markets; 

and manufacturing communities and to increase the electronic availability of scientific and engineering data; 

system components, and human-machine interfaces; and to achieve improved system and application program performance; 

problems, and to develop improved methods for the public dissemination of advanced software and documentation; and 

within the NII, and increase industrial competitiveness. 
Objectives of NIST's Program are to accelerate the development and deployment of high performance computing and networking 

technologies and services required for the National Information Infrastructure, and to apply and test these technologies in a manufacturing 
environment. 

NIST supports and coordinates the development of standards within the Federal government to provide interoperability, common user 
interfaces to systems, and enhanced security. NIST works with other agencies to promote open system standards and to aid in the 
commercialization of technology by U.S. industry. NIST promotes the development of communications infrastructure and through 
information technology research, development, and related activities to enhance basic communications capabilities. Supporting activities 
include metrology to assess network components for performance, interoperability and conformity; and collaboration with industry via 
cooperative research and development, sponsorship of workshops, other public fora, and laboratory-based technology demonstrations. NIST 
develops instrumentation and methodology for performance measurement of scalable, high performance computing and networking systems. 
Emphasis of the performance measurement component is on the development and use of low perturbation data capture hardware and 
simplified software-based approaches to performance characterization of these systems and software components. 

NIST uses its experience in information technology and manufacturing engineering to accelerate the application of high performance 
computing and communication technology to manufacturing environments, NIST supports expanded programs in: advanced manufacturing 
systems integration technologies; development and test of prototype components and interface specifications for manufacturing systems; 
application of high performance computing and networking technologies to integrate the design and production processes; and testbeds for 
achieving cost-effective application of advanced manufacturing systems and networks. NIST also addresses key issues in electronic 
commerce, electronic libraries, and network security. NIST develops algorithms and generic software for advanced scientific, engineering and 
manufacturing applications. Common elements and techniques are encapsulated in software libraries to promote ease of use and application 
p6i%ib%y. ?dIST's Guide io Avaiiabie Ivfaihemaiicai software ( C J H N ~ ~ )  provides industry and the p u b k  with improved electronic access to 
reusable software. 

I- . . I-\ 
Note: Three program elements proposed in FY 1996 have been combined for this plan. 
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National Institute of Standards and Technology 

Budget (BA, $ M) HPCC PCAs by 1997 Pres. Request 
Partner/User 

Program Activity Budget Account Code Agencies FY95 FY 96 FY 96 FY97 HECC LSN HCS H ~ C S  EHR 
Actual Pres. - a t .  OSt 

br 
Development and Dissemination of Scientific Soflwnre 

Infrastructure for lnformntion Technology STRS for Computer ARPA, DOE, 9.48 18.24 9.48 9.48 1.22 1.86 4.20 2.20 
Infrastructure for lnformation Technology (continued) STRS for Computer ARPA, DOE, 

Systems integration for  Manufacturing Applications ARPA, DOE 

3.37 3.60 3.37 3.37 2.77 0.60 STRS for Computer NSF, DOE, 
9,retrm. PLBSA 

9v-c NC: A 

Clvetprn< N9A 

9vr;trmo 

~~ 

STRS for Computer 10.66 12.26 10.66 10.66 1.80 0.50 1.00 7.36 
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National Institute of Standards and Technology 

Budget (BA, $ M) HPCC PCAs by 1997 Pres. Request HPCC PCAs by 1996 Estimated 

Program Activity HECC LSN HCS HuCS ETHR Actual Pres. 
Development and Dissemination of Scientific Software 3.37 3.60 3.37 3.37 2.77 0.60 2.37 0.50 0.50 
f i r  MPcT 
Infrastructure for Information Technology 9.48 18.24 9.48 9.48 1.22 1.86 4.20 2.20 1.22 1.20 4.20 2.86 
Infrastructure for Information Technology (continued) 

Systems Integration for Manufacturing Applications 10.66 12.26 10.66 10.66 1.80 0.50 1.00 7.36 2.00 0.50 1.16 7.00 

Totals: 23.51 34.10 23.51 23.51 5.79 2.96 5.20 9.56 5.59 2.20 5.36 10.36 
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4 
VI 
VI 

NIST Development and Dissemination of Scientific Software for HPCS udget Code: STRS for Computer Systems 
I I I 

This program activity focuses on the development of advanced mathematical, computational and visualization algorithms, software, methodology and 
001s which support the efficient application of computationally intensive science to key problems arising in the industrial sector. Current application areas c 
:mphasis include the development of improved methods for computational chemistry and related advanced materials processing industries which are 9 

mportant for advanced product and process design and computationally derived fundamental data for competitive, environmentally sound manufacturing 
xocesses. Technology areas of emphasis include the interactive visualization of complex structures and data, large-scale ab initio computational chemistry 
vlonte Carlo and molecular dynamics modeling and scientific database utilization. Includes the development of efficient, robust and flexible templates, 
:lass libraries and components for basic mathematical computation, such as the solution of large linear systems, which provide a foundation for application!: 
uch as these. 

This program activity also supports the development of modern, network-based reusable software classification and distribution technology for making 
iew computational software readily available to industry and the public. The focus of this activity is the Guide to Available Mathematical Software (GAMS 
woject. GAMS is a working cross index and virtual repository which provides users transparent access to thousands of reusable software modules accessible 
iom a variety of network-accessible repositories. 

Milestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Develop and apply algorithms for molecular 

FY 1997 Agency Request Milestones 
Mixed quantum chemistry/molecular dynamics 

:apability incorporated into GAMESS computer code dynamic simulations of cluster growth and 
Iowa State U. using NIST technology). Capabilities deposition of use in modeling sintering processes for associated processes. 

Develop a user-friendly code for calculating 
rate constants for unimolecular decomposition an1 

or studying complex systems include both‘discreet 
ind continuum solvation coupled to state of the art 
luantum chemistry. 

Released Parallel Applications Development 
invironment V I  .O and 1.2 to facilitate development 
)f PVM codes by applications experts with minimun 
raining. 

:ritically evaluated data for density-functional 
dectronic structure calculations. 

Web access to GAMS of 85,000 users and 
100,000 server transactions. Developed Web access 
or the ACM Transactions on Mathematical 
ioftware. 

)erformance object-oriented sparse linear algebra. 
{eleased prototype implementations. Initiated 
X M S  experiments with free text search engines an 
mproved classification schemes. 

Established Web-accessible data base of 

Completed design of suite of packages for high 

applications in ceramic manifacturing. ~ 

dissipative systems and apply to optically-trapped 
atoms and to properties of newly-discovered 
Bose-Einstein condensates. 

expand information on algorithms and software 
available from GAMS servers. 

Expand implementation of high-performance 
object-oriented libraries for sparse linear algebra. 

Utilize modern software design technologies to 
implement portable and reliable mathematical 
software to provide significant performance 
improvement on scalable computing architectures. 

Develop scalable algorithms for treatment of 

Improve search and browsing mechanisms and 

Develop and implement ab initio quantum 
mechanical methods, including estimates of 
accuracy limits, to provide anharmonic 
corrections to low frequency blends in complex 
molecules. 

Demonstrate the use of this data to improve 
the accuracy of the calculation of kinetic and 
thermodynamic parameters. 

Develop practical conjugate gradient 
algorithm for calculation of electronic structure o 
metallic systems. 

Provide an expanded GAMS service, includin 
new classification technology that provides exper 
level performance. 

Demonstrate high-performance object-orientec 
libraries for sparse linear algebra on challenging 
applications. 

multigrid solver for unstructured adaptive grids. 
Stabilize and release a scalable parallel 

I I 
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Budget ($ M) 

FY 95 Act 

FY 96 Est. 

FY 91 Rqst. 3-37 

Program 
Component 

ETHR 

Agency Ties 

OARPA/____ NSF Partner 

NM I 
NSA 
NIST 

NOAA 
EPA 

ED 
User 

AHCPR] 
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NIST Infrastructure for Information Technology STRS for Computer Systems 
I I I 

Collaborate with industry and other agencies to support development of standards to provide interoperability, common user interfaces and enhanced 
ecurity for computer and communications systems; and promotes the specification, development, testing and deployment of communications protocols and 
ervices within the National Information Infrastructure. Collaborate with industry and academia to conduct R&D, evaluate and apply methods to specify, 
,erify, and test for conformity and interoperability of high-integrity, distributed systems. Support and contribute to the development of test methods and test 
uites for assessing conformity of products to standards and interoperation with other products; develop prototype implementations; establish testbeds and 
upport technology demonstrations; host workshops and open fora to promote open standards and to aid in the commercialization and deployment of 
nformation technology by U.S. Industry. 

o assess the performance of high-performance computing and communications systems. Conduct collaborative research and development of algorithms, 
ecognition methods, and reference materials to assist industrial and academic researchers commercialize R&D in spoken natural language recognition, 
mage recognition including printed or cursive handwritten text, and text search and information retrieval. Collaborate by developing corpora of reference 
naterials for speech and image recognition, and for text search and retrieval; and by developing related scoring protocols which use the reference materials 
n assessing performance of systems implementing these human-machine interface technologies. Develop methods for measuring performance of scalable, 
iigh performance systems, and identification of performance bottlenecks in systems and software. 

Collaborate with industry and other agencies to develop, integrate and apply technologies which enable electronic commerce and integration of product 
pecifications into computer aided design and manufacturing tools. Establish laboratory facilities to support demonstrations, evaluation, and inter-operation 
esting. (continued) 

Promote the research, development and application of measurement sciences to assess the performance of human-machine interface technologies, and 

Milestone IThis element reflects the integration of three elements from the FY96 plan: Networking and Information Infrastructure Services, Metrology for 
Changes IHuman-Machine Interfaces & Scalable HP( 

FY 1995 Actual Milestones 
Distributed ATM Network Simulator code to 

iver 100 academic and industrial sites. Collaborated 
vith ATM Forum and industry to develop 
tandardized test procedures for conformance and 
nteroperability testing -- seven protocol test suites 
pproved by Forum. Created framework for 
ienchmarking of wireless systems and investigated 
ise of automated speech recognition as measure of 
luality of speech recognition over noisy channels. 
Jstablished cooperative agreement with U. of MD for 
vireless transmission of multimedia. 

Enhanced NIST spoken-language library interface 
ystem with a thesaurus built from the Library of 
:ongress subject authority database. Completed 
nitial version of Z39.50/PRISE, a basic 239.50 UNIX 
lient/ server integrated with the PRlSE prototype 
ndexing and search engine. 

.uning tool for parallel software based on statistical 

:continued) 

Demonstrated first public prototype of a scalable 

nchniniw. 
-""*'.1--"' 

I, and Electronic commerce and Digital Libraries. Milestones deferred for one or more years 
FY 1996 Estimated Milestones I FY 1997 Agencv Reauest Milestones 

I Develop a user-friendly code for calculating Establish an interoperability testing program 
icluding laboratory facilities for Internet security 
:chnologies (e.g., firewalls, authentication 
iechanisms), IPv.6, network management and NII 
ervices. Assess the security requirements and 
ulnerabilities of emerging wireless technologies. 

Develop and test methods for human-machine 
3oken dialogue management and clarification, 
ialogue error recovery, and evaluation of speech 
xpora portability. Design and implement new 
rchitecture for Z39.50PRISE that will handle 
3mplex objects in both search and display modes. 

Develop initial algorithms for understanding of 
ocuments and their component parts, and 
rsociated metrics for judging algorithm 
erformance. 

(ased tools for performance measurement of 
calable parallel systems. 

lectronic data interchange standards. 

Improve and extend the software and hardware 

!Ri!ktP dP,vP,!npmP,nt nf cnnverin!! tnn!s fnr 
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_ _  
rate constants for unimolecular decomposition ant 
associated processes. 

Develop and implement ab initio quantum 
mechanical methods, including estimates of 
accuracy limits, to provide anharmonic 
corrections to low frequency blends in complex 
molecules. 

Demonstrate the use of this data to improve 
the accuracy of the calculation of kinetic and 
thermodynamic parameters. 

Develop practical conjugate gradient 
algorithm for calculation of electronic structure OJ 
metallic systems. 

Provide an expanded GAMS service, includin 
new classification technology that provides exper 
level performance. 

Demonstrate high-performance object-orienter' 
libraries for sparse linear algebra on challenging 
Ftpp!!cat!nns. . .  

Stabilize and release a scalable parallel 
multigrid solver for unstructured adaptive grids. 

J 

Budget ($ M) 

FY 95 Act 

FY 96 Est. 

FY 97 Rqst. I 9.48 

Program 
Component 

FY 97 
1.22 
1.86 

ETHR 

Agency Ties 

VA I Partner 
December 20, 1996 



I 
NIST Infrastructure for Information Technology (continued) udget Code: STRS for Computer Systems i 

Conduct R&D to support development of tools which generate software for electronic commerce applications. 
Conduct R&D in application programming interfaces for digital signature, authentication, and other security services required to support electronic 

commerce. 
Establish an electronic library pilot project which includes the creation, editorial review, production and dissemination of scientific and engineering 

papers, documents, data and other published information in a working, production environment via the library and scientific and engineering operating units 
at NIST. 

(continued) 

Milestone (continued) due to budget constraints include: interoperability testing program, assessment of wireless security vulnerabilities, algorithms for 
Changes improved understanding of compound docu 

FY 1995 Actual Milestones 
(continued) 

Extended demo facilities to support ad hoc 
queries and updates to relational databases using 
Remote Database Access and SQL standards. 
Cooperated with CommerceNet to provide industry 
IT suppliers and users. 

ients, ani  implementation-of information infrastruct 
FY 1996 Estimated Milestones 

NIST Page A 1 1 1  

: testbeds. 
FY 1997 Agency Request Milestones 

1 Budget ($ M) 

FY 9 5 A c t  I 1 ---I1 FY 96 Pres. 

I FY 96Est. I 
FY 97 Rqst. I I 

Program I 
Component 

Areas 
FY 96 FY 97 

HECC 

LSN 

HCS 

IUCS 

ETHR 

Agency Ties 

DOE I Partner I 

Partner 
December 20, 1996 



NIST 

A Emphasis is on information technology solutions providing reliable information exchange among manufacturing applications. This standards-based effort 
VI for computer integrated manufacturing focuses on integration problems existing in the activities of product/process design, manufacturing engineering, and 
00 production system control. The effort will address these problem areas both within and across enterprises. Manufacturing application integration mechanisms 

will be developed and structured in the context of emerging Enterprise Integration Frameworks (EIFs). Integration mechanisms supporting incorporation of 
remote data sources into manufacturing applications as well as distributing manufacturing software application components and processes will be a 
significant focus. Development of reliable mechanisms for testing of manufacturing application integration solutions is also a priority. The program of work 
addresses activities which fall within standards development efforts and development of technology within industry and government. Interface specifications 
which have been tested in prototype systems will be communicated to standards organizations. Results will be made available to U.S. industry through 
workshops, training materials, electronic data repositories, and pre-commercial prototype implementations that can be installed for test and evaluation. NIST 
will distribute standard reference data, technical information, and digital product/process specifications using NII technologies. The industry domains to be 
addressed include discrete mechanical product manufacturing, electronic manufacturing, chemical manufacturing, material manufacturing, and 
manufacturing plant construction. NIST's Advanced Manufacturing and Networking Testbed (AMSANT) facilities support application of high performance 

Program computing and networking technologies to manufacturing system and application integration problems. Facilities include Asynchronous Transfer Mode 
(ATM) network connections, high performance compute servers and workstations, as well as software applications for mechanical computer-aided design 
(CAD), electronic CAD, architectural/engineering/construction CAD, product data management, process planning, production system scheduling, machine Component 
tool programming, and process simulation. Hardware and software supporting application of collaborative technologies, remote operation, virtual reality Areas 
interfaces/environments to the manufacturing domain is also employed. The facilities serve as development, testing, and demonstration sites for use by 
NIST, government partners, and industrial technology suppliers and users. The program of work strongly supports cooperative research and development 

HECC 2.00 1.80 agreements with industry and academic researchers. 
Milestone /Moved to FY 97: Enterprise Integration Framework deliverables; LSN 0.50 0.50 

Systems Integration for Manufacturing Applications udget Code: STRS for Computer Systems 

Budget ($ M) 

FY 95 Act 

FY 96 pres. 

FY 96 Est. 

FY 97 Rqst. 10.66 

10.66 

12.26 

10.66 

FY 96 FY 97 ___ 

__ 
I Changes /Implementation of a production testbed for 

FY 1995 Actual Milestones 
Issued: report on manufacturing integration needs, 

a requirements document on an integrated 
engineering tools environment, a reference 
architecture for control of mechanical systems, and a 
reference model architecture for design, planning and 
production activities. 

Demonstrated selected set of conformance testing 
Capabilities for STEP and implemented a testing 
program for Application Protocols. 

Implemented operational HPCC testbed for 
mechanical parts industries and completed a series 
of remote tests with DOE partner and a visualization 
lab to test virtual reality applications in 
manufacturing. 

Established laboratory to test and demonstrate a 
standard set of user interfaces for manufacturing 
production systems. 

defined product realization processes (PRP), and 
developed a common set of PRP models for 
manufacturing resources. 

reference data available and accessible over the 
web. 

Tested a series of process models from industry 

Madc scientific, engineering, and standards 

Custom Therapeutic Footwear; and 

rotocols and 
ETHR 

Publish a 'series of interface specification 
locuments for integrating manufacturing software 
ipplications. 

Extend AMSANT capabilities and perform a 
eries of remote integration tests .between NIST, systems. 

,ndustry and DOE partner HPCC testbed. 
Develop level I1 APDE capabilities and deploy specification documents for integrating 

system to base set of user within standards manufacturing software applications. 
:ommun i ty . 

Publish a report on the engineering architecture metrics for tracking use of STEP and progress 
For integrating design, planning and production towards its development. ' 

Ipplications. 
SIMA specifications and standards based on 

standard reference data available through the web. implementation architecture. 

to test and demonstrate EIF tools and products. 
Demonstrate an extended set of interface 

protocols and integration capabilities for the 
design, planning and production of mechanical 

Publish an extended series of interface 

Enhance APDE capabilities and establish 

Deploy industrial pilot of implementation of 
Expand scope of manufacturing research and 

1 NIST Page A I12 

Agency Ties 

AHCPR 
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I National Oceanic and Atmospheric Administration 
NOAA's Grand Challenge research in weather forecasting and climate prediction depends on advances in high-end computing and on the collection 

and dissemination of environmental information. Increased computing power will enable more accurate representation of the atmosphere-ocean 
system, resulting in improved weather forecasts and making possible better decision making by Government and industry on issues that affect both the 
environment and the economy. NOAAs environmental data and information on the NII will be enabled through NOAAs ability to disseminate its 
vast holdings of real-time and historical information to all users more completely, in a more usable form, and in a much more timely manner. 

Totals: 5.50 15.40 6.50 0.50 
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National Oceanic and Atmospheric Administration 

Budget (BA, $ M) HPCC PCAs by 1997 Pres. Request HPCC PCAs by 1996 Estimated 

Program Activity HECC LSN HCS HuCS ETHR Actual 
Advanced Computation 2.80 7.40 3.30 6.30 6.30 

Networking Connectivity 2.70 7.50 2.70 2.70 2.70 
Information Dissemination Pilots 0.50 0.50 0.50 0.50 0.50 

5.50 15.40 6.50 9.50 6.30 2.70 0.50 3.30 2.70 0.50 rn * - I * .  
1 OLdlb. 
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NOAA I Advanced Computation 
I I I 

climate change by taking full advantage of highly parallel, high performance computing systems that, over the long term, are expected to provide 
substantially greater computing power at lower cost. 

parallel version of a very high-resolution global atmospheric grid-point model in a study of stratospheric dynamics on a scalable system. 

the NMC global spectral model with excellent performance at high resolution. 

DARPA-sponsored National Consortium for High-Performance Computing and as a part of the Boulder Front Range Consortium involving NCAR, the 
University of Colorado, and FSL. 

government-university-industry effort in environmental research utilizing the Alaska Regional Supercomputer Center. 

Advanced Scalable Computation is NOAA's program to make possible major improvement in the Nation's ability to forecast the weather and predict 

Geophysical Fluid Dynamics Laboratory.: NOAA/GFDL's collaborative efforts with DOE/LANL have resulted in the scientific implementation of a 

National Meteorlogical Center (NMC): NOAA/NMC's collaborative efforts with DODINRL have resulted in execution of a parallel, adiabatic version of 

Forecast Systems Laboratory (FSL): The Intel Paragon installed at NOAA/FSL is being used by NOAA scientists in conjunction with the 

NOAA Northwest Center's collaboration efforts through the Cooperative Institute for Arctic Research (CIFAR) is a cooperative 

~~ 

Milestone Scalable HPCS for NOAANMC changed from FY 96 to FY 97 
Changes Implementation of an advanced visualization laboratory to support high-end climate and weather research postponed from FY 96 to a later date. 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Implement scientific experiments utilizing redesigned 

Complete development of scalable versions of NMC global 

FY 1997 Agency Request Milestones 
Completed procurement of a scalable HPCS (NOAAKFDL) to 

Completed high-resolution stratospheric dynamics experiments 

Initiated preliminary 3-D cloud-radiation interaction 

Procure a scalable HPCS for NOAANMC to advance 
scalable weather and climate models on HPCS at NOAAIGFDL. future improvements in operational weather forecasting for the 

Nation. 
spectral and ETA models for scalable architectures and compare Initiate algorithm development on scalable system toward 
performance on different scalable HPCSs. Perform ensemble achieving 5- 10 km resolution in mesoscale atmospheric 
forecast experiments on scalable HPCS. models. 

Complete, test and run in real time the restructured ETA 
model (8-16 km resolution) on a scalable hardware machine as a systems utilizing HPCS to test data assimilation needs for 
prototype forecast experiment in support of the 1996 Olympic 
Games. Develop software tools to facilitate software conversion 

Develop and test restructured parallel version of regional data from traditional shared-memory machine to scalable systems. 
assimilation code. Continue and enhance scientific experiments running on 

Implement ETA model on FSL's Intel Paragon; evaluate 
performance at various grid resolutions and assess potential for Implement ETA model on FSL's Intel Paragon: evaluate 

support major improvements in climate and weather research. 

Dn LANL scalable HPCS using a parallel version of the SKYHI 
global atmospheric grid-point model. 

experiments using the redesigned parallel GFDL limited-area 
non-hydrostatic model. 

idiabatic spectral model on a scalable computer, resulting in 
:xceptional wall-clock performance. 

model including a new formulation of global grid mesh. 

Explore design of next-generation environmental observing 

Developed and executed parallel version of NMC global optimizing future forecast systems. 

Developed a parallel versioti of finite-difference global ETA 

Developed parallel structure for NMC Optimum Interpolation 
HPCS at NOAAKFDL. 

data assirnilation code. 
Completed preliminary implementation of the restructured 

ETA model on FSL's Intel Paragon and began extensive testing to 

operational forecast purposes. Update real-time experimental 
forecast models (RUC and RAMS) to support nesting, 

performance at various grid resolutions and assess potential foi 
operational forecast purposes. Update real-time experimental 
forecast models (RUC and RAMS) to support nesting. 

:valuate its performance in terms of resolution and the potential 
impact for improved forecast guidance. Implemented parallel 
versions of the Rapid Update Cycle (RUC) and the Regional 
Atmospheric Modeling System (RAMS) to run. for the first time. 
i n  real time on the Intel Paragon. 

I Implement advanced visualization laboratory to support 
high-end climate and weather research. 

Budget ($ M) 

FY 95 Act 

FY 96 Est. 

FY 97 Rqst. 

Program 
Component 

Areas 

HuCS 

ETHR I I 
Agency Ties 

NSA 
NIST 

NOAA 
EPA 

AHCPR~ 
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NOAA Networking Connectivity I 
I I I 

Networking Connectivity is NOAA's program activity to greatly increase its ability to disseminate NOAA real-time and historical environmental data and 
nformation through the Internet to a broad range of users in the U.S. business community, government at all levels, research, education, and the general 
ublic. 

Milestone Changes I 
FY 1995 Actual Milestones FY 1996 Estimated Milestones FY 1997 Aaencv Request Milestones 

Expand number of NOAA nationally 
distributed archive facilities connected to Internet 

yeater connection. at high speed. 

he Internet through at least a 10 Mb/s 
:ommunications link. 

Two NOAA Centers of Data were connected to Increase bandwidth to accommodate rapidly Exploit WWW software technologies to 
increasing user access. implement advanced visualization of NOAA 

information on the Web. 
A substantial amount of NOAA environmental 

lata were disseminated through the Internet to a 
vide range of users, using WAIS, Gopher, Mosaic 
ervers and other advanced, user-supportive access 
001s. systems utilizing WWW technologies. 

as MO'SAIC, WAIk, and Gopher toward 
development of NOAA's portion of the Nil. 

distributed online environmental information 
Develop integrated view of NOAA's nationally 

Implement integrated view of environmental 
data across NOAA WWW servers. 

Explore use of advanced communications 
technologies, e.g., ATM, for environmental data 
dissemination. 

I Budget ($ M) 

FY 95 Act 

FY 96 Pres. I 7.50 I 
FY 96 Est. ='*I 

Program 
Component 

Areas 
FY 96 FY 97 

HECC 

LSN 2.70 2.70 
____ 

HCS 

HuCS 

ETHR 

I 
Agency Ties 

'DOE 
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kudget Code: ORF E1 I NOAA I Information Dissemination Pilots 
I I I 

Information Dissemination Pilots is NOAA's program activity to begin pilot dissemination through the Internet of some of the vast amount of 
nvironmental data and information for which NOAA is responsible. This information is distributed geographically at NOAA data centers across the country 
s part of the emerging National Information Infrastructure, for use by the private sector, academic researchers, educators, and the general public. 

viilestone 1 
FY 1997 Agency Recluest Milestones 

Research and develop advanced visualization 
to facilitate information dissemination. techniques for remote viewing of environmental 

distributed databases. 
phenomena represented in NOAA's nationally 

FY 1995 Actual Milestones 

makes selected heterogeneous NOAA environmenta 
data distributed geographically at NOAA data 
centers accessible to users in a more timely and 
complete way. 
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Budget ($ M) 

FY 95 Act 

FY 96 Esi. 

FY 97 Rqst. 

Program 
Component 

Areas 

HCS 

ETHR 

Agency Ties 

DARPA 

NSF 
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Environmental Protection Agency 
A The goal of the EPAs HPCC program is to accelerate the evolution of high-end computing technologies and their use to meet environmental 
pmtection mission objectives. HPCC technology enables more effective, scientifically defensible, and timely environmental decision making resulting 
in economic benefits for states and industry by reducing the cost of achieving legislated environmental standards and by increasing the market for 
HPCC technologies. Research focuses on high-end computing technologies required to facilitate multi-pollutant, multi-scale, cross media 
environmental modeling, risk assessments, and community decision making, 

The research targets technologies for advanced problem solving environments, reusable software needed for rapid intelligent data access and 
synthesis, integrated visualization and geographical information systems capabilities closely tied to environmental modeling, and scalable parallel 
computing and communications to support multi-disciplinary ecosystem risk assessments. Research in distributed computing provides for better 
access and management of large collections of environmental data and sharing of powerful computational resources needed to support advanced 
environmental problem solving. 

pilot projects. These projects provide for open communication of the needs of environmental scientists, analysts and decision makers. 

m 

To facilitate technology transfer of high-end environmental assessment tools to real world users, the EPA HPCC program is involved in a series of 

~ ~ ~ - 

Budget (BA, $ M) HPCCPCAs by 1997 Pres. Request PartnerlUser 
Budget Account Code HCS HuCS ETHR Program Activity Agencies FY95 FY96 FY96 FY97 HECC LSN - Actual Pres. Est. Rqst. 

IEnvironmental Modeling CC9,CCl INSF 5.65 5.78 5.53 3.45 3.45 1 I I 

Computational Techniques CC9, CCI, CA2 I 
IState Network Connectivity I c c 9  I 

I c c 9  
IEducatiodTraining I 

c c 9  INASA, NOAA I IPublic Data Access 
I I 1 I Totals: 
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I I I I I I I I 

0.301 1.02) 0.60 I 0.60 I 1 I I 0.60 I 

0.60 7.18 6.58 
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Environmental Protection Agency 

Program Activity 

IEnvironinental Modeling 

IComputational Techniques 

State Network Connectivity 

EducationlTraining 

Budget (BA, $ M) 

0.69 

0.69 

FY 96 FY97 
Est. ROSt, 

0.60 0.60 

HPCC PCAs by 1997 Pres. Request 

HECC LSN HCS HuCS ETHR HECC LSN HCS HuCS 

HPCC PCAs by 1996 Estimated 

3.45 5.53 

3.13 3.17 

0.60 0.60 

- 
0.08 

Totals: 12.43 12.00 9.38 7.18 0.60 8.70 
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EPA I Environmental Modeling budget Code: I CC9,CCl 
I I I 

This program activity supports fundamental research on the systematic integration of advanced multi-pollutant, multi-scale, and multi-media 
nvironmental modeling components into a high performance distributed computing framework, addressing such issues as human-computer interface, 
istributed data management, software reuse and scalability, and system performance. 

'he objective is a community multi-discipline problem solving framework for environmental modeling and decision support built upon emerging HPCC 
xhnology and capable of adapting to continuous advances in science and technology. The initial focus of the program was on oxidant, acid deposition, and 
iarticulate models, but has been expanding to encompass integration of more complex processes such as aerosols and visibility, and cross-media ecosystem 
ssessments. Both research and prototyping of system framework capabilities such as graphical user interface, intelligent system builders and data 
nanagement, collaborative tools, interactive analysis and visualization, multimedia electronic 'tutor and help', and decision support are being performed to 
letter define technologyhser requirements and design alternatives for environmental modeling and decision support systems. The resultant modeling and 
lecision support framework will have general applicability for use in air quality, surface and ground water quality modeling and ecosystem management. 
idvanced collaborative methods of analyzing and visualizing the multi-dimensional measurements and model predictions from environmental assessment 
tudies are being developed to provide a means of gaining greater insight into interactions of the science in the models and for better interpretation of results. 

EPA is integrating research results to develop a technology foundation to support community-based environmental decision-making and risk assessment. 

Milestone [The reduction in the EPA FY 96 HPCC budget delayed linkage of air and water models. 
Changes I 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Develop an operational air quality modeling and Demonstrated a prototype modular,scalable, air 

luality modeling decision support system in a 
listributed computing environment. 

Developed an interactive environment to 
acilitate the calibration, execution, and analysis of 
he Chesapeake Bay Watershed model for nitrogen 
utrophication studies. sensitivity-uncertainty analysis. 

Developcd collaborative computing and 
isualization prototype for several air quality 
pplications to enable distant researchers to 

decision support system for regional and urban 
oxidant, regional acid deposition, and particulate 
issues. 

Prototype a modular, scalable air quality 
modeling decision support system with integrated 

Implement video conferencing to key agency 

Award grants for research to advance 
and research sites. 

o-examine data and effectively use remote 
isualization resources. 

environmental decision support tools through 
coupling of Geographical Information Systems and 
environmental models, parallel and distributd 
optimization techniques, and advanced multivariate 
visualization techniques. 
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FY 1997 Agency Request Milestones 
Implement linked air and water quality models 

1 a distributed computing environment to 
icilitate cross-media assessment of water quality. 

Continue grants for research to advance 
nvironmental decision support tools through 
oupling of Geographic Information Systems and 
nvironmental models, parallel and distributed 
ptimization techniques, and advanced 
iultivariate visualization techniques. 

Budget ($ M) 

FY 95 Act 

FY 96 Est. 

Program 
Component 

Areas 

HuCS 

ETHR 

Agency Ties 

DARPA I 

-=P DOE 
NASA 

NIH 

NSA 

NIST 
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EPA Computational Techniques udget Code: CC9, CCI, CA2 

The primary objective of the computational techniques research is to develop and evaluate the performance of key algorithms that form the 
:omputational foundation of air, water, and molecular models on a variety of scalable parallel architectures. Numerical algorithm research includes grid 
:eneration and coordinate transformation techniques applicable to multiscale air quality modeling, comparative study of parallel programming models for 
:as-phase atmospheric chemistry solvers, parallel algorithm development and evaluation for several air and water quality, ground water, stream and lake 
edimentation, meteorology, and molecular modeling processes. Fundamental research is also conducted on computational techniques for quantifying 
incertainty as an integral part of the numerical computation. 

The research evaluates combinations of hardware, software, algorithms, and communication capabilities to determine the most effective computational 
tpproach Lo support more complex multi- pollutant and cross-media environmental modeling activities. This research, performed at several universities, the 
>OEs Argonne National Laboratory, and several EPA research laboratories, directly impacts the performance of environmental Grand Challenge 
ipplications and contributes to the shared software libraries and parallel testbed codes. 

To fully integrate results of the research into the mainstream of EPA computational-based research activities, EPA has acquired a scalable parallel 
:ompu ter. 

Milestone 
Changes 

Agency budget reductions eliminate planned upgrades for scalable computing. 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Develop a parallel analytic element method for 

Implement parallel, distributed, gas-phase 

I FY 1997 Agency Request Milestones 

meteorology models. 
Developed and implemented parallel codes for 

everal gas-phase atmospheric chemistry solvers to 
:valuate performance of a variety of parallel 
wchitectures. chemistry code for use in operational advanced air dynamics. 

estbed model to support advanced air quality 
nodels. 

upport HPCC research activities. 

Incorporate 4-D data assimilation into parallel 

Develop parallel algorithms for aerosol 

Award grants for development of parallel 

ground water modeling. 

Implemented portable parallel meteorological quality models. 

for optimization problems, coupled air and water 
Award grants for development of parallel methods algorithms and domain decomposition approaches 

for multi-media modeling. 
Acquired a scalable parallel computing system to exchange processes, and adaptive grid approaches. 
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Budget ($ M) 

5.10 FY 95 Act 

FY 96 Pres. 3.50 
FY 96 Est. 3.17 
FY 97 Rqst. 3-13 

Program 
Component 

Areas 
FY 91 
3.13 

Agency Ties 

NASA 

NIH 

-=l----- NOAA 

+I= AHCPR 

December 20, 1996 
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EPA State Network Connectivity ' udget Code: CC9 

The main objectives of this program activity are to provide access to the Internet for a critical mass of key environmental problem-solving groups in Stat, 
nvironmental communities in order to accelerate the wider use of more accurate and reliable environmental tools, and to provide capabilities for testing 
listributed computing approaches with complex multi-pollutant and cross-media environmental models. This activity supported the initiation of network 
onnections for four State and several federal pilot projects for evaluation of environmental assessment tools, Grand Challenge team research, and agency 
ccess to high performance computing. 

hpercomputing Center in Bay City, Michigan with dedicated high speed connectivity to the EPA National Computing Center and HPCC research network 
n North Carolina. This interconnection established a basic foundation for the use of advanced environmental assessment tools throughout the agency and 
acilitates technology transfer to State environmental groups. Continued support for these critical network connections have been transferred to the program 
Iffices and will no longer be supported within the EPA HPCC program. 

This activity also provided high speed (45 million bits per second) interconnection through the Internet to the EPA's National Environmental 

Milestone Maintenance of established State Internet connections was transferred to other programs. 
Changes 

FY 1995 Actual Milestones I FY 1996 Estimated Milestones I FY 1997 Agency Request Milestones 
Tested the use of ATM technology for 

nvironmental applications. 
daintained agency Internet and State connections. 

Budget ($ M) 

FY 95 Act 

FY 96 Est. 

FY 91 Rqst. 

Program 
Component 

Areas 

LSN I I 

Agency Ties 

NSA 

NlST 
NOAA I 
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EPA I EducatiodTraining budget Code: I CC9 
I I I 

This program activity targets the dissemination of high performance computing and advanced environmental modeling capabilities to select groups from 
idustry, State and federal sectors. The industrial group is represented by a consortium, the Consortium for Advanced Modeling of Regional Air Quality. The 
[rget groups of State users are selected from States with professionals involved in front-line environmental decision making and using models of regional 
id urban air quality. Pilot users gain first-hand experience on how high performance computing can alleviate many of their decision making constraints 
hile at the same time they work with developers to ensure that system capabilities and interfaces address their needs. A high performance computing 
arning environment is created through workshops, involvement of professional trainers and curriculum developers, and establishment of a 'virtual center' 
hich functions remotely through Internet to support a distributed base of users of environmental models for decision making across the country. 

Funding also supported EPA's Earthvision computational science educational program for high school students, graduate students, training fellowships, 
Inferences and workshops. 

dilestone \Budget reductions eliminated planned environmental education grants 
Changes 1 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Prototype distributed modeling support'center'. 
Define infrastructure requirements for extending 

Prototyped technology transfer methods for 
dvanced air aualitv modeling systems and defined 
oncept for a distriiuted user/;nodeling support 
:enter'. community. 

advanced modeling and training to a broad user 

Conducted workshops to gather feedback from 
arly use of prototype environmental decision suppor 
)OlS. 
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~ 

Budget ($ M) 

FY 95 Act 

FY 96 Est. 

FY 97 Rqst. 

Program 
Component 

Areas 

HuCS 

Agency Ties 
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EPA Public Data Access 
I I I 

A wealth of environmental data from diverse sources at multiple scales exists and continues to accumulate each day. Scientists, policy makers, industry 
nd the general public have diverse needs for data access, manipulation, summarization, and interpretation. This research addresses fundamental technology 
ssues associated with a multidiscipline approach to finding, assimilating, and analyzing useful information from large, distributed multi-media 
nvironmental databases. Technology areas include intelligent agents for searches among data collections, natural language data navigation techniques, 
nachine learning, rule-based systems, data visualization, object data bases, interoperability over heterogeneous hardwarehoftware platforms, and synthesis 
Nf information for scientific and public use. 

vlilestone 
Changes 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Award grant(s) for development of data 

assimilation, and analysis techniques for multi-scale assimilation and analysis techniques for 
environmental data including satellite imagery. 

FY 1997 Agency Request Milestones 
Continue grant(s) for development of data 

multi-scale environmental data including satellite 
imagery. 

Budget ($ M) 

FY 95 Act 

FY 96 Est. 

FY 97 Rqst. 

Program 
Component 

Areas 

HECC 

HCS 

Agency Ties 

DARPA 1 
NSF 

W E  

NASA Partner 
NIH 

December 20, 1996 



Program Activity 
~ ~~ 

IAskERIC Service 

ERI Institutional Communications Network 
(INET) 
Regional Education Laboratory Program 

Department of Education 
The U.S. Department of Education (ED) conducts research and development in a number of areas relating to developing resources for and skills 

These activities are conducted within the Office of Educational Research and Improvement (OERI), the National Institute for Disabilities Research 
within the Education community. 

and rehabilitation (NIDRR) in the Office of Special Education and Rehabilitation Services, and GOALS 2000. 

A 

4 
A 

December 20, 1996 

Teacher Networking Project 

National Institute on Disability and 
Rehabilitation Research 
National Parents Information Network 

ERIC Clearinghouses 

Budget (BA, $ M) 

Actual Pres. Est. Rqst. 

HPCCPCAs by 1997 Pres. Request PartnedUser 
Budget Account Code Agencies FY95 FY96 FY96 FY97 HECC LSN HCS H ~ C S  ETHR 

I 0.75 1.25 0.34 1 .oo 1 .oo 
I I I 
NSF 1.90 ---------- 

1.42 1.50 1.50 1 S O  I S O  

13.21 1.80 13.21 

VA, NSF 11.40 11.40 11.40 11.40 11.40 

0.20 0.23 0.23 

1.20 1.35 1.98 ' 1.98 
I I I 

Totals : 27.98 16.95 28.93 18.01 11.40 6.61 
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Department of Education 

rw 
Program Activity FY 95 

Actual 
AskERIC Service 0.75 
OERI Institutional Communications Network (INET) 

Regional Education Laboratory Program 1.42 

Teacher Networking Project 13.21 
National Institute on Disability and 11.40 
BerpQrrh 
National Parents Information Network 

Rehabilitation 

ERIC Clearinghouses 1.20 

To tal s : 

ludaet (BA, $ M) I HPCC PCAs bv 1997 Pres. Reauest 11 HPCC PCAs bv 1996 Estimated 

I 16.95 28.93 18.01 11.40 6.61 

ED 

m 
Page A I26 

m 
December 20, 1996 



ED AskERIC Service udget Code: 

AskERIC is an online information service at the Educational Resources Information Center (ERIC) available free of charge to teachers, parents, and 
students. AskERIC provides its users with customized information on a vast array of educational topics, delivered via the Internet and commercial services 
such as America Online. Using state-of-the-art technology, AskERIC also provides a personal touch through trained specialists available to assist educators 
and parents in their search for information. 

AskERIC has four components: a question answering (Q&A) service, the AskERIC Virtual Library, the National Parent Information Network, and a 
research and development (R&D) program. 

For the Q&A service, information specialists draw on the resources of the Internet and the ERIC system to provide answers-within 48 hours-to any 
question about education. Users can try the Q&A service by sending a question via e-mail to AskERIC@ericir.syr.edu. 

The AskERlC Virtual Library is a collection of education resources that teachers have requested. These materials include lesson plans, print, and video 
materials (from organizations such as CNN, PBS and the Discovery Channel), research summaries, digests, Infoguides on key educational topics, 
frequently-asked questions, and discussion groups for practicing educators and librarians. This is immediately available electronically. 

The National Parent Information Network (NPlN)-developed in conjunction with the National Urban League, local housing authorities, and 
PrairieNet-is an online collection of materials to help parents better support their children's educational, physical, and societal development. 

AskERIC R&D applies emerging tools and technologies to deliver services and provide on-demand access to a full range of electronic media. Currently, 
the AskERIC R&D team is working on: expanding the AskERIC Virtual Library to provide image, sound, and video resources; providing free Internet access 
to the ERIC bibliographic database using friendly, high performance retrieval software; creating a full-text electronic collection of the documents in the 
ERIC database; and, experimenting with new Internet products to ascertain their value for serving educators. 

Budget ($ M) 

FY 95 Act 0.75 
FY 96 pres. .25 

py 96 Esl. 

FY 97 Rqst. 1 .Oo 

Program 
Component 

Areas 
FY 96 FY 9; 

HECC 
- 
; LSN I Changes I 

FY 1995 Actual Milestones FY 1996 Estimated Milestones FY 1997 Agency Request Milestones 
Completed ERIC bibliographic database available Will dramatically expand access to multimedia ERIC will continue to fulfill its mission of 

on lnternet with capacity for 200 simultaneous users and hypermedia materials. maintaining, and providing access to, the world's 
and state-of-the-art interface. AskERIC will harness a nationwide network of largest electronic bibliographic database of 

Full text of the documents indexed in the ERIC information specialists, using two-way interactive education-related publications and documents 
database in 1995 available online in image database. telecommunications, to serve the needs of teachers, through a national system of specialist clearing 

AskERIC became truly nationwide (worldwide?) administrators, parents and students. houses. The ERIC system synthesizes education 

H ~ C S  

Agency Ties 
Iservice. information and disskminates it in print and 

electronic formats. The ERIC system provides 
access to its network of bibliographic information DARPA 
to educators, policy makers, parents and the 
general public. It provides access to the database NSF 
clearinghouses via mail, telephone, and electronic WE 
routes. It maintains a question and answer service ~ 

NASA via the Internet. 
NIH 

NSA 

NIST 

NOAA 

A 

U w 
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ED OERI Institutional Communications Network (INET) udget Code: 

The Institutional Communications Network (INet) was established in FY 93 by the Department of Education's Office of Educational Research and 
mprovement (OERI) to use the emerging National Information Infrastructure to accomplish the interrelated goals of (1) improving collaboration and 
nformation sharing among the education R&D institutions funded by OERI, including the Regional Educational Laboratories, National Educational Research 
k Development Centers, Educational Resources Information Center (ERIC), and National Diffusion Network; and (2) disseminating relevant and useful 
esearch, statistics, information, products, and publications developed through or supported by the Department to schools, educators, parents, and policy 
nakers throughout the United States. 

In FY 94, INet initiated public access Gopher, ITP, and World Wide Web servers, which have rapidly become important resources to the education 
:ommunity. Although INet initially concentrated on disseminating OERI's research and statistical information, its coverage has expanded to include 
:xtensive information from other Department offices--press releases, grant announcements, and libraries of information about major initiatives such as 
3OALS 2000, Technology, School-to-Work, and Elementary and Secondary Education Schoolwide Programs. Dissemination activities are closely 
:oordinated with other Department-funded entities that sponsor Internet services, including AskERIC, the Eisenhower National Clearinghouse for 
Mathematics and Science Education, and the Regional Educational Laboratories. 

lumber of educators who are connecting to the NII. 

Budget ($ M) 

FY 95 Act 

FY 96 Pres. 1 .OO 
___I_ 

FY 96 Est. 0.93 
FY 97 Rqst. 1 .go 

__ 

Program 
Component 

Areas 

The GOALS 2000 legislation calls for increased emphasis on electronic networking and dissemination to support education reform. INet will continue to 
)lay a key role in the Department's efforts to make a significant, high quality collection of education information available on-line for the rapidly growing 

1 IFY 96JFY9; 

In-line ordering. 

iupport interchange and discussion of ideas by 
:ommunities engaged in education reform. 

xograms; coordinate linkages and organization of 
In-line libraries with other sites and systems. 

:ontinued to explore and test enhancements to 
Mosaic useful to K-12 education and users with 
lisabili ties. 

tnd their usability by teachers, administrators, 
)arents, and students. 

Support Department's integration of 
Implemented community exchange service to clearinghouses, categorical and comprehensive 

technical assistance centers into a coordinated, 
unified customer service/technical assistance 
system. 

Expand participation of other Department 
programs; coordinate linkages and organization of 

Through NSF/NCSA Mosaic Federal Consortium, on-line libraries with other sites and systems. 

Expanded participation of other Department's 

Pilot tested enhanced document and data formats 

~ HCS 

HUCS - The primary focus of the INet program will 
continue to be linking the National Library of searchable databases. 

Enhance services to exploit emerging data, Education, OERI-funded institutions, and other 
retrieval, and interface technology; expand content Department of Education services with schools, 
to incorporate enhanced document and data formats. educators, parents, and policy makers. INet 

manages the Internet and World Wide Web 

Milestone 
Changes 

FY 1995 Actual Milestones 
Planed and began to implement core set of 

FY 1996 Estimated Milestones 
Continue implementation of core set of 

FY 1997 Agency Recluest Milestones 

iearchable databases, including current R&D 
ictivities, promising and exemplary programs, 
:ducation statistics, and Department publications 
tnd products with links to on-line full text and Agency Ties 

presence of the National Library of Education and 
the Department of Education. Improvements are . 
planned in two areas: Providing increased access DARPA 
through the Internet node (gopher and WWW) to 
the National Library's repository of information NSF Partner 

publications, and statistics by beginning the 
development of a digital library; and actively NASA 
disseminating syntheses of research and NIH 
development findings and other materials through 
electronic networking. NSA 

NIST 
NOAA 

about Department programs, projects, DOE 

AHCPR 



ED Regional Education Laboratory Program udget Code: I I I I 
The Regional Educational Laboratories conduct applied research and development, disseminate information, and provide technical assistance that 

upports educational improvement. Their principal clients are educators and policy makers. The ten Regional Educational Laboratories also work together as 
network on problems that affect several regions. Under the direction of a representative governing board, each laboratory serves clients in a defined region 

onsisting of four to seven states. Using the best available knowledge, the Laboratories identify solutions to educational problems, try new approaches, 
Jrnish research results and publications, and provide training to teachers and administrators. The laboratories support school restructuring with major efforts 
I curriculum, instruction, and assessment. 

There is a growing effort by the Labs to use technology to link educators in schools and other educational agencies with educational R&D results. The 
,abs have created a Technology Task Force, which is developing an Internet-based communication and information system called the National Educational 
:&D Network. The Network will support the Labs' collaboration, dissemination, and constituent support activities. The goals of this network are: I )  To 
rovide the staff of regional laboratories with the capabilities of electronic communication and data and information sharing for intra-Lab communication anc 
ollaboration purposes; 2) To provide clients of the Regional Educational Laboratories with easy access to a wide range of information and data services; 3) 
'0 provide for electronic communication, dissemination, and collaboration between individual Regional Educational Laboratories and their clients and 
onstituents. 

ylilestone 
Changes 

FY 1995 Actual Milestones 
The tenth Lab Unix system and Internet 

The National Education R&D Network gopher 

The pilot test of the Panda interface and system 

Gopher menus were available for nine Labs. 
Plans for Phase 111 system development and 

valuation were completed. Phase I11 will focus on 
itegrating technology in all laboratory programs and 
eveloping new technology products and services for 
lients. 

WWW) as a parallel to the gopher based menu was 
ompleted. 

Internet-based) Lab Network was completed. 

onnection was completed. 

/as made publicly available. 

/as completed. 

A graphical system in World Wide Web 

The evaluation report of the Phase I1 

FY 1996 Estimated Milestones 
Complete work on the Phase 111 plan and 

Continue support for projects funded under the 

FY 1997 Apency Reauest Milestones 
The laboratories assist educators and policy 

:valuation. makers in their efforts to implement effective 
school reforms and solve State and local 

aboratory contract and increased connectivity with education problems. Each laboratory will promote 
:onstituents and OERI. widespread access to information regarding 

research and best practice as well as connectivity 
to establish communities of learners; and use 
advanced technologies as an integral method of 
their operations. 

Develop models of comprehensive, effective 
reform that are used to show States and local 
school districts how to implement successful 
programs in which all students achieve at high 
levels, and in which technoldgy is an integral pari 
of the instructional environment. 
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FY 95 Act 

FY 96 Est. 

Program 
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Areas 
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Agency Ties 
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Teacher Networking Project budget Code: I ED I 
I I I 

This activity provides support for model projects that demonstrate compelling applications of electronic networks in support of teacher professional 
levelopment. It is intended to increase teacher participation in electronic networking to enhance teachers' access to resources for self- improvement, and 
irovide information about how teachers can use electronic networks as an effective means of professional development. Priority is given to networks for 
eachers in schools serving high concentrations of students from poor families. 

Milestone 
Changes 

FY 1995 Actual Milestones - FY 1996 Estimated Milestones 
Continued second-year funding for projects 

Expanded the project scope to include 

Continue support for projects funded under 
previous years and disseminate information about 
teacher outcomes and results. 

previous years and disseminate results of the 
evaluation study. 

eceiving grants in FY 1994. 

ommunity networks and classroom applications of 
ietworking. 

Hosted a second technology conference that 
ocuses on applications of networking to support 
ducation and training. 

lectronically, ensuring that educators are aware of 
nformation about other federal agency- supported 
fPCC activities. 

Conduct evaluation of projects funded under 

Stimulated communities of learners 

FY 1997 Agency Request Milestones 

Budget ($ M) 

FY 95 Act 13.21 

1.80 
FY 96 Est. 13.21 

FY 97 Rqst. 

Program 
Component 

Areas 

HCS 

4ucs 

Agency Ties 

=t- NSF 
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ED National Institute on Disability and Rehabilitation Research udget Code: 

The Education Department's National Institute on Disability and Rehabilitation Research, within the office of Special Education and Rehabilitative 
Services, funds several programs with projects related to High Performance Computing and Communication. These include the Rehabilitation Engineering 
Research Centers (RERC) program, the Technology-Related Assistance program (TRA), the Research and Demonstration program, the Field Initiated 
Research program, and interagency programs. 

RERCs conduct coordinated programs of advanced engineering or technological research: to develop and test new engineering solutions to problems 
confronting individuals with disabilities; to develop systems for the exchange of technical and engineering information; and to improve the distribution of 
technological devices and equipment to individuals with disabilities. These Centers have been established in the following areas supporting universal access 
to HPCC technology: Adaptive Computers and Information Systems; Augmentative and Alternative Communication; Hearing Enhancement and Assistive 
Devices; Technology for Blind, Visually Impaired, and Multihandicapped Individuals; and for planning purposes only, Universal Access and 
Telecommunications. Funding for these activities is about $3 million per year, 

The TRA program involves 52 entities (primarily states) with programs of systems change that include personnel, equipment, and a system to generate 
database information that could be network accessible. Approximately 14% of the funding for the TRA program or $4.9 million per year is allocated to this 
activity. Dissemination and Utilization activities account for about $2.5 million per year allocated to production of information available for network access 
primarily through contract support of the National Rehabilitation Information Center (NARIC). NARIC collects the results of federally funded research 
projects related to disability and rehabilitation research. 

The combined Research and Demonstration and Field Initiated Research programs yield about $1.7 million per year in HPCC relevant research activities 

I 

FY 1995 Actual Milestones 
Enhancement of continuing research centers and 

programs to include a focus on ethnic and cultural 
diversity and increased participation of persons with 
disabilities in  policy research. 

work in technology related to the National 
Information Infrastructure access and productive use 
by persons with disabilities. 

Established two major research teams to pursue 

iseful government information td persoh with 
lisabilities. 

FY 1997 Agency Request Milestones 
Demonstrate an enhanced 

FY 1996 Estimated Milestones 
NIDR will continue funding of 15 continuing 

and 1 new Rehabilitation Engineering Research 
Centers (RERCs). These centers support 
programs designed to conduct research, 
demonstration, and training activities. RERCs 
focus on issues dealing with rehabilitation 
technology, including rehabilitation engineering 
and assistive technology devices and services. 

ED Page A 131 
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Program 
Component 

ETHR 

FY 97 

1 1.40 

Agency Ties 

DARPA 

NSF Partner 
DOE 

NASA 

NIH 

NSA 

NIST 

NOAA 

EPA 

ED 
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VA Partner 
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ED National Parents Information Network budget Code: I 
I I I 

Iational Parent Information Network (NPIN) 

The ERIC Clearinghouse of Elementary and Early Childhood Education (ERICEECE) at the University of Urbana-Champaign has created a World Wide 
Veb (WWW) server on the Internet specifically devoted to child development, care and education, and the parenting of children from birth through early 
dolescence. "Parents have fewer family members close by these days to ask for advice on find a preschool, working with their child's teachers, or helping 
ieir shy child make friends," says Professor Lilian Katz, director of ERICEECE and a long-time contributor to Parents magazine. "They need high-quality 
iformation from reliable sources, and sometimes they need subject experts to talk to. Many parents would like to use the 'information superhighway' to find 
uch information, and NPIN will help them do that." 

NPIN will also add a significant piece to the information infrastructure for those who work with parents and families in schools and libraries, parent 
enters, after-school programs, social service agencies, health clinics, parenting programs, and professional groups. 

Changes I - 
FY 1995 Actual Milestones FY 1996 Estimated Milestones 

ED Page A 132 

FY 1997 Agency Reauest Milestones 

hort articles from groups such as the National 
rban League, the National PTA, and the Center 
)r Early Adolescence 

NPIN resources include: 

liscussion groups and forums on early childhood 
Ipics 

arents AskERIC, a question-answering service 
iat taps the resources of the federally funded 
RIC system to respond to parents' questions. Thi: 
ational resource for parents and those who 
ipport them may be reached at the following 
jdresses: 

Gopher ericps.ed.uiuc.edu 
www: 

ttp://ericps.e.d.uiuc.edu/npin/npinhome. html 

Budget ($ M) 

FY 95 Act 

FY 96 Pres. 

FY 96 Esf. 0.20 

FY 97 Rqst. I 0.23 

Program 
Component 

Areas 

HECC -F FY 91 

0.23 

Agency Ties 

z p  
DOE 

=I= NSA 
NIST I 

NOAA I 4 3  AHCPR 

December 20, 1996 
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ED ERIC Clearinghouses udget Code: 

The National Library of Education with the Office of Educational Research and Improvement administers the Education Resources Information Center 
:ERIC), which includes 16 clearinghouses that synthesize and disseminate education information, and is responsible for various other dissemination efforts, 
ncluding dissemination through electronic networking and other technologies. 

ERIC will continue to fulfill its mission of maintaining, and providing access to, the world's largest electronic bibliographic database of education-related 
iublications and documents through a national system of specialist clearinghouses. Although OERI has begun exploring the inclusion of published books in 
he ERIC system, it remains primarily a resource for documents and publications not readily available elsewhere, providing significant services to classroom 
eachers and other users who do not have ready access to large reference libraries. The ERIC system synthesizes education information and disseminates it 
n print and electronic formats. It also provides information services to individuals and organizations in cooperation with the National Library and 
3ERI-funded institutions. The ERIC system provides syntheses of research and development findings and access to its network of bibliographic information to 
tducators, policy makers, parents, and the general public. I t  provides access to the database clearinghouses via mail, telephone, and electronic routes. It 
naintains and operates a question and answer service via the Internet. In addition to its 16 major clearinghouses, the system includes a network of adjunct, 
iolunteer clearinghouses that provide services in narrow topical areas. 

Budget ($ 

1.20 FY 95 Act 

FY 96 pres. 

FY 96 Est, 

FY 97 Rqs,. 

1.35 
1.98 

Program 
Component 

Areas 

Milestone 
Changes 

FY 1995 Actual Milestones HCS 

H ~ C S  
ETHR 1.35 1.98 

FY 1996 Estimated Milestones FY 1997 Agency Request Milestones - 
OERI plans to improve the ERIC system in 

significant ways. First is an effort to integrate and- 
standardize the information services, particularly 
electronic, of the clearinghouses so as to provide 

I The bibliographic databases will be enhanced Agency Ties better customer service. 1 
and full text dissemination capabilities will be 
/added. 

DOE 
NASA 

NIH 

NSA 

NET 

NOAA 

AHCPR 

VA 
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Agency for Health Care Policy and Research 
The Agency for Health Care Policy and Research (AHCPR) contribution to the High Performance Computing and Communication initiative 

E w e s  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 HPCC program at AHCPR advances information technology that can provide significant benefits to 
all Americans by improving the quality, appropriateness, and effectiveness of health care, and improving their access to health care. 

Budget (BA, $ M) 

Actual Pres. Est. Rqst. 

HPCCPCAs by 1997 Pres. Request 
PartnerlUser 

Program Activity Budget Account Code Agencies Fy95 FY96 FY96 FY97 HECC LSN HCS H ~ C S  ETHR 

4.10 8.40 3.20 4.20 4.20 Computer-Based Patient Records NIH 

Totals: 4.10 8.40 3.20 4.20 4.20 

AHCPR Page A134 December 20, 1996 



Agency for Health Care Policy and Research 

Budget (BA, $ M) HPCC PCAs by 1997 Pres. Request HPCC PCAs by 1996 Estimated 

Program Activity HECC LSN HCS HuCS EIHR Actual 

I I Computer-Based Patient Records 4.10 8.40 3.20 4.20 4.20 3.20 

Totals: 4.10 8.40 3.20 4.20 4.20 3.20 
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a 
h 

AHCPR I Computer-Based Patient Records ' budget Code: I 
I I I 

The objective of the computer-based patient record program activity is to improve the uniformity, accuracy, and retrievability of data about patient care 
n the community and to promote its use for improved clinical decisions. It requires the development of clinical data standards and the integration of 
nformation systems in diverse locations within institutions and across institutions and health care providers. Testing the application of computer-based 
iatient record systems, decision support algorithms, and knowledge servers in physicians' offices, hospitals, patients' homes and other locations is of nationa 
mportance to bring rapidly the benefits of HPCC to the provider and consumer of health care throughout the U.S. 

Milestone I Fostered collaboration of the U.S. patient care data standards developers through AHCPRs support of the American National Institute's Healthcare Informatics 
Changes (Standards Planning Panel. 

FY 1995 Actual Milestones FY 1996 Estimated Milestones 
Support private sector development and testing Supported scientific inquiry into applied research 

elevant to an electronic medical record. 
AHCPR and NLM collaborated to fund 8 

:ooperative agreement testbeds that show 
ipplications of the computer-based patient record. 
rhe first application is developing and testing a 
:ommon medical terminology. These studies will 
upport extending computer-based patient record 
ystems and show their incorporation of guidelines, 
lecision aids, expert systems, and reminder systems. evaluations should include: ( I )  how such systems 

Supported investigations into the uses of 
iutomated patient care data for patient care, 
esearch, quality assessment, patient outcome 
inalysis, and electronic transmission of such data 
imong institutions and providers. 

Supported development of and access to 
iutomated patient care data bases for research. 

of clinical patient care data standards for: ( 1 )  the 
definition and coding of medical terms, (2) the 
content of specific data sets for decision making, 
and (3) the electronic exchange of patient care dati 

Support the evaluation of electronic medical 
record applications to determine the extent to whicl 
they improve: clinical decision making; the deliver 
of health services; and patient outcomes. These 

are received by health care providers and patients; 
(2) how physician and patient behavior changes; 
and (3) how patient outcomes, productivity, and 
costs of care are affected. 
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FY 1997 Anencv Request Milestones 

uccessful installation of comprehensive health 
nformation systems, emphasizing the speed, cos1 
nd human factors that affect success-to 
ccelerate the transfer of computer-based 
iformation technology. 

Evaluate the medical effectiveness and 
conomic impact (cost benefits) of automated 
linical decision support systems in diverse healtl 
are settings. 

Support research into the barriers to a 

Budget ($ M) 

FY 95 Act 

FY 96 Est. 

Program 
Component 

Areas '--TEzfi 

ETHR 

Agency Ties 

DARPA I 

NSA 
NIST 

December 20, 1996 



Department of Veterans Affairs 
The Department of Veteran Affairs (VA) operates the largest centrally-directed health care system in the United States through 17 1 VA medical 

centers (VAMC), 362 outpatient clinics, 129 nursing homes, and 35 domiciliaries. The VHA Medical Care Network is converting to 22 VISNs with a 
large number of access points. VHA automation systems are being adapted to support this business restructuring. The goal is to allow access to 
appropriate data from any access point independent of the location of that data. 

advanced automation to deliver the right information to the right person at the right time in an economical manner. More effective administrative 
operations emphasize automated administrative functions, procurement, and electronic commerce. Improved patient care emphasizes making the 
correct information and services available electronically to the clinician on the wards where they make decisions. This information is currently drawn 
from the facility based integrated patient based information system, local area network CD-ROM data bases, and other VA facilities on the VAS Wide 
Area Network (WAN). Plans include increased accessibility to other WAN resources such as Medline and Internet based digital libraries. 

Various aspects of the program focus on integrating technologies to enhance the existing computer based patient record, as well as to improve 
methods of data capture, data presentation, and inter-facility data exchange. The projects concentrate on the technical areas of workstations, information 
system architectures, local and wide area networks, and appropriate security and privacy alternatives. Standards based solutions will be necessary to 

The VA has a coordinated, integrated automation program whose purpose is to improve patient care and administrative operations by introducing 

Budget (BA, $ M) 
Program Activity Budget Account Code Agencies FY95 FY96 FY96 FY97 

Actual Pres. Est. Kqst. 

Partner/User 

Computerized Patient Record and 
Telemedicine 

NIH, NIST, 14.00 14.00 1.40 1.80 
AHCPR ~ _ _ _ ~ ~  

Clinical Workstations and Medical Imaging 7.66 3.61 5.20 3 .o(l 

Improve Telecommunications Infrastructure ARPA, NIST 0.18 0.18 0.18 0.75 
and Internet Connectivity 

HOST) 
VNDoD Sharing NIST, AHCPR 1.25 3.71 0.65 1.25 

VA Hybrid Open Systems Technology (VA AHCPRv NIST 14.46 14.50 14.50 7.75 
PI__--- 

I I I I I I I 

HPCCPCAs by 1997 Pres. Request 1 

Totals: 37.55 36.00 21.93 14.55 1.00 9.45 2.30 1.80 
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Department of Veterans Affairs 

Program Activity 
L 
)Computerized Patient Record and Telernedicine 

Clinical Workstations and Medical Imaging 

Improve Telecommunications Infrastructure and 
htp ' fhnnprt*vl'v 
VA Hybrid Open Systems Technology (VA HOST) 

. .  

Budget (BA, $ M) 
FY95 FY 96 FY 96 FY 97 
Actual Pres. Est. R o L  
14.00 14.00 1.40 1.80 

7.66 3.61 5.20 3.00 

0.18 0.18 0.18 0.75 

14.461 14.501 14.501 7.75 

VA/DoD Sharing 3.71 0.65 1.25 

Totals: 36.00 21.93 14.55 

VA 

HPCC PCAs by 

EqTF 
1.20 

2.00 

0.50 

1.00 I 4.75- 
I 1.00 

Page A138 - 

1997 Pres. Request HPCC PCAs by 1996 Esl 

HCS HuCS ETHR HECC LSN HCS 

0.25 I I II I 0.65 I 

mated 

~1 

December 20, 1996 - 



VA Computerized Patient Record and Telemedicine udget Code: 

The continued development of the VA computerized patient record will expand availability of patient data and images to health care providers. 
lomputerized records ensure that data will be available at the point of care and accessible throughout the distributed network of VA and Federal health care 
Bcilities where patients are treated. 
Components of the record will include: 

PDX - Exchange of patient demographics and health summary data between treating VA facilities; 
Clinical Lexicon - Integration and application of national and international standard nomenclatures, e.g., NLMs UMLS, to bring precision to the 

Patient Care Encounter - A framework into which order information can be associated with a given visit. Orders can be linked to a given diagnosis or 

Standards-based inter-application communications - Includes a messaging system, HL7, SQL, and controlled vocabularies. Implementing these 

Telemedicine - In FY 93 the National Library of Medicine funded a High Performance Computing and Communications contract to a consortium of 

:ommunication of clinical data across different health care organizations; 

:omplaint and eventual outcome, so that the effectiveness of specific orders or order sets can be established; 

iational and international standards will permit the exchange of data among the public and private sectors; 

West Virginia University, community, health care provider, and corporate institutions. The purpose of the 3-year award was to apply and evaluate advanced 
ietworking technologies to the delivery of health services in both rural and urban areas of West Virginia. At the end of FY 94 Veterans Affairs Medical 
Zenter (VAMC) Clarksburg joined as a participant in the statewide Mountaineer Doctor TV Network linking rural hospitals in West Virginia for 
Lelemedicine and educational purposes. 

Mi'estone Changes I 
FY 1995 Actual Milestones 

Established WW,W pages for publication of 
information related to Medical Informatics Standards 
activities. This is a collaborative effort with AHCPR. 

supported statewide Mountaineer Doctor TV Network 
linking rural hospitals in West Virginia for 
telemedicine and educational purposes. 

(WE)-the framework into which order information 
can be associated with a given visit. PCE links 
orders to a given diagnosis or complaint and the 
eventual outcome so that the effectiveness of 
specific orders or order sets can be established. 

tool set for use by all applications that will assist in 
implementing standards based interfaces between 
clinical applications. 

Connected Clarksburg VAMC to the HPCC 

Developed and tested the Patient Care Encounter 

Developed and tested the HL7 Package-a basic 

FY 1996 Estimated Milestones 
Develop and test Enhanced PDX- the Enhanced 

'atient Data Exchange package that will enable 
lirectly merging of patient data from multiple 
reating facilities. 

Develop and test DHCP Request Broker which 
irocesses messages between the Workstation front 
nd and the Clinical Data Base. 

Conversion of customized medical device 
nterfaces to standards based HL7 messages. 
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m 9 9 7  Agencv Reauest Milestones 

Lecord) System. 

rith the CPR. 

Luthentication, Authorization and Encryption 
ervices to allow secure transmission of medical 
ata across unsecured telecommunication links 
uch as public networks, phone systems and 
qternet. 

Expand evaluation of options to use SQL as a 
iechanism of accessing medical data contain in 
isparate systems. 

ystem to enable access to information from 
xisting VA computer systems 24 hours a day, 7 
ays a week. 

Enhance and test CPR (Computerized Patient 

Test the integration of Telemedicine Systems 

Expand testing of VA Nationwide 

Develop and test an interactive voice response 

Budget ($ M) 

FY 96 Est. 

Program 
Component 

Areas 
IFY 96lFY 97 

HCS 0.20 0.20 
4uCS 0.40 0.40 
ETHR 

Agency Ties 

DARF'A 

NSF 
DOE 

NASA 
NIH 

NSA 
NET 

NOAA 

EPA 

ED 

AHCPE 
VA 

Partner 

Partner 

Partner 

December 20. 1996 



VA I Clinical Workstations and Medical Imaging udget Code: I 
- I I I 

stallation of Clinical Workstations at all 171 VA facilities over a 4 year period beginning in 1995. There will be approximately three pilot sites 
iplemented in FY 95, with additional sites being added in the subsequent years. Clinical workstations will extend and expand access to the computerized 
itient record by linking workstations to VA's Decentralized Hospital Computer Program (DHCP). These multi-media workstations will be capable of pullinl 
)wn information from the hospitals LAN, the VA's WAN, and networks such as the Internet that link the VA with the outside. Portable workstations will 
isure access to information at the point of care. 

The DHCP Integrated Medical Imaging Project currently is a model of a clinical workstation. This program has been operational at the Washington and 
altimore VAMCs for several years. Multiple types of true color and black-and-white medical images are captured and retrieved as an integrated part of thr 
)mputerized patient record. Additional functionality is constantly being added to the system, and additional sites are installing the system. 

This program activity focuses on testing Clinical Workstations at pilot facilities. If these tests are successful, a non HPCC initiative could lead to 

filestonel Funding for access to Clinical Guidelines was made available at the end of FY 95. This initiative was therefore moved to FY 96 for completion. 
2hanges I 

FY 1995 Actual Milestones 
Installed workstations and network at three sites 

Martinsburg, Mountain Home, Boston, and 

Washington and Baltimore uodated eaubment 

ir initial testing of clinical record system. 

[ilwaukee became operational. 

FY 1996 Estimated Milestones 
AHCPR Clinical Guidelines will be accessible 

electronically from the medical center wards at the Medical Imaging System. 
Washington VAMC. Impact on clinicians activities 
will be evaluated. 

FY 1997 Agency Request Milestones 
Develop and test GUI interface for existing 

Continue to convert applications from existing 
dumb terminal user interface to an open systems 

Initial Dhase of national workstation installation. client serve architecture. 
id supplemented the number of workstations. 1 Design'and pilot test additional functionality for 

Enhanced Text Data Capture workstations 
ecame operational. 

lthe clinical workstation. 
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Budget ($ M) 

7.66 FY 95 Act 

FY 96 Pres. 3.6 1 

FY 96 Est. 5.20 
FY 97 Rqst. 3.00 

Program 
Com ponen t 

Areas 

lUCS 0.40 
F H R  

Agency Ties 

DARPA 

December 20, 1996 



VA Improve Telecommunications Infrastructure and Internet Connectivity udget Code: I 
I I 1 

This program activity is to test expanded telecommunications configurations that will connect the clinicians desktop to Internet resources. Components tc 
B tested include workstations at desktop, Local Area Network (LAN) connections, high speed facility communications backbones, routers connecting to thc 
A’s Wide Area Network and interconnections with the Internet. 

All VA facilities are currently connected to each other by an electronic packet switched wide area network (WAN). The network is used to exchange 
iedical (text and image), administrative, central reporting, and electronic commerce data across the VA and through gateways to facilities outside the VA. 
raffic has grown three fold between 1990 and 1993. This network currently transports 75 billion characters per month. 

Basic nationwide Internet connectivity infrastructure is installed. An Internet gateway links the VA electronic mail systems to Internet and provides 
asic connectivity to VAMCs nationwide. All Medical Center computer users are able to send and receive Internet mail. The testing will investigate the 
:asibility of furnishing nationwide network connection to Internet. The goal will be to provide expanded functionality, improved access and upgraded 
xformance with appropriate security. 

Changes I 
FY 1995 Actual Milestones FY 1996 Estimated Milestones 

Evaluate demand, performance, configuration 
and the impact of tools like Mosaic on the needs of 

Tested upgraded Internet connectivity and 

Tested feasibility of access to Internet resources the gateway(s). 
ihanced security of the Internet gateway. 

om all facilities through the gateway. Test expanded Internet accessibility to support 
access from additional clinical workstations being 
installed throughout the VA. 

Evaluate capacity impact of multimedia data. 
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FY 1997 Agency Request Milestones 

:chnology to access patient clinical information 
1 a secure manner. 

Join one or more Gigabit Testbeds in order to 
JrthCr investigate advanced telecommunications 
apabilities and their applications to clinical care 

Pilot test ATM for use within and between 
icilities. 

Evaluate advanced security mechanisms for 
linical and administrative information systems. 

Explorc the use of World Wide Web 

1 Budget ($ M) 

FY 96 Pres. 

FY 96 Est. 

FY 97 Rqst. 0.75 

Program 
Component 

Areas 
FY 96 FY 97 

HECC 
LSN 0.18 0.50 
HCS 0.25 
HuCS 
ETHR 

Agency Ties 

Partner 1 
DOE 

NASA 
NIH 

’ NSA 
N*ST Partner 
NOAA 
EPA 

December 20, 1996 
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00 
00 

VA VA Hybrid Open Systems Technology (VA HOST) udget Code: 
I I I 

The purpose of the VA Hybrid Open Systems Technology (VA HOST) program activity is to investigate the feasibility of interfacing commercial 
Budget ($ M) xhnologies with the V A S  Integrated Hospital Information System called the Decentralized Hospital Computer Program (DHCP). This interfacing of 

ommercial technologies is based on the development of standards-based interfaces in both the commercial technologies and in the VA DHCP. 
The VA HOST program activity has enjoyed positive Congressional attention as a mechanism to support the VA in its efforts to continue to enhance the 

lrovided the basis for the VA DHCP. As more commercial systems become available, and Open Systems standards and technologies evolve, investigation of 
ommercial and Open System technologies for enhancement of the VA DHCP became the focus of this program activity. The VA HOST emphasizes a 
ombination of the best of the in-house integrated system with the best of commercial technologies. Standards-based interfacing technologies are required in 
he VA HOST program. 

,igh level hospital information systems support currently installed at all VA Medical Centers. Traditionally, in-house developed, integrated software has FY 95 Acl 14.46 

FY 96 Pres. 14.50 

FY 96 ESI. 14-50 

FY 91 Rqst. 7.75 

Program 
Component 

Areas 

Mi’estone Changes I 
FY 1995 Actual Milestones FY 1996 Estimated Milestones 

Initiate a third round of field-based project 

Select and fund 10 additional pilot projects. 
Complete technical assessments of five pilot 

Enhance standards based integration paths to VP 

Initiate three project demonstrations in the Open 

Initiated a second round of field-based project 

Selected and funded 13 additional pilot projects. 
Established a clearinghouse for VA HOST 

ctivities and standards-based integration with 
ommercial technologies. 

Designed and implemented the VA HOST 
nigration procurement strategy. 

Enhanced standards based integration paths to 
[A DCHP for three additional commercial 
xhnologies. 

ntegration Laboratory for interoperability 

roposals. proposals. 

projects. 

HIS for three additional commercial technologies. 

Systems Integration Laboratory. 

Established a standards-based, Open systems 

~ 

FY 1997 Apencv Request Milestones . 

proposals. 

projects. 

projects. 

VA HIS for three additional commercial 
technologies. DARPA 

projects for migration to multiple facilities. 

use by clinicians and clinical researchers. 

HCS 1 1.50 1 ::S)S) Initiate a fourth round of field-based project HUCS 1.50 

Select and fund at least 10 additional pilot 

Complete technical assessments of five pilot 

Enhance standards based integration paths to 

ETHR 

A~~~~~ ~i~~ 

Test and select clinical and administrative 

Develop a prototype epidemiological server for 
NSF 

WE 
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VA VA/DoD Sharing udget Code: 

Electronic standards based data exchange; 
Investigate the feasibility of movement towards standard (common) data dictionary definitions; 
Creation of a laboratory for VA, DoD, and Indian Health Service to partner the assessment of methodologies and technologies for data sharing; 
Investigate the feasibility of shared software modules; 
Examination of the feasibility of a standard Federal health care system software architecture; 
Investigation of prototypes for interoperability and interconnectivity using common standards such as the medical HL-7 specification methodology; 
Development of automated DoD Contingency Data Reporting systems for sharing bed availability, peace-time transportation of VA patients on DoD 

Development of a generic VAlDoD medical imaging interface to allow both text and medical images to be exchanged between commercial radiology 

This program increases the sharing of Medical Information Resources between VA and DoD. Initiatives include: 
Budget ($ M) 

1.25 FY 95 Act 

FY 96 Pres. 3.7 1 

FY 96 Est. 0.65 ransportation, and the integration of VA DHCP to the DoD US TRANSCOM Regulating and Command & Control Evacuation System (TRACES); 

maging systems and the Federal medical information systems (VA DHCP and DoD CHCS). FY 97 Rqst. 1.25 Goals include: 
Program 

Component 
(a) Establish an integrated imaging system at VA/DoD Joint Venture sites that will provide high quality image and textural data exchange from 

:ardiology, pulmonary and gastrointestinal endoscopy, pathology, radiology, hematology, and nuclear medicine to facilitate the clinician's task of correlating 
wch data, as well as making patient care decisions in a timely and accurate way; 

(b) Maximize use of Federal health care resources through systems integraiion as charged by Congress; 
(c) Reduce redundant equipment and software requirements for DHCP and CHCS at VAlDoD Joint Venture sites; 
(d) Facilitate implementation of the One Patient-One Record system at VAlDoD Joint Venture sites. 

__ 
Milestone LSN 
Changes 

HCS 
- 

FY 1995 Actual Milestones FY 1996 Estimated Milestones FY 1997 Agencv Recluest Milestones __ 
Imaging: develop and test an imaging and text HUCS 

system to allow remote facilities to exchange 
multi media clinical information initially focused - 

Installed VA software and hardware in DoD Imaging: develop, test, and install enhanced 

text and digitized images between VA and DoD 
Interconnectivity and Integration Laboratory in order gateway at two test facilities for exchange of both 
o test standards based data interchange and 

- 
ETHR 

Areas 

-I= 

if data between DHCP and TRAC2ES prototype 
iystem for use in wartime and national disaster. 

Installed and tested VA gateway at additional 
3oD facilities to transfer text data system in HL-7 
md ACR-NEMA standard formats between CHCS 
ind MDlS Radiology PACS system. 

0.6511.00 

on the radiology application. 
Computerized patient record: continue 

development, testing, and collaboration with 
particular focus on the graphical user interface and particular focus on the graphical user interface 
common approach to characterizing the clinician's and a common approach to characterizing the 

Agency Ties 

, 

nteroperability. Radiology systems at Joint Venture sites. 
Computerized patient record: continue 

development, testing, and collaboration with 
Tested and demonstrated techniques for exchange 

view of the patient record. clinician's view of the patient record. - DARPA 

health care records. 

standards-based, Open Systems integration 
laboratory for testing interoperability of CHCS, 
DHCP, Indian Health Service HIS, and commercial DHCP, Indian Health Service HIS, and 
computerized patient record software. 

Support standardization of nomenclature for Support standardization of nomenclature for 
NSF health care records. 

standards-based, Open Systems integration 
laboratory for testing interoperability of CHCS, NASA 

NIH 
commercial computerized patient record software. ___ 

NSA 

Integration Laboratory: support a Integration Laboratory: support a W E  

NlST Partner 
NOAA 
EPA 

ED 

AHCPR Partner 
VA 

I I 1- 
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