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C O M P U T I N G  A N D  
C O M M U N I C A T I O N S  National Coordination Office for High Performance Computing and Communications 

National Library of Medicine 8600 Rockville Pike Bethesda, Maryland 20894 
Phone: (30 1 )  402 -4  1 00 FAX (30 1) 402-4080 E-mail: hpcc@nlm:nih.gov 

A@ 0,1994 

Juhn M. Gibbons, PhD. 
Direcbr 
office af Science and Technology Policy 
Executive Office of the President 
Old Executive Office Building 
Washington, DC 20500 

Dear Jack: 

I am proud to convey to you the Implementaticm Plan covering FY 1995 for 
the High Performance Computing and Communications initiative. 

This document covers in detaii the plans the agenaes have formulated to 
implement the overall objectives of the initiative. These objectives were embodied 
in the PY 1995 Annual Report entitled "High Perlormame Computing and 
Communicatiofis: Technology for the National Information hfrastruchue" (the 
Blue Book). The Blue Book accompanied the President's budget, with your 
endorsement and that of the Conunittee on Information and Coxununicatiom of 
the Natioaal Science and Teehndogy Council. 

Several elements of the Implementation Plan are different this year from its 
predecessors and are, to my mind, improvements. The detail with which the 
budgetary commitments have been described is substantially greater than before. 
The organization of the material is according to a format of Accomplishments and 
Objectives that was worked out with considerable OMB guidance and help. This 
document covering up through FY 1995 budget will be made available to the public. 

On behalf of all the HPCC agenaes, the fine professionals who sene in these 
agencies, and the many helpers and advisors from industry, academia, and the 
public, please accept my thanks for your leadership of this effort. 

Donald A. B. Thdberg, M.D. 
Director 
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High Performance Computing and Communications Program 

FY 1995 Implementation Plan 

1. Executive Summary 
This document contains the implementation plan for the High Performance Computing and 
Communications Program (HPCC) for FY 1995. The plan is based on the President's request of 
$1.154 B for HPCC. The HPCC Program is carried out by 10 federal agencies (ARPA, NSF, 
DOE, NASA, NIH, NSA, NIST, NOAA, EPA, and ED). This plan covers both HPCC-base 
activities that were in place prior to the beginning of the official HPCC Program in FY 1992 and 
activities begun as a part of the Program's new funding. To date, the HPCC Program has 
accomplished extraordinary results relative to the goals set out in 1992. This plan focuses on the 
efforts needed to continue to meet those goals. The HPCC process for reporting its plans 
continues to evolve; this report is the first time material is being disseminated at this level of 
detail. HPCC is planning to adopt this approach, with periodic updates for the future. 

This plan also covers a recently added component activity (IITA - Information Infrastructure 
Technology and Applications) to provide the basic research and technology development that 
will help contribute to making the Administration's National Information Infrastructure initiative 
a reality. This plan identifies the new activities for UTA and adjusts the previously defined four 
HPCC components to support these additional goals and objectives. 

Computing and communications are ongoing, strategic enabling technologies. Timely progress 
in these technologies 

Expands scientific and technical knowledge and capabilities, 
Enhances U.S. industrial competitiveness, and 
Improves the quality of life for the general public. 

The current federal HPCC Program provides additional stimulation and coordination to 
accelerate progress in critical areas of the field. 

The success of the HPCC Program is measured both in terms of tangible numerical metrics as 
well as less tangible influences on the direction of industrial practices and the general public. 
Examples of the former include sustained computer performance, network communication 
bandwidth and deployment, and data storage capacity, and indeed these are used by the Program 
to gauge progress in the developing technologies. But they do not tell the whole story. A less 
obvious benefit of the Program is the way it has accelerated progress by encouraging the early 
use of advanced information technology. This has helped industry to maintain its competitive 
edge and has enhanced the public's well-being. HPCC will continue its success as long as it 
provides significant enabling technology improvements that are used by industry and the public. 

To date, the HPCC Program has shown considerable progress, both in terms of numerical metrics 
and "in-use" measures. In the High-Performance Computing Systems (HPCS) component, 
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several companies (supported in part by HPCC) have demonstrated 100 gigaops class modules 
and systems. In the broader picture, the computing industry and users have recognized that high 
performance systems of the future can and will be scalable; this recognition represents a 
significant change in the commonly accepted wisdom in less than three years. 

The National Research and Education Network (NREN) component continues rapid expansion in 
the number of site connections and use of the Interagency Internet. Over 100 new connections to 
the Interagency Internet were supported in FY 1993, including medical and public health 
institutions, educational institutions, and agricultural extension offices. (Connections to the 
entire Internet system are growing at over 10 percent per month.) Adding connections is well 
ahead of schedule, at least for services at T1 and lower speeds. Six gigabit testbed sites are 
operational, and deployment of high-speed network facilities has begun (up to 2.4 gigabitshec.). 
Testbed teams consist of government agencies, universities, computer companies, and telephone 
companies that participate both as service providers and experimenters. Possibly the best 
measure of success of NREN is the current recognition that an "Information Superhighway" is a 
reachable goal for general public use. 

In Advanced Software Technology and Applications (ASTA), 34 Grand Challenge scientific 
teams are developing applications on high performance computer systems. HPCC is also 
funding over a dozen high performance computer centers, serving over 12,000 users. New 
software tools are getting into users' hands, including message passing libraries, a parallel linear 
algebra library, 3D visualization tools, and performance monitoring and instrumentation 
toolkits. For example, these ASTA efforts enable much more detailed study of phenomena that 
affect everyone. A new hurricane model in 1993 accurately predicted 48 hours in advance and 
continuously thereafter, that Hurricane Emily would turn sharply back out to sea off Cape 
Hatteras without making landfall. 

The Basic Research and Human Resources (BRHR) component continues to produce critical 
research results along a broad spectrum of topics (e.g., modeling molecular dynamics, RNA 
structure prediction, coherent laser sources, correctness proofs for VLSI processor design, 
parallel numerical algorithms, and virtual reality). BRHR also expands educational opportunities 
and training for all academic levels (e.g., SuperQuest, Earthvision, the National High School 
Honors Program, Adventures in Supercomputing, outreach to historically black colleges and 
universities, graduate assistantships, and post-doctoral research grants). A number of major 
universities have acknowledged the long-term importance of high performance computing by 
instituting cross-disciplinary Computational Sciences curricula. These studies train people to use 
computing effectively to enhance research efforts in other scientific disciplines. Based on the 
results to date, the HPCC Program is well on its way toward meeting many of its original goals. 

Nevertheless, the HPCC Program has identified areas that need to accelerate progress to keep the 
program on schedule. This Implementation Plan includes adjustments to address these points. In 
HPCS, performance analysis techniques are not yet adequate to assess how various applications 
will scale up from small prototype machines. ARPA and NSF will continue to deploy prototype 
systems and stress efforts to find better performance prediction techniques within universities. 
For computationally intensive problems, agencies will begin evaluation and development work 
on larger machines that can be more readily expanded into full production systems. In NREN, 
efforts to upgrade the speeds of various links of the Interagency Internet have gone more slowly 
than originally planned, and some planned new awards for gigabit research have been delayed. 
Challenges to a NASADOE procurement have delayed one network effort almost two years. A 
recent NSF plan for network improvements is also being challenged. In addition, less than 
requested HPCC funds to DOE has increased delays in achieving network speed milestones. 
This Implementation Plan reaffirms the importance of the networking component and revises 
milestone timetables. In ASTA, efforts are expanding to establish stronger ties with independent 
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software vendors. The objective is to reduce the risks and costs associated with moving 
applications that are critical to industry onto scalable, high performance computing systems. 

The HPCC Program's original focus of enhancing the Nation's computing and communications 
capabilities now extends to address a broader set of technologies and applications that have an 
immediate and direct impact on critical information capabilities affecting everyone. The IITA 
component will produce enabling technologies important to developing the National Information 
Infrastructure. It will demonstrate feasible solutions to information intensive aspects of problems 
of national importance, such as health care and agile manufacturing, using the potential of the 
nation's high performance communications and information processing capabilities. The IITA 
component activities will : 

Create the underlying scalable computing technologies for advanced communication 
services and applications support services that can adapt to the available resources; 
Create an intelligent service layer that will significantly broaden the base of computer 
information providers, developers, and consumers while reducing existing barriers to 
accessing, developing, and using advanced computer services and applications; and 
Develop a more effective software development paradigm and technology base. 

The new IITA component builds on and expands the research goals of the existing HPCC 
components. HPCS will integrate the UTA developments in real-time transaction processing, 
storage services, highly-reliable software, and mechanisms for enhanced privacy and security 
into a scalable systems context. To respond to the IITA needs for universal network services, 
new capabilities in NREN will provide far greater numbers of connections, higher volume traffic, 
greater redundancy needs, more diversity among the communication bitways (e.g., satellite, 
wireless, and cable), and more asymmetry to the communications media (e.g., using cable to 
broadcast services to customers, but using phone lines for return responses). ASTA efforts will 
continue to focus on developing specialized software tools, environments, and libraries for high 
performance computing applications while leveraging wherever possible the new IITA 
developments in the areas of software for secure, reliable communications, user-friendly 
interfaces, interoperable software building blocks, and tools for the access and use of large 
diverse data sets. BRHR will expand specific areas of basic research in support of all of these 
previously mentioned topics. 

The extension of the HPCC Program to incorporate the IITA objectives is well underway. 
ARPA, NSF, NASA, NIH, and NIST are building substantial efforts in IITA. Examples include: 

0 

0 

0 

0 

A prototype distributed file system has been deployed enabling access to files across 
the Internet as an extension to the user's local file system (ARPA); 
The Mosaic software (for discovery, retrieval and display of multimedia documents) 
now has over one million public users, about 1,000 information servers available 
throughout the Internet, and is available in the public domain for a variety of common 
laptops, workstations, and high performance graphics workstations (NSF); 
A joint research initiative for digital library research and prototypes has been defined 
and requests for proposals have been issued (ARPA, NSF, NASA); 

A solicitation for cooperative agreement proposals has been issued to provide public 
access to national databases of remote sensing imagery over the Internet (NASA); 
Advanced telemedicine networking projects have begun in California, Illinois, 
Indiana, Iowa, Kansas, Oregon, Pennsylvania, and West Virginia (NIH); and 
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Advanced manufacturing and electronic commerce integration and demonstration 
facilities are under development, with industry participation being solicited (NIST). 

However some HPCC agencies have not received funding for IITA, thus delaying their 
contributions in certain areas. For example, only minimal efforts in energy demand and supply 
management (DOE) and dissemination of environmental monitoring information (NOAA, EPA, 
DOE) can begin in FY 1995. Also, although the technology is expected to be available, 
electronic dissemination of high resolution satellite imagery, environmental warnings and 
forecasts, spatially referenced environmental data, and in situ and remote sensing data will be 
delayed. In the areas of secure and authenticated communications, DOE and NSA have key 
capabilities to contribute to: secure information resources discovery and retrieval, intrusion 
detection, multi-realm cross authentication, smart card technologies, secure electronic commerce, 
secure distributed engineering and design environments, and biometric identification evaluation. 

To achieve its objectives, the HPCC Program will continue and expand its interactions with the 
Administration's National Science and Technology Council. Its Committee on Information and 
Communication (CIC) has oversight responsibility for the HPCC Program. The HPCCIT 
Subcommittee (responsible for coordinating agencies' activities in the HPCC Program) will work 
closely with CIC to enhance oversight activities related to HPCC (including efforts to name an 
HPCC Advisory Committee). 
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2. Introduction 
The High Performance Computing and Communications (HPCC) Program was formally 
established following passage of the High Performance Computing Act of 1991 (Public Law 
102-194), signed on December 9, 1991. Ten federal agencies in collaboration with scientists and 
managers from U. S. industry, universities, and laboratories have developed the HPCC Program 
to meet the challenges of advancing computing and associated communications technologies and 
practices. High Pei$ormance Computing & Communications: Toward a National Information 
Infrastructure 1 describes the vision of the HPCC Program, defines the major organizational 
components and elements, and highlights key accomplishments that have been achieved to date. 
This plan provides a detailed description of the agencies' HPCC implementation plans for FY 
1994 and FY 19952. 

Since its inception in 1992, the HPCC Program has undergone changes that make it difficult to 
track actual funding against the originally planned funding profile. New agencies have been 
added, major new responsibilities have been added, and some agencies' activities not originally 
defined within HPCC have now been moved under this funding category. In FY 1991 before the 
formal start of the program, the estimated HPCC-related activities among the original eight 
agencies3 totaled $489.4 M. The original funding profile for the HPCC Program began with this 
base level and the Program goals justified a level of funding that was approved to grow to 
roughly $1,200 M over five years. The current funding profile for HPCC shows: 

$638 M, FY 1992 Actual 
$728 M, FY 1993 Actual 

$936 M, FY 1994 Congressional Action4 (This funding includes new responsibilities 
for IITA and adds two agencies5 to HPCC. These agencies had FY 1993 HPCC- 
related activities totaling $43.6 M ) 
$1.154 B, FY 1995 Presidential request. 

This Implementation Plan contains three additional sections. Section 3 provides an overview of 
the HPCC Program definition and organization. Section 4 contains a breakdown of the five 
major components of the HPCC Program, with an emphasis on the overall directions and 
milestones planned for each one. Section 5 provides a detailed look at HPCC Program activities 
within each agency. Although the Department of Education is an official HPCC agency, its 
current funding and reporting of crosscut activities goes through the Committee on Education 
and Health Resources, not the HPCC Program. For this reason the Implementation Plan covers 
nine HPCC agencies. 

1 A 1994 report by the Committee on Physical, Mathematical, and Engineering Sciences Federal Coordinating 
Council for Science, Engineering, and Technology, Office of Science and Technology Policy. 
2 This document assumes the reader is generally familiar with the HPCC Program vision and definition. For the 
most part, it only briefly summarizes the material found in the above referenced 1994 report. 

ARPA, NSF, DOE, NASA, NIH, NIST, NOAA and EPA 
FY 94 estimated funding is approximately $ 157 M less than the President's FY 1994 request. . 
NSAandED 
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3. Program Overview 
The best source for getting a current overview of the HPCC Program is the 1994 document, High 
Pe$ormance Computing & Communications: Toward a National Information Infrastructure6. 
For purposes of explaining details of the HPCC Implementation Plan, portions of that material 
are included here. This section provides a broad overview of the definition, organization, and 
management used to implement the HPCC Program. The HPCC goals and objectives provide 
the focus for the global management, planning and organization of activities. Through a process 
of collaborative coordination, the participating agencies seek to leverage each other's activities 
wherever possible and to minimize redundancy in programs. However, funding for the HPCC 
Program flows directly to each agency participating in the Program. Each agency has its own 
mechanisms and approach to select and evaluate projects funded under this Program. A wide 
variety of methods are used to distribute the results of HPCC activities and to evaluate the 
overall progress of the HPCC Program. 

3.1. Goals and Objectives 

The High Performance Computing and Communications Program goals are to: 
Extend U. S. technological leadership in high peij5ormance computing and computer 
communications; 
Provide wide dissemination and application of the technologies to speed the pace of 
innovation and to improve the national economic competitiveness, national security, 
education, health care, and the global environment; and 
Provide key enabling technologies for the National Information Infrastructure (NII) 
and demonstrate selected NII applications. 

These goals will be realized by accelerating and focusing the HPCC activities within each of the 
federal agencies charged with carrying out this program and coordinating those activities among 
the participating agencies. Many critical applications in industry, national security, and the 
environment require far greater computing capability than is currently available. The HPCC 
Program will accelerate the development of scalable computing systems that will have the 
capability and capacity to address more of these critical applications. It will also accelerate 
development of the critical supporting technologies, such as file storage systems, computing 
environments and network communications required to support the effective use of these 
computers. The Administration's vision for a National Information Infrastructure places 
unprecedented demands for network connectivity, capacity, database availability, information 
management, access security, and ease of use. The HPCC Program will work with industry to 
help 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" 
applications. All of these activities depend heavily on the development of more cost-effective 
approaches to writing and maintaining software and the development of a larger pool of highly- 
trained professionals to use these computers and networks. The HPCC Program will develop and 
deploy software, tools, and improved algorithms to meet these programmatic needs. It will also 
establish sufficient human resources of educators, scientists, and other trained professionals in 
computational science and engineering to permit effective use and application of the HPCC 
technologies. 

This document is also available on-line (World Wide Web and Gopher access) with other relevant information. 
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The HPCC Program is organized into five components with the following key aspects: 

High Performance Computing Systems (HPCS): 

Accelerated development of scalable computing systems, with associated software, 
including networks of heterogeneous systems ranging from affordable workstations to 
large scale high performance systems 

Technology advances in component packaging, mass storage, and communications 
that support the design and use of scalable computing systems 

National Research and Education Network (NREN): 

Broadened network connectivity of the research and education communities to high 
performance computing and research resources 
Accelerated research, development, and deployment of networking technologies 

Advanced Software Technology and Algorithms (ASTA): 
Prototype solutions to Grand Challenge problems 

Improved algorithms, software technologies, and software tools for more efficient use 
of scalable computing systems 
Deployment of advanced high performance computing systems for R&D 

Information Infrastructure Technology and Applications (IITA): 
Prototype solutions to National Challenge problems using HPCC enabling 
technologies 
Accelerated development and deployment of NII enabling technologies 

Basic Research and Human Resources (BRHR): 
Support for research, training, and education in computer science, computer 
engineering, and computational science; and infrastructure enhancement through the 
addition of HPCC resources 

3.2. HPCC Management, Planning and Organization 

The High Performance Computing and Communications Program is implemented as a 
partnership among federal agencies and other organizations. The HPCC Program reports to the 
Director of the Office of Science and Technology Policy (OSTP). At the direction of the 
Director, Program oversight and budgetary review are provided by the Committee on 
Information and Communication (CIC) of the National Science and Technology Council. The 
National Coordination Office (NCO) for High Performance Computing and Communications 
provides a central focus for the Program. The Office coordinates the activities of the agencies, 
other organizations participating in the Program, and organizations providing services to it. The 
Office also provides an interface to Congress, industry, academia, and the public. Donald A. B. 
Lindberg, the NCO Director (and concurrently Director of the National Library of Medicine), 
reports to John H. Gibbons, the Director of the Office of Science and Technology Policy. 

The High Performance Computing, Communications, and Information Technology (HPCCIT) 
Subcommittee handles planning for the HPCC Program. The Subcommittee meets monthly to 
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coordinate agency HPCC Programs through information exchanges, the common development of 
interagency programs, and the review of individual agency plans and budgets. HPCCIT charters 
a variety of Working Groups to coordinate activities in specific areas, Task Groups to carry out 
specific limited duration studies, and Task Forces to make various planning recommendations. In 
most cases, individual agencies are assigned responsibility to lead these groups. Currently active 
groups include: 

The Scientific and Engineering Computing Working Group, led by NASA, has the 
mission to identify, promote, transfer, and coordinate software developed under HPCC. 

The NREN Group, led by NSF, coordinates network integration activities and works 
closely with the Federal Networking Council (FNC), which consists of representatives 
from federal agencies that use federally funded networks. The FNC is responsible for 
coordinating the efforts of government HPCC participants and other NREN governmental 
constituents, in addition to providing a liaison to nonfederal communities interested in the 
federal program. A Federal Networking Council Advisory Committee of nonfederal 
scientists and network users has been created to support the FNC. 

The IITA Task Group, originally led by NSF, was chartered to acquire information on 
IITA-related activities planned and in progress within the HPCC agencies, to develop a 
plan for coordinating IITA activities among those agencies, to assist HPCCIT in reporting 
requirements related to IRA, and to provide advice on technology and policy related to 
IITA to HPCCIT and its parent committees. This group continues under the current 
leadership of ARPA. 

The Task Force on Working Groups is evaluating the current structure and coverage of 
HPCCIT Working Groups and will make suggestions for changes in modes of operation 
and coverage. 

3.3. Selecting Projects for Funding 

To reduce redundancy and encourage adequate funding of all HPCC areas, the HPCCIT 
Subcommittee has worked with the agencies to define complementary areas of responsibility. 
Within each agency, the actual mechanisms used to evaluate and fund activities differ. Several 
agencies conduct R&D by agency staff (andor national laboratories), while others work through 
communities of researchers in academia and industry. Each agency that funds external R&D 
activities has a program to review and fund competitive, merit-based awards that are consistent 
with agency mission. Calls for proposals for these grants receive wide distribution, including 
both electronic means (e.g., electronic bulletin boards and Mosaic servers on Internet) and 
traditional hard copy ( e g ,  Commerce Business Daily). 

3.4. Progress Measures 

The primary method of measuring progress of the Program is the establishment and subsequent 
review of yearly milestones. The FY 1994 milestones for the overall Program can be found in 
Section 4 of this document. These milestones are firm expectations, based on funding that has 
been estimated for this fiscal year. The FY 1995 milestones (also shown in Section 4) describe 
tentative expectations for the Program, based on the anticipated funding at the President's 
requested level. Achievement of these high level milestones depends on specific program 
activities that take place within each agency. Section 5 gives a more detailed look at each 
program activity, including their expected milestones. The combined successful completion of 
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these activity-specific milestones across all agencies translates into meeting the various HPCC 
Program milestones. 

The nature of these milestones (and hence the definition of "measuring progress") depends on the 
activity undertaken. In some cases, clear quantifiable measures accurately convey progress (e.g., 
the number of colleges and universities connected to NREN, the speed of network 
communications, and the computational time needed to solve a specific application problem). In 
these cases, the HPCC Program and Project Activity milestones use these quantifiable measures 
as the primary measure of progress. In other cases, a number of different quantifiable measures 
have been proposed, but their use does not always accurately reflect progress. For example, 
developing a new computer system with a peak execution speed of 100 gigaflops may not be 
progress if that rate can only be achieved on artificially constructed test cases. In these cases of 
uncertain quantifiable measures, a critical aspect of the HPCC research activity is to identify and 
define useful measures. Finally, in cases when quantifiable measures are unavailable or not 
necessarily reflective of the progress achieved, the HPCC Program relies on qualitative 
measures. The HPCC Program combines the advice and recommendations of technical 
reviewers and advisory committees with program managers' reviews to assess progress. 

3.5. Reporting Results and Interactions 

The HPCC Program uses a variety of vehicles to convey its results. At the individual projects 
level, investigators present their results in workshops, conferences, and journal publications. In 
addition, investigators rely on electronic means (such as the HPCC Software Exchange and file 
transfer services) to quickly share and distribute their tools. At the agency level, periodic reports 
summarize the results of the HPCC Program7. In addition, the HPCC agencies are beginning to 
establish electronic information servers to provide direct access to the results of their research 
projects. At the HPCC Program level, the National Coordination Office publishes a yearly report 
that summarizes the highlights of the overall Program. The NCO has also established its own 
information server that is being linked to all of the agency-level servers. When completed, 
anyone with access to the Internet will be able to access technical results throughout the HPCC 
Program. 

Outreach conferences and workshops play an important role in reporting results of the HPCC 
Program and receiving feedback on progress. High Performance Computing and Communi- 
cations: Technology for the National Information Infrastructure 8 identifies six HPCC- 
sponsored conferences and workshops as well as 13 other ones in which HPCC played a 
prominent role. Additional events (sponsored and/or involving HPCC) since that report include: 

Workshop on Enabling Technologies for Peta(FL)OPS Computing Systems (February 
1994), 
R&D for the NII: Technical Challenges (February 1994), and 
ARPA HPCC Symposium (March 1994). 

In addition to conferences and workshops, representatives from the NCO and HPCC agencies 
meet with and provide briefings to companies, universities, associations, media, and other 
groups. In 1993, the NCO met with over 80 such groups. 

For example, "The DOE Program in HPCC", March 1993, DOEIER-0536 and "NASA High Performance 
Computing and Communications: Level One Plan", August 1993. * February 1994, pages 18-19. 
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3.6. Program Oversight 

The High Performance Computing Act of 1991 (Public Law. 102-194) requires the President to 
select a High Performance Computing Advisory Committee of nonfederal members, including 
representatives of the research, education, and library communities, network providers, and 
industry, who are specially qualified to provide advice and information on high performance 
computing. While this committee has not yet been appointed, representatives of industrial 
companies, organizations, and associations have met with the HPCCIT in public sessions to 
advise the agencies. Detailed program reviews are also carried out by individual agency via their 
management review structures, including official advisory committees. The NREN especially 
has benefited by advice of the Federal Networking Council, which is appointed by the Director 
of NSF. In addition, both CIC and Congress have oversight responsibility for the Program. This 
section highlights oversight and review activities that have been carried out recently and 
describes existing review mechanisms within each of the agencies. 

The HPCCIT Subcommittee encourages broad comment and external recommendations on the 
HPCC Program. For example, the Subcommittee has devoted portions of its meetings to hosting 
visitors. Three recent meetings included representatives from computer system vendors, the 
telecommunications industry, and software industry. 

The November 1993 meeting included 17 representatives from computer system 
vendors and consortia. One important message that came out of this meeting was the 
recommendation to push for more involvement of independent software vendors to 
get critical applications moved to the emerging massively parallel platforms. 
The January 1994 meeting included 15 representatives from the telecommunications 
industry and related forums. Several key messages recurred throughout this meeting: 
(1) a desire by a broad range of companies to participate in providing the information 
superhighway to the public, (2) the key role of the federal government in working 
with industry to establish telecommunication standards, and (3) the need for a level 
playing field (in reference to government regulations) to provide new capabilities to 
customers. 

The February 1994 meeting included 18 software industry representatives. This 
meeting produced a much wider spectrum of opinions and issues than the previous 
two. Commonly mentioned points included: (1) the common base of software 
development tools must be improved, (2) third party software vendors are reluctant to 
enter the HPCC market due to its small size and the relatively high development 
costs, (3) better protection is needed for software as intellectual property and 
corporate assets, and (4) National Challenge applications that are close to market 
needs and generate substantial market interest should be stressed. 

Similar HPCCIT Subcommittee meetings are in the planning stages to acquire feedback from 
academia. To further the feedback process from these meetings, the HPCCIT Subcommittee will 
actively seek participants' comments on this Implementation Plan. 

A variety of reviews, studies, and hearings on various aspects of the HPCC Program have taken 
place in the past 15 months and others are in the planning stages. They include: 

Computer Science and Technology Board of the National Academy of Science 
commissioned study of the federal HPCC Program (due Summer 1995) 
General Accounting Office study of the ARPA, NSF, DOE, and NASA HPCC 
Programs. (in progress) 
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The NSF report to the Senate Appropriations Committee entitled "Overview of the 
Management of the NSF HPCC Program" (March 1994) 
Informal briefing for Committee on Information and Communication (March 1994) 
Congressional Staff briefing (February 1994) 
Congressional Staff briefing (September 1993) 
The National Science Board commissioned Blue Ribbon Panel Report on the NSF 
HPC program9 

Testimony before Senate Committee on Commerce, Science and Transportation, 
Science Subcommittee (August 1993) 
Congressional Staff briefing (July 1993) 

Congressional Budget Office study of the HPCC Programlo 
Testimony before House Committee on Science, Space and Technology, Subcom- 
mittee on Science (May 1993) 

A General Accounting Office Review of ARPAs HPCC Program11 

Testimony before House Committee on Science, Space and Technology, 
Subcommittee on Technology, Environment, and Aviation (March 1993) 
Testimony before House Committee on Energy and Finance, Subcommittee on 
Telecommunications and Finance (February 1993) 
Congressional staff briefing (February 1993) 

The ARPA reviews its HPCC efforts at many different levels to insure 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, principle 
investigator meetings, and regular interactions using the Internet as an information infrastructure 
enable ARPA staff to keep up with their program management responsibilities. In addition, 
contracting details are handled by contracting agents that work with ARPA 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 ARPA and DoD, senior ARPA 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, ARPA Comptroller, DoD Comptroller, senior ARPA 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, High Performance Computing Agency crosscuts, technical working 
groups, DoD advisory panels, and a number of National Academy of Science studies which 
strongly contribute to the planning process. 

"From Desktop to Teraflop: Exploiting the U.S. Lead in High Performance Computing", August 1993. 
lo "Promoting High-Performance Computing and Communications", A CBO Study, June 1993. 

"High Performance Computing: Advanced Research Projects Agency Should Do More to Foster Program 
Goals", GAO Report to the Chairman, Committee on Armed Services, House of Representatives, GAODMTEC-93- 
24, May 1993. 
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Numerous processes and mechanisms are in place that contribute to the definition and review of 
the NSF HPCC program long term goals and objectives. 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: 

Blue Ribbon Panel for the NSF HPC program 

Directorate Advisory Committees 
Federal Networking Council Advisory Committee for parts of the NSFNET 

Committee of Visitors for each research program 

The 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 US 
industry. Performance evaluation is an integral part of these programs. Because of this focus, 
external review by prospective users of the technology is a critical component of measuring 
performance. In previous years this has been most explicitly present in the use of committees of 
users such as the ESnet Steering Committee and the ER 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 into them. In the area of 
software technology, using prospective users of technologies as reviewers has ensured that the 
technology developed is desired by users. In FY 1995 and beyond, DOE will further formalize 
these procedures to include program-wide reviews of the basic technology components of the 
program by significant prospective users of those technologies. These will include reviews of 
effectiveness in all categories as well as specific numerical targets. 

The 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 has recently 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, comprehensive reviews are conducted 
for each of the projects annually. In addition to appropriate NASA personnel, representatives 
from other federal agencies, academia, and industry may be invited to participate. Annual 
reviews of program progress and plans will also be conducted by the NASA HPCC Working 
Group. In addition, quarterly reviews of the NASA HPCC program are conducted by program 
managers, the associate administrator of aeronautics and the director of the NASA HPCC Office. 

The 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 which review new and existing programs. These include the 
National Library of Medicine (NLM) Board of Regents, NLM Board of Scientific Counselors, 
National Center for Research Resources (NCRR) Research Resources Advisory Council, NCRR 
Biomedical Research Technology Review Committee, the National Cancer Advisory Board, the 
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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 each of the participating ICDs rests 
with the Director of that Institute. Within each of the participating NIH Institutes, mechanisms 
exist to ensure objective evaluation of progress and results and identification of remaining 
obstacles. 

The National Security Agency reviews its HPCC support efforts on a yearly basis in several 
separate reviews. A steering group comprised of senior managers from the technical components 
provides high level guidance prior to the formal budget process. The steering group receives 
individual project assessments from the project managers and determines whether any major 
shifts or changes are needed to the NSA program. Senior management has the flexibility to 
sponsor HPCC efforts in several budget reviews. Individual projects are proposed and budgeted 
within the technical components. They are constantly being 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 
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. 

Annually NIST has the National Academy of Science review 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 comprised of 
senior managers for relevance to agency mission, the program, and for continued acceptable 
performance. 

The NOAA HPCC program supports and enhances NOAA programs in environmental prediction 
and stewardship. Comprehensive NOAA science reviews of these programs are held 
periodically, with a review cycle completed as of April 1994. Quarterly reviews of NOAA 
HPCC program progress are conducted as an integral part of 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 EPA HPCC program is focused on incorporating advances in computing and communi- 
cations technology into critical environmental assessment applications and transferring those 
advanced tools to key State, Federal, and industrial users. EPA senior management 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. The first EPA HPCC external review is scheduled for summer 
1994. Within the program, each major project is reviewed at least twice a year to evaluate 
progress toward the program objectives. 

3.7 HPCC Planning Beyond FY 96 

Computing and communications are ongoing, strategic enabling technologies. The current 
HPCC Program provides additional stimulation to accelerate the progress of these technologies 
and the benefits that accrue from their use. This Program was initiated as a five year effort, 
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covering FY 1992 through FY 1996. Since in-depth planning for the FY 1997 budget will begin 
in the Spring of 1995, preparations for that planning must begin now. Two avenues of activity 
need to be pursued: a complete external review of the HPCC Program to ascertain its likelihood 
of meeting and/or exceeding its goals and an assessment of options and benefits that could accrue 
from continued efforts to stimulate the technology. Given the recent request to the Computer 
Science and Technology Board to perform an HPCC Program review due next year, this activity 
would presumably address a key part of the first avenue. In addition, the HPCCIT Subcommittee 
will continue to seek input and comment from industry, academia, and other segments of the 
government at its meetings. To further the feedback process from these meetings, the HPCCIT 
Subcommittee will actively seek participants' comments on this Implementation Plan. 

The assessment of options and benefits that could accrue from continued efforts to stimulate 
computing and communications technology has already begun. HPCC will continue to sponsor a 
variety of workshops with technical experts, engage discussions with potential users of the 
technologies, and prioritize critical directions for future activities. Three HPCC workshops are a 
part of that process: 

Enabling Technologies for Peta(FL)OPS Computing Systems (February 1994) 
sponsored by NASA, NSF, NSA, Ballistic Missile Defense Organization, ARPA, and 
DOE; 
ARPA HPCC Symposium (March 1994); and 
System Software Tools for High Performance Computing Environments (scheduled 
for September 1994). 

The key questions that will be addressed throughout the planning process include: 
What technical objectives in computing and communications show the greatest 
promise for benefiting the public and enabling U.S. industrial competitiveness with 
additional stimulation? 
If successful, what results would accrue and who would benefit? 
What are the expected costs and risks associated with the objectives? 
Which agencies are most qualified to contribute toward these objectives? 
What is the right mix of industry/academia/government participation? 

Through broad input and extensive discussions, the HPCCIT Subcommittee expects to develop a 
plan and detailed proposals that will merge naturally into the budgetary planning process. 
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4. Program Components 
This section presents an overall HPCC Program view of the Implementation Plan for each of the 
five components. The discussion begins by identifying the agency-level funding assumptions on 
which these plans are based. Each HPCC component discussion provides the following 
information: 

A brief description of the types of activities included, 
A list of Milestones that have been set for FY 1994 and FY 1995, 

A table of the agency activities supporting the component, and 

A short status report reflecting on progress to date and potential issues for the future. 

4.1. Budget Planning Assumptions by Component 

Table 1 provides the basic financial planning information used by each of the HPCC agencies in 
preparing this Implementation Plan. The "FY 94 Pres." and "FY 95 Pres." columns refer to the 
amounts requested by the President in his budgetary request to Congress each year. The "FY 94 
Est." column is the amount each agency has been authorized to spend on HPCC as a result of 
Congressional action. The last five columns break down the FY 1995 Presidential Request into 
the planned spending level for each of the five HPCC components. The breakouts by component 
are estimates, in that many activities span a variety of components and categorization of efforts 
includes subjective judgment. 

For this plan, the FY 1994 Milestones assume the FY 1994 Estimate funding level for each 
agency. The FY 1995 Milestones assume the FY 1995 Presidential Request funding level in 
each agency. Likewise, all discussions of program status assume these numbers. 

4.2. HPCS -- High Performance Computing Systems 

4.2.1. HPCS Definition 

Technological leadership in computing and the solution of critical application problems requires 
continuous enhancement of the computational capabilities of computing systems. New 
generations of systems must solve previously computationally intractable problems, improve 
resolution for complex problems, and reduce the time to solution for time-critical problems. The 
HPCS program addresses both of these objectives, using large computational science problems 
(Grand Challenges) and large information-based problems (National Challenges) as the primary 
application targets. The Implementation Plan for HPCS focuses on producing scalable parallel 
computing systems through the development and evaluation of prototype systems. 

This plan contains several critical aspects. Scalable computing systems permit incremental 
expansion of hardware resources to meet the needs of increased application problems. They also 
permit the use of the same design in smaller scale workstation-size systems. The focus on 
computing systems reflects the need to develop a balance among all of the components that 
impact the solution of application problems, including the processors, memory hierarchies, 
interconnection networks, I/O subsystems, and the interplay of hardware and software. The 
program will develop innovative systems that will provide a 100 to 1,000 fold increase in 
sustained computing capability compared to computing systems that were in conventional use at 
the start of the program in FY 1992. 
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HPCS focuses on technological challenges in the earliest stages of the product development 
cycle. Critical underlying technologies are developed in prototype form along with associated 
design tools. Early evaluation of systems throughout the design cycle provides critical feedback 
for the refinement of successive generations. Larger projects that are closer to yielding 
commercial products are funded on a cost-sharing basis with industry. HPCS contains four 
elements: Research for Future Generations, System Design Tools, Advanced Prototype Systems, 
Evaluation of Early Systems. 

Table 2 identifies the major program activities that contribute to the HPCS component. ARPA 
provides most of the HPCC funding and management for designing and building prototype 
systems as well as for supporting design tools. NSF and NSA carry out related efforts, with a 
greater focus on various application-specific needs. NSF, DOE, NASA, NIH, and NSA acquire 
and evaluate early prototype systems. The evaluations generally take the form of implementing 
important agency applications (or critical computational kernels) on these systems and 
comparing performance against the expected potential of the system. 

4.2.2. HPCS Milestones 

Previous HPCC documents have identified two primary milestones for HPCS after 1993: 
Demonstrations of tenth scale teraops systems technologies (FY 1995) 
1 teraops system ready for deployment (mid 1990s) 

The HPCC Program retains these key milestones. Additional milestones are identified which 
provide clearer intermediate progress toward these goals and which highlight aspects related to 
acquisition and evaluation of these systems. 

FY 1994 
Produce HPC systems that demonstrate faster clock rates than previously available; 
current performance targets include 100 MHz clocks for general purpose compute 
nodes and 200 MHz clocks for superpipelined processors. 
Demonstrate scalable mass storage systems with system services and I/O channels. 
Demonstrate embedded prototype small-scale teraops systems with special-purpose 
mass storage and gigabit network interfaces. 
Develop and demonstrate improved tools for coupling system designs to actual 
fabrication of products. 
Develop and demonstrate design tools for low power and wireless computing 
systems. 
Explore the viability of new technologies (e.g., optical computing, processors in 
memory, superconducting crossbars, and wide bandwidth memory) for use in general- 
purpose and special-purpose systems. 
Acquire and begin evaluation of three moderate-sized systems with a primary focus 
on medical, aerosciences, and energy applications. 
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Agency FY 95 
Total Agency / Program Activity Pres. 

(BA $M) (BA $M) 
110.70 ARPA 

Scalable Computing Systems 60.20 

Microsystems 44.50 

I 6.00 Integrated Command and Control Technology 

21.70 NSF 

I I Computing Systems and Components 

I Engineering (non-NCIGC) i 
~ ~~ 

Advanced Prototype Systems 1 .oo 
Evaluation of Early Systems 9.90 

I I Testbeds T- 9.701 
I 4.901 NIH 1 
I I DCRT High Performance Biomedical Computing Program I 4.00 I 

~ 

NCI Frederick Biomedical Supercomputing Center T- 0.90 I 
1 16.101 NSA 

I I Supercomputing Research 
~~ - - ~  ~ ~~~ 

Superconducting Research I 
I 6.751 NIST 

NREN Deployment and Performance Measures for Gigabit Nets & MPP Sys. 

Metrology for Future Generations of Microelectronics 

0.30 

6.45 

HPCS FY 1995 Total 

Table 2: HPCS Program Activity Summary for FY 1995 Presidential Budget 

FY 1995 
Demonstrate tenth scale teraops systems technologies and teraops-class modules with 
the potential for being components of next generation systems. 
Develop embedded systems capable of higher performance using smaller amounts of 
space; current performance target is 50-100 gigaflops/cu. ft. 
Continue to explore the viability of new technologies (e.g., optical computing, 
superconducting electronics, and wireless computing) for use in general-purpose and 
special-purpose systems. 
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Improve design and fabrication tools (e.g., virtual prototyping, advanced packing, and 
process optimizations). 

Upgrade two systems to larger computational power for medical and energy 
applications. 

4.2.3. HPCS Status 

The HPCS component continues to make substantial progress toward meeting the above goals 
and milestones. The one previously identified FY 1993 milestone, 100 gigaops systems ready 
for deployment, was achieved on schedule. This milestone was met as part of joint projects with 
Cray Research, Intel, Thinking Machines, Kendall Square Research, and IBM. New concepts in 
secondary storage systems have been developed which are revolutionizing the U.S. disk industry 
and have increased potential for finding information in large, unstructured databases. 
Technologies for advanced design and packaging tools have also been recently demonstrated. 
Acquisition of prototype systems (some of which are precursors to later upgrades) includes: Intel 
Delta and Paragon, Kendall Square KSR-1, and the Thinking Machines CM-5. Results of large 
applications running on these machines, in some cases, have already produced new results and 
new capabilities. 

Looking forward, the HPCC Program is cautiously optimistic that the milestones identified 
above and the overall goal of teraops performance can be achieved on schedule, assuming no 
major changes in the anticipated funding profile. Representatives of industry meeting with the 
HPCCIT management appeared to confirm this view of the overall goal. 

However, the HPCC Program is concerned about the slowed progress in Evaluation of Early 
Systems, due to funding limitations and priorities. Early acquisition of many small prototype 
systems by the mission agencies for quick testing and early feedback is underfunded. Agencies 
have adjusted by buying fewer, moderately-sized "starter systems." They begin testing and 
evaluation on these systems, with the intent of upgrading them to larger sizes in'out years 
(assuming that the initial evaluation results are favorable). While generally reducing costs, this 
approach also reduces the number of different prototype systems acquired by mission agencies. 
This choice reduces opportunities for cross-platform comparisons of important agency 
applications. ARPA and NSF will continue to deploy prototype systems for early evaluation and 
testing of some applications. 

4.3. NREN -- National Research and Education Network 

4.3.1. NREN Definition 

The principal objectives of the NREN12 component are to: 
Establish and encourage wide use of gigabit networks by the research and education 
communities to access high performance computing systems, research facilities, 
electronic information resources, and libraries. 
Develop advanced high performance networking technologies and accelerate their 
deployment and evaluation in research and education environments. 
Stimulate the wide availability at reasonable cost of advanced network products and 
services from the private sector for the general research and education communities. 

l2 "NREN" is a service mark of the US.  Government, registered with the U.S. Patent and Trademark Office. 
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Catalyze the rapid deployment of a high speed general purpose digital communi- 
cations infrastructure for the Nation. 

The underlying strategy of the HPCC Program has been to support the solution of important 
scientific and technical problems of broad national significance in collaboration with all 
interested sectors in government, industry and universities. In the networking component of the 
program this strategy has led to a unique collaboration in both the research and operational 
aspects of the NREN activity. 

The program provides fundamental and comprehensive extensions beyond existing capabilities 
of current hardware and software. The goal is to acquire the most advanced networking services 
that support the ever-increasing networking demands of high performance computing to the 
extent feasible, while assuring a stable and consistent level of services for its users. The routine 
purchase of generally available off-the-shelf technology is not a goal of the program, although 
off-the-shelf technology may be integrated with advanced technology. 

The NREN component has two elements -- Interagency Internet and Gigabit Research and 
Development. Both elements encourage and foster participation of the private sector to 
maximize the leverage of federal funds. Although the NREN is a research and educational 
network program, a deliberate consequence of including substantial private sector activity is that 
the technology and services developed, and even the facilities themselves, may be the model for 
a more ubiquitous network offering developed under private, or other public efforts. Many 
industrial research organizations and commercial establishments supporting the nation's scholarly 
enterprise are connected. In fact, the commercial network segment is the fastest growing 
segment of the Internet. Federal operation and ownership of network facilities and services, 
already minimal, are intended to be reduced even further as the program develops. Nevertheless, 
HPCC Program priorities remain the central focus of the NREN component. While other federal 
and private sector participants are encouraged, the degree of their participation must be 
contingent on several factors, such as program focus, cost sharing, and technology leverage. 

Currently, and at the end stage of this development, the Interagency Internet program activity 
will result in a comprehensive service offering to the nation's community of researchers and 
educators at all levels. The network will connect them to each other and to the facilities and 
other resources they use in their scholarly endeavor, such as databases and libraries, laboratories, 
scientific instruments, and computation centers. As a facilitator and enabler of intellectual 
activity, the Interagency Internet system will allow connectivity to supporting organizations such 
as publishers and hardware and software vendors. International connections that serve the 
national interest are also included. 

Important features of the Interagency Internet NREN element are: 

Use of telephone company facilities, and not the laying of fiber optic cables or 
building of a physical network; and 
Driving technology and broadly seeding the market, while avoiding competition with 
the private sector. 

Because of this latter aspect, success of this part of the program inevitably leads to tension and 
concerns that government services not remain in place once a technology offering has been 
demonstrated and seeded. The policy of the NREN component is to accelerate this transition to 
the private sector, while not compromising the need for stable and consistent services by the 
research and education communities. 
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Table 3 identifies the major program activities that contribute to the NREN component. NSF 
coordinates the broad deployment of the Interagency Internet element in support of the HPCC 
Program. NIH, NOAA, and EPA activities within NREN focus on expanding connectivity. 
NSF, DOE, and NASA continue dual roles of expanding connectivity and development of future 
generations of faster and more robust networks. ARPA and NIST also contribute extensively in 
this latter role of future generations of networks. NSA concentrates primarily on enhancing 
secure communications over these networks. 

4.3.2. The NREN and the NII 

Because it is anticipated that the NREN will be the testbed for many NII applications and 
services, the MI has a significant impact on the direction of the NREN component. This impact 
increases the importance of alternative bitway physical models (e.g., mobile systems, adaptive 
bandwidth systems, and systems with asymmetrical bandwidth) to support a variety of 
connectivity requirements. In addition, this impact increases the importance of developing an 
infrastructure of network services, such as security and authentication, with standard interfaces, 
which can be used to build Information Infrastructure Services available uniformly to 
government and non-government users of the network. It is of critical importance to the NII that 
it not have to duplicate such services. This requirement increases the importance of standard 
service interfaces that can be implemented over a variety of physical bitways and is transparent 
to the applications that require its services. 

4.3.3. NREN Status 

The goals of the NREN may be grouped into: 
Improved network connectivity, 
Improved network capabilities, and 
Improved manageability and controllability of the network. 

Improved network connectivity and improved network capabilities are both critical to the success 
of the NREN. The usefulness of the network derives from the number of interesting resources 
(libraries, experiments, computational resources, other people) which are available on it and from 
the range of ways in which the network enables one to use those resources (electronic mail, 
distributed computing, desktop video-conferencing, computer mediated collaboration). 
However, improved manageability and controllability of the network is also critical to the 
success of the NREN and to its usability as a prototype for the NII bitways. Improved 
connectivity and capabilities are useless unless the network can be managed and controlled to 
ensure stable operation. This must include a realistic, scalable, deployable national and 
international security architecture. Increased commercial operation of the network or of network 
components, especially in a multi-service provider environment, demands improved 
manageability and controllability. 

In terms of network connectivity, the NREN component is well ahead of schedule, at least for 
services at T1 and lower speeds. The Interagency Internet forms the core of a nation- and world- 
wide infrastructure whose size in terms of number of computers attached is growing at over ten 
percent per month. However, this growth poses important challenges for manageability and 
controllability. The current IP addressing infrastructure is now predicted to be able to support 
this growth for about seven years, provided Classless InterDomain Routing (CIDR) continues to 
be deployed. 
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Agency FY 95 
Total Agency / Program Activity Pres. 

(BA $MI (BA $M) 

I 61.101 ARPA 

Networking 43.10 

Global Grid Communications 18.00 

52.86 NSF 

NSFNET 40.86 

Very High Speed Networks and Optical Systems 3 .OO 

Education and Training 9.00 

16.80 DOE 

Energy Sciences Network (ESnet) 14.80 
~ 

Gigabit Research and Development 2.00 

12.70 NASA 

NREN I 12.70 

0.70 EPA 

I 0.70 State Network Connectivity 

NREN FY 1995Total 

Table 3: NREN Program Activity Summary for FY 1995 Presidential Budget 
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In terms of increased capability, there have been significant advances in network speed and 
throughput. Work on very high speed networks appears to be proceeding on schedule as is work 
on all optical networks and advanced network components. Equally important, network capable 
applications and tools have been developed (e.g., Mosaic, Gopher, desktop video-conferencing, 
whiteboards, wide area collaborative environments, and image transport) which have 
dramatically expanded the usefulness and the capabilities of the network. It is to a significant 
degree because of these services that connections to the Internet are growing so fast. There has 
also been significant progress, on a technical level at least, in such areas as authentication and 
security, distributed file systems, and privacy enhanced mail. The ongoing and planned activities 
in these areas will permit substantially greater trust of the network by users. Intra-gigabit testbed 
connectivity has slipped one year due to technical problems with the local telecommunications 
companies as well as a slow start in terms of some advanced technologies. Finally, there has 
been some progress, both technical and administrative in establishing information directory 
services to guide users, although this is still a formidable problem. 

In terms of increased manageability, there has been some progress; however, significant 
challenges remain. Each advance in the network in the other two areas complicates this third 
area. Rapid expansion in the number of hosts attached to the net requires re-engineering the 
addressing and routing architecture of the net in the near future as well as ensuring that the net 
remains manageable and stable throughout the transition. New services such as desktop video 
require enhanced multicast services from the net which must be designed and managed. Even in 
authentication and security the administrative issues of key management and choice (either 
dynamic or static) of algorithms for digital signature and encryption must be settled. It is a 
significant weakness of the current infrastructure that it requires an irreducible core of "network 
wizards" to manage the routing between the providers to avoid disaster (e.g., major network 
portions isolated from the rest of the network). In addition, a deployable architecture to support 
realistic, manageable network usage accounting and statistics gathering does not currently exist. 

4.3.4. NREN Milestones 

Previous HPCC documents have identified a key milestone for NREN after 1995: 
By 1996, gigabit research will lead to an experimental nationwide network able to 
deliver speeds up to 2.4 billion bits per second to individual end user applications. 

Even though intra-gigabit testbed connectivity has slipped one year, the HPCC Program expects 
to achieve this milestone on time. Other NREN milestones follow. 

FY 1994 
Develop policy mechanisms, methodologies, and associated software and hardware 
for ensuring network integrity, controlling access and protecting data from 
unauthorized use. 
Complete T3 Level 3 and Level 2 NREN interconnects to NASA HPCC Centers. 
Begin ESnet upgrades to 45 Mb/s ATM services at 20 sites. 
Demonstrate satellite-based gigabit applications utilizing ACTS satellite and 
associated ground terminals. 
Demonstrate advanced visualization and modeling applications on high speed 
networks. 
Make awards for Regional Network Providers, NAP Manager(s), Routing Authority, 
and vBNS. 
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FY 1995 
Design and prototype 10 Gb/s switches for asynchronous transfer mode. 
Develop and implement advanced protocols for high speed information transfer over 
long distances. 
Make KERBEROS-based authentication services available in full production basis 
across ESnet. 
Provide production video and collaborative work - telework support across ESnet to 
support access to DOE experimental facilities. 
Demonstrate techniques for resource reservation guarantees on high performance 
networks. 
Evaluate gigabit testbed project. 
Deploy prototype backbone Internet Protocol (IP) network at 155 Mb/s. 
Resolve issues of synchronization control and algorithms related to distributed 
network high performance computing applied to Grand Challenge class problems. 

4.4. ASTA -- Advanced Software Technology and Algorithms 

4.4.1. ASTA Definition 

The computing systems that will be developed by the HPCC Program are not simply faster 
versions of current computer designs. They represent new architectures for which fundamentally 
new algorithms and software development will be required. Dramatic improvements in 
algorithm design and software technology are essential to achieve sustained teraflops computing 
system performance. Scalable parallel and distributed systems provide new opportunities and 
challenges to developers of software and algorithms. The Advanced Software Technology and 
Algorithms component of the HPCC Program has three broad objectives: 

Enable significant progress toward the solution of Grand Challenge application 
problems in science and engineering; 
Improve system user-friendliness, reliability, software productivity and effectiveness; 
and 
Use experience from leading edge applications to help guide new software efforts. 

These broad objectives are the framework for more specific ASTA objectives adopted by the 
agencies and used as a basis for the design and conduct of their specific HPCC programs. The 
ASTA component has four key elements, each with a set of objectives . 

Support Grand Challenges 
- Support a wide variety of computational applications in fields such as: biological 

sciences, geosciences, engineering, computational mathematics, physical sciences, 
aeronautics, and energy research. 
Demonstrate large-scale, multidisciplinary computational research (e.g., accurate 
molecular structure predictions by multidisciplinary scientific teams) on 
heterogeneous, distributed systems using the Interagency Internet to access 
distributed file systems and national software libraries. 

- 
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- Project the performance of full Grand Challenge applications on teraflops 
computing systems through controlled testbeds of prototype environments. 

Software Components and Tools 
- Establish portable, scalable libraries that enable accelerated transition from one 

generation to the next and across different system structures, and improve overall 
portability of applications code and establish software reuse libraries. 

Support the evolution of paralrel operating systems and the development of a suite 
of software tools that enhance productivity and effectiveness of both man and 
machine (e.g., tools for load-balancing, data partitioning, compilers, run-time 
optimizers, performance monitoring, visualization, and virtual environments). 
Reduce the entry barrier to high performance computing by providing scalable 
software technologies and environments in desktop class computing systems. 

- 

- 

Computational Techniques 
- 
High Performance Computing Research Centers (HPCRCs) 
- Increase access to HPCRCs in research communities. 
- Acquire advanced prototype and early production HPCS for use and evaluation. 
- Provide HPCS, links to NREN, computer operation and facilities support and 

related resources for enabling Grand Challenge applications and as support for the 
other elements of ASTA. 

Support for improvement and parallelization of algorithms and data structures. 

Table 4 lists agency activities that contribute to the ASTA component of the HPCC Program. 

4.4.2. ASTA Status 

The ASTA component has aggressively pursued development of large scientific applications and 
the acquisition of HPC systems on which to run them. Currently, 34 Grand Challenge scientific 
teams are developing applications on high performance computer systems. In addition, 
numerous other application codes are being developed and/or ported to HPC systems. Probably 
the most significant ASTA result to date is the dramatic increase in the number of research areas 
that are beginning to develop new applications for HPC systems. These applications all need 
substantial computing resources. At present, HPCC runs over a dozen high performance 
computer centers, serving over 12,000 users. 13 However, recent estimates indicate that such 
resources will need to expand further to meet existing needs for the applications currently under 
development (not to mention new IITA needs). 

As expected, the reports of progress vary depending on the complexity of the algorithms and the 
disparity between the natural data layout in the code and the type of machine organization 
present in the target architecture. The most successful applications to date tend to contain 
extremely high amounts of data parallelism that map quickly and easily onto the selected 
architecture. New software tools are getting into users' hands, including performance monitoring 
and instrumentation toolkits, 3D visualization tools, message passing libraries, and a parallel 
linear algebra library. These tools help to make the task of application development easier and 

High Pe~ormance Computing and Communications: Technology for the National Information Infrastructure, 
Supplement to the President's Fiscal Yeas I995 Budget, April, 1994, pg. 13. 
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I Total I Agency / Program Activity 
(BA $M) 

I I Scalable Software 1 29.60 
I 141.231 NSF 

Supercomputer Centers 76.43 

Research Centers 6.00 

Grand Challenge Applications Groups 10.75 
~ ~ 

Software Systems and Algorithms 16.35 

Human-Machine Interaction & Information Access 6.80 
~ ~~ 

Biological Sciences (non-NC/GC) 11 S O  

Engineering (non-NC/GC) 3.23 

Geosciences (non-NC/GC) 3.84 

Computational Mathematics (non-NC/GC) 1.89 

Physical Sciences (non-NC/GC) 3.77 

I I Social, Behavioral & Economic Sciences (non-NC/GC) I 0.67 

75.50 DOE 

Enabling Energy Grand Challenges I 9.00 
~ 

Software Components and Tools 12.60 

Computational Techniques 3.40 

Supercomputer Access 35.60 
~ 

HPC Research Centers 12.90 

HPC Research Centers-Global Climate Collaboration 2.00 

81.20 NASA 

Testbeds 16.70 I 
Grand Challenge Support 55.30 

Systems Software 9.20 

23.80 NIH 

NLM Biotechnology Informatics 4.80 

NLM Electronic Imaging 2.20 
~ ~ 

NCRR Advanced Software Technology and Algorithms 

DCRT High Performance Biomedical Computing Program 

NCI Frederick Biomedical Supercomputing Center 

8.80 

3.00 

4.60 

NCI High speed networking and distributed conferencing 0.40 

Table 4: ASTA Program Activity Summary for FY 1995 Presidential Budget 
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Agency FY 95 
Total Agency / Program Activity Pres. 

(BA $M) (BA $M) 

11.80 NSA 

Supercomputing Research 11.80 I 
I 4.60 

I 

4.60 NIST 

Development and Dissemination of Scientific Software for HPCS 

16.05 NOAA 

Advanced Computation 16.05 

11.70 EPA 

Environmental Modeling 6.45 

Computational Techniques 5.25 

ASTA FY 1995 Total 

Table 4: ASTA Program Activity Summary for FY 1995 Presidential Budget 

more reliable. However, automated tools for partitioning and mapping programs onto HPC 
systems still need substantially more effort. 

The following accomplishments were achieved in FY 1993: 
Released initial version of Mosaic hypertext network application software for a 
dramatically new way to traverse and collect information on the Internet. Over 
100,000 copies distributed in first 8 months. 
Released High Performance Fortran and developed other monitoring tools for HPC 
environments. 
Deployed 100-gigaflops system to an HPC Center. Deployed several vendors' first 
models of scalable high performance system's. Benchmarked 50 gigaflops 
application. Demonstrated high performance workstation clusters. 

0 

Demonstrated initial Grand Challenge applications with notable success in several 
areas, including: a model of a beating heart, 3D simulation of flutter in an aircraft 
wing, earthquake ground motion, computational studies in fundamental physics, 
global circulation models, and other areas. 
Assisted in software conversion and improved and optimized parallel Grand 
Challenge applications code. 
Established 9 new Laboratories for research in software and protocols to support high 
performance applications. 
Established a minimally populated HPCC software exchange library for promoting 
reuse of software. 

Looking ahead, two issues will need more attention. First, HPCC will need to take steps to get 
greater involvement of independent software vendors (ISV) in the Program. ISV's represent a 
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critical sector of the computing community that provides user-friendly applications platforms for 
public and industrial use. Their applications need to exist on HPC systems. Second, HPCC will 
need to push for greater success in the area of automated and integrated software tool platforms. 

4.4.3. ASTA Milestones 

FY 1994 
Demonstrate scalable software libraries, toolkits and prototype HPC programming 
environments for Fortran and C++. Evaluate and extend to improve support for 
Grand Challenge applications. 
Continue to develop and improve on efficiency of parallel computational techniques 
to maximize use of HPC systems. 
Develop infrastructure to support networked digital libraries. 

Provide continued support to Grand Challenge applications through code conversions, 
optimization and facilities support. Upgrade some HPC systems to the latest model 
available. Review computational tools for promotion of industrial usage. 
Evaluate the scalability of parallel operating systems, I/O and message passing 
schemes for real user applications. 

FY 1995 
Demonstrate additional system support tools for real-time HPC systems, including 
monitoring of biomedical experiments and data transfer from telescope to remote data 
archive. 
Continue development of flexible, interoperable tools for portable parallel program 
creation, testing, and performance monitoring. Expand definition of High Perfor- 
mance Fortran to handle adaptive, dynamic computations. 
Develop tools for collaborative Interagency Internet research environment. 

Continue support for Grand Challenge and National Challenge applications, including 
ecological simulations, molecular dynamics, advanced manufacturing, air quality 
modeling, climate modeling, atmospheric chemistry, digital libraries, combustion, 
computational chemistry, gene sequencing, and protein structure determination. 
Demonstrate prototype system for access and retrieval of reusable software, with 
automated expert advice. 
Upgrade supercomputer centers and testbeds with more powerful parallel computing 
systems to support Grand Challenge and National Challenge applications. 

4.5. IITA -- Information Infrastructure and Technology Applications 

4.5.1. IITA Definition 

Information Infrastructure Technology and Applications (IITA) activities will demonstrate 
feasible solutions to problems of national importance, such as health care or 21st century 
manufacturing, using the full potential of the nation's rapidly evolving high performance 
communications and information processing capabilities. The HPCC Program will produce 
enabling technologies critical to developing the National Information Infrastructure (NII). With 
the incorporation of IITA activities, the HPCC Program will advance intelligent system 
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interfaces, real environments augmented with virtual environments, image understanding, 
language and speech understanding, intelligent agents for augmenting human capabilities, and 
next generation data and object bases for electronic libraries and commerce. This will be coupled 
with a vigorous program of testbed experimentation that will ensure the continued leadership of 
the United States in critical information processing technologies. 

IITA will strengthen the HPCC technology base, broaden the markets for these technologies, and 
accelerate industry development of the NIL Federal HPCC agencies will work closely with 
industry and academia in pursuit of these objectives. These objectives are to be accomplished, in 
part, by accelerating the development of readily-accessible, widely-used, large-scale applications 
with significant economic and social benefit. The HPCC Program's original focus of enhancing 
the Nation's computing and communications capabilities is thus extended to address a broader set 
of technologies and applications that have an immediate and direct impact on critical information 
capabilities affecting every individual in the Nation. 

The development of such applications will be predicated on (1) creating the underlying scalable 
computing technologies for advanced communication services over diverse bitways, effective 
partitioning of applications across elements of the infrastructure, and other applications support 
services that can adapt to the capabilities of the available infrastructure; and (2 )  creating and 
inserting an intelligent service layer that will significantly broaden the base of computer 
information providers, developers, and consumers while reducing the existing barriers to 
accessing, developing, and using advanced computer services and applications. In parallel with 
these activities, a more effective software development paradigm and technology base will be 
developed. This will be founded on the principles of composition rather than construction, solid 
architectures rather than ad hoc styles, and more direct user involvement in all stages of the 
software life cycle. The entire technology base developed in this program, including services 
and software, will be leveraged across the National Challenges, leading to significant economies 
of scale in the development costs. 

The IITA program component consist of the following four elements: Information Infrastructure 
Services, System Development and Support Environments, Intelligent Interfaces, and National 
Challenges. Table 5 shows a list of the agency activities that contribute toward IITA. 

4.5.2. IITA Status 

Although the IITA program component was first established in 1994, it builds upon diverse 
efforts already well underway in the HPCC agencies. For example, ARPA and NASA had 
already begun to explore high speed satellite-based extensions to the gigabit testbeds in 1993. 
Mosaic, developed under NSF support at the National Center for Supercomputer Applications 
(NCSA) at the University of Illinois, provided a network-aware global hypermedia interface in 
1993, and has swept the HPCC research community (and beyond) in the last twelve months. 
ARPA, NASA, and NSF have already been funding virtual reality and telepresence research 
projects like the CAVE developed at the University of Illinois at Chicago. A number of critical 
National Challenge applications efforts were also already underway at the HPCC agencies: crisis 
management at ARPA; advanced manufacturing at ARPA, NIST, NASA, and NSF; 
environmental monitoring at NASA, NOAA, and EPA; health care at NIH and NASA; and 
energy-demand management at DOE. Several of the NSF/ARPA-sponsored gigabit testbeds are 
coupled to National Challenge applications, such as the North Carolina VistaNet testbed, which 
is being used to support radiation treatment planning in collaboration with NIH. 

ARPA, NASA, and NSF have initiated a research program on digital libraries for FY 1994 
through FY 1998. The program will incorporate new knowledge and technologies, testbeds to 
demonstrate results of the research, and university/industry/user partnerships. 
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I Total I Agency / Program Activity 
(BA $M) 

140.80 ARPA 

National-scale Information Enterprises I 33.90 
~ 

~~ 

Foundations 4.00 

Health Information Infrastructure 9.80 

I 
~ 

I I Information Sciences 15.80 

Intelligent Systems and Software 72.30 

Global Grid Communications 5.00 

50.64 NSF 

NSFNET I 5.30 
_ _ _ _ _ _  ~ ~ _ _ _  

Research Centers 0.15 

Research Infrastructure 2.30 

Human-Machine Interaction & Information Access 0.60 

Computational Mathematics (non-NC/GC) 0.70 

Physical Sciences (non-NC/GC) 4.00 
~~ 

Social, Behavioral & Economic Sciences (non-NC/GC) 2.34 

IlTA Program 35.25 

I I Information Infraservices I 1.20 

I 17.501 NASA 

I I Information Infrastructure Technology I 6.80 

I 
~ ~ 

Information Infrastructure Applications I ~ 1070 

I 29.101 NM 

I I NLM Intelligent Agent DB searching I 4.70 
~ _ _ _ ~  ~ ~~~~ ~ ~ ~~~~~ ~~ 

NLM HPCC Health Care Applications 1 1 .oo 
8.80 NCRR Information Infrastructure Technology Applications 

I I DCRT High Performance Biomedical Computing Program I 3 .OO 
~~ ~ 

~ ~ 
~ ~~ ~~~ 

NCI High speed networking and distributed conferencing 1 .oo 
0.60 High Perf. Communications for PDO, CancerNet, and Electronic Publishing 

0.23 NSA 

Technology Based Training I 0.23 

I 3.00 

41.40 NIST 

Development and Dissemination of Scientific Software for HPCS 

Table 5: IITA Program Activity Summary for FY 1995 Presidential Budget 
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Agency FY 95 

(BA $M) @A $MI 
Total Agency / Program Activity Pres. 

Support for Electronic Commerce 2.75 
~~ 

Electronic Libraries and Distributed Multimedia Applications 

Systems Integration for Manufacturing Applications 

1.25 

25.20 

1.20 

4.00 

4.00 

Assurance, Reliability and Integrity of NREN Objects 

Specification and Testing of High Integrity, Distributed Systems 

Language, image and text processing 

0.50 NOAA 

Information Dissemination Pilots I 0.50 

0.30 EPA 

Public Data Access I 0.30 

I 281.671 IITA FY 1995Total 

Table 5: IITA Program Activity Summary for FY 1995 Presidential Budget 

The Information Infrastructure Technology and Applications Task Group met during the second 
half of 1993 to identify the technologies that contribute to information infrastructure, to develop 
a common terminology across the participating agencies, and to inventory on-going and planned 
projects within these agencies that are associated with IITA. A report describes the work of the 
committee and its recommendations. l4 

4.5.3. UTA Milestones 
FY 1994 

Initiate major research programs in digital libraries, virtual prototyping, problem 
solving environments, health care information infrastructure, electronic commerce/ 
procurement, and advanced manufacturing, 
Demonstrate advanced authoring tools and document interchange mechanisms for 
creating materials suitable for delivering government (and other) information to the 
public. Demonstrate a national biomedical information kiosk. 

0 Develop the underlying infrastructure services for authentication, authorization, 
privacy, and security in order to improve the trustworthiness of the network 
infrastructure. 
Develop protocols and interfaces for network-based collaborative work environments. 
Develop advanced computer interfaces in support of human-computer interaction and 
planning applications. 
Begin to create domain specific digital libraries, large scale databaseddata sets, and 
user interfaces for focused research communities in the social sciences, mathematical 
sciences, earth sciences, and behavioral sciences. 

l4 "Information Infrastructure Technology and Applications", National Coordination Office for HPCC, February 
1994. 
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FY 1995 
Extend the research programs begun in 1994 to include reliable computer controlled 
systems, high assurance systems, telecommuting/telework, infrastructure for 
environmental research, network infrastructure for education. 
Demonstrate dissemination of real-time geophysical, satellite imagery, and other 
remote sensed data over the Internet. Develop distributed geographical information 
systems for the NII. Provide wide access to government statistics databases for 
researchers and the general public. Investigate how massive information sources such 
as these can be more effectively utilized, for example, by using advanced search 
engines and intelligent agent processing. 
Enable domain specialists, such as physicists and engineering researchers, to acquire 
and distribute information easily and rapidly in the form of electronic preprints 
accessible over the Internet. 
Establish information infrastructure interoperability testbeds to insure a robust, 
extensible, and open architecture for the National Information Infrastructure. 

4.6. BRHR -- Basic Research and Human Resources 

4.6.1. BRHR Definition 

The BRHR component is designed to encourage investigator initiated, long term research on 
computational and experimental projects to maintain the flow of innovative ideas and talented 
people into high performance computing and communications areas. This component also 
addresses long term national needs for more skilled personnel, enhancement of education, 
training, materials and curriculum development in HPCC areas. The BRHR component contains 
four elements: (1) Basic Research, (2) Research Participation and Training, (3) Infrastructure, 
and (4) Education, Training, and Curriculum. Table 6 identifies the major program activities that 
contribute to the BRHR component. 

While the primary goal of basic research is to generate new knowledge, it is simultaneously 
possible to increase the odds that the knowledge will result, ultimately, in useful products to a 
broader scientific and non-scientific constituency and to expedite the transformation of new ideas 
into new technologies. This can be achieved by steering the directions of inquiry into promising 
areas and assigning increased priorities and resources to research projects addressing recognized 
needs. The HPCC Program places particular value on this dimension of basic research. At the 
same time, the Program will continue to nourish those larger processes and capabilities which 
underlie successful basic research generally. These include research infrastructure and tools, 
communications technologies, mechanisms and models for enhanced multidisciplinary 
collaboration, and the development of new conduits and occasions for technology transfer 
between sectors. 

4.6.2. BRHR Status 

BRHR continues to produce critical research results along a broad spectrum of topics (e.g., 
modeling molecular dynamics, RNA structure prediction, coherent laser sources, correctness 
proofs for VLSI processor design, parallel numerical algorithms, and virtual reality). BRHR has 
expanded educational opportunities and training for all academic levels (e.g., SuperQuest, 
Earthvision, the National High School Honors Program, Adventures in Supercomputing, 
graduate assistantships, and post-doctoral research grants). Funding in this category has also 
helped expand the research infrastructure for parallel computing, high speed networks, and 
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Agency FY 95 
Total Agency / Program Activity Pres. 

(BA $MI (BA $M) 

15.20 ARPA 

Foundations I 10.00 r ~~~ ~ ~ 

Information Sciences 1- ~ 5 2 0 1  

~~~~~ ~ ~ ~~~~~ 

Research Centers 4.40 

Research Infrastructure 18.65 

Software Systems and Algorithms 9.00 

Very High Speed Networks and Optical Systems 8.30 

Human-Machine Interaction & Information Access 3.60 
~ ~ 

Computational Mathematics (non-NC/GC) 5.00 

Physical Sciences (non-NC/GC) 2.00 

1 ~~ ~ EducationandTraining I 11.24 I 
21.00 DOE 

Research Participation and Training I 2.00 
~~~ ~ 

Education, Training and Curriculum 3.00 
Basic Research for Applied Mathematics Research 16.00 

I 3.801 NASA I 
I I 3.80 I 

I 
I I NLM HPCC Training Grants I 3.60 I 

~~~~ 

NLM IAIMS grants 5.40 

NCRR Basic Research and Human Resources 5.00 

I I NCI Frederick Biomedical Supercomputing Center I 0.80 I 
-~~ ~~ ~~ ~ 

NCI High speed networking and distributed conferencing 0.10 

National Coordination Office 0.70 

0.20 NSA 

Supercomputing Research 0.20 I 
1.97 EPA 

I I I Educationraining 1.97 

BRHR FY 1995 Total 

Table 6: BRHR Program Activity Summary for FY 1995 Presidential Budget 
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virtual reality. In addition, efforts to define and implement a cross-disciplinary computational 
science curriculum are beginning to show acceptance at a number of major universities. 

Since the beginning of the HPCC Program, there has been building a stronger call that strategic 
research principles and practices be adopted for a larger fraction of sponsored basic research 
programs. For the BRHR component this means focusing investments and efforts more closely 
around national goals deemed important to economic growth and improvements in the quality of 
the everyday life. It means that for individual research projects, efforts should be made in 
advance to identify goals to be achieved, to establish performance benchmarks and progress 
milestones, to develop appropriate evaluation methodologies and to expend additional effort to 
ensure that research results be carried beyond publication in scholarly journals to application to 
practical problems. Each participating HPCC agency has been asked to implement these steps by 
integrating these principles and practices into their HPCC management approach. 

4.6.3. BRHR Milestones 

FY 1994 
Expand research infrastructure for virtual manufacturing, networked digital libraries, 
distributed multimedia systems, and parallel I/O. 

Develop models and tools for reasoning about systems that are reactive, triggered by 
asynchronous events. 
Continue algorithm and software development for application-specific domains, 
including DNA sequencing, molecular dynamics, and fluid flow. 
Continue research on computer vision and robotics, with an emphasis on new HPCC 
applications of these technologies. 

Continue support for educational outreach programs (e.g., SuperQuest, Earthvision, 
the National High School Honors Program, Adventures in Supercomputing, graduate 
assistantships, and post-doctoral research grants). 

FY 1995 

0 

0 

Develop initial toolkits for interactive, dialogue-based humadcomputer interaction. 
Continue research infrastructure support for virtual manufacturing, networked digital 
libraries, distributed multimedia systems, and parallel YO. 
Demonstrate software to support transparent computations on a heterogeneous 
collection of geographically distributed computing systems. 
Initiate a research thrust in Virtual Environments to enhance user-based software 
development . 
Continue and expand algorithm and software development for application-specific 
domains, including molecular sequence analysis, molecular dynamics, the design of 
enzyme inhibitors, air quality monitoring, and fluid flow. 
Continue support for educational outreach programs (e.g., SuperQuest, Earthvision, 
the National High School Honors Program, Adventures in Supercomputing, graduate 
assistantships, and post-doctoral research grants). 
Expand the program to link and retrieve conceptually related biomedical information 
from disparate sources within different medical centers. 
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5. Agency Plans 
Implementation of the HPCC Program takes place within each of the HPCC agencies, where the 
final decisions are made on the funding, management, and evaluation of program activities. This 
section organizes HPCC activities by agency15 to better reflect the operational structure of the 
funding. The level of information does not reflect individual projects. Since many grants are at 
the level of $100-300 K, a full breakout of each project in a roughly $1 B program would be 
extremely difficult to assemble and maintain for this plan. Instead, agencies group together 
projects that are technically related toward reaching similar goals and objectives. Each grouping 
constitutes a "program activity", most of which range in size from $0.5 M to $40 M. While this 
structure does track funds clearly, it does possess several drawbacks. Interagency collaborations 
are often difficult to recognize and may in fact appear as duplication of effort since similar 
efforts will be repeated within different agency activities. Also, while the HPCC Program 
broadly describes its activities under the heading of five major components, actual program 
activities often span multiple components, thus making some of the actual spending difficult to 
categorize. In fact, since program activities need not follow strict guidelines of spending within 
each component, better decisions can be made at lower levels of the program implementation as 
to the most effective use of the funds to meet Program objectives. 

Each agency contribution contains three parts: 
Brief overview of the agency's perspective on HPCC efforts, 

Table summarizing financial data and collaborative ties for its program activities, and 
One-page form for each program activity that describes it. 

The individual program activity form contains some fields that require explanation. The "Budget 
Account Code" field is an internal label used by some agencies to track HPCC funding. The 
budget fields provide actual spending, estimated spending (based on Congressional action), and 
Presidential requests (Pres.) for various fiscal years. The numbers below the HPCC component 
labels estimate the breakdown of the FY 1995 request into the HPCC components. These 
numbers are estimates, in that many activities span a variety of elements and categorization of 
efforts includes subjective judgment. The "Agency Ties" section of the form permits two labels. 
A "Partner" label indicates that the corresponding agency is a funding and/or research partner in 
this activity. Note that two different agencies may view partnering differently (e.g., developing a 
scalable system in AWA would be HPCS, but its use for Grand Challenges could be inside 
ASTA in other agencies). A "User" label indicates that the corresponding agency needs the 
results of this program activity for another 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. While these entries highlight 
significant objectives and results, they should not be viewed as complete descriptions of any 
activity. 

The table at the beginning of each agency's section of the report summarizes the financial data 
and collaborative ties described above. Again here it is important to recognize that component 
numbers should be considered as estimates and include subjective judgment. The "PartnerLJser 
Agencies" field summarizes the Agency Ties material in each activity; however, due to space 
limitations, not all agencies may be listed in this field for a given activity. 

l5 This plan covers nine HPCC agencies. The Department of Education is an official HPCC agency; however, its 
funding and reporting of crosscut activities are done through the Committee on Education and Health Resources. 
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Advanced Research Projects Agency 
ARPA is the lead DoD agency for advanced technology research, and has the leadership responsibility for the HPCC program within DoD. 
This is based on ARE’A’ s history of technical innovations in computer architecture, integrated circuits, networking, and system software. 
ARPA’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. 

ARPA’s HPCS program focuses on developing scalable high performance technologies (both hardware and software) in which a single 
element can be used as the basis for a workstation while clustered and arrayed elements yield ever higher performance up to the largest and 
most powerful systems. While transitioning the technology to reach prototype teraops processing in 1996, foundations are being laid for 
the next generation of petaops systems and beyond. The NETS program develops both high performance networking and hybrid 
networking schemes that incorporate a wide diversity of transmission modes, including cable TV and wireless. The ASTA program seeks 
to unify the diverse models of computation for parallel machines to reduce the complexity of parallel software development. The IITA 
program focuses on developing a robust information infrastructure services architecture through a strategy of technology development and 
testbed activities. The BRHR program supports foundational research activities and extends the HPCC community to a more diverse 
population of researchers and users supporting education, training, and historically black colleges and universities. 

Note for the following table: 

Budget account codes are accurate for FY 94 and beyond, due to a 1993 consolidation. 
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Advanced Research Projects Agency 

Budget 
Fy 93 94 
Actual Pres. 

Partner/User 
Program Activity Budget Account Code Agencies 

Scalable Computing Systems ST-19 All HPCC 44.90 65.70 
Agencies 

Microsystems ST-19 NSF, NSA 33.50 55.80 
~ 

(Scalable Software I ST-19 b l l m C C  I 36.501 29.40 
Agencies 

NIST 

NASA, ... 

National-scale Information Enterprises ST-19 NSF? NASA, 38.00 28.20 

Networking ST-19 NSF, DOE, 34.80 41.70 

Foundations ST- 19 NSF 13.90 22.40 

Health Information Infrastructure MPT-07 NIH 

ccs-02 NSF 30.20 21.10 Information Sciences 

Intelligent Systems and Software ST-1 1 22.70 64.00 

Global Grid Communications EE-45 NSA 8.70 

Integrated Command and Control Technology IC-03 6.00 

Totals: 254.50 343.00 

3A, $ rv 
FY 94 
Est. 
51.50 

46.40 
~ 

32.30 

14.00 

40.20 

12.20 

2.00 

21.40 

64.40 

8.50 

6.00 

298.90 

I I HPCC Comuonents bv 
FY 95 
Pres. HPCS I NREN I ASTA 

29.60 29.60 

43.10 43.10 

14.00 

21.00 

23.00 18.00 

357.40 110.70 61.10 

1995 Pres. Req. 

IITA BRHR 

33.90 

4.00 10.00 

9.80 

15.80 5.20 

72.30 

5.00 

1140.801 15.201 
, I 
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Budget (BA, $ M) HPCC Components by 1995 Pres. Req. 

~~ UTA BRHR HPCS NREN ASTA 
BudgetAccountCode FY 93 FY94 FY94 FY 95 

Actual Pres. Est. Pres. 

ARPA 
Scalable Computing Systems 

44.90 65.70 51.50 60.20 60.20 
Scalable Computing spans the full range from Embedable systems, scalable computing components, and desktop workstations to the largest scale heterogeneous 
systems. It supports architectural research and experimentation to produce balanced scalable parallel computing system prototypes. 

The Prototype Scalable Systems element focuses on developing advanced computing system prototypes, scalable computing concepts, high performance system 
components, and foundations for high performance computing. Prototype systems will be designed, prototyped, and demonstrated at nominal sustained performances of 
100 gigaops. These will support the most significant models of computation including multicomputers, multiprocessors, data parallel, systolic, dataflow, and 
heterogeneous systems interconnect. Requisite software for efficient utilization of these systems will also be developed. 

Future generation computing systems technology projects develop and leverage the underlying component, packaging, and scalable concepts, providing the foundation 
for future generations. These ensure that the required advanced technologies will be available for the teraops systems. Projects focus on high performance components, 
application of high density packaging, optimized components and architectures, scalability concepts, and petaops foundations. 

Agency Ties 

ARPA 
NSF Partner 

DOE Partner 

NASA Partner 

NIH partner 

NSA Partner 

The Early Evaluation element gets feedback needed in scalable computing from diverse user communities and problem areas. This is accomplished by evaluating the 
newest hardwarelsoftware systems at the earliest opportunity at sites doing research intended for HPC systems and transferring these to the systems architects and 
software designers in a timely manner. The evaluations will include architecture, scalability concepts, foundation HPC technology, or applicability to application 
domains. Performance criteria, results, and metrics will be made widely available to insure an open process of interdisciplinary experience and feedback to the system 
design and research community. 

NIST Partner 

NOAA Partner 

EPA Partner 

ED 
FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones Milestone Changes from Prior IP 

)emonstrated 100 Gigaops class systems and 
iodules as part of joint projects including Cray and terabits systems. 
Lesearch (T3D), Intel Corporation (Paragon), 
'hinking Machines Corporation (CM-5), 
Lendall Square Research (KSR-I), International 100 MHz clocks. 
lusiness Machines (SP-1, SP-2). 

Demonstrate software and hardware 
)emonstrated major design concepts for compatibility between scalable commercial 
xaops high performance computing systems HPC systems and embedable versions. 
irough experiments with 100 gigaops class 
ystems and other advanced design concepts. Demonstrate general purpose scalable mass 

storage systems and associated system 
Toduced rapid feedback for 500 gigaops scale services and input/output channels. 
omputing systems from early evaluation capabilities for HPC systems. 
xperiments on 10-50 gigaops scale systems. Demonstrate embedded prototype small scale 

teraops systems with special purpose scalable Develop packaging and engineering concepts 
mass storage and gigabit network interfaces. for embedable HPC systems capable of 100 

Develop foundations for petaops per second Demonstrate teraops-class modules covering 
major models of scalable computing, 
spanning shared and distributed memory 

Produce first HPC system compute nodes with models and fine and coarse grain parallelism, 
that have the potential for being the 
foundation for next generation and 
cost-effective units in computing systems. 

Develop 50-100 gigaflops/cu.ft. militarized 
embedded systems leveraging commercial 
scalable computing components and software. 

Initiate focused development of scalable I/O 



ARPA 
Microsystems 

HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IRA BRHR 

I 33.501 55.80) 46.40) 44.501 44.501 I I I 
I I I I I I I I I 

The program is responsible for critical aspects of the science and technology which enable the design, development, manufacture, and application of advanced 
microsystems from basic research through small-scale prototyping. Microsystems refers to single or multiple integrated components which can enable innovative 
computing systems. A key focus is high performance, densely packaged, low power, scalable components that can be accurately simulated, realized in advanced 
implementation technologies, and rapidly designed into candidate architectures, considering both hardware and software. Enabling technology includes design tools to 
manage complexity for scalable and embedable units of replication, techniques to rapidly prototype microsystems, and the applications of computing to electronic 
design. Experimental microsystems will jointly drive the development of tools and critical components of the next generation of scalable systems. Efforts include 
tools and techniques supporting architecture experiments, application of packaging approaches to scalable systems, innovative prototyping techniques, information 
science for manufacturing processes, schemes for interconnecting ensembles of microsystems (e.g., backplanes, interconnection networks, and mobile computing and 
wireline communications networks). 

The Design Technology area overcomes current limitations by supporting higher levels of abstractions exploiting HPC, moving towards multi-chip heterogeneous 
systems from single-chip systems, and exploiting techniques to reduce the design complexity of high performance technologies. Innovative Prototyping supports 
rapid prototyping of new systems concepts in advanced implementation technologies, including programmable chips, multi-chip modules, 3-D system infrastructure, 
and low cost standardized modular building blocks. Experimental microsystems conducts small-scale experiments to include new computer architecture components, 
wireless systems, packaging experimentation, and embedable systems. Finally, Microsystem Services establishes, develops, evolves, and supports access to critical 
technology in support of research in HPC systems, enabling a broad research community to effectively and economically leverage new technology. 

Agency Ties 
- 

ARPA 
NSF Partner 

DOE 
NASA 
NIH 
NSA Partner 

NIST 

EPA 

FY 1993 Accomdishments I FY 1994 Maior Milestones ~~I FY 1995 Maior Milestones 
ternonstrated advanced design technologies 
icluding semiconductor process 
:presentations, electromagnetic modeling 
)ols on the HPC base, and synthesis of 
eterogeneous multiprocessors and testable 
ircuits. 

)eveloped and demonstrated low cost rapid 
rototyping multichip module capabilities. 

:ompleted design including packaging and 
ooling technology in support of embedded 
'ouchstone demonstration. 

Develop and demonstrate semiconductor Extend network-accessible design and 
virtual process design coupled to actual fabrication services to include computational 
fabrication line for real-time process control. prototyping concepts. 

Enhance and demonstrate direct support of Develop early module-level synthesis 
rapid prototyping of MCM technology. capabilities. 

Fabricate operational sub-micron diameter Demonstrate wireless computing design 
vertical Field Effect Transistor for ultra high environments with early prototypes of high 
density read-only memory. bandwidth, pic0 cellular, and wireless access 

points to the wireline infrastructure. 
Demonstrate 200 Mhz super-pipelined 
processor. Continue development and standardization of 

process representations. Demonstrate higher 
Develop and demonstrate design tools for low levels of process optimization to include low 
power and wireless computing systems. energy. 

Demonstrate enhanced fabrication services Initial demonstrations of micro-architectures 
integrated with library management tools. for advanced packaging and scalable units of 

replication. 

I 

ED 
Milestone Changes from Prior IP 
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ARPA 

I I I I I I I I 

This program supports the development of the advanced software technologies needed to enable the effective use of scalable high performance computing technologies. 
The new high performance computing technology requires a new software technology base and systems development process. While this technology builds on and 
extends the existing technology base, it also needs to exploit the opportunities provided by new technologies to meet the software challenge. The overall system 
architecture is based on user access through workstations and a variety of servers including the latest large scalable HPC servers connected through computational 
resources of progressively larger scale and higher performance as software matures and high performance systems are needed for larger problems. 

The scalable HPC software technologies enable the same technologies used in the largest and highest performance HPC systems to be available in smaller systems, 
including workstations and single processor desktop computers. This in turn fosters a lower "barrier of entry" in development and use of new software technologies on 
the new generation of computing systems. The increased affordability and availability of advanced computing provides new opportunities to apply computing to 
support the software and systems development process. While high performance computing has become essential to the design and development of the hardware 
technologies, it is only just beginning to be used to support the software development process itself. The increased use of computing to support the software 
development process provides a fundamentally new opportunity to further improve the overall problem solving process. 

Scalable Software consists of four areas: Systems Software (operating system technology in support of HPCC systems), Scalable Image Processing Systems (software 
and system technology for advanced image and graphical processing), HPC Environments and Languages (programming technology for HPC systems), and Libraries 
and Library Technology (common architectures and interfaces to increase software reuse in HPC applications programs). 

HPCC Components by 1995 Pres. Req. 

Actual Pres. Est. Pres. HPCS NREN IITA BRHR 

Bud et (BA, $ M) Budget Account 'Ode FY 93 Ey t 4  Fy 94 F y  95 
~ 

Scalable Software 
36.50 29.40 32.30 29.60 29.60 

Agency Ties 

ARPA 
NSF Partnei 

DOE PartneI 

NASA Partner 

NIH Partner 

NSA Partner 

NIST Partner 

NOAA Partner 

EPA Partner 

ED 
FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones 

)emonstrated prototype scalable microkernel Demonstrate scalable libraries for 
perating systems for systems with thousands defense-critical problems, such as 
f processing nodes that may also include computational physics and image processing. systems. 
iultiple processors, advanced system services, 
nd concepts for their extension to Develop and distribute HPC software, 
me-constrained systems. documentation, performance measurements, environments for distributed heterogeneous 

and prototype applications using a wide area 
)emonstrated prototype transparent replication file system. 
nd end user trusted configuration of wide area 
ile system. 

Demonstrate real-time operating system 
support tools for scalable, distributed HPC 

Demonstrate software development 

systems on workstation-based tenth scale 
teraops systems. 

Demonstrate distributed ADA on scalable HPC Experimentally characterize input/output 
systems. 

Prototype HPC programming environments systems. 
for standard languages like C++ and Fortran, 
while developing new languages like Dataflow Demonstrate prototype integrated HPC 
and new environments like Visual 

requirements for large- and small-scale 
computing systems on scalable parallel 

programming environment for Fortran and 
Programming. C++. 

Develop portable, real-time fault tolerant 
operating system software which is 
compatible with embedable and commercial 
scalable HPC systems. 

I 
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Milestone Changes from Prior IP 



I 38.001 28.201 14.001 33.901 I I 1 33.901 
I I I I I I I I I 

This program develops the underlying computer system's technology to enable applications developers to demonstrate prototype solutions to National Challenge 
problems. The technology is based on those developed for high performance computing and communications, but exhibiting more extensive capabilities for ubiquitous 
information access, dynamic discovery of and adaptation to new resources, linkage of objects and their dissemination and distribution over internetworked distributed 
systems, and trusted system operation on behalf of users and applications. To drive the development of these technologies, the program supports integrated systems 
technology projects for selected National Challenge applications. In particular, the program will develop the underlying technology base for the fundamental enabling 
applications of Digital Libraries and Electronic Commerce. 

The underlying program elements are (1) software and services and (2) applications demonstrations. The former are service technologies available to applications 
developers, built upon bitways, that provides a ubiquitously available, network-aware, adaptive interface upon which to construct National Challenge applications. The 

support of these will enable other National Challenge 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. 

Agency Ties 

ARPA 
NSF Partner 

DOE 
NASA Partner 

latter are focused demonstration efforts for fundamentally enabling applications, such as Digital Libraries and Electronic Commerce. The technologies developed in NlH 
NSA 
NIST Partner 

N O M  
EPA 
ED 

FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones Milestone Changes from Prior IP 
)eveloped and demonstrated a prototype trusted IDemonstrate tools for secure communications, IDevelop unified storage mechanisms for INational-scale Information Enterprises brings 
ersion of the scalable microkernel operating 
ystem TMach. Developmental evaluation for 
0th U.S. trusted computer security criteria and 
Iuropean harmonized criteria. 

e.g., Privacy Enhanced Mail and secure remote service directories, distributed file sys, and 
procedure call (RPC). object-oriented DB sys. 

Develop advanced data storage & access tools Prototype common authentication, 
for file systems with intermittent authorization, accounting, usage metering 
communications, trusted and secure infrastructure. 
operations, sophisticated access, and 
multilevel storage management. 

Develop prototype software environments for 
distributed applications. 

Demonstrate initial national digital library for 
exchange of technical reports. 

Initiate an interagency initiative to expand 
library technology. 

Prototype approaches for service discovery 
and interaction. 

Develop applications building blocks for 
function partitioning and migration. 

Develop technology to enable spontaneous 
commerce on open networks. 

Develop Electronic Copyright Management 
System for fully electronic copyright 
registration, recording, rights transfer, and 
management. 

together a number of related research threads 
from among the original four components of 
the ARPA HPCC program. It represents 
ARPAs efforts in Information Infrastructure 
Services and part of the agency's efforts in 
National Challenge applications. 



HPCC Components by 1995 Pres. Req. Bud e t  (BA, $ M) ARPA BudgetAccountCode F y 9 3  I F y t 4  1 V x I A i  I ~ ~ 0 4  I I I I I 

Networking 
I 101 41.701 40.201 43.101 I 43.101 I I I I I I I I I 

This program is developing high performance networking technologies as enablers of a world-wide ubiquitous information infrastructure. The driving forces are the 
need to provide enabling technology in support of global simulation, high resolution remote imagery exploitation, NREN Grand Challenges, and other programs 
requiring high data rate wide and local area communication and information services. This program will produce networking technologies needed to enable the effective 
interconnection of the high performance computing systems produced by the HPCS part of the ARPA HPC program. The Networking program is organized into Internet 
and High Performance Networking. 

I Agency Ties 

The Internet area provides the glue between differing types of network “bitways” and different generations of bitway technology. Internet deals with the problems of 
legacy by providing internetworking paths from the slowestloldest technology to the fastestlnewest and deals with the scaling problems of fielding hundreds or 
thousands of networks and possibly billions of end systems. Also under this area are the composition of useful user applications such as audio/video teleconferencing 
from provided and newly developed services and protocols. Finally, the area provides for security services needed for reliable and survivable operation of the 
networking infrastructure. 

High Performance Networking is concerned with increasing the speed of the underlying network technologies as well as innovative ways of delivering bits to the 
customer. Special issues include satellite, broadcast, telecommunications standards compliance, optical, and affordable local area designs. The objective is to create a 
suite of complementary systems which can be integrated into an overall system with all of the strengths and none of the weaknesses of the 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. 

NIST Partner 

N O M  

EPA 

ED 
FY 1993 Accomplishments FY 1994 Major Milestones 

lemonstrated high performance networking in Demonstrate Command, Control, and 
igabit testbeds and identified limitations for Communications systems technology with 
iture work. scalable high performance network performance computing capabilities. 

technology enabling full multimedia real-time 
lemonstrated asymmetric networking, information exchange using early gigabit Demonstrate more advanced Internet 
Jupling dial-up telephone and cable television networks. capabilities including more diverse bitways, 

FY 1995 Major Milestones 
Demonstrate cross-country gigabit and 
networking technologies coupled with high 

Milestone Changes from Prior IP 

:sources. 

lemonstrated prototype all-optical network 
sing wave division multiplexing. 

Demonstrate prototypes of gigabit 
SONETIATM technology operating over fiber 
and satellite media. 

Demonstration of all-optical Local Area 
Network. 

Demonstrate medical, terrain visualization, 
and modeling applications on 100 Mbit and 
Gbit-class networks. 

- 
such as cable and wireless links, with 
embedded intelligence to improve ease of use. 

Demonstrate techniques for rate adaptive 
quality of service negotiation in asymmetric 
networks. 

Demonstrate bandwidth and service 
reservation guarantees for networks in suppofi 
of real-time and critical services. 

Demo secured routing systems. 

Perform initial interconnections among 
gigabit testbeds. 

Page 42 



ARPA Bud et (BA, $ M) HPCC Components by 1995 Pres. Req. 
BudgetAccountCode FY93 mf4 I - n r  I -,nC I I I I I 

~ Actual Pres. Eniinrlatinnc 

I I I I I I I I I 

The main aspects of the Foundations program consists of (1) Foundations projects that provide a base of information about the rapidly advancing technologies which 
enable collaboration among different communities to encourage new and more effective interdisciplinary activities; and (2) Community outreach programs that involve 
broader communities designed to increase the flow of innovative ideas and to provide infrastructure needed to support research and education activities. The Foundations 
projects fall into the following areas: high performance components, high density packaging scaling concepts, system design tools, foundations of petaops and 
terabits systems, and a crosscutting of basic research and studies of technology trends, limitations, alternatives, and transitions to broader communities. These 
programs generally take the form of small to medium size projects that are intended to demonstrate the feasibility of new concepts. Larger projects also include basic 

Ties 

ARPA 
NSF Partner 

DOE 
NASA 
NM 
NSA 
NIST 

research topics that are relevant to a particular project. 

variety of community services and human resource building programs such as government-sponsored studies, graduate fellowship programs, and other community 
The Community outreach program builds the infrastructure necessary to support research and educationltraining activities in the area of high performance computing. A 

programs are supported to accelerate technology transition. Community outreach programs seek to expand existing activities and initiate new efforts to improve K-12 
education and training opportunities in high performance computing and communications technologies, computational science and engineering for both students and 
educators. The goal of this program is to change not only the way we educate our children, but to inculcate ourselves with the belief that learning is a lifelong process. 
This paradigm shift will require the development of a suite of powerful learning tools such as multimedia object bases, system wide assets, courseware and authoring 
tools, virtual labs and ultimately adaptive teaching techniques. 

FY 1993 Accomulishments Ey 1994 Maior Milestones FY 1995 Maior Milestones 
iitiated a program of Virtual Reality Initiate program in support of 
:chnology in high performance computing and information-intensive applications of HPCC 
ommunications. technologies in health care, digital libraries, 

manufacturing, and education and training. 
iitiated research in real-time 3D imaging and 
iultimedia computing. Establish local pilot projects. 

iranted initial awards to four Historically Black Demonstrate coast-to-coast video workshops 
lolleges and Universities (HBCUs). 

iitiated studies in HPCC and NII to foster 
articipation by the research community. 

icreased education and training activities in 
IPCC by establishing network-based 
ducational testbeds. 

iitiated a program in postdoctoral and graduate 
:llowship awards in HPCC. 

Evaluate Virtual Reality technology program. 

Visit and provide feedback to the initial four 
HBCUs that were awarded contracts in FY93. 

Evaluate research and human resource 
programs. 

Review HBCU program to assist in the 
evaluation of the program. 

Evaluate infrastructure and support further 

on high performance Internet. 

Initiate FY94 HBCU participation through 
BAA solicitation, evaluation, and selective 
awards. development. 

Invite HBCU’s to participate in program 
reviews and promote teaming efforts between 
schools. Prototype network access experiments. 

Establish educationkraining pilot testbeds. 

Milestone Changes from Prior IP 



for health care (health care specific tools). The key functional components this intelligent systems architecture include (1) Human computer interaction manager, (2) 
TasMcontext manager, and (3) Information broker. This architecture stresses multimodal user interfaces, information integration from heterogeneous sources, 
multi-modal information acquisition, communication and presentation, intelligent on-line support for medical personnel, logistical planning and resource allocation, 
and simulation-based systems for decision-makers in health care management. It provides an unique environment to develop tools and techniques for integrating and 
leveraging existing and emerging HPCC technologies. Transfer of the associate system and health care reference architectures into both operational use and the 
nation’s industry base is a key criterion for success. Technology transfer plans include: development of generic technology that migrates to diverse platforms; work in 
partnership with users, developmental consortia and functional managers; and utilize actual clinical scenarios and operational environment for developing, testing and 
evaluating; and provide demonstrations with associated qualtitatively improved performance. 

traumdcombat casualty care. 

Demonstrate CLASS - Composite Health Care 
System mediator. 

Pilot CLASS components in one clinic at 
National Naval Medical Center 

I 
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FY 1995 Major Milestones Milestone Changes from Prior IP 
levelop CLASS reference architecture for 
imbulatory care. 

Iapture clinical data directly from physicians 
n two different clinics. 

INone - New Program. 

!xtend CLASS architecture to provide trauma 
yidelines directly to medics. 

lemonstrate shared-map planning for 
listributed health and human services. 



Budget (BA, $ M) HPCC Components by 1995 Pres. Req. 

_____-- LITA BFU-IR FY 95 HPCS NREN ASTA Actual Pres. Est. Pres. 

BudgetAccountCode FY 93 FY 94 FY 94 ARPA 

Information Sciences I 30.20 21.10 21.40 21.00 15.80 5.20 
I I I 1 I 1 I I I 

Software technology develops advanced concepts for methods and tools to produce high assurance software, language concepts that facilitate the rapid specification and 
evolution of 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 

Agency Ties 

ARPA 
NSF Partner 

I DOE approaches to rapidly develop high performance libraries across multiple HPC architectures. 

(Information below continues onto the next page.) 

FY 1993 Accomplishments 
Initial distribution of a prototype persistent 
object base using electrical, mechanical, and 
software design tools. 

Applied a shared object base to concurrent eng. learning, automated reasoning, knowledge 
support processes. 

Completed proof of correctness for a 
substantial VLSI processor chip. resource allocation methods. 

Demonstrated viability of modular interfaces 
formalism. dialogue-based human computer interaction. planning, scheduling, and allocation. 

Demonstrated intelligent mechanisms for 
information visualization and speech large-scale systems. dialogue-based human computer interaction. 
recognition in realistic application domains for 
interactive problem solving. Develop advanced concepts for understanding Develop initial language-based methods for 

software, high assurance software, and software understanding, high assurance, and 
Developed and demonstrated improved software system composition. software system composition. 
mechanisms for rapidly constructing and 
evolving individual software modules. 

FY 1994 Major Milestones FY 1995 Major Milestones 
Develop benchmark problems and metrics for Provide Internet access to benchmark 
advanced research in information sciences. problems, metrics. and test data sets and 

conduct experimental evaluations involving 
Develop advanced concepts for machine multiple intelligent systems and software 

technologies. 
representation, and advanced information 
processing for human language understanding Develop initial prototype of reusable machine 
& large-scale planning, scheduling, and learning, reasoning, and knowledge 

representation methods and experimentally 
evaluate advanced information processing 
methods for human language understanding, Develop design concepts for interactive, 

Develop process models for prototyping Develop initial tool kits for interactive, 
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NASA 
NIH 
NSA 
NIST 

N O M  
EPA 

Ea 
Milestone Changes from Prior IP 



HPCC Components by 1995 Pres. Req. 
~ _ _  HPCS NREN ASTA IITA BRHR 

Budget [BA, $ M) 
Budget Account 'Ode FY 93 FY 94 FY 94 FY 95 

Information Sciences (continued) Actual Pres. Est. Pres. 

ARPA 

FY 1993 Accomplishments 
Fully automated machine translation using 
statistical modeling methods with 70 percent 

Ey 1994 Major Milestones 
Develop design concepts of advanced 
components needed for highly reliable 

FY 1995 Major Milestones 
(Develop initial language-based methods for 

comprehension. computing systems including mobile, high 
performance, and graphical systems. 

Developed concepts for software specification 
language for component-oriented approaches to Develop advanced concepts for high 
large-scale software systems, for reuse of performance libraries to support multiple 
systems architecture, and for active vision and parallel architectures and integrated with 
vision-guided navigation. compiler technology. 

Demonstrated integration of object-oriented 
database and programming language 
technologies. 

Developed approaches combining model-based 
vision with neural networks, and tools that 
verify adherence to formalized interface 
specifications; demonstrated approaches on 
standard protocols. 

software understanding, high assurance, and 
software system composition. 

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

Experimentally evaluate library research 
which supports multiple parallel architectures. 
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Milestone Changes from Prior IP 



Budget (BA, $ M) HPCC Components by 1995 Pres. Req. 
FY 93 FY 94 FY 94 N 9 5  
Actual Pres. Est. Pres. HPCS NREN ASTA IlTA BRHR 

BudgetAccountCode ARPA 
Intelligent Systems and Software 

22.70 64.00 64.40 72.30 72.30 
Develop new infomation processing technology concepts that lead to fundamentally new software and intelligent systems capabilities. This will enable advanced 
information systems (involving both humans and computers) to more effectively accomplish decision making tasks in stressful, time sensitive situations and create 
efficient software systems supporting computer and software intensive defense systems. Major areas of technical emphasis are in: (1) intelligent systems (artificial 
intelligence) including autonomous systems, interactive problem solving and intelligent integration of information from heterogeneous sources; (2) software 
development technology including languages, algorithms, data and object bases, domain specific software architectures, software prototype technology, software 
design tools, software reuse, and advanced software engineering environments; and (3) manufacturing automation and design engineering, including the development of 
advanced software systems that support sharing of engineering knowledge, 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. 

(Information below continues onto the next page.) 

FY 1993 Accomplishments 
kmonstrated reuse of knowledge among 
ystems, including Integrated Weapons 
ystems Databases; developed and validated 
tandards of knowledge transmission; 
emonstrated these in industrial prototypes. 

itegrated independent software tools to 
emonstrate integration of data sharing and 
iessage passing; demonstrated support for the Understanding Environment and develop 
:st and analysis of real time systems and 
itegrated these into a development navigation. Develop initial prototype implementations 
nvironment. for human-aided machine translation, 

Develop initial capabilities for human-aided document understanding, and robust speech 
)emonstrated robust recognition with 12% machine translation, document understanding, understanding in adverse acoustic conditions. 
rord error with a 20,000 word vocabulary, in and speech understanding in adverse 
ontinuous speaker-independent speech. conditions. Develop initial prototype implementations of 

:eleased beta compiler for image 
nderstanding, scalable parallel computer for 
ision applications. 

FY 1994 Major Milestones FY 1995 Major Milestones 
Develop test cases and testbeds for Experimentally evaluate the integration of 
autonomous systems, command and control, advanced intelligent systems and technologiec 
and manufacturing systems. in multiple autonomous vehicles. 

Evaluate the integration of intelligent systems Upgrade the Image Understanding 
and software in autonomous vehicles. 

Release the beta version of the Image 

advanced methods for vision guided 

Environment and develop prototype 
implementations of advanced methods for 
vision guided navigation and cartographic 
modeling. 

advanced real-time planning and control 
algorithms. Develop advanced real-time planning and 

control algorithms. 

Develop knowledge-based decision aids to 
support crisis action planning. 
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Bud et (BA, $ M) HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IITA BRHR 
Budget ~ccount Code - FY 93 Fy & Ey 94 Ey 95 ARPA 

_____ Intelligent Systems and Software (continued) Actual Pres. Est. Pres. 

FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones 
Incorporated stereo vision into autonomous Develop advanced methods for information 
systems; developed robust systems to aid real 
time planning of autonomous systems. explanation. crisis action plans. 

Deployed configured data sets for research on Develop initial language-based methods for 
image understanding, stereo vision, planning, describing & composing domain-specific 
hybrid control, and machine learning. software. autonomous associate systems. 

Enhance knowledge based decision aids to 
support the rapid construction of multiple fusion, aggregation, summarization, and 

Develop concepts and implementations of 
scalable machine intelligent algorithms for 

Developed and demonstrated agent based 
architectures for sharing design knowledge, 
manufacturing process planning, and 
manufacturing control. 

Developed architecture for a heterogeneous 
databases that integrates and maintains a single 
image of non-interoperable intelligence 
community databases. 

Developed a machine learning strategy to 
enable computers to learn user interaction 
characteristics. 

Develop initial software environment 
supporting composition tool integration and 
software development and testing. 

Develop evaluation and design concepts to 
support highly distributed, wide bandwidth 
info processing applications. 

Enhance agent based architectures for sharing 
design knowledge, manufacturing process 
planning, and manufacturing control. 

Develop initial prototype implementations of 
advanced methods for information fusion, 
aggregation, summarization, and explanation 

Experimentally evaluate language-based 
methods for describing domain specific 
software architectures. 

Develop information infrastructure services 
for manufacturing, e.g., access to engineering 
analysis and rapid prototyping. 

Agency Ties 

Lid-- 

I NASA] 

Milestone Changes from Prior IP 
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infrastructure to support command and control will be developed and shown to be applicable to advanced, high performance (and commercially available) networks. 
This program will demonstrate that commercial communications resources and technologies can be integrated with advanced optical components developed in this 
program as well as DoD tactical and satellite technology developed elsewhere. The key elements are: 

Applications such as intelligent decision aids, that enable a geographically distributed planning staff to develop and analyze a course of action within hours. 
Advanced services such as scalable file systems, databases, and distributed computing support that are integrated with high performance computing. 
Demonstration networks that validate the R&D and enable early application development and technology transition into DoD efforts. 
Develop network controls pertaining to management and security software technologies to enable end-Wend applications combining all network media. 
Develop advanced optoelectronic network component technology and network architecture for scalable and modular networks. The aggregate network bandwidth will 

be in the range of terabits per second and the network will handle Multi Media service for both digital and analog signals. NSA Partnei 

FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones 
Program start in FY94. \Initiate network management, control, (Integrate DoD and commercial networks and 

signaling efforts and demonstrate 
interoperability between commercial and DoD in support of “crisis management” 
network assets. applications. 

Initiate optoelectronic network component 
technology development: switch, capability and demonstrate multi-wavelength 
multiplexer, filter, amplifier and 
synchronizer. 

demonstrate services and network managemen 

Demonstrate advanced optical network 

reconfigurable network architecture. 

Milestone Changes from Prior IP 
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Budget (BA, $ M) HPCC Components by 1995 Pres. Req. 

KPCS NREN ASTA IlTA 
ARPA Budget Account 'Ode FY 93 FY 94 FY 94 FY 95 

Actual Pres. Est. Pres. Integrated Command and Control Technology 
6.00 6.00 6.00 6.00 

systems that capture, process, store, and distribute and display high resolution images. 

I I I I I I I I I 
This program develops technology and manufacturing capability for high definition displays and scalable image processing systems. Major components of the 
program 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 

Agency Ties 

ARPA 1 
NSF 
DOE 

NASA 
NIH 
NSA 
NIST 

NOAA 
EPA 

ED 
FY 1993 Accomplishments FY 1994 Major Milestones I FY 1995 Maior Milestones 

)evelop imaging systems and processes 
leeded to realize high information throughput. technologies for performance and cost goals 

Continue developing enabling component 

for high definition image processing systems 

Design and fabricate radio-based 
communications modules and components. 

2 Page 50 
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National Science Foundation 
The NSF HPCC program supports and elaborates upon Federal Program goals of extending US 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 US 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 forward toward achieving programmatic goals. For the NSF HPCC program, 
the objectives include: 

* 

* 

* 

developing national research and education networking services and capabilities for connecting universities, high schools, research 
laboratories, libraries, and businesses at speeds of up to one billion bits per second 

introducing new generations of scalable parallel high performance computers and software technologies in order to achieve 
performance of one trillion computer calculations per second on application areas representing Grand Challenges 

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

creating a cadre of scientists , engineers, and technical personnel knowledgeable in the ideas, methods and value of computational 
science and engineering and prepared to take advantage of these new capabilities 

encouraging industrial partnerships and affiliations to enhance innovation, technology transfer and U.S. productivity and industrial 
competitiveness 

making advanced computing and communications information infrastructure available to a larger segment of the society to solve 
information intensive National Challenges and advance education 

The NSF strategy for meeting its goals and objectives consists of balanced programs of support for individual investigators performing 
long-term curiosity-driven HPCC 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 HPCC infrastructure (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. 
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National Science Foundation 

Program Activity 
NSFNEX 

PartnerNser Budget 
Fy93 FY94 

Agencies Actual Pres. 

All HPCC 30.10 43.20 

Budget Account Code 95 
Pres. HPCS I NREN I ASTA I IlTA 

Supercomputer Centers 

Research Centers 

Agencies 
ARPA-NASA 63.89 80.40 
NlH 
m A , N A S A  9.20 9.00 10.55 

20.95 

10.75 

20.70 

25.35 

6.00 0.15 

2.30 

10.75 

20.70 

16.35 

11.30 

11 .oo 
11.50 

4.23 

3.00 8.30 

6.80 0.60 3.60 

11 S O  0.00 

1.00 3.23 

,Access 
Biological Sciences (non-NC/GC) 7.80 11.00 

UTA Program ARPA, NASA 36.00 

Totals: 225.17 341.00 267.00 328.62 21.70 52.86 141.23 50.64 62.19 

:s. Req. 1 I HPCC ComDonents by 1995 PI &A, $ h! 
FY 94 BRHR Est. 
41.16 46.16) I 40.861 I 5.30 

I I I I 
76.43 76.43 67.76 

9.78 4.40 
I I I I 

I I Research Infrastructure 19.05 18.65 

IARPA, EPA I 7.001 13.00 I IGrand Challenge Applications Groups 7.75 
I I I I 

Computing Systems and Components I I I 18.761 26.90 18.76 

!Software Systems and Algorithms I I I 21.791 31.50 23.46 9.00 
I I I I 

Very High Speed Networks and Optical Systems( I m A , D O E 7  I 9.801 14.40 10.00 
I INASA I I 

Human-Machine Interaction & Information I IARPA I 10.401 14.68 10.40 

8.80 
I I I I 

Engineering (non-NC/GC) I I I 2.17) 5.00 3.10 

I (Geosciences (non-NCIGC) 2.37 

6.68 5.72 6.22 Computational Mathematics (non-NC/GC) 

IPhysical Sciences (non-NCIGC) I 1 I 2.751 6.35 5.32 
I I I I 

Social, Behavioral & Economic Sciences I 0.651 1.00 1.15 

IEducation and Training I IARPA I 15.341 19.90 20.04 

11.42 
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Bud et (BA, $ M) HPCC Components by 

~ HPCS NREN ASTA 
Budget Account 'Ode 

Fy 93 FY g94 FY 94 Fy 95 NSF 
Actual Pres. Est. Pres. 
30.10 43.20 41.16 46.16 40.86 

NSFNET 

The purpose of the NSFNET Program is to provide for the data networking needs of the U.S. research and education community. The Program operates by supporting 
operation of the worldwide Internet, and also by funding enhancements to and participation in it. 

More than 1100 U.S. colleges and universities have been connected to the Internet through the NSFNET program, and well over a thousand high schools have had their 
connection facilitated. Libraries, medical schools, and public health facilities have also been connected. The program has directly stimulated the emergence of a 
vigorous and highly-competitive private-sector industry in Internet hardware, software, and connectivity in which the U.S. is a world leader with an overwhelmingly 
positive balance of trade. 

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

FY I993 Accomplishments FY 1994 Major Milestones 
Extend Merit award for transitioning to new Complete transition to 

roviders, NAP manager(s), RA, and vBNS was NSFNET architecture. new NSFNET architecture. 
sued and an adequate number of responsive - Oversee Merit's audit of sub-award to ANS. 
roposals were received. Make awards for Regional Network Providers, - Close out Merit cooperative agreement for 

The Global Schoolhouse project using NAP Manager(s), RA, and vBNS. old NSFNET architecture. 
nail and low-tech video confereucing among Begin very high speed Backbone Network 
ementary school pupils in three states and the Issue solicitation for additional International Service (vBNS) to NSF supercomputer centers 

FY 1995 Major Milestones 
Solicitation for Regional Network 

K was initiated and an "event" held during 
ational Science and Tech. Week; it generated 
orldwide enthusiasm and will continue. 

Three collaborative cooperative 
yeements made to implement registration, 
iformation, and directory services for the 
itemet; the "InterNIC" awards went to AT&T 
etwork Solutions, Inc., and GA . 

More than 100 new connections made, 
icluding medical and public health 
stitutions, institutions of higher learning, 
Id agricultural extension offices. 

Internet Services. 

Issue solicitation for vBNS connections to 
qualifying high-bandwidth applications. 

at 2 155 mbls. 

networking support for National Challenge 
educational activities. 

Make targeted awards in the network theory 
initiative. 
Connect vBNS to at least 3 NAPS at 245 mbh 

institutions to the Internet. 

With other elements of CISE, provide 

Support connection of 50 additional 

Make 2 awards in vBNS Connections 
Program. 

Milestone Changes 
{one 

995 Pres. Req. 

ETA BRHR 

Agency Ties 

ARPA Partner 

NSF 
DOE Partner 

NASA Partner 

NM Partner 

NSA User 

NIST User 

NOAA User 

EPA User 

ED User 
rom Prior IP 
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NSF 

y NSF, ARPA, NIH, aid New York &ate. 

lational Center for Super-computing 
.pplications and its acceptance as a platform 
)r network information retrieval. Since 
iftware release (May 19931, 100,000 copies 
istributed. 

The 1993 Forefronts in Computing Award 
iven to researchers at San Diego 
upercomputer Center for determination of 
ructure of protein kinase whose signal is 
ssential for function of many hormones 
icluding adrenaline. 

idustrial affiliates. 

National distribution Mosaic software by 

Active partnerships involving 88 

HPCC Components by 1995 Pres. Req. 1 mA l B m R  Budget Account 'Ode 
-~ 

Bud et (BA,$M) 
FY 93 FY t 4  Fy 94 FY 95 
Actual I Pres. I Est. I Pres. HPCS 1 NREN I 

I 1 63.891 80.401 67.761 76.431 I 1 76.431 I Supercomputer Centers 
I I I I I I I I I 

The four NSF Supercomputer Centers represent major activities which serve the computational needs of all NSF science and engineering disciplines by providing over 
8000 users from 49 States access to state-of-the-art high performance computing resources. Additional activities at the Centers include information on and access to 
emerging technologies; 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 into national industries to solve design and manufacturing 
problems. They are also involved in testing the next generation network capabilities, including developing tools for ease of network navigation. The strategic goals 
of the Centers are: 

Agency Ties 

ARPA Partner 

NSF 
DOE 

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 HPC 
Lead in computational science applications; Grand Challenges 
Provide education and training in the use of High Performance Computing (vector & scalable systems, workstation access) 

Act as a resource for StateLocal Centers 
Educational outreach at all levels 

NASA Partner 

NIH Partner 

NSA 
NIST 

NOAA 
EPA 

ED 
FY 1993 Accomplishments 

ystem (T3D) installed at Pittsburgh 
upercomputer Center. 

SP1) at Cornell Theorv Center. iointlv funded 

FY 1994 Major Milestones 
Implementing Andrew File System as 

cross-center national single user name space 
file system creating metacenter software 

FY 1995 Major Milestones Milestone Changes from Prior IP 
First Cray C90 and first Cray parallel New systemshpgrades of current systems I None 

at Supercomputer Centers to more powerful 
parallel computing systems needed to support 

Enhancement of metacenter activities 
Installation of the IBM scalable computer infrastructure. academic computing community. 

Completing initial evaluation phase of 
scalable parallel computers, jointly with 3 
NASA centers. 

computing by major segments of the 
scientists, to create capabilities of engineers, enhance computing and communications 
and students to utilize the Centers' resources in expertise of individuals in university, 
production mode. education, public and private sectors. 

Cooperative efforts with State and 
Regional Centers to broaden the base of usage San Diego, with Center Directors as General 
of HPCC, and expand education and training 
activities, with a focus on IITA goals. 
Establish 4-6 Regional Alliances. 

especially in the area of mass storage for the 
national file system being developed at 

Emphasizing exploration of scalable Centers. 
Additional Regional Alliances (4-6) to 

Host annual Supercomputing meeting in 

Chair and Program Chair (5,000 attendees 
anticipated). 

I I 
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Budget (BA, $ M )  HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IlTA BRHR Research Centers ~ - _ _ _ _ _ _ - ~ _ _ _ - -  Actual Pres. Est. Pres. 
6.00 0.15 4.41 

BudgetAccountCode FY 93 FY94 FY94 FY95 NSF 

9.20 9.00 9.78 10.55 

The HPCC component provides support for four Science and Technology Centers. These centers share several important characteristics: a unifying cross-disciplinary 
intellectual focus; an emphasis on knowledge-transfer and linkages with private sector organizations; and significant education and outreach components. These Agency Ties 
centers focus on 

- making parallel computers as easy to use as conventional computers; 

- building and displaying models that are visually and measurably indistinguishable from real world entities; 

- applying discrete mathematics and theoretical computer science to the solution of fundamental problems in science and engineering; 

- human cognition, perception, natural language processing, and the application of parallel computation. 

FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones 
Release of High Performance Fortran, a Evaluate the expressibility of High 

pecification of extensions to Fortran that can Performance Fortran using Grand Challenge 
m e  as a programming interface to new applications in order to identify areas of 
arallel machines appearing on the market. emphasis for second round of development. 

Collaboration between physicians and the Disseminate and support a Message 
kaphics and Visualization Center resulted in Passing Interface Standard that will provide 
isualization of the beating heart cycle and vendors with a standard that they can 
alve action within the aortic chamber. implement efficiently for performing message multi-disciplinary analysis and design tool set 

passing among processors in MIMD 
ver attempted for the optimized motion in distributed-memory computing systems. design. 
utomated manufacturing processes. 

Summer programs to expose high school 
:achers and students to the role of computer 
raphics in high school education including a 
rogram for 400 junior high girls. 

Begin a special year on Massively Parallel 
'omputing. Enhance operational Toolkit for adaptive, dynamic computations. 

Release a set of software tools for the 
support of experimental analysis in discrete 
mathematics and theoretical computer science 

Release a portable prototype library for 
sparse direct matrix computation that can be 
optimized for different computing systems. 

Develop an object-oriented 

Solution of the largest scheduling problem to solve optimization problems in industrial 

Demonstrate with biological modeling, a Begin a special year on Mathematical 
Support for Molecular Biology at DIMACS 
focused on the application of discrete 
mathematics and theoretical computer science and operators. 
on problems in DNA sequencing and in protein 
structure. 

construction of 3-D objects with improved 
interactive capabilities. 

fluent, physically based modeling language 
that extends geometric modeling languages 

Release a second version of High 
Performance Fortran that provides support for 
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ARPA Partner 

NSF 
DOE 

NASA Partner 

NM 
NSA 
NIST 
NOAA 
EPA 

ED 
Milestone Changes from Prior IP 

Ione 



Budget (BA, $ M) HPCC Components by 1995 Pres. Rea. 

~~ HPCS NREN ASTA 
NSF Budget Account 'Ode FY 93 FY 94 FY 94 FY 95 

Actual Pres. Est. Pres. Research Infrastructure 
18.65 19.20 19.05 20.95 

I I I I I I 1 I 
The Research Infrastructure activity aids in the establishment, enhancement, and operation of major experimental facilities and in the acquisition of equipment such as 
workstations in order to support research activities in the areas of computer and information science, computer engineering, or computational science. In general, 
support is provided for equipment, maintenance, technical support staff, and other appropriate costs. The groups supported range 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 supports both the acquisition of Scalable Parallel computers for research in 
parallel computing and computational science and engineering and the acquisition of facilities for experimental research. 

The Research Instrumentation program supports experimental research with awards for workstations for experimental facilities. 

Agency Ties 

NSA 
NIST 

FY 1993 Accomplishments 
line new awards for scalable parallel 
Jmputing were made at a total value of 

FY 1994 Major Milestones 
Development of several distributed, Development of infrastructure to support 
heterogeneous facilities to address high sueed networked autdications in education. advanced IITA will be initiated. 

FY 1995 Major Milestones Milestone Changes from Prior IP 
New program for the infrastructure needs of the 

- I _  _ I  

10.85M.- Examples include: 
Development of a laboratory to explore the 
AVE three dimensional virtual reality 
tboratory ; 
Development of laboratory to explore high 
ieed network protocols; 
Development of six laboratories Development of infrastructure to support manufacturing. 
bcorporating scalable, parallel computers for networked digital libraries research. 
:search in parallel computing. 

Infrastructure support for distributed 
3.8M was provided for continuing support of multi-media systems research. 
7 major facilities including a massive memory 
roject at U. C. Berkeley, and an advanced Infrastructure support for research on the 

networking needs of scalable parallel 
computing research. 

Infrastructure support for virtual manufacturing research. 
research. 

manufacturing, and digital libraries. 

Infrastructure support for Gigabit network 

Infrastructure support for virtual 

Infrastructure support for multi-media systems 
research. 

Continued support of identified infrastructure 
needs for basic experimental research. 

irtual manufacturing laboratory at the 
lniversity of Utah. systems. 

inputloutput problems with scalable parallel 

3.5M was provided for acquisition of 
iecialized equipment including workstations. 
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NSF Bud et (BA, $ M) HPCC Components by 1995 Pres. Rea. 1 BudgetAccountCode I FY9T I I w n n  I v v n z  I I I 

1 I I I I I I I 

This HPCC activity supports multidisciplinary groups of scientists, engineers, mathematicians and computer scientists to apply emerging high performance computing 
and communications systems to advance the solution of fundamental problems in science and engineering. These activities will generate significant 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 
Black Hole Binaries: Coalescence and Gravitational Radiation ; University of Texas 
Earthquake Ground Motion Modeling in Large Basins; Carnegie Mellon University 
Adaptive Coordination of Predictive models with Experimental Observations; 

High Performance Computational Methods for Coupled Field Problems and GAFD 

High Capacity Atomic-Level Simulations for Design of Materials Modeling; 

Parallel UO Methodologies for 110-Intensive Grand Challenge Applications; 

Massively Parallel Simulation of Large Scale, High Resolution Ecosystem Models; 

Stanford University 

Turbulence; University of Colorado at Boulder 

California Institute of Technology 

California Institute of Technology 

University of Arizona 

High Performance Computing for Land Cover Dynamics ; U. Maryland 
High Performance Imaging in Biological Research; Carnegie Mellon University 
computational Biomolecular Design; University of Houston 

The Formation of Galaxies and Large- Scale Structure; Princeton University 

Radio Synthesis Imaging: An HPCC Application; 

A Distributed Computational System for Large Scale Environmental Modeling; 

Understanding Human Joint Mechanics Through Advanced Computational 

Advanced Computational Approaches to Biomolecular Modeling and Structure 

University of Illinois at Champaign-Urbana 

Carnegie Mellon University 

Models; Rensselaer Polytechnic Institute 

Determination; University of Illinois 

FY 1993 Accomplishments 

ode, including support for automatic load 
alancing, has been used to simulate a 270K 
tom model of Teflon on the KSR-1 machine. 

FY 1994 Major Milestones 

protease using a molecular dynamics code and 
a Brownian dynamics code. 

A cell multipole based molecular dynamics Simulate molecular system such as HIV 

Develop and incorporate compiler 
A 3-D simulation of flutter of an aircraft wing enhancements for automatic generation of the 

/as demonstrated using a PVM- controlled 
eterogeneous parallel computation paradigm. 

A beta version of software to support access 
the digital library system for unprocessed 

equations for sensitivity analysis. 

Demonstrate an intuitive user interface for 
an integrated system combining a microscope, 
CCD camera, controllers and an SGI 
workstation interfaced to a C-90. Aescope data has been distributed to the 

stronomy community. 
Demonstrate language learning hardware on 

A speech production-based model for a new 
iethod of speech recognition that overcomes 
oise limitations of existing systems has been 
eveloped and tested. 

the CM-5. 

Demonstrate on the CM-5 a version of the 
molecular dynamics code EGO optimized using 
the Charm parallel programming system. 

FY 1995 Major Milestones 
Demonstrate the utility of direct sensitivity 

nalysis in the air quality model of the Los 
mgeles basin. 

Demonstrate the ability of the AIM 
iicroscope system to monitor biomedical 
xperiments and automatically detect events c 
iterest 

Demonstrate on the CM-5 a simulation of a 
latershed using a discrete event dynamic 
lode1 coupled to a geographic information 
ystem data base with visualization on a 
;GI-based system. 

Bring the real-time transfer of data from tht 
lIMA telescope system in California to the 
JCSA data archive to full, routine operational 
tatus. 

Make 5 new Grand Challenge awards. 

IJTA BRHR + 
Agency Ties 

NSA 
NIST 

Milestone Changes from Prior IP 
No new awards in FY 1994. 
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NSF HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IITA BRHR 

Budget (BA, $ M) Budget Account ‘Ode FY 93 1 FY 94 I FY 94 I Ey 95 
Actual Pres. Est. I Pres. ~ 

Computing Systems and Components 
18.76 26.90 18.76 20.70 20.70 

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

DOE 
NASA 
NIH 

Agency Ties 

ARPA 

NIST 
NOAA 

EPA 

ED 
FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones Milestone Changes from Prior IP 

’he Supercomputer Toolkit at MIT used to lThe high-performance rapid prototyping /Initiate projects to design and analyze new INone. 
uild a special purpose computer for predicting facility at the University of Michigan will be memory architectures. 
rbits in the solar system. made available for use over the Internet, 

speeding development of new Initiate projects applying high performance 
Jew concepts in secondary storage systems high-performance computing systems. computing to manufacturing, in response to a 
eveloped which increased our ability to find program announcement on virtual 
iformation in large, unstructured databases. Experiments in measurement and evaluation prototyping. 

of new memory architectures will be initiated 
A software tool, the Rapid Interconnect Circuit at testbeds at USC and the University of Initiate projects in optical computing as 
ivaluator (RICE) is in use at a number of Virginia. recommended by the workshop in FY 1994. 
ompanies including Texas Instruments, IBM, 
ntel, LSI Logic, and Motorola reducing 
valuation time while providing enhanced computing research areas for 
ccuracy. high-performance computing systems. 

Conduct workshop on directions in optical 

Yorkshop held on advanced memories and 
vide-bandwidth memory and UO for high 
ierformance computers. 

Develop program in virtual prototyping for 
manufacturing. 



Bud et (BA, $ M HPCC Components by 1995 Pres. Rea. NSF BudgetAccountCode F y 9 3  PyL FY94 'FY95 
HPCS NREN ASTA Actual Pres. Est. Pres. Software Systems and Algorithms ~- 

21.79 31.50 23.46 25.35 16.35 
I I I I I I I I 

Research emphasizes the development of scalable parallel algorithms and software technologies, and the development of problem solving environments. Areas 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 such as the theory 
of computing, software engineering and theoretical aspects of computer systems and operating systems. 

The activity also includes a post doctoral program for interdisciplinary computational scientists. 

FY 1993 Accomplishments 

utitioning, and allocation of tasks. 

ptimization based on linear programming, and 
laptive methods for partial differential 
pations. These algorithms proved effective in design. 

FY 1994 Major Milestones FY 1995 Major Milestones 
Develop compilers for high performance 
Fortran for several parallel machines. 

Developed software tools for the analysis, Develop efficient parallel algorithms for 
numeric and symbolic computations with 

Developed parallel algorithms for structured matrices. 

Exploit randomization in parallel algorithm 
Develop scalable multiprocessing operating 

systems. 

:w areas such as x-ray analysis. 
Formulated a new concept for 

iaracterizing "strong tractability," a 
xformance property of approximate comp. 
roblems. Computability and computational 
implexity of quantum (non- Boolean) 
imputation devices were also explored. 

Supported definition of a common 
iessage passing interface for distributed 
lemory parallel systems for portability. 

Broadened experience for junior 
imputational scientists through the postdoc 
rogram which brings them into contact with 
pplications. 

Develop efficient probabilistic algorithms 
Develop models and tools for reasoning about based on information- based complexity for 
systems that are reactive, triggered by important scientific problems. 
asynchronous events. 

Demonstrate software engineering techniques 
Apply algorithms based on computational for developing and analyzing designs and 
geometry to flexible automation and advanced software with real-time or other critical 
manufacturing. dependability constraints. 

Develop artificial intelligence interfaces to Demonstrate software to support transparent 
guide dynamically a solution process by computations on a heterogeneous collection 
modifying certain characteristics and of computing systems that are geographically 
parameters of a parallel numerical algorithm. distributed. 

I I 
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Milestone Changes from Prior IP 
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HPCC Components by 1995 Pres. Req. 

Very High Speed Networks and Optical Systems Actual Pres. Est. Pres. HPCS NREN mA BRHR 
9.80 14.40 3.00 8.31 10.00 11.30 

Budget (BA, $ M )  
Budget Account Code FY 93 FY 94 FY 94 FY 95 

NSF 
pp 

! I I I I I I I I 

The focus of work in this program area is basic research on technology for the transfer of information from one point in space to another (transmission and 
networking) and/or one point in time to another (information storage and retrieval) including multiple access techniques to enable effective collaborative access to 
information resources. 

Research issues include: the efficient utilization of spectral bandwidth for wireless and wired systems, new architectures and multiple access techniques for lightwave 
systems, optical technologies, reliable and secure transmission or storage of information in local and in multiple access environments, and 
fundamental aspects of the characterization, control, and management of information networks. 

Agency Ties 

ARPA Partner 

NSF 
DOE User 

Areas 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, multisender 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. 

NASA User 

NIH 
NSA 

NIST 

FY 1993 Accomplishments 
Ieployment of high-speed (622 Mbls, 1.2 
;b/s, 2.4 Gb/s) network facilities. 

FY 1994 Major Milestones 
Run all Testbed applications on the gigabit 
testbed facilities. 

nstallation of the first ATM switch in a Central Explore Gigabit Network Problems including 
Iffice (GTE at VISTANET). characterizations of gigabit network traffic 

running on operational gigabit testbeds. 
)evelopment of TENET, a network protocol 
uite for real-time traffic such as multimedia. VISTANET's Radiation Treatment Planning 

Application evaluated against standard 
Synoptics Communications, Inc. manufactured treatment planning modes in use across the 
nd delivered commercial 155 Mb/s ATM country. 
witch based on switch design from the 
Jniversity of Washington. 

)pen Software Foundation, a not-for- profit 
xhnology transfer org., with industry 
ivolvement is evaluating the x-kernel for 
ossible inclusion in future releases of its OS. 

FY 1995 Major Milestones 
Report on the accomplishments of the gigabit 
testbed project, lessons learned, strengths and 
weaknesses of technologies deployed in the 
testbeds. 

Conference in November to discuss testbed 
results. 

I 

Milestone Changes from Prior IP 
Jone. 



Bud et (BA, $ M) HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA ETA BRHR 
BudgetAccountCode m93 Fyt4 Ey94 Ey95 

Actual Pres. Est. Pres. 

NSF 
~~ 

Human-Machine Interaction & Information Access 10.40 14.68 10.40 11.00 6.80 0.60 3.60 

The focus of research in the area of human- machine interaction and information access is in the following areas: 
Agency Ties 

- Scientific Databases: Integration of scientific and engineering methods with well-established database techniques to enhance the design, capabilities and ease of use 
of the next generation information systems; 

- Human Language Technology: Development of technologies for speech recognition, voice input to computers and devices, and machine aided-translation; Et- 
- Virtual Environments/Collaboration Technology: Sharable computing and communications environments which many can access, interact across, and use 

effectively ; 

- Knowledge-Based Systems: Development of expert systems technologies for use as standard tools for decision making and problems solving in knowledge 
intensive fields. 

NASA 
NJH 

NSA 
NIST 

NOAA 
EPA 

ED 
FY 1993 Accomplishments 

L special initiative "Research on Scientific 
FY 1994 Major Milestones FY 1995 Major Milestones Milestone Changes from Prior IP 

IDevelopment of a generic model for IDemonstration of a prototype system capable INone. 
Patabases" launched to promote integration of multi-media information delivery aimed at the of collecting, compiling and delivering 
cientific and engineering methods with general public. The model will be built on the information in mixed media and modalities: 
atabase techniques. research results from human computer sound, speech, texts, images, graphics. 

interaction, virtual environments, and 
Vorkshop held on "Directions Towards an knowledge systems. Initiation of a new research thrust in Virtual 
ifrastructure for Temporal Databases" aimed at Environments with the aim of shifting the 
lentifying a common infrastructure foundation Completion of the first phase of research for software development paradigm to a more 
x implementation, standardization, and the two testbeds in collaboration technology distributed, user-centered, and domain-oriented 
urther research on temporal databases. and demonstration of the methodologies and focus. 

tools developed in these projects. 
rwo collaborative testbeds established, one Development of new and extended thrusts and 
3 support research in space physics and the Continuation of several research projects in directions for the Science and Technology 
ther in upper atmosphere computer vision and robotics jointly funded Center on Cognitive Science at U. Penn to 
cience. by ARPA to break new scientific grounds and provide sharable resources in human language 

explore new applications of these technology over the NREN to the larger 
L special research initiative on Human technologies. research community and the industry. 
mguage Technology launched. 



Bud et (BA, $ M) HPCC Components by 1995 Pres. Req. 

~ HPCS NREN ASTA IITA BRHR 
7.80 11.00 8.80 11.50 11.50 0.oc 

BudgetAccountCode Ey93 Fyt4  Ey94 FY95 
NSF 

Actual Pres. Est. Pres. Biological Sciences (non-NC/GC) 

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

Agency Ties 

ARPA 
NSF 
DOE 

Structural Biology: The challenge is to determine macromolecular structure, and to relate structure to function. Determining structure of a molecule directly from 
experimental data or inferring it through comparison with known structures are computationally intensive problems that will not be solved without 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 biomaterials. 

Neurosciences: The challenge is to understand how networks of neurons work, and ultimately how the entire nervous system operates, from sensory systems to 
learning and memory. New HPCS architectures allow for explorations of these questions. The impact of further understanding of experimental and 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 organisms, 
from populations and to entire ecosystems, ultimately to global scale - and temporal - from nanoseconds to geological. This complexity of the data and of the 
relationships demands computational solutions. Impact of this area will be felt on issues of global change, biodiversity, and the environment. 

FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones 
lemonstration of feasibility of linking parallel IDevelopment of tools for ecology on parallel I Development of collaborative internet _.  -_ - 
id serial supercomputers to work on problems architectures, in particular for multi-species 
I the area of structural biology. models. 

lemonstration of remote control of electron Development of a center for ecological 
iicroscope via network. synthesis and analysis. 

arallelization of a general neural simulation Development of tools for "on-line" high 
{stem for computation neurobiology on a performance computing (e.g. real-time 3-D 
zterogeneous network of workstations (as well imaging of biological specimens during 
i massively parallel platforms) and use of the experimentation). 
{stem for semi-automated parameter searchers 
I complex realistic neuronal simulations. Development of algorithms for molecular 

dynamics with more atoms and longer time 
steps. 

research environments (e.g. Khorus). 

Expansion the activities of the center for 
ecological synthesis and analysis, 
prototyping the linking of heterogeneous 
databases, expanding the network to more 
sites. 

Continued development of computational 
tools for ecological simulation studies, and 
distribution of existing tools; likewise for 
molecular dynamics and neural simulation 
tools, with aims of increasing size and realism 
of simulations. 

Milestone Changes from Prior IP 
jreater emphasis on information processing 
collaborative research environments and 
on-line" high performance computing). 
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I I I I I I I I 
The ENG Directorate supports fundamental engineering research by individual investigators and small groups that contribute to three components of the HPCC 
initiative: ASTA, BRHR, and IITA. 

(1) Software tools and algorithms are developed and applied to the solution of computationally complex engineering problems utilizing parallel and distributed 
computing environments. support is also provided for engineering groups addressing grand challenge problems, under NSFs Grand Challenge Application Groups 
initiative. 

(2)  Basic research is conducted on optical and optoelectronic technologies that are at the cutting edge for future advances in ultra-high-capacity computing and 
communications. Emphasis is on integration at the interface of device and system level research that can help accelerate the implementation of these technologies. 

(3) Information infrastructure technology and applications issues are addressed in an initiative involving multidisciplinary groups of engineers, computer scientists, 
and educators to integrate critical information systems on national challenges, such as in health care delivery, civil infrastructure systems, advanced manufacturing, 
environmental research, and engineering education. 

II'I'A BRHR 3.z 
Agency Ties 

ARPA 

NSF 
DOE 

NASA 

NIH 
NSA 

NIST 

NOAA 

EPA 

ED 
FY 1993 Accomplishments 

)evelopment of computational tools and 
FY 1994 Major Milestones FY 1995 Major Milestones Milestone Changes from Prior IP 

IBegin initiative, with CISE and EHR IContinue and expand scope of the FY 1994 INone. 
lgorithms in the solution of computationally participation, for multidisciplinary group 
omplex engineering problems. research on national challenges relating to 

IITA, including health care delivery, civil 
2ontinued support of NSF Grand Challenge infrastructure systems, advanced 
Lpplication Groups, in earthquake ground manufacturing, and engineering education. 
lotion, fluid dynamics, human joint 
iechanics, and large data set storage and Expand optical communications systems 
nalysis. research directed to high connectivity, computing environments. 

multi-gigabit interconnection of remote 
4wards to small research groups in All Optical processors. Continue research that bridges the interface 
letworks initiative, jointly with CISE. between devices and systems in optical and 

Seed funding to establish interagency support optoelectronic technologies for computing 
Iptical device research on coherent laser for US users in US/Japan Joint and communications. 
ources, fiber amplifiers, optical switching and Optoelectronics Project, to expand the user 

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

Continue support of innovative approaches to 
computationally complex engineering 
problems utilizing parallel and distributed 

iodulation. lbase in optoelectronics fabrication, and to I 
stimulate growth of a domestic 
optoelectronics industry. 
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HPCC Components by 

HPCS NREN ASTA 

Bud et (BA, $ M) BudgetAccountCode Fy93 Fyt4 Ey94 Ey95 
Actual Pres. Est. Pres. 

NSF 
~~ 

1.15 3.25 2.31 3.84 3.84 
Geosciences (non-NC/GC) 

I I I I I I I I 
Geosciences and the Office of Polar Programs HPCC activities build on a substantial infrastructure within the directorate. Incremental funds are used to enhance present 
activities and to synergistically integrate existing efforts into a geosciences program that is responsive and effective in using emerging technologies: 

The acquisition and testing of parallel computers of various architectures 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 which 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. 

Extended activities to provide access to unique scientific and informational resources by connecting the Antarctic science facilities to the internet for high speed data 
transmission of global data, images from telescopes and general interactive tele-science from remotely located experimental centers. 

The education and training of geoscientists in high performance computing and communication is being addressed through a broad spectrum of courses offered at 
NCAR and the other NSF supercomputer centers and through graduate assistantships and post-doctoral positions. 

Technologies are being developed for Internet distribution of real-time geophysical data which has multiple sources at disparate locations. 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 could be selected. 

995 Pres. Req. 
I 

IlTA BF2HR + 
Agency Ties 

r 

NSA 

NOAA Partner q= 
FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones Milestone Changes from Prior IP 

cquisition, maintenance, and support of SP-I Major upgrade to MPP computing by replacing Enhance MPP computers available at NCAR by Shift away from CM-5 to SP and T3D 
nd CM-5 MPP systems. the SP-I with a 32 node SP-2. 

bevelop, operate and maintain a clustered array Support continued geophysical model 
F high performance workstations coupled 
)gether with high speed networking and a 
[IPPI switch technology. 

iupport to users for use of MPPs and software 
onversion, including conversion of chemical Demonstrate the 256 Kbps data transmission networking technology. 
ycle and cloud physics models and for between the US and South Pole Station. 
nprovernent of parallel algorithms for climate 
iodels. Beta test internet data distribution of real time Antarctica using ACTS satellite. 

the installation of 256 node T3D. Use the 
Y-MPIT3D computers exclusively for climate 
simulation. 

conversion to MPP computers and continued 
development of parallel algorithms and Demonstrate Earth Simulation models 
techniques for effective use of MPP machines simultaneously running on MPP, clustered an( 
on geophysical codes. shared memory computers and connected by 

flux coupler software and high speed 

architectures on the basis of extensive 
performance testing with geophysical codes. 

The development and use of internet for data 
transmission to replace satellite delivery. 

Operation of 1.5 Mbls link at Palmer Station, 

upport for two Postdoctoral Fellows. 
'data environmental data. 

I 

Partial implementation of internet data 
distribution. 
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HPCC Components by 

~~ HPCS NREN ASTA 
Budget 'Ode Bud et (BA, $ M) 

FY 93 Ey t 4  FY 94 FY 95 NSF 
Actual Pres. Est. Pres. Computational Mathematics (non-NC/GC) 

5.72 6.22 6.68 7.59 1.89 
Mathematics plays a central role in the drive to produce faster and more accurate algorithms which, in tandem with hardware advances, produce state-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 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. 

995 Pres. Req. 

Agency Ties 

NIST 
NOAA 

FY 1993 Accomplishments FY 1994 Major Milestones 
beveloped novel expansions of visualization Software developed under this program such as 
xhniques and software tools for geometers and LAPACK will be distributed, upgraded and 
ther mathematics researchers at the Geometry maintained. 

FY 1995 Major Milestones Milestone Changes from Prior IP 
Software with a user-friendly interface will None. 

be developed and distributed to provide 
information on and to solve problems 

:enter. 

Electronic information dissemination and 
nvironments for the mathematical sciences 

Connectivity and modes of accessing and 
sharing data and resources among the 
mathematical sciences community will be 

involving finitely-presented groups. 
A research group in mathematical biology 

will produce and distribute 
algorithms and software to solve problems in 

ommunity were expanded. expanded. molecular sequence analysis, especially for 
analysis of DNA, RNA, and protein sequences. 

4 program of theory, testing and use of random Building on user-friendly interfaces, workable Algorithms and supported software for 
umber generators for parallel processing was problems in fluid flow will be developed with 
iitiated. particular emphasis on improved versions of 

Peskin's "immersed boundary method for 
'he linear algebra library LAPACK was incompressible fluid dynamics in regions with 
xtended to take advantage of high-performance complicated moving boundaries. Examples of 
omputers. applicable problems are blood flow in a 

beating heart and the structure of the earth in 
seismic oil exploration. 

and usable codes for group theorists, 
biologists, and other scientists will be 
developed targeted at high performance 
computing systems. 
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HPCC Components by 

HPCS pJREN ASTA 
3.15 

Budget (BA, $ M) 
BudgetAccountCode FY93 FY94 FY94 FY95 

Actual Pres. Est. Pres. 

NSF 
pp 

2.15 6.35 5.32 9.77 
Physical Sciences (non-NC/GC) 

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

~ ~ 

FY 1993 Accomplishments FY 1994 Major Milestones FY 1995Major Milestones 
Parallelize the PRISM algorithm for integral Demonstrate the efficacy of parallelized 
calculations in GAUSSIAN suite of ab initio CMM/MD codes by using them to predict 
molecular orbital programs for the Cray T3D. glass transition temperatures of polymer 

blends and copolymers. 
Optimize the parallelized version of the 

PS-GVB software for the CM5 and Intel Extension of the Newton-Euler Inverse Mass 
Paragon computers, and port it to the IBM Sp2 Operator method to fast dynamics on periodic 
and Cray T3D. systems with up to one million atoms. 

A new project to enable scientists in physics 
and other disciplines to acquire and distribute 
information easily and rapidly in the form of 
electronic preprints will be initiated. 

The CARM program that supports high 
performance computing research in the 
material sciences will be evaluated and 
expanded or refocused. 

Parallelized Cell Multipole Molecular 
lynamics code on the KSR and demonstration 
f a practical million atom simulation for the 
irface tension of Teflon. 

Parallelized Pseudospectral Generalized 
alence Bond (PS-GVB) 
chnique for performing ab initio molecular 
rbital electronic structure 
ilculations. 

le formation of elementary particles, the distribution of the data from particle 
mcture of the nucleus, the characterization of accelerator experiments will be demonstrated 
implex and chaotic phenomena, correlations using new software and networking 
I atoms and molecules, the equations of capabilities. 
:neral relativity and the movement and 
ialysis of data in physics experiments using Homopolar semiconductor liquids such as 
IPPs and distributed computing paradigms. germanium and heteropolar liquids such as 

Implemented new diagonalization routine in gallium arsenide will be simulated using the 
quantum mole. dynam. code which is being improved quantum molecular dynamics code. 
sed to simulate small silicon clusters and Also, simple metals (sodium, potassium) will 
quids. be modeled along with intrinsic defects. 

Carried out computational studies involving Real-time acquisition, analysis and 
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Milestone Changer 
Jone. 

995 Pres. Req. 

Agency Ties 

NIST 1 + 
'rom Prior IP 



Budget (BA, $ M) HPCC Components by 1995 Pres. Req. 
N 9 3  FY94 FY94 FY95 HPCS NREN ASTA Actual Pres. Est. Pres. IITA BRHR ~ 

NSF 
Social, Behavioral & Economic Sciences (non-NC/GC) 0.65 1.00 1.15 3.01 0.67 2.34 

The basic research division of SBE (The Division of Social, Behavioral and Economic Research) was created at the beginning of 1993, by amalgamation of many 
existing programs. SBER 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 contribute to the new HPCC component, IITA. There are five program clusters in SBER, and each one has held a workshop on aspects of high performance computing 
that relate to its disciplines: 

Agency Ties 

ARPA I 
1. Cognitive, Psychological, and Language Sciences cluster: "Cognitive Science" workshop. 

2. Anthropological and Geographic Sciences cluster: "Computational Geography" workshop. 

3. Economics, Decision and Management Sciences cluster: "Computational Economics" workshop. 

4. Social and Political Sciences cluster: Artificial Social Intelligence" workshop. 

5. Science, Technology and Society cluster: "Electronic Networks" workshop. 

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

~ 

NOAA 

FY 1993 Accomplishments Ey 1994 Major Milestones FY 1995 Major Milestones 
lemonstration projects establish feasibility of 1 Conduct comprehensive review of software 1 Establish distributed processing geographic 
,mbining artificial intelligence simulations 
ith experimental laboratory studies of human 
)cia1 and economic interaction. 

fogress in geographic information systems 
31s) through supporting the National Center 
)r Geographic Information and Analysis. 

ompleted review of needs and opportunities 
)r advanced computing in the social, 
zhavioral and economic sciences. 

_ _  - 
tools required-to manage large socio-economic information systems f i r  the National 
databases as part of the National Information Information Infrastructure. 
Infrastructure. 

Adapt of genetic algorithms, neural networks 
Establish systematic plan to develop methods and symbolic processors to a wide range of 
of advanced computing in the social, problems in the social sciences. 
behavioral and economic sciences. 

Demonstrate new methods for providing wide 
Continue exploration of scientific access to previously unavailable government 
opportunities for artificial intelligence in statistics, while preserving data integrity and 
psychology, sociology and economics. preventing misuse. 
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HPCC Components by 1995 Pres. Req. 

BRHR 
15.34 19.90 20.04 20.24 9.00 11.2 

Budget (BA, $ M) 
Budget Code 

~ 

FY 93 FY 94 Ey 94 FY 95 
Actual Pres. Est. Pres. HPCS NREN mA 

NSF 
Education and Training 

, , I , I I I I I 

The education and training effort in the HPCC consists of existing activities that focus more directly on HPCC and of new activities begun as part of the HPCC 
initiative. Many of these activities are interdisciplinary in nature drawing on the resources of all of NSFs directorates. In particular, the pilot testbeds projects are 
collaborative projects between the EHR directorate and the CISE directorate drawing on scientific expertise from throughout NSF. Specific examples follow: 

MOSIS - An existing activity training students and providing research infrastructure for the design and manufacture of custom VLSI chips. 

Undergraduate Education - An existing activity which provides some funding for new HPCC course and curriculum development. 

Research Experiences for Undergraduates - Expanded to provide more opportunities for undergraduates to perform research in HPCC areas. 

Superquest - An expanded activity that provides for high school student research experiences at Supercomputer Centers. 

Postdoctoral Research Associates - A new activity to provide 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 new joint EHWCISE activity, starting in FY 1994, that will explore issues of large-scale networking uses in education. 

FY 1993 Accomplishments 
K-12 Accomplishments: Super- quest funded 

sites with 4 teams of 4 high school students 
id 1 teacher at each site to perform research in 
igh performance computing. Pilot education 
etworks funded four coalitions which 
:veloped pilot networks ranging from 
tywide to nationwide for K-12 education. 

ccomplishments: MOSIS - a service provided 
I universities for research and training in VLSl 
:sign and fabrication - was used in 175 
niversities in 47 states by approximately 
,000 students. 

Research Experiences for Undergraduates is 
i ongoing NSF activity that has seen 
gnificant participation by the supercomputer 
:nters and the science and technology centers. 
I 1993 approximately 360 students were 
ipported by this program. 

Undergraduate Education 

FY 1994 Maior Milestones 
hhancement of existing networks to 
lemonstrate scalability and effectiveness of 
ipplications of networks to the infrastructure 
if education. 

FV 1995 Maior Milestones 
Ievelopment of new testbeds to demonstrate 
calability, cost, policy, effective 
pplications and other characteristics of the 
uccessful use of computer networks in 
ducation. 

Agency Ties 

ARPA Partne 

NSF 
DOE 

NASA 
NM 
NSA 
NIST 

NOAA 

EPA 

ED 
Milestone Changes from Prior IP 

4ew infrastructure activities in networked 
ipplications in education. 
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Budget (BA, $ M) HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IlTA BRHR 
NSF Budget Account 'Ode FY 93 FY 94 FY 94 FY 95 

Actual Pres. Est. Pres. ~ 

36.00 11.42 35.25 35.25 
IITA Program 

I I I I I I I I I 
NSFs IITA program for FY95 totals $50.64M; $l5.39M of the total is distributed to other Program Activity Components and is thus not included in the total for 
this component. However, the description of this component is intended to cover the entire IITA activity. NSFs IITA research program develops new technologies and 
applications that make HPCC more broadly applicable. While the other HPCC components focus on advances in science and engineering, IITA extends the scope of the 
HPCC by making the high performance resources and infrastructure available to a dramatically larger community of users. To achieve these goals, IITA will support 
work leading to (1) the development of ubiquitous information services, (2) the development of new software and support environment for broad access to distributed 
resources, (3) the development of intelligent interfaces, and (4) the demonstration of HPCC's applicability in solving National Challenges in such areas ad Digital 

Agency Ties 

ARPA Partner 

NSF 

DOE Libraries, Civil Infrastructure, Manufacturing, Education & Lifelong Learning, and Goverbent Information Delivery. Ongoing IITA activities include: 
Information Infra. Services - New program emphases will be placed on the enhancement'df communication and computing services tailored to the general public. 
Intelligent Interfaces - The goal is to create and insert an intelligent service layer that will significantly broaden the base of information providers, developers, and 

System Development and Support Environment - The goal is to create a more effective software development paradigm and technology base founded on the principles 
of composition rather than construction, solid architectures rather than ad hoc styles, and more direct user involvement in all stages of the software life cycles. 

National Challenges - The entire technology base developed in IITA will be leveraged across the National Challenges, leading to significant economies of scale in 
the development costs. NSF leads a new cross agency (with ARPA, NASA) research initiative in Digital Libraries, beginning in FY 1994. The research will 
focus on a wide range of areas designed to lay the foundation for and demonstrate the next generation of knowledge products and information services. 

NASA Partner 

consumers, while reducing the existing barriers to accessing and using information for real world applications. NLH 
NSA 
NIST 

NSF also participates in several other new initiatives under the IITA program: Civil Infrastructure, Advanced Manufacturing, Networking Infrastructure for EPA - -  - 
Education, and Government Information Delivery. 

FY 1993 Accomplishments 

clientkerver software which discovers, pursue work in Digital Libraries each to 
strieves, and displays multimedia documents develop an experimental testbed. 
ver the Internet, by NSFs Supercomputer 
'enter at the University of Illinois. Mosaic Prototyping for Mfg. to accelerate progress in developed by the research teams under the 
as been widely used by government agencies applying information technology and cross agency Digital Libraries initiative. 
)r delivery of information and currently has distributed computing and communications Implement a cross-disciplinary research 
ver one million public users. capabilities. program on Virtual prototyping for Advanced 

Develop a new research thrust in Problem Mfg. 
[uman Language Technology, jointly with Solving Environments to stimulate new work Develop and implement a program on 
LWA. in software development that's tailored to Reliable Computer Controlled Systems to 

problem domains, user needs, and emphasis on accelerate progress in providing safe and 
iitiative on Digital Libraries (with ARPA and composition and reuse. reliable computing and commun- ication 
IASA). Participate in the new program on devices and systems for National Challenge 

Sponsorship of a series of workshops and Networking Infra. for Education to accelerate application areas. 
tudies to develop research agenda for National the adoption of adv. information technologies Develop laboratories as part of the new 
lhallenge Applications in manufacturing, for science and mathematics education. institutional infrastructure needed for 
irtual environments, and computer assisted investigating effective human utilization of 
urgery (health care). for delivering government information to the massive information stores. 

FY 1994 Major Milestones 
Establish six major research teams to 

FY 1995 Major Miles tones 
Development and dissemination of Mosaic, Develop a supplemental program for 25 

additional institutions to participate in the 
Digital Libraries initiative. 

Develop a new research thrust in Virtual Demonstrate preliminary models and data 

Implementation of a research initiative on 

Development of a cross agency research 

Demonstrate a multi-media pilot system 

public. 

I 

ED 
Milestone Changes from Prior IP 

Jone. 
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Department of Energy 
The Department of Energy (DOE) HPCC program is a diverse applied mathematical sciences and high performance computing and 
communications program which spans the spectrum of activities from strategic fundamental research to technology development. Its 
mission is: 

To improve the ability of DOE to solve scientific and engineering problems which are critical to its mission, to the NII Agenda 
for Action, to the Energy Policy Act (EPACT), and to the national interest, through research and development in and applications 
of advanced mathematical, computational, computer, and communications sciences and information technologies and, as authorized, 
to meet the requirements of the HPC Act of 1991 and the Administration's program for the NII: Agenda for Action. 

Because of the computationally intensive nature of energy related applications and problems, DOE depends on advancements in 
computational techniques and computer and networking technologies to accomplish its mission. As a result, DOE has a long history of 
computational research and development, with strong industrial and university cooperation. DOE's Applied Mathematical Sciences (AMs) 
Program (a forerunner of the HPCC program) was initiated in the early nineteen fifties to enhance understanding of the use of digital 
computers in nuclear sciences and other energy research applications. DOE has been prominent in maintaining the U.S. leadership in high 
performance computing and communications, in encouraging and providing innovation in HPCC and other information technologies, and 
in supporting US. economic, scientific, and technological competitiveness and productivity through its extensive use of these 
technologies. 

The DOE HPCC program covers all five components of the HPCCI. Its original HPCC Program results from DOE's role as a pioneer in 
the use of supercomputers for numerical simulation of complex systems. This program reduces substantially the cost of experimentation 
and testing and also reduces the adverse effects on the environment. The revised HPCC Program includes R&D in advanced 
communications technologies which could radically transform the way in which Americans work. The most important economic benefits 
of the HPCC Program may well result from its newest initiative in IITA. The R&D activities in high performance computing technologies, 
including telecommuting (or telework in general), are also one of the EPACT objectives. These R&D efforts are aimed at advancing the 
enabling technologies for telecommuting and other telework which will provide for reduced oil dependency, reduced pollutants, better 
productivity for disabled and other workers, and other societal benefits. In the nearer term these activities are critical to DOES efforts to 
provide geographically distributed access to DOE's many important experimental facilities and computational resources. 

The Office of Scientific Computing (OSC) manages DOE's HPCC program and serves as the advocate and lead within the Department to 
formulate and coordinate the Department's National Information Infrastructure (NU) initiative. The HPCC Program supports the 
underlying mathematical concepts and information technology needs of all DOE mission areas (e.g., Defense, Energy Efficiency, 
Environmental and Fossil programs, etc.). OSC's plan promotes U.S. economic and technological competitiveness in many critical 
technology areas and involves many industrial partnerships. The DOE collaborates closely with other agencies which are HPCCI users, 
such as NASA, to produce software which will be generally useful. The DOE HPCC program also complements ARPA basic technology 
research and NSF basic research programs. Within DOE, OSC manages and provides communications and computational resources for 
investigators supported by Energy Research. Users meetings ( e g ,  Energy Research Supercomputer Users Group, ESnet Steering 
Committee and ESnet Site Coordinator Committee) help ensure that the developing technologies will support the DOE mission. In Jointly 
funded projects (with other Energy Research Offices) such as the Grand Challenge applications projects, OSC maintains active 
communications with partners for selecting projects and monitoring progress. In addition, OSC provides primary support to DOE's 
representative on the Administration's Information Infrastructure Task Force. 
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Department of Energy 

PartnerNser FY 93 
Actual 

Budget Account Code Agencies Program Activity 
Advanced Prototype Systems KC 07 01 ARPA, NASA 

Evaluation of Early Systems KC 07 01, KC 07 02, ARPA 7.73 

Energy Sciences Network [ESnet) KC 07 02 KC 35 07 ARPA, NSF, 7.68 

Gigabit Research and Development KC 07 02 ARPA, NSF, 1.86 
NASA. .... 

Enabling Energy Grand Challenges KC 07 01 NSF, NASA 6.53 

Software Components and Tools KC 07 01 NASA 8.98 

Computational Techniques KC 07 01 EPA 2.44 

Supercomputer Access KC 07 02, KC 35 07 35.13 

HPC Research Centers KC 07 01, KC 07 02, 7.15 
I I I 

~~ 

KC 35 07 
HPC Research Centers-Global Climate KP 05 I 1.80 
Collaboration 
Information Infraservices KC 07 02 

Research Participation and Training KC 07 01 2.60 

Education, Training and Curriculum KC 07 01 2.36 

Basic Research for Applied Mathematics KC 07 01 NSF 15.25 
Research 

Totals: 99.51 123.60 122.20 125.40 10.90 16.80 75.50 1.20 21.00 
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Budget (BA, $ M) HPCC Components by 1995 Pres. Req. 

m A  BRHR 
BudgetAccountCode 

~ 

FY93 F y 9 4  FY 94 FY95 
Actual Pres. Est. Pres. HPCS NREN ASTA 

DOE 
Advanced Prototype Systems 

1.00 1.00 1.00 1.00 
I I I I I I I I I 

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

Agency Ties 

ARPA Partner 

NSF 
DOE 

NASA Partner 

NM 

FY 1993 Accomplishments 
he KSR-1 machine located at the Partnership 
I Computational Science (PICS) HPCRC at 
Iak Ridge National Laboratory was acquired 

FY 1994 Major Milestones 
Lease IBM SP-1 (in cooperation with ARPA) at Produce the reference implemen- tation for a 
Argonne National Laboratory (ANL). 

Initiate joint agency project in enhanced I/O 
for Parallel computers. 

FY 1995 Major Milestones 

message-passing system interface on 
massively parallel processors (deliverable 
from IBM/ANL collaboration using SP-1). 

Solve the Kajiya rendering equation for 
scalable parallel systems at extremely high 
speed and fidelity to put a firm scientific basis 
under the Art of performance analysis for 
oarallel systems. 

Milestone Changes from Prior IP 

by DOE and ARPA. 
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Budget (BA, $ M HPCC Components by 1995 Pres. Rea. 

HPCS NREN ASTA 
DOE BudgetAccountCode FY93 I FY94 1 FY94 I’FY9.5 

Actual Pres, Est. Pres. ~ 

Evaluation of Cxr t r+nmrr  I 7.731 9.901 9.801 9.901 9.90) I 
I I I I I I I I 

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

* identifying candidate systems 
* acquiring large prototype systems (with co-sponsors, where possible) 
* placing the systems at sites with access to Internet 

FY 1993 Accomplishments FY 1994 Major Milestones 
lachines acquired (at least partially) under this Upgrade the Intel Paragon to 1024 processors. 
rogram activity include: an Intel Touchstone 
)elta iPSC1860 (Caltech), Thinking Machines Convene an Industrial Computing 
:M5 at Los Alamos National Laboratory Requirements Forum led by Ames Laboratory. 
2ANL), a Kendall Square KSR-I (in Bring together computer technology vendors, 
Doperation with ARPA) at Oak Ridge National code developers, and applications scientists 
,aboratory (ORNL), and a 512 processor Intel to reduce design cycles for computing 
aragon Prototype Multiprocessor at OWL. equipment and applications software. 
lo new advanced prototype systems are likely 
) be acquired in FY 1995. 

FY 1995 Major Milestones 
pgrade the Intel Paragon to 2000 processors 

lave full-scale CM-5 and Paragon systems 
perational and supporting Grand Challenge 
search projects. 

IITA BRHR --t 
Agency Ties 

ARPA Partnel 

DOE 

if 
NOAA 

Milestone Changes from Prior IP 
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Budget (BA, $ M )  HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA 
Budget Account 'Ode FY 93 FY 94 FY 94 FY 95 

Energy Sciences Network (ESnet) Actual Pres. Est. Pres. 

DOE 
~ 

7.68 14.80 14.60 14.80 14.80 
I I I I I I I 

ESnet is DOES network component of the National Research and Education Network (NREN) and Internet. It provides worldwide connectivity for the scientific 
community to Energy Research facilities, including: Light Sources, Neutron Sources, Particle Accelerators, Spectrometers, Particle Accelerators, High Performance 
Computing Research Centers (HPCRC), Genome Centers, data banks, and other leading-edge science instruments and facilities. ESnet provides advanced services 
through the early acquisition and testing of commercially supplied communications and network services. Funding covers acquisition of services from communications 
companies (basic bandwidth for normal communications, primary rate ISDN for video, video multiportd services), hardware to expand network capabilities (routers, 
international links), personnel to develop tools for network use (e.g., communication, authentication, and privacy protocols), and maintenance. 

FY 1993 Accomplishments FY 1994 Major Milestones 
Begin upgrade of ESnet to 45 Mbs fast packet nplemented prototype x.500 directory 

ervice. services. 

rovided international connections to support Extend videolvoice conferencing capabilities 
inergy Research Programs. to permit transmission of conventional video 

systems over ESnet and dedicate a portion of 
ESnet for packetized video conferencing. 

Investigate connection of wide area ESnet 
Asynchronous Transfer Mode (ATM) services 
to each site's local area networks. 

Continue the !LERBEROS-based authenticatiot 
pilot project to investigate technical and 
administrative issues for deploying national 
scale authentication. Begin to deploy new 
KERBEROS authentication services to five 
sites out of roughly 25 total. 

FY 1995 Major Milestones 
Complete ESnet upgrade to 45 Mbs fast packet 
services. Initiate the upgrade of a few sites to 
155 Mbs to three or four sites. 

Upgrade ESnet links to Germany (Tl), Italy 
(TI), and Russia (128 Kbs) to support 
multi-national science collaborations, such as 
the International Thermonuclear Engineering 
Reactor. 

Provide key types of video and collab. work 
space capabilities within ESnet, including 
production quality video/voice capabilities. 
The choices will accommodate different 
cost/performance options and interoperability 
lneeds. 

Complete the KERBEROS Authentication 
pilot project and make these services availablt 
to the ESnet community. 

IITA BRHR -4- 
Agency Ties 

NOAA 

Milestone Changes from Prior IP 
Jpgrade of ESnet to 45 Mbs has slipped two 
ears (from 93 to 95) due to procurement 
elays and funding constraints. Initial 
pgrades to 155 Mbs have been deferred from 
14 to 95. 

dore detailed milestones added since previous 
P. 
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Bud et (BA, $ M )  HPCC Components by 1995 Pres. Rea. 
BudgetAccountCode Ey93 Fy& Fy94 Ey95 DOE 

~~ HPCS NREN ASTA Actual Pres. Est. Pres. Gigabit Research and Development - 
1.86 2.00 2.00 2.00 2.00 

I I I I I I I I 
This component funds the gigabit and advanced networking research activities of the NREN. It includes gigabit test bed activities (HIPPI, CASA, BLANCA, MAGIC, 
BAGABITS, National Storage Lab, Electronic Telescope, and more), packetized video and voice, collaborative workspace, telecommuting projects, and scalable 
communications libraries for distributed memory computing environments that offers the user a Single Program Multiple Data programming paradigm. 

Funding will be provided for research and development for ATM issues with regard to High Performance Parallel Interface (HIPPI), standards implementation, and 
interfaces. Funding will also be used to investigate the network resource reservation and management for isochronous traffic. Further work in security, such as 
incorporating KERBEROS into Wide Area Information Services (WAIS) for secure info retrievallsearch and interoperable authentications realms, intelligent user 
interfaces for accessing the network, interoperable video systems, high speed LANs, telecommuting, and collaborative work environments will be funded. In addition, 
work needs to begin on identifying the real issues with inter-network peering and routing. These issues will not be completely nor properly addressed in the NSF 
routing arbiter solicitation and they are crucial to the continued operation of the Internet. Research on routing and addressing (e.g., end system identifiers, network 
versus geographical addressing, automatic host configuration, etc.) for the growth of the Internet on a multi-protocol dimension needs to be conducted. 

FY 1993 Accomplishments 
he packetized videolvoice and collaborative 
rorkspace (whiteboard) are being used by many 
n the Internet and forms a major basis of the 
vailable tools for interactive voicelvideo. The 
iternal Engineering Task Force video-cost 
snferences and other Internet interactive 
:tivities require the tools developed at 
awrence Berkeley Laboratory (LBL) and other 
IOE sites. 

FY 1994 Major Milestones FY 1995 Major Milestones 
'ideo Audio Transport (VAT) and Whiteboard IScalable communications Library will be 
re being used on the network now. MBONE, completed by 6/95 
ie virtual Multicast backbone used to support 
P based audio visual traffic, is a major LBL will be releasing beta code of 
uccess, with the IETF meetings being collaborative technologies to the Advanced 
:gularly videocast. Video, output from Research Projects Agency (ARPA) and other 
ommercial codecs and encapsulated in IP agencies for further refinement and 
ackets, will be used across ESnet. This work development 
i being done in cooperation with the 
ommercial codec vendor who is expected to Packetization of commercial codec videolaudic 
iarket the results in the near future. HIPPI is output will be completed and will allow ESnet 
le dominant HPCS interface to networks. to carry packetized video encapsulated in IP 
'wo DOE telecommuting studies will be 
:leased this year. 
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Budget (BA, $ M) HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IlTA BRHR 
DOE BudgetAccountCode FY 93 FY 94 FY94 FY95 

Actual Pres. Est. Pres. ~ 

Enabling Energy Grand Challenges 
6.53 9.00 8.90 9.00 9.00 

I I 1 I I I I I I 

In FY 1992, DOE initiated nine projects that support Grand Challenges critical to energy planning. All projects are cofunded by other DOE programs and by industrial 
partners. Participants include DOE laboratories, universities, industry and other HPCC agencies. These projects construct prototype solutions through the 
development of advanced algorithms and software and the use of HPCC resources. 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: 

Agency Ties 

ARPA 

NSF Partner 
1. 
2. 
3. 

4. 
5. 
6. 
7. 
8. 

9. 

Computational Chemistry (CC) - parallelize key chemistry codes that permit researchers to study environment problems. 
Computational Structural Biology - develop methods for modeling components of genomes and a parallel programming environment for structural biology. 
Mathematical Combustion Modeling (MCM) - develop adaptive parallel algorithms for computational fluid dynamics and apply these methods to key private 

Quantum Chromodynamics Calculations - develop lattice gauge algorithms on massively parallel machines for high energy and particle physics applications. 
Oil Reservoir Modeling - construct efficient algs. for parallel systems to model fluid flow through permeable media for better oil recovery methods from wells. 
The Numerical Tokamak Project - develop and integrate particle and fluid plasma models on MPCs as part of a study of Tokamak fusion reactors. 
Global Climate Modeling (GCM) - develop and implement versions of large-scale atmosphere and ocean general circulation models for MPCs. 
Groundwater Transport and Remediation (GTR) - design and implement a multiphase groundwater transport code with interface tracking, fracture flow, 

First Principles Simulation of Materials Properties - develop scalable parallel algorithms for performing local density approximation simulations of materials to 

sector and government combustion models. 

geochemistry, biodegradation and colloidal microtransport. 

guide the discovery of advanced materials with novel properties. 

FY 1993 Accomplishments FY 1994 Major Milestones 
rojects initiated CC - implement parallel code for 

self-consistent field (SCF) and second order 
many-body perturbation theory (MP2) 
electronic structure calculations that 
incorporate fully distributed data structures. 

code capable of simulating low-speed 3D 
combustion flows in simple geometries used 
in designing commercial burners. 

GCM - optimize the Sempter- Chervin 
global ocean model to perform coupled 
ocean-atmosphere simulations that allow, 
among other things, the prediction of 
large-scale eddies in the Gulf of Mexico. 

GTR - Add to the transport code 
capabilities for 2D front tracking, subsurface 
heterogeneity estimation, and large- and 
small-scale reservoir flow resolution. 

MCM - make available a production qualit 

FY 1995 Major Milestones 
CC - develop scalable nonlinear 

optimization techniques and enhance trial 
functions and solution schemes for the SCF 
and MP2 codes. 

3D combustion flows in complex geometries 
like those found in internal combustion 
engines. 

GCM - test an improved particle-in-cell 
method for the parallel global ocean model, 
apply differential sensitivity analysis, and 
employ a barotropic closure model in 
resolving large-scale ocean dynamics. 

decay strategies and benchmark two-phase 
flow simulations, including results from, 
parameter estimations. 

MCM - extend code to simulate low-speed, 

GTR - test bioremediation and radionuclidi 

Milestone Changes from Prior IP 
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Budget (BA, $ M) HPCC Components by 1995 Pres. Req. 
I 

HPCS NREN ASTA 

8.98 12.60 12.50 12.60 12.6( 

DOE BudgetAccountCode FY 93 FY 94 W94 W 9 5  
Actual Pres. Est. Pres. ~ 

Software Components and Tools 
I I I I I 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 
* 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. 

llTA BRHR -4- I 
Agency Ties 

NIST I 

%+- 
FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones Milestone Changes from Prior IP 

'erformance monitoring tools in PCN at I Evaluate near and long-term s t r a t e~es  for IEstablish distributed comDutinz and - -  
ugonne National Laboratory; work on parallel developing portable codes and benchmarks for experimental collaboration testbed for 
oftware monitoring tools at LANL, and ORNL parallel computers using user-scale codes 
nd University of Wisconsin; and work in 
bject oriented programming at Sandia Evaluate the scalability of parallel operating 
Iational Laboratory, Lawrence Berkeley systems, I/O and message passing schemes for 
.aboratorv, and Purdue. Work at Rutzers on real user applications 

evaluating security, resource management, 
program monitoring, and other computational 
science tools in this environment. 

Develop flexible, interoperable tools for - 
utomatic identification of and tracking of 
eatures in large data sets such as islands in 
4HD simulations; a collaborative effort 
etween LBL, LLNL, and University of 
Aaryland to understand how to store and 
etrieve massive data sets with spatial structure. 
.g., resulting from global change research, in 
ierarcbical storage systems; and work in 
dvanced visualization techniques and 
lgorithms at a number of DOE labs. 

portable parallel program creation, testing and 
performance monitoring, and interpretation of 
output on advanced architectures 

Investigate ways to involve U.S. industry 
with Grand Challenge research teams to 
improve economic competitiveness 
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HPCC Components by 1995 Pres. Req. 

BRNR 
Budget (BA, $ M) 

Budget Account 'Ode FY 93 FY 94 FY 94 FY 95 DOE 
pp Actual Pres. Est. Pres. HPCS NREN mA Computational Techniques 

2.44 3.40 3.30 3.40 3 .40  
Continue application of innovative computational mathematics and computer science to key scientific and engineering applications, including: computational design 
of materials and molecules; global ocean modeling; and algorithm and grid design for both solid and fluid mechanics problems. Emphasize resolving algorithmic 
bottlenecks to effectively using high performance systems to solve full-scale application problems. This activity is focused on delivering robust versions of advanced 
algorithms that are important for Grand Challenge Problems: improved Fast Forrier Transforms, molecular dynamics solvers, particle pushers, etc. 

Agency Ties 

ARPA 

NSF 

FY 1993 Accomplishments FY 1994 Major Milestones 
he computational techniques activity has fed [External evaluation of the activity on 
le development of improved simulations in 
lobal ocean modeling and in the design of 
laterials and molecules. It has also served as 
I incubator for the creation of new Grand 
hallenges. 

sptimized parallel FFT software releases. 

computational design of materials and 
molecules 

Initiate research on common problems in 
computational aerodynamics and global ocean 
modeling 

Test advanced mesh generation techniques in 
support of both solid and fluid dynamics 
applications 
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FY 1995 Maior Milestones 
levelop techniques for algorithmic analysis 
f grand challenge problems 

NOM 
EPA Partner 

Milestone Changes from Prior IP 



DOE Budget (BA, $ M HPCC Components by 1995 Res. Req. 

*STA IITA BRHR 
I BudgetAccountCode I FY93 I FY 94 I FY94 I’FY95 1 I.__n I 

Actual I Pres. 1 Est. 1 Pres. 1 (””’ 1 
35.131 35.401 34.801 35.601 1 35.601 I 

programs. 

I I I I I I I I I 

Funding for equipment and personnel for Supercomputer Access Program at the National Energy Research Supercomputer Center (NERSC). Provide high performance 
production computing for investigators supported by the Office of Energy Research. Mission areas include: Materials, Chemistry, Geosciences, Biosciences, 
Engineering, Health and Environmental Research, High Energy and Nuclear Physics, Fusion Energy, applied mathematics and computational science. The Center serves 
more than 4000 users working on about 700 projects; about 35% University-based, 60% in National Laboratories and 5% in industry. It operates 4 CRAY computers: a 
C-90 with 16 processors, with 256 Million words (Mw) of memory, a CRAY-2 with 8 processors with 128 Mw, and a CRAY-2 with 4 processors and 128 Mw, and the 
National Education Supercomputer, a single processor Cray X-MP donated by Cray Research, which is available over the Internet to high schools for educational 

Agency Ties 

ARPA 
NSF 

DOE pf 
N O M  

FY 1993 Accomplishments FY 1994 Major Milestones 
House the National Storage Laboratory and 

ie follow-on, the High Performance Storage expanded from 20,000 Computer Resource 
ystems, projects pertinent to one of the most Units (CRUS) to 60,000 by 4Q94. 
evere limitations to high performance Central User Bank (CUB) brought into 
omputing. The NSL was established by a production in 1494. This provides a single 
:RADA among six industrial firms and NERSC. accounting for usage of the three production 
’his collaboration currently involves several Crays at the center and the gives the user the 
)OE laboratories, about a dozen U. S .  storage ability to shift resources to the machine most 
endors, and a university. The NSL will help optimal for her purposes. 
erve the data storage needs of researchers at the Institute storage quota system in 1Q94. It 
)OE and at other Federal agencies and will help provides better utilization of the most scarce 
iarticipating vendors develop new storage 
Iroducts. 

NERSC is also the site of a premier 
upercomputing educational program for high 
chool students, the National High School 
lupercomputer Honors Program in 
iupercomputing, known as the Superkids 
irogram, which was begun in 1986. 

The Special Parallel Processing Program 

of resources at the Center, the Central File 
System and other storage. These 
improvements and other efficiencies provided 
a 30% increase in CRUs delivered to ER 
programs. 

NSL Unitree by 4Q94. 

production use. 

The NSL will produce a beta version of 

Initiate procurement of MPP system for 
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FY 1995 Major Milestones 
mplement massively parallel computer in 
arly production environment. 

~ 

Milestone Changes from Prior IP 



Bud et (BA, $ M) HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA ETA BRHR 
BudgetAccountCode w93 Fyt4 Ey94 Ey95 DOE 

HPC Research Centers 
~~ Actual Pres. Est. Pres. 

7.15 12.50 12.30 12.90 12.90 
I I I I I I I I I 

Support the operation of two HPCRCs (at Oak Ridge and Los Alamos), which provide critical resources for enabling grand challenge applications. To this end the 
HPCRCs acquire large, full-scale, high performance computers exploiting innovative architectures for use by computational scientists working on Grand Challenge 
applications. The centers integrate these early high-performance computing systems into prototype heterogeneous computing configurations and make them available 
through the NREN. This allows for a wide spectrum of experiments for scalability studies, as well as an opportunity to provide grand challenge researchers access to the 
largest possible advanced systems. To carry out this program the centers also support researchers in areas such as algorithm development, software components and 

Agency Ties 

ARPA 
NSF 

tool development, mass storage, scientific visualization, basic research, and education programs. 

Los Alamos National Laboratory operates a 1024-node CM-5 with 32 Gigabytes of memory and 128 Gigabytes of Scalable Disk Array using 4 HIPPI channels from 
Thinking Machines, Inc. This machine has a theoretical capacity of 128 Gigaflops and several codes have achieved 50 Gigaflops. 

Oak Ridge National Laboratory operates an nCUBE 2 Model 640, a distributed memory hypercube machine used by high school students in the Adventures in 
Supercomputing program, a Kendall Square KSRl- 64 used to study shared memory algorithms, and an Intel Paragon XP/S 5, a 66-node 5 Gigaflops machine. 

N O M  

FY 1993 Accomplishments 
The Parallel Ocean Program, running with a 

grid of 1280 longitudinal points and 896 
latitudinal points, has achieved enough 
resolution to be able to see Loop Current eddies 
passing into the Gulf of Mexico between 
Yucatan and Cuba. These currents can force the 
suspension of drilling operations on platforms 
in the Gulf. 

The Materials Science Grand Challenge was 
able to use the XP/S 5 to produce remarkable 
improvements in the resolution of the potential 
energy surface of a Germanium atom adsorbed 
onto Silicon. 

FY 1994 Major Milestones 
Ixpand Parallel Ocean Program work to 
rovide predictions to aid platform design and 
lacement decisions. 
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FY 1995 Major Milestones 
150 Gigaflops machine at ORNL running in 

single user mode 4Q 1994 

Upgrade machine at ORNL to multiple 
user/simple partition - 1Q 1995 

Upgrade machine at ORNL to multiple 
user/overlap partition - 4Q 1995 

Upgrade memory from 32 to 128 Gigabytes at 
LANL. 

Milestone Changes from Prior IP 



Budget (BA, $ M) DOE Budget Account 'Ode FY 93 N 94 FY 94 FY 95 
Actual Pres. Est. Pres. 

HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA JITA BRHR ~ 

HPC Research Centers-Global Climate 
Collaboration 1.80 2.00 2.00 2.00 2.00 

DOES Office of Health and Environmental Research contributes direct suDDort through its CHAMMP and Atmospheric Radiation Measurements programs and wastewater 
Agency Ties 

_ _  I 

monitoring programs. These funds support grand challenge work in these areas at the two HPCRCs. 

FY 1993 Accomplishments 
iitiate joint work in parallel ocean model and 
roundwater transport in collaboration with 
lHAMMP and other OHER programs. 

FY 1994 Major Milestones FY 1995 Major Milestones 
ncrease resolution of GCM to support global Continue R&D on Grand Challenge projects at 
:02 modeling. the HPCRCs. These projects are cofunded by 

other DOE programs and by industrial 
Iirect experimental test of wastewater partners. Participants include DOE laboratory, 
melioration strategies developed in FY 1993 university, industry and other HPCC agency 

researchers. The are: 

* Global Climate Modeling, 
* Groundwater Transport and 

* First Principles Simulation of 
Remediation, and 

Materials Properties. 

Communicate results expected for some large 
applications. 
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NSA 
NIST 

NOAA 

Milestone Changes from Prior IP 



I - ,  . Budget (BA. $ M) I HPCC Components by 1995 Pres. Req. DOE m93 FY& I I m a n  I I -I D v n c  i 
I I I I 

Actual Pres. I , - __l. , I I 

0.30 0.30 1.20 1.20 
I 

This element supports research in the basic technology and services which underlie a number of IITA applications including energy demand management and 
environmental monitoring and waste minimization. The basic services being explored include authentication, distributed resource management, and distributed Agency Ties - -  
collaboration tools. Much of this work is done in close cooperation with U.S. computer manufacturers and potential users in industry. - 

FY 1993 Accomplishments Ey 1994 Major Milestones FY 1995 Major Milestones 
Establish security for remote access to Telework support (std file systems, graphics, 
resources (smart cards, authentication, etc.) spreadsheets, serial interfaces for access and 
such as libraries, digital and object databases, configuration, sliding bar control of video 
video conferences, robots in "hazardous interaction. 
areas," etc. 

Merge FAX/e-mail/phone/video (These 
Develop protocols and interfaces (GUI) for tools/technologies need to work on many 
shared drawindwriting spaces, platforms and work at 2400-19.2, N-ISDN, anc 
version/document control, a common higher speed technologies to satisfy all levels 
spreadsheet interface, information, digital of users.) 
library, multimedia, object databases that must 
work at both high speeds and over a slow Assess and document the benefits of and 
serial dialup line. develop a plan for implementing an energy 

demand and supply management national 
Establish resource consumption monitoring challenge in close collaboration with the U.S. 
tools and accounting tools. Power Utilities. 

overed under NREN 
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E NASA 

NSA 
NIST 

N O M  
EPA 

ED 
Milestone Changes from Prior IP 



Budget (BA, $ M) HPCC Components by 

FY 93 FY 94 FY 94 FY 95 HPCS NREN ASTA Actual Pres. Est. Pres. ~~ 

Budget Account DOE 
Research Participation and Training 

2.60 2.00 2.00 2.00 

The Computational Science Graduate Fellowship program supports over 50 doctoral students in computational science and engineering. 

FY 1993 Accomplishments 
?onduct first conference for dl computational 
:ience fellows with uniformly excellent 
resentations. 

FY 1994 Major Milestones 
[aintain current numbers of fellows. 

onduct second workshop for fellows. 

- 
FY 1995 Major Milestones 

valuate quality of first group of fellows as 
ley enter the professional computational 
:ience career path. 

995 Pres. Req. 

GJ&& 
I 2.01 

ARPAJ 
Agency Ties 

Milestone Chanrres from Prior IP 
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HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IlTA B N R  
2.36 3.00 3.00 3.00 3.0C 

~~ 

Budget Account FY 93 FY 94 FY 94 FY 95 
Education, Training and Curriculum Actual Pres. Est. Pres. 

DOE 

Support for kindergarten through graduate school educational programs. Adventures in Supercomputing (Ais) trains in-service teachers in the use of comDuters and 
networks. AIS also encourages the participation of women and minorities in computational science. 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 cumculum enhancement project is developing approaches for effecting permanent changes in university curricula at both the undergraduate 
and graduate levels. This activity also addresses the issue of engaging university administrators in the process of advocating computational science and engineering 
education. 

Agency Ties 

FY 1993 Accomplishments 
.iS program established in New Mexico and 
ennessee. 

lelease beta version of graduate computationa 
:ience electronic textbook. 

tq- 
N O M  

FY 1994 Major Milestones FY 1995 Major Milestones Milestone Changes from Prior IP 
lold the first K-12 Administrators Workshop. I Make second general release of electronic I 

computational science text 

Continue AIS program at current level, which 
is to introduce approximately 50 teachers and 
25 school districts into the program. 

Continue development of undergraduate 
electronic computational science textbook 

Hold workshop on the role of schools of 
education in computational science education 

!xpand Ais program from New Mexico and 
rennessee to Alabama, Colorado, and Iowa. 

nitiate undergraduate textbook project. 
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I I 15.251 15.701 15.701 16.001 I I 
I I I I I I I 

This program activity supports applied mathematics, computer science, and computational science research that develops tools for enabling solutions to large 
scientific problems. DOE supports leading-edge research at 10 DOE laboratories and over 30 universities. Current topics include: 

numerical analysis and scientific computing, 
modeling and analysis of physical systems, 
dynamical systems theory and chaos, 

9 geometric and symbolic computation, and 
optimization theory and mathematical programming. 

Funding also covers conferences and workshops in applied mathematics and computational science, the activities of the National Academy of Science's Board on 
Mathematical Sciences, over 40 post-doctoral associates at laboratories and universities, and over 60 university graduate students. Applied mathematicians and 
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 relevance to the DOE mission. The panel also identified new areas for possible funding 
(inverse scattering, nondestructive evaluation, discrete mathematics, and spatio-temporal chaos). 

FY 1993 Accomdishments 
Novel applications of asymptotic 

nalysis led to the development of improved 
evice simulation codes for designing silicon 
nd G A S  semiconductors. 

zge-scale stochastic programming problems 
lrovided the first successful solution of 
ealistic linear and nonlinear programming 
lroblems in the presence of uncertainty. 

Computational geometers settled a 
entury- old conjecture on the existence of 
ertain types of minimal surfaces using a 
ombined analytical/ computational/ 
isualization approach. 

A fast multigrid solver for transport 
iroblems was incorporated into DOE laboratory 
reduction codes enabling faster and more 
ccurate solution of neutron scattering 
xoblems. 

Analytical and numerical methods for 

16.0C 

Agency Ties 

ARPAl 

NASA I 

FY 1994 Major Milestones 
fake available a code that can resolve fluid 

FY 1995 Major Milestones Milestone Changes from Prior IP 
I Make available codes based on adaptive mesh \An environmental remediation modeling 

ynamic instabilities produced by shock 
raves to the extent that simulation results 
gree with experiments in one and two 
imensions. 

)esign and implement numerical algorithms 
)r controlling in real time, the behavior of 
haotic responses in low-dimensional 
iechanical and electrical systems. 

)evelop software and computer networking 
101s to enable chemists and material 
cientists to visualize complex geometric 
tructures found in commercially important 
atural and synthetic materials. 

refinement techniques for resolving 3D fluid project at Oak Ridge National Laboratory was 
flow phenomena in complex geometries. cancelled following a recommendation from 

the 1993 Program Review Panel that the 
Design security procedures for voice and data researchers lacked the appropriate physical 
transmission based on sending the data and numerical expertise to model realistic 
encapsulated in a chaotic signal and decoding groundwater contaminant transport 
the signal using techniques for controlling phenomena. 
chaos. 

Two applied mathematics projects at Sandia 
Make available codes for resolving large-scale National Laboratory were cancelled. In one 
stochastic programming problems of the type project on combustion modeling the 
found in large commercial electric power 
distribution systems, data transmission 
networks, and airline crew equipment 
scheduling operations. 

researcher had perfected his bifurcation 
analysis techniques to the point where further 
support was deemed unnecessary, while in the 
second project on developing adaptive 
numerical schemes the researcher became 
involved in another project and was unable to 
continue working on this one. 

I I 
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National Aer,onautics and Space Administration 
NASA's primary role in this program includes leading the development of applications software and algorithms for scalable parallel 
computing systems which will increase system performance to the sustained teraFLOPS (1012 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. NAS As  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 Earths 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 1995 NASA HPCC program has been organized into three vertically integrated computing projects: Computational 
Aerosciences (CAS) project, the Earth and Space Sciences (ESS) project, the Remote Exploration and Experimentation (WE) project and 
the Information Infrastructure Technology and Applications (IITA) component. The REE project will not be active from FY 1993 through 
FY 1995, but is expected to resume activities in FY 1996. In cooperation with other participating federal agencies, NASA's HPCS 
component involves deployment of experimental, scalable supercomputer capabilities essential for computational design of integrated 
aerospace vehicle systems and for predicting long-term global changes. NASA leads the coordination of the ASTA element among 
government, academic and industry partners. This includes conducting a series of workshops which address federal HPCC program needs 
in software technologies and algorithms, computational aerosciences and supercomputing testbeds. NASA also is responsible for 
implementing the Software Sharing Experiment 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. 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 new IlTA 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 @A, $ M) 
FY93 FY94 FY94 FY95 
Actual Pres. Est. Pres. 

HPCC Components by 1995 Pres. Req. 

Program Activity Budget Account Code Agencies HPCS NREN ASTA IlTA BRHR 
PartnedUser 

Testbeds 509-10 509-20 509-30 ARPA,NSF, 17.60 26.30 22.60 26.40 9.70 16.70 
DOE 

Grand Challenge Support 509-10 509-20 NSF, DOE, 46.80 57.40 53.80 55.30 55.30 
NOAA,EPA 

Systems Software 509-10 509-20 509-30 EPA, NOAA, 5.40 8.20 8.20 9.20 9.20 
NSA, NIH, .... 

NREN 509-10 509-20 ED,NOAA, 8.50 14.20 13.10 12.70 12.70 
EPA, NSF, ... 

BRHR 509-10 509-20 NSF, NIH, 3.30 3.40 3.30 3.80 3.80 
NOAA, EPA 

Information Infrastructure Technology 509-40 DOE,MH,ED, 0.00 4.00 3.20 6.80 6.80 
EPA, NOAA. 

Information Infrastructure Applications 509-40 N o & m A  0.00 8.00 8.80 10.70 10.70 

Totals: 81.60 121.50 113.00 124.90 9.70 12.70 81.20 17.50 3.80 
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NASA 
I Testbeds 

Budget (BA, $ M) HPCC Components by 1995 Pres. Req. 

FY 93 FY 94 FY 94 FY 95 HPCS NREN ASTA 
Budget Account 

~ Actual Pres. Est. Pres. 
17.60 26.30 22.60 26.40 9.70 16.7C 

I I \ I I I I I 
The objective of this element 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 systems by: 
Acquiring some advanced prototype and early production model high-performance computing systems for use and evaluation; 
Providing network access 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 which are needed to project the eventual performance of 

Grand Challenge applications on TeraF'LOPS computing systems; 
Developing a set of parallel benchmark codes based directly on the Grand Challenge applications to evaluate disparate architectures. 

To compare different approaches to TeraFXOPS systems on a common basis, NASA will develop these parallel benchmarks to reflect the computational demands of 

NASA also will develop tools and techniques to project the execution performance of the Grand Challenge applications. High-performance computing research 
the various Grand Challenge areas. All benchmarks will be scalable and used on HPCC testbeds. 

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 (NREN), 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. I 

FY 1993 Accomplishments FY 1994 Major Milestones 
NASA played an active role in the Concurrent Install 10-50 GigaFLOPS sustained testbeds 

SuperComputer Consortium (CSCC) during its (scalable to 100 GigaFLOPS) for 
first year of operation. Use of the Consortium's Computational Aerosciences (CAS) Grand 
Intel Touchstone Delta supercomputer has Challenge teams. 
enabled major advances in several scientific and Foster teaming of independent software 
engineering applications including the vendors, aerospace industry and computer 
processing of three-dimensional images of manufacturers through access to 10-50 
Venus taken by the Magellan satellite at the GigaFLOPS testbed. 
rate of four frames per second -- thus putting 
real-time image processing within reach. 

the largest direct numerical simulation of the 
time-dependent compressible Navier-Stokes 
equations and the largest three-dimensional 
compressible turbulence simulations for high 

Other accomplishments on the Delta include 
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FY 1995 Major Milestones 
Develop multidisciplinary aeroscience and 

!arth and Space Science (ESS) applications on 
0-50 GigaFLOPS testbeds. 

Milestone Change5 

Agency Ties 

ARPA Partnei 

NSF Partnei 

DOE User 

NASA User 

NlH 
NSA 
NIST 

NOAA 
EPA 

ED 
rom Prior IP 



HPCC Components by NASA Budget AccountCcde FY93 Bud F Y E A  et I (BA, -.-,.. $ M) I ,-..I nr 1 I I 

Actiial Pre GrandC' - -  
I I I I I I I I 

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 aerospace 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. 

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

FY 1993 Accomplishments FY 1994 Major Milestones 
NASA established Grand Challenge I Aeronautics industry review and validation I Develop multidisciplinary aeroscience and 

FY 1995 Major Milestones 

pplications interdisciplinary teams in CAS 
nd ESS. promote industrial use. 

The Computational Aerosciences 
CSCC) enabled major advances in the Consortium of U.S. industrial firms has 
rocessing of three-dimensional images of worked with NASA to facilitate the 
Tenus taken by the Magellan satellite at the development of pre-competitive software for 
ate of four frames per second, the largest direct the implementation of integrated 
umerical simulation of the time-dependent multidisciplinary design, analysis, and 
ompressible Navier-Stokes equations, and the optimization systems on heterogeneous 
Egest 3-D compressible turbulence computer networks. 
imulations for high Reynolds numbers. 

NASA ported single discipline 
omputational fluid dynamics code and 
tructural analyses to a number of scalable 
arallel computers. NASA developed and 
emonstrated the ENSAERO computer 
lgorithm, which couples aerodynamics and 
tructures analysis modules on the Intel 
PSC/860 computer. 

of NASA aeroscience computational tools to 

The Concurrent Supercomputer Consortium 

Earth and space science applications on 10-50 
GigaFLOPS testbed: 5- 10 GigaFLOPS 
sustained performance on Earth science 
applications. 

Architecture evaluation results by Earth and 
Space Science Team. 

Advanced subsonic civil transport 
analysisloptimization code; and medium 
fidelity high speed civil transport modeling. 

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

I I 
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995 Pres. Req. 

Agency Ties 

3iC.tIz 
Milestone Changes from Prior IP 



HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IlTA BRHR 

Budget (BA, $ M) 
~ 

NASA Budget Account ‘Ode FY 93 FY 94 FY 94 FY 95 
Actual Pres. Est. Pres. Systems Software 

5.40 8.20 8.20 9.20 9.20 
There are common needs in many areas of software technology including programming environments for code development and adaptation, advanced compiler 

technology, tools for optimization and parallelization, data management and interoperability, analysis and performance measurements, user interaction and 
visualization, and debugging and instrumentation. 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 HPCC Software Exchange to provide the infrastructure that 
encourages software reuse and the sharing of software modules across organizations through an interconnected set of software repositories. 

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. 

highly parallel systems. Techniques will be explored to control efficient, high-performance I10 in highly parallel computer systems. The structures which 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-perforniance systems will be studied. 

Human interfaces will be developed to permit users to observe and manipulate the huge amounts of 3D temporal input and result data from the multidisciplinary 
simulation, analysis, and optimization processes in a manageable, coherent fashion. and to allow for the analysis of the discrete physics through visualization, 

Agency Ties 

ARPA Partner 

NSF Partner 

DOE Partner 

NASA 

NM user 

NSA User 

NIST 
NOAA User 

Research will be conducted in the development of program debugging tools and in instrumentation facilities for monitoring execution and developing new techniques 

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 

. 

- 
manipulation, and comparisons with other experimental or computational data. 

FY 1993 Accomplishments 
The HPCC Software Exchange Experiment 

icourages the sharing and reuse of software 
iodules by providing an infrastructure of 

FY 1994 Major Milestones 
Organize second workshop on systems 

software and tools for High Performance 
computing environments. 

iterconnected software repositories. It 
:presents the first time that a number of 
ifferent agencies with different philosophies 
ir software management have collaborated to 
evelop an integrated, albeit experimental, 
ystem. 

mferences to stimulate discussion among 
[PCC systems software and tool researchers 
nd Grand Challenge applications teams 
:garding the development of a national 
:search agenda for HPCC systems and 
pplications software and to promote 
Dordination among agency-sponsored efforts. 
‘hese efforts are leading to teaming 
rrangements between research labs in different 
:deral agencies. 

NASA also sponsored a number of national 
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FY 1995 Maior Milestones I Milestone Changes from Prior IP 
Improve portability and scalability of 

oftware components and tools to high 
)erformance computing systems. 



Budget (BA, $ M) HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IRA BRHR 
NASA Budget Account FY 93 FY 94 N 94 FY 95 

Actual Pres. Est. Pres. 
8.50 14.20 13.10 12.70 12.70 

NREN 

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. 

NASA has already deployed 45 Mbps network services between two NASA centers and the NSFnet, significantly improving communications between remote 
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 Mbps among the five NASA centers. 

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). 

I AgencyTies 

NIST 

FY 1993 Accomplishments FY 1994 Major Milestones 
Complete T-3 (45 Mbps) Level 3 HPCC 

FY 1995 Major Milestones 
I Demonstrate satellite-based Gigabit 

Milestone Changes from Prior IP 
NASA supports the architecture evolving in 1 

le NREN component and participates in the 
evelopment and deployment of gigabit 
etwork technologies and architectures. 

NASA continues to develop and deploy 
dvanced networking technologies to allow 
:searchers and educators to carry out 
ollaborative research and educational communities. 
ctivities. NASA has entered into a cooperative 
ffort with DOE to procure network services 
iat will operate at 45 Mbps using synchronous 
ptical fiber network standards. The two 
gencies are working closely to provide a 
ationwide fiber optic network that will meet 
iPCC research communications needs and serve 

interconnects of five NASA centers -- Ames applications using the Advanced 
Research Center (ARC), Goddard Space Flight Communications Technology Satellite (ACTS 
Center (GSFC), Langley Research Center including: "A Performance Study of a 
(LaRC), Lewis Research Center (LeRC) and the SONET/ATM Satellite & Terrestrial Network 
Jet Propulsion Laboratory (JPL) -- with for an Engine Inlet Simulation," and "High 
switched packet network to serve research Data ACTS Experiments for Performing Globa 

Science: Keck Telescope and Global Climate 
Model." 

Interconnect five NASA research centers 
using 155 Mbps high speed communication: 
Ames Research Center (ARC), Goddard Space 
Flight Center (GSFC), Langley Research 
Center (LaRC), Lewis Research Center (LeRC) 
and the Jet Propulsion Laboratory (JPL). 

s the foundation for even faster networks 
anging from 155 Mbps to eventual gigabits 
peeds. 

I 
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Budget (BA, $ M) HPCC Components by 1995 Pres. Req. 
Budget Account 'Ode FY 93 FY 94 FY 94 FY 95 I NASA 

pp Actual Pres. Est. Pres. HPCS NREN 
3.30 3.40 3.30 3.80 

BRHR 
I I I I I I I I 

Effective integration of new high-performance computing technology into the US. mainstream will require a sustained research effort across the spectrum of 
computing technology. Areas to be included are: computer architecture; fundamental algorithms; computational complexity; networked and distributed computation; 
numerical analysis, and application specific algorithms. 

NASA supports research institutes and centers of excellence engaged in computer science and computational science under the basic research and 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. 

will be concentrated at the graduate and post-doctoral 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: 

The NASA HPCC program also focuses on the development of the next generations of computer and computational scientists. The resource potential to be developed 

Expanding ongoing NASA programs which 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 which support post-doctoral 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. 

FY 1993 Accomplishments FY 1994 Major Milestones 
Provide annual graduate & post-doctoral Pilot programs with the K-12 educational I 

ommunity have been established to discover 
ie best mechanisms for using space and 
eronautics assets to support educational 
ommunities in the U.S., and to provide 
ractical models for using sophisticated 
omputational and networking resources in 
lese communities. This was and will continue 

be accomplished in collaboration and Grand 
:hallenge scientists from the CAS and ESS 
rojects, thereby achieving direct involvement 
etween NASA scientists and the K-12 
ommunity. 

support for high performance computing 
research. 

I 

I 
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FY 1995 Maior Milestones 
Provide annual graduate & post-doctoral 

upport for high performance computing 
esearch. 

IITA IBRHR 
I 3.8( 

Agency Ties 

NSF Partner 

NIST 

NOAA User + 
~___ 

Milestone Changes from Prior IP 



~~ 

Budget (BA, $ M) HPCC Components by 

HPCS NREN ASTA _ _ _ _ _ _ ~  
Budget Account FY 93 FY 94 FY 94 N 95 

Actual Pres. Est. Pres. 

NASA 
Information Infrastructure Technology 

0.00 4.00 3.20 6.80 
I I I I I I I 

NASA will promote the development and deployment of digital libraries within the National Information Infrastructure in partnership with other federal agencies as 
called for in the administration's technology plan and pending legislation in the House (H.R. 1757) and Senate (S.4). NASA will follow a three fold approach in 
pursuing this project based on both NASA unique requirements and technology contributions and on more general national requirements for advanced technology for 
digital libraries. 

First, in conjunction with the NII Applications of Remote Sensing Images and Data project, NASA will issue a Cooperative Agreement Notice for research and 
development of digital library technology to support the access to and distribution of remote sensing images and data over computer networks such as the Internet. The 
proposals selected under this project will primarily be for cooperative research efforts to develop both innovative and scalable applications of these images and data in 
both the public and private sector. Communities and applications that will potentially be served include: agriculture, forestry, state and local governments, 
transportation, education, and traditional library services. 

with the National Science Foundation and the Advanced Research Projects Agency to economize the procurement of this crosscutting research. A joint 
NSFIARPmASA solicitation is in preparation for release in FY '94. 

The final component of NASA's Digital Library Technology project will be to foster the development of standards for library interoperability. Since ultimately 
digital library technologies will be developed and supported by the private sector, early involvement by the private sector is crucial to expeditiously develop standards. 
NASA's strategy for this area will be to promote a joint government, industry and academia Digital Library Technology Team to develop a standards development 
process and to initiate the standardization of key technologies to accelerate the creation of NII Digital Libraries. 

The second part of NASA's program in digital library technology will be to develop more generic technologies for the longer term. This will be done in partnership 

FY 1993 Accomplishments FY 1994 Major Milestones 
Initiate cooperative agreements with the Prior to element start. 

non-federal sector for the development of 
digital library technology. 
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FY 1995 Major Milestones 
Establish a Remote Sensing Public Access 

:enter for serving the Internet communities' 
equirements with regard to accessing NASA 
!arth and space science data. 

.995 Pres. Req. 

Agency Ties 

ARPA Partner 

NSF Partner 

DOE User 

NASA 
NJH I user 

NSA I 

User 
. 

Milestone Changcs from Prior 1P 



t 
Bud et (BA,$M) HPCC Components by 1995 Pres. Req. 

HPCS NREN mA BRHR 
Budget Account Code FY 93 FY t 4  Ey 94 Fy 95 NASA 

Actual Pres. Est. Pres. Information Infrastructure Applications 
0.00 8.00 8.80 10.70 10.70 

NASA will develop and provide access to databases of remote sensing images and supportive software over computer networks like the Internet. Such databases would 
be accessible to both public and private institutions promoting the dissemination of taxpayer-funded Federal information. The information contained within these 
databases can also be used by the educational and library communities to fulfill their needs and goals. The programmatic goal is to provide broad public access to remote 
sensing data to traditionally un-served communities. This data can be NASA and other federally funded data provided to the application communities. Providing the 
access to remote sensing data will promote gains in education, quality of life and economic growth. 

Agency Ties 

ARPA 
NSF 

NASA will build on its HPCC program, its aeronautics and space science research and engineering missions, and its existing education outreach infrastructure to 
facilitate the general development of the National Information Infrastructure to support mathematics, science, and engineering education in the K-12 levels. In FY '94, 
NASA will issue a research announcement or cooperative agreement notice open to public and private parties nationwide, The intent of this announcement will be to 
solicit and fund proposals pursuing innovative ways to integrate the emerging national information infrastructure (the National Research and Education Network, open 
repositories of math and science information, state of practice networking tools like WAIS, Gopher, and Mosaic, ...) into established and accepted educational curricula. 

FY 1993 Accomplishments 
Prior to element start. 

FY 1994 Major Milestones FY 1995 Major Milestones 
Initiate first set of cooperative agreements Demonstrate applications for public access 

or innovative applications of remote sensing and retrieval of NASA databases over the 
atabases. Internet for commercial and public purposes 

by traditionally under-served communities 
(Le. schools, public libraries, small 
businesses and state or local governments). 

Demonstrate Internet access and 
computational science curriculum tools for 
K-12 education including: NASA "Daytime 
Astronomy" tools from Project SEED (Science 
in Early Education Development); Information 
search and discovery tool for teachers (ILIAD) 
for use over the Internet; and Internet training 
for the Science Teacher Ambassadors 
(representing 24 school districts). 
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National Institutes of Health 
The National Institutes of Health (NM) contribution to the High Performance Computing and Communications initiative focusses on 
biomedical applications of computing and digital communications. HPCC efforts include research and development within NIH's 
intramural laboratories, and sponsorship via grants and contracts of HPCC efforts at educational and research institutions. The program 
includes Grand Challenges research in areas such as biomolecular sequence and structure analysis, medical image reconstruction and 
processing, and the creation and evaluation of advanced computing architectures in these domains. The IITA component of the NIH 
program focusses on healthcare-related activities, such as the development of testbed networks linking hospitals, clinics, libraries, and 
medical schools, and the development of computerized patient records and telemedicine technologies. HPCC programs are administered 
by the National Library of Medicine (NLM), National Center for Research Resources (NCRR), Division of Computer Research and 
Technology (DCRT) and the National Cancer Institute (NCI). 



National Institutes of Health 

Budget (BA, $ M) 
FY93 FY94 FY94 FY95 
Actual Pres. Est. Pres. 

HPCC Components by 1995 Pres. Req. 

Budget Account Code Agencies HPCS NREN ASTA IlTA BRHR 
Partner/User 

Program Activity 
NLM Medical Connections Program NSF 0.40 3.70 0.60 6.50 6.50 

NLM Biotechnology Informatics 4.10 9.50 4.10 4.80 4.80 

NLM Electronic Imaging 1.50 4.10 2.20 2.20 2.20 

NLM HPCC Training Grants 2.90 3.60 2.90 3.60 3.60 

NLM IAIMS grants 3.80 7.60 3.80 5.40 5.40 

NLM Intelligent Agent DB searching 5.00 4.40 5.60 4.70 4.70 

NLM HPCC Health Care Applications 1.50 6.80 7.00 11.00 11.00 

NCRR Advanced Software Technology and NSF 6.80 8.80 8.80 8.80 8.80 
Algorithms 
NCRR Information Infrastructure Technology NSF 3.40 4.70 4.70 8.80 8.80 
Applications 
NCRR Basic Research and Human Resources NSF 3.10 2.30 2.30 5.00 5.00 

DCRT High Performance Biomedical ARPA 8.00 8.40 8.40 11.00 4.00 1.00 3.00 3.00 
Comuutinp Program 
NCI Frederick Biomedical Supercomputing NSA, NIST 6.30 6.70 6.70 6.70 0.90 0.40 4.60 0.80 
Center 
NCI High speed networking and distributed 2.00 0.50 0.40 1.00 0.10 
conferencing 
High Perf. Communications for PDQ, 0.60 0.60 
CancerNet, and Electronic Publishing 
National Coordination Office 0.40 0.90 0.70 0.70 0.70 

Totals: 47.20 71.50 57.80 81.80 4.90 8.40 23.80 29.10 15.60 



Budget (BA, $ My HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IlTA BRHR ~~ 

Budget Account FY 93 FY 94 Ey 94 FY 95 
Actual Pres. Est. Pres. 

NIH 
NLM Medical Connections Program 

0.40 3.70 0.60 6.50 6.50 

Joint funding by the National Library of Medicine and the National Science Foundation is provided to offset the costs of digital communications equipment, digital 
circuits linking medical centers with academic and commercial mid-level networks, and personnel and services necessary to connect to the NREN. 

Agency Ties 

ARPA 1 
Special emphasis is given to linking medical libraries with health care delivery organizations so that high speed telecommunications can support delivery of timely and 
accurate information for clinical decision making. The program also supports creation of regional consortia of health care institutions for sharing of medical 
information and data. 

FY 1993 Accomplishments 
5 Connections grants were awarded in 1993. 

FY 1994 Major Milestones 
ipproximately 20-25 Connections grants will 
le awarded in 1994 
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FY 1995 Major Milestones 
it full funding levels, approximately 100 
rants would be awarded annually 

NIH 

NSA 
NIST 

N O M  
EPA 

ED 
Milestone Changes from Prior IP 

)ue to funding limitations, 1994 grant targets 
rere reduced from 100 to 20-25. 



Budget (BA, $ M) HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IITA BRHR ~~ 

Budget Account FY 93 FY 94 FY 94 FY 95 
NLM Biotechnology Informatics Actual Pres. Est. Pres. 

NIH 

4.10 9.50 4.10 4.80 4.80 
I I I I I I I I I I 

The NLMs National Center for Biotechnology Information (NCBI) has been given the legislative mandate to create automated systems for storing and analyzing the 
vast and growing ocean of data related to molecular biology, biochemistry, and genetics. This information science is an essential component of genome research and 
protein engineering/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 databanks encoding DNA, RNA, proteins, and other biologically important molecules. 

NCBI is implementing a "backbone" sequence database of molecular sequence and structure which contains key linkages to the scientific literature and to existing 
biological databanks; the database is available to researchers nationally via the NREN, using several advanced client-server prototype retrieval systems. Research on 
efficient and expressive data representation techniques for molecular sequence objects is a critical component of this effort, which complements basic research on the 
development of new sequence analysis and retrieval methods. Within this distributed database architecture, the Center builds and provides access to GenBank, the 
national DNA sequence databank which is a key data resource of the Human Genome Project. 

The Biotechnology Informatics program also supports investigator- initiated research in computational biology via peer-reviewed grants. 

FY 1993 Accomplishments 
reation and public distribution of GenBank, 
le national DNA sequence databank, in a 
innat integrated with other molecular sequence 
itabanks and the biomedical literature of 
Iedline. Public availability of "Entrez" 
itegrated database search engine. 

FY 1994 Major Milestones 
:reation of automated direct author 
ubmission methods with automated quality 
ontrol analysis algorithms. 2-5 
nvestigator-initiated grants in biotechnology 
lgorithm development. 

FY 1995 Major Milestones 
Tenfold expansion of available gene sequencer 
linked with protein and literature references. 
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DOE 

NOAA 

Milestone Changes from Prior IP 



I Bud et (BA, $ M) HPCC Components by 1995 Pres. Req. NIH BudgetAccountCode Fy93 I F Y F .  I --.-. I _ _ - _  1 I I I I 

~ c t u d  I Pre: NLM Electronic Imaging 
1.50) 4.101 2.2( 

HPCS NREN ASTA IITA BRJAR 
44 r r  514 FY ~3 
5. Est. Pres. 

3 2.20 2.20 
I I I I I I I I I 

Images are an important part of biomedical knowledge. New computer-based technologies are providing an unprecedented opportunity to supplement the 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. The National Library of Medicine has undertaken the first steps to build digital image libraries of the three dimensional structure of the 
human body at sub-millimeter level resolution. Full use and understanding of the biological structure depicted in such libraries will require advanced computing methods 
to identify and classify biological objects within image sets, as well as algorithms to efficiently render anatomic detail acquired from computed tomography (CT), 
magnetic resonance imaging (MRI), and anatomical prosection in a manner that is photo realistic and easily manipulable by the student, researcher, or health care 
provider. The NLM is also working with industry and academic groups to develop standards for the representation and communication of such electronic images. 

Agency Ties 

ARPA 
NSF 
DOE 

FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones 
First object classification and geometry based 

representative normal human anatomy will be image libraries available. 
)ata acquisition completed for a single cadaver Complete sample-based datasets for 
t millimeter level resolution. 

the 

NASA 

NM 
NSA 

NIST 

NOAA 
EPA 

ED 
Milestone Changes from Prior IP 
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NIH HPCC Components by 1995 Pres. Req. 
_ _ _ _ _ _ _ _ _ ~  HPCS NREN ASTA IITA BRHR 

2.90 3.60 2.90 3.60 3.6 

Bud et  (BA, $ M) BudgetAccountCode Ey93 F y t 4  Fy94 Ey95 NIH 
Actual Pres. Est. Pres. NLM HPCC Training Grants 

Budget (BA, $ M) HPCC Components by 1995 Pres. Req. 

ASTA IITA BRHR 1 BudgetAccountCode I FY93 I FY94 1 FY 94 I FY95 I __-- ~ 1 -  ____. I 
I I I I I I I I I 

Currently, there are not adequate numbers of persons in biomedical fields who have had training in the use of modem computer and communications systems. There is a 
need both for biomedical professionals cross-trained in informatics and for persons from computer and information sciences and engineering who have had doctoral or 
post-doctoral training in the application of these technologies to health problems. The major university medical centers that have concentrated their resources on 
planning for institution-wide information services have found that locating and recruiting senior professionals with this kind of education and training is their greatest 
obstacle. Training in health information management skills is critical. NLM's is expanding its successful pre- doctoral and post-doctoral grants program for career 
training in medical informatics, and providing an HPCC-in-medicine fellowship training program. 

Agency Ties 

ARPA 
NSF 

- 
10 

FY 1993 Accomplishments- 
institutional training grants awarded. 

FY 1993 Accomplishments- 
10 institutional training grants awarded. 

FY 1994 Major Milestones FY 1995 Major Milestones 
Additional 1-2 institutional training grants to :ontinuing support for existing programs 

ontinued. be awarded. 
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Milestone Changes from Prior IP 
Jumber of awarded not increased due to fundi1 
imitations. 



Budget (BA, $ M) HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IlTA BRHR 
5.4( 

_ _ _ _ _ _ _ ~  
NIH Budget Account 'Ode . FY 93 FY 94 FY 94 FY 95 

Actual Pres. Est. Pres. NLM IAIMS grants 
3.80 7.60 3.80 5.40 

I I I I I I I I I 
Academic Medical Centers are the backbone of the American biomedical research enterprise. These 120 institutions are comprised of medical schools with their 
associated teaching and research hospitals, clinics and laboratories. Research-related information is the life blood of these complex centers, and increasingly this 
research information is in electronic form: databases of bibliographic and factual information, molecular databases, patient records, laboratory and clinical data. 
Currently, these electronic sources are largely disconnected and isolated from one another, and communications between computerized systems in academic medical 
centers is primitive or non-existent. The focus of the IAIMS program, initiated in 1984, is the development of advanced algorithms to link and retrieve conceptually 
related information from many disparate sources within the medical center, and between medical centers which are distant from one another. The goal of the program is 
the development, testing, and implementation of generalizable models of information flow management within university health science centers in a phased approach. 
The expected outcomes of this program are improved research productivity of publicly-supported research investigators at academic centers, improved access to patient 
data for technology assessment and health outcomes research, and more efficient patient care leading to reductions in unnecessary hospitalization. 

Agency Ties 

ARPA 
NSF 
DOE 

NASA 
NM 
NSA 
NIST 

NOAA 
EPA 

ED 

- 

were made to academic medical centers in seven 
states and the District of Columbia; four of 
these sites are implementing working systems 
which integrate academic information sources 

FY 1994 Major Milestones 
'hirteen IAIMS projects will be supported by 
rant and contract mechanisms, including two planning, implementation, and operations are 
mplementation continuation awards, one 
perations award and eight planning awards. 

FY 1995 Major Milestones 
15-20 awards divided among institutional 

anticipated; emphasis on sharing of 
information via the NREN will be a central 
focus of the program. 
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~ -~ 
~ HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IlTA BRHR 

Budget (BA, $ M) 
Budget Account 'Ode FY 93 FY 94 FY 94 FY 95 

NLM Intelligent Agent DB searching Actual Pres. Est. Pres. 

NIH 
~ 

5.00 4.40 5.60 4.70 4.70 
I , I I I I I I I 

With the large and growing number of computerized data base resources and services offering bibliographic, full text and factual data bases, it 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 deal with the structured and unforgiving access 
protocols and retrieval languages that differ from one data base service to the next. An especially vexing problem arises if the user needs to search across several data 
bases or services containing information in multiple formats. Additionally, in biomedicine, the disparity in the biomedical terminology used to describe related 
concepts in different machine-readable files prevents practitioners and researchers from integrated relevant biomedical information from separate sources, such as the 
biomedical literature, clinical records, medical databanks, and expert knowledge bases. NLMs approach to these problems is to develop intelligent gateways among 
data base services, and a Unified Medical Language System (UMLS) to compensate for the dissimilarity in the ways related information is classified in different 
automated systems. Intelligent-agent-mediated gateways will give a user one point to request needed information and free the user as much as possible from having to 
know the peculiarities of the various information sources. The UMLS will function as an electronic Rosetta Stone, making the myriad of classifications of medical 

Agency Ties 
- 

ARPA 

NSF 
DOE 

NASA 
NIH 
NSA 

NIST 
NOAA 

EPA 

ED 

knowledge invisible to the user and enabling retrieval of related biomedical information from many sources. 

FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones 
unctioning Knowhot-mediated multi-database Scaling up of prototype engine to form Access Deployment and evaluation of Access gateway 
:arch engine demonstrated. gateway architecture. architecture for subset of NLM online services 

Milestone Changes from Prior IP 

I 

I 
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Bud et (BA, $ M) HPCC Components by 1995 Pres. Req. 
NIH Fy93 F y t 4  Ey94 E y 9 5  BudgetAccountCode 

Actual Pres. Est. Pres. HPCS NREN ASTA 
NLM HPCC Health Care Applications 

1.50 6.80 7.00 11.00 
I I I I I I I I 

Through a variety of mechanisms, the NLM is promoting the application of HPCC technologies to health care. The program supports research and development 
projects in each of the following IITA areas: 

1. Testbed networks for linking hospitals, clinics, doctor's offices, medical schools, medical libraries, and universities to enable health care providers and 
researchers to share medical data and imagery. 

2. Software and visualization 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. Collaborative technology 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. 

6. Database technology for storing, accessing, and transmitting patients' medical records while protecting the accuracy and privacy of those records. 

FY 1993 Accomplishments FY 1994 Major Milestones 
L single award for an advanced statewide rural Eleven additional contract awards will be made Continuation funding of the twelve initial 
:lemedicine networking project was made to a in the health care-related research areas of the HPCC BAA three-year awards and the initial 

FT 1995 Major Milestones 

- -  " 

onsortium led by the University of West 
'irginia. 

BAA. 

NLM and AHCPR announced a joint 
cooperative agreement program for 
developing and testing computer-=based 
patient record systems. Several FY 1994 
awards are planned. 

NLM will explore the use of consortia of 
federal agencies, federal laboratories, 
universities, and commercial companies to 
speed the development of health care 
applications of HPCC technologies. 

cooperative agreements. 

Fund five to ten new projects via contract 
grant or consortia mechanisms. 

I I 
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NIH 
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Budget (BA, $ M) HPCC Components by 

HPCS NREN ASTA ~~ 

NIH Budget Account FY 93 FY 94 FY 94 FY 95 
Actual Pres. Est. Pres. NCRR Advanced Software Technology and 

Algorithms 6.80 8.80 8.80 8.80 8.8E 
Advanced Software Technology and Algorithms (ASTA) activities in the National Center for Research Resources (NCRR) comprise algorithm and software development 
for advanced, high performance computing environments. The two major themes of this work are molecular biology and biomedical imaging. Molecular biology 
computing includes comparison of the similarities of genetic and protein sequence, and development of algorithms to predict molecular structure and function. 
Biomedical imaging includes imaging of molecules and new methods of correlating and displaying clinical images in three dimensions. 

FY 1993 Accomplishments FY 1994 Major Milestones 
Used 3-D simulation of a single heartbeat Complete development of new algorithms for Apply computer technology to accelerate 

I better understand heart function; required 150 protein folding simulations, calculation of protein structure determination using NMR 
3urs on Cray T3D time. free energy of solvation, potential evaluation, data. 

and sampling of conformational space. 
iembrane including all lipid and protein Implement efficient versions of several of the Investigate the conformation of biologically 
Imponents to under- stand the mechanism of methods using the vector units on the CM-5 important peptides. 
iembrane function and regulation. Work done massively parallel supercomputer. 
I conjunction with Eli Lilly. Investigate binding of drug molecules to 

Develop interface for viewing molecular receptors with known crystal structures. 
ipercomputer systems with massively parallel dynamics and for influencing its course 

FY 1995 Major Milestones 

Used simulation of an entire bio- logical 

Developed new code to couple 

iocessors for new molecular dynamics 
ilculations. 

id rendering of 3-D images from 2-D clinical 
nages and micrographs. 

Developed new algorithms for registration 

Designed new drugs to inhibit HIV. 
Determined influenza virus structure for 

Integrated graphics and molecular 
:w vaccines. 

vnamics. 

Apply integration of graphics and molecular 
dynamics to problems in protein design using 
the full power of a multi-processor 
supercomputer. 

Milestone Changes 

,995 Pres. Req. 

Agency Ties 

NSF Partner 

NIST 

%q= 
?om Prior IP 
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Budget (BA, $ M) HPCC Components by 1995 Pres. Req. 

IlTA BRHR ~~ 

BudgetAccountCode FY 93 FY94 FY 94 FY 95 
Actual Pres. Est. Pres. HPCS NREN ASTA 

NIH 
NCRR Information Infrastructure Technology 
Applications 3.40 4.70 4.70 8.80 8.80 

Information Infrastructure Technology Applications (IITA) initiatives for the NCRR encompass important emerging high performance computing opportunities. Areas 
of emphasis are programs in simulation resources; image analysis; virtual reality technologies, group software development and science education. In the area of 
stimulation, major goals are to enhance computational capabilities and to project the course of epidemics, such as AIDS. Image analysis goals are real-time medical 
imaging and rational drug design. Virtual reality includes development of tools to expand the basic and clinical application of technological methods and 
instrumentation. Goals for group software development are to support group cooperative work environment and use of networks. Science education initiatives will 

Agency Ties 

ARPA ___ 
NSF Partner 

emphasize the development of interactive learning tools to increase public and student understanding of science. 

FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones 
Lt the simulation resource for stochastic Continue development of near-real-time Provide an inverse kinematics tool that should 
opulation models, software modules are being algorithm and running code for the calculation make it easier to determine possible 
dapted to examine the spread of AIDS. of solvent- accessible surfaces around proteins configurations of protein chain segments with 
Lesearch focuses on the development and use of and nucleic acids for docking studies and 
omplex simulations of sociological structured binding energy calculation. 
opulations. beta strands. 

Use new high-resolution virtual reality 
)evelop a nano manipulator using a scanning system to display and study protein molecule 
inneling microscope and a virtual structure. 
nvironment interface. This technology could 
nable scientists to manipulate at the atomic Using virtual reality technologies and 
:vel, opening the way for high perform- ance environments to continue research and 
omputer-assisted drug design. development on surgical procedures which 

would minimize surgical trauma to areas of the 
Pilot project to introduce new biomedical body that are difficult to access. 
cience computing technologies to high school 
cience teachers and their students to enhance Design and develop a national biomedical 
ieir classroom and laboratory lessons. Also information "Kiosk which would tie 
icludes guest speakers and seminars on supercomputing, research data, and education 
ducational computing. together nationally. 

up to 12 degrees of freedom, such as turns 
connecting alpha helices to each other and to 

Enable chemists to use new-technology 
SARCOS force-display arm of high resolution, 
accuracy and frequency response. This 
instrumentation is of particular importance in 
docking and folding studies. 
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Bud e t  (BA, $ M) HPCC Components by 1995 Pres. Req. NIH Budget Account 'Ode FY 93 Fy t 4  Fy 94 Fy 95 I 
~~ HPCS NREN ASTA NCRR Basic Research and Human Resources Actual Pres. Est. Pres. 

3.10 2.30 2.30 5.00 
Basic Research and Human Resources (BRHR) NCRR initiative includes plans for cross-disciplinary training of established investigators in the use of advanced 
computing systems and methods. 

FY 1993 Accomplishments 
Sponsored "hands on" training of biomedical 
researchers in the use of the computational 
biology tools at NSF supercomputer center. 

Topics for workshops on high performance 
computing included: Connection Machine 
Parallel Computer, Nucleic Acid and Protein 

FY 1994 Major Milestones 
ropics for scheduled training workshops 
nclude: Nucleic Acid and Protein Sequence, 
:omputational X-Ray Crystallography, 
leterogeneous Supercomputing Techniques, 
Ind Biomechanics Research 

I 5.0 

Agency Ties 

NSF Partnei 

NSA 

NIST 

NOAA 

EPA 

FY 1995 Major Milestones Milestone Changes from Prior IP 
Zonference on Molecular Modeling and 
'rotein Folding 

I 
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for advanced biomedical roblems, and provides 

FY 1993 Accomplishments FY 1994 Major Milestones 
'rogress made in applying high performance Deploy and evaluate a massively parallel 
arallel computing to biomedical applications computer system capable of providing 10-20 
icluding the following: GigaFLOPS for biomedical applications. 

Completed the parallel implementation of the Initiate the implementation of a distributed 
rientation refinement methods used in the computing environment for radiation 
iree-dimensional reconstruction of icosahedral treatment planning containing workstations 
irus images from electron micrographs. for image display and a shared high 

performance parallel computer for 
leveloped a scalable parallel software package three-dimensional dose calculations. 
3r applying ab initio quantum mechanical 
iethods to chemical systems of biological Complete parallel methods for multiple 
iterest using the Hartree-Fock Self Consistent sequence alignment of proteins and nucleic 
iield approximation. acids. 

Implement a high-speed network connection 

FY 1995 Major Milestones 
Deploy and evaluate a massively parallel 
computer system capable of providing 20-40 
GigaFLOPS for biomedical applications. 

Complete the implementation of a distributed 
computing environment for radiation 
treatment planning containing workstations 
for image display and a shared high 
performance parallel computer for 
three-dimensional dose calculations. 

Develop new parallel computing methods for 
reconstructing Positron Emission 
Tomography (PET) images. 

Demonstrate high performance parallel 

Milestone Changes from Prior IP 
There are no major milestone changes from th 
prior IP. 

to one other high performance computer center computing tools that can be used to discover 
in the Washington, D.C. metropolitan area. and design pharmaceuticals based on molecular 

shape matching techniques. 
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Bud et (BA, $ M) HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA I R A  BRHR 

6.30 6.70 6.70 6.70 0.90 0.40 4.60 0.8C 

Budget Account 'Ode 
Ey 93 FY t4 Ey 94 FY 95 NIH 

~ Actual Pres. Est. Pres. NCI Frederick Biomedical Supercomputing - 
Center 

The NCI's Frederick BiomedicalSupercomputing Center(FBSC) purpose is to provide high performance computing dedicated and available to the entire biomedical 
scientific community to develop basic knowledge for the diagnosis, treatment, understanding and prevention of cancer and other diseases. It employs advanced 
techniques in a fully integrated environment of workstations, mid-level, supercomputer and massively parallel computers connected by networks. Activities are 
concentrated in those areas of biomedical research computation that are too demanding to be pursued on conventional or immature computers. Primary concerns are 
structure determination by xray and magnetic resonance, structure prediction of nucleic acids and proteins, computational biochemistry and problems that arise from 
modern molecular biology. Genomic sequence analysis, molecular mechanics, ab initio chemistry, linkage analyis, image analysis and mathematical modeling are 
primary problem areas. High production algorithms are adapted to vector-multiprocessor and massively parallel systems, entirely new algorithms are developed and 

Agency Ties 

ARPA 
NSF 
DOE 

leading-edge computer science discoveries from the areas of computer vision, robotics, deterministic and non-deterministic, algorithms. 

FY 1993 Accomdishments I FY 1994 Maior Milestones 
'rovided advanced computation to more than Improve the productive use of conventional 
000 biomedical researchers. vector-scalar supercomputing techniques 

through the development of optimized 
letermined the molecular structure of the versions of heavily used biomedical 
rotease and reverse transcriptase ensymes of applications. 
IIV and their complexes with prototype drugs. 

Expand the introduction of parallel and 
Developed a scalable parallel version of a distributed processing by continuing to 
iidely used RNA structure prediction algorithm. explore use of open tools such as PVM. 

Ibtained predicted structures for the entire 
enomes of viruses of the HIV, common cold, 
oliovirus and other families. 

)eveloped a novel, scalable parallel RNA 
tructure prediction program using genetic 
Igorithms. 

Apply high performance, parallel computing 
to diverse, challenging problems of 
biomedical importance, such as drug 
development for AIDS and other virus 
diseases, and cancer. 

FY 1995 Major Milestones 
Use computational and structure-based 
techniques to design novel inhibitors of 
enzymes implicated in AIDS, cancer and 
tuberculosis. 

Adapt algorithms for motif detection in 
genomes and molecular structures to several 
parallel computer architectures. 

Implement client server technology to 
improve the system- investigator interfaces. 

NSA partner 

NIST partner i! 
EPA 

ED 
Milestone Changes from Prior IP 

'here are no major milestone changes. 
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Bud e t  (BA,$M) HPCC Components by 1995 Pres. Req. 

~ HPCS NREN ASTA IlTA BRHR 
2.00 0.50 0.40 1.00 0.1C 

BudgetAccountCode Ey93 Fyf4 M94 Fy95 
Actual Pres. Est. Pres. 

NIH 
NCI High speed networking and distributed 
conferencing 

Improve access methodologies for diverse members of the biomedical research community to the entire computational infrastructure of the NCrs Frederick 
BiomedicalSupercomputing Center(FBSC) by improving the datacommunications and networking infrastructure through the implementation of evolving networking 
technologies and high speed interfaces. Initiatives in this area cover a wide variety of data communications technologies including local area networking, wide area 
networking, requirements for multimedia data transmission, dedicated specialized high speed interfaces for local computer to computer connections (e.g. high 
speedcrossbar switches, HIPPI, fiber channel, etc.), and the use of evolving data communications standards such as ATM and SONET. 

I AgencyTies 
I A R P A !  

~ 

NOAA 

FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones 
reliminary planning based on opportunistic (Evaluate published and unpublished reports on (Acquire and deploy high speed interconnects 
:cess to evolving projects. 

leveloped a network conferencing system 
inning on workstations, connected to the 
iternet for online conferencing to observe, 
ialyze and discuss images of a specific type 
:el electropherograms). conferencing. 

leveloped a scientists workbench for Seek collaborators in remote sites for visual 
istributing a suite of programs over and computational analysis of biomedical 
,orkstations, supercomputers and mainframes research images. 
nd graphically displaying results. 

use of high performance networking for local 
high speed interconnection. 

Test original in-house methodology, public 
domain software and commercial products for 
clientkerver interfaces to image analysis and 

for the major components of the FBSC. 

Establish connections to other laboratories of 
the NIH and biomedical community for high 
speed data communication. 

Refine and develop software for access to 
experimental and computational data from 
world-wide sources. 
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HPCC Components by 1995 Pres. Req. 
I Bud e t  (BA,$M) Budget Account FY 93 F y  t 4  Ey 94 Ey 95 NIH 

High Perf. Communications for PDQ, 
~~ HPCS NREN ASTA Actual Pres. Est. Pres. 

CancerNet, and Electronic Publishing 0.60 
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 computers from a fax 
machine and retrieve a faxed image of any of the Physician Data Query (PDQ) statements on cancer screening, treatment, or supportive care in English or Spanish. 
CancerNet is a free e-mail service on the Internet, enabling users to obtain free access to the same information in CancerFax. Additional cancer information is being 
added to CancerFax and CancerNet, and utilization is increasing rapidly. Approximately 30% of CancerNet requests originate outside the U.S. 

FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones 
CancerFax and CancerNet News and database ICIC will make entire PDQ database accessible Begin to develop a series of information 

over Internet as part of its new Information 
Over 50,000 CancerFax requests and 30,000 Associates Program. 

nformation enhanced. 

hcerNet  requests fulfilled on e-mail; current 
se of CancerNet via gopher and e- mail is 
pproximately 13,000 requestslmon. 

products that contain text, graphics, sound, 
and full motion video over the Internet using 
Mosiac. This will permit NCI to distribute: 
the Journal of the National Cancer Institute; 
the Journal of the National Cancer Institute 

Prototype for delivering interactive 
multi-media products will be developed using 

Access to CancerNet data expanded by 
mplementing on Internet Gopher Service in 
JS, Japan, and Singapore. 

Electronic mechanism developed for 
istributing monthly updates of highly focused 
earch output derived from CANCERLIT 
atabase on CancerFax and CancerNet. 

Development begun of totally digital, 
platform-independent'' multimedia products 
:aturing inter- active info. 

istribution and scripts for CDI on breast cancel 
xeening and treatment options partially done. 

the Mosaic software. 

Distribution of cervical cancer CDI through 
Information Associates Program. 

CDI on cervical cancer produced for 

Monographs; OCC educational booklets, and 
other special reports from the NCI using full 
multi-media capabilities. 

Script peer review and programming for CDI 
on breast cancer screening and treatment 
options will be completed and CDI prepared 
for distribution. 

Page 110 

Agency Ties 

q- 
NASA 

- 
Milestone Changes from Prior IP 



Bud et (BA,$M HPCC Components by 1995 Pres. Req. 
~~ HPCS NREN ASTA IlTA BRHR 

0.40 0.90 0.70 0.70 0.7C 

NIH BudgetAccountCode Ey93 F Y t 4  M 9 4  'm95  
Actual Pres. Est. Pres. National Coordination Office 

I I I I I I I I I 
This program activityis for some of the operation of the National Coordination Office (NCO) for High Performance Computing and Communications. Additional 
activities are funded by NLM and by participating agencies (for example, agency staff detailed to the NCO). Agency Ties 

ARPA 
NSF 
DOE 

NASA 
NIH 

FY 1993 Accomplishments FY 1994 Maior Milestones FY 1995 Major Milestones Milestone Changes from Prior IP 
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National Security Agency 

Budget Account Code 

NSA has traditionally influenced and been a very early and sophisticated user of the highest performance commercial computer, storage, and 
networking 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. 

Budget 
FY 93 FY 94 

Agencies Actual I Pres. 
Partner/User 

ARpl 

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 the Supercomputing Research Center (SRC), a division of 
the Institute for Defense Analyses (an FFRDC), to do most of this research. 

Program Activity 

Supercomputing Research 

Very High Speed Networking 

High Speed Data Protection Electronics 

1, NASA, I I 28.30 
NIH 
NASA 2.00 

3.50 

NIST 5.50 

2.70 

0.23 

M A ,  NASA 

BA, $ hi 
FY 94 
Est. 
26.80 

2.00 

3.00 

5.50 

2.70 

0.23 

L 
FY 95 
Pres. 
26.10 

2.00 

3.50 

5.70 

2.60 

0.23 

HPCC Components by 1995 Pres. Req. 

11.80 

2.00 

~ 3.50 

5.70 

2.60 
I 

I 0.23 
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Budget (BA, $ M) HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IlTA BRHR 
NSA Budget Account Code FY93 FY95 

Actual Pres. Est. Pres. ~~ 

Supercomputing Research 
28.30 26.80 26.10 14.10 11.80 0.20 

I I I I I I I I I I 
The National Security Agency 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: 
PIM - Processor in Memory 

CARNOT 
SPLASH 

Distributed Processing 
Super Massively Parallel Processor 

- A project to develop heterogeneous data repositories 
- A field programmable gate array based architecture 
- A "farm" of workstation-class systems with very high speed interfaces and switches 
- A "next generation" machine, which combines general purpose vector parallel architecture of the CRAY-3 

with two million single-bit PlMs, creating a very high performance massively parallel/vector parallel system. 

Agency Ties 

ARPA Partner 

NASA Partner 

NIH User 

NIST 

I I 

FY 1993 Accomplishments 
JSA did not appear in the HPCC FY 1993 

FY 1994 Major Milestones FY 1995 Major Milestones Milestone Changes from Prior IP 
Develop the PIM concept to a prototype I Demo Distributed Processing concept. 1 _ _  

mplementation Plan. demonstration level. Design large scale 
PIM-based architecture. processor-in-memory - based 

Define two CARNOT prototype 
applications. vector computer. 

Complete SPLASH development and 
demonstrate operational proto- types. 
Transfer SPLASH technology to industry for 
commercialization. capabilities. 

spatial light modulator. 

photosensitive smart detector. 

compilers. capabilities. 

architecture. CARNOT applications. 

massively parallel devices. 

system. 

Produce a prototype of a large- scale 

system integrated into a commercial high perf. 

Explore the use of massively parallel 
systems on large knowledge- based 
management applications with inferencing 

Initiate development of two- dimensional 

Initiate development of two- dimensional industry. 

Evaluate early parallel process- ing 
systems with other HPCC agencies and 

Demonstrate spatial light modulator and 
Complete development of C-based 

Design a Distributed Processing 

Design specific high perfor- mance 

Acquire Performance Analysis prototype 

photosensitive smart detector component 

Identify and develop additional prototype 

Develop tools and standards to support 

Conduct studies of strategies to manage 
the open systems concept. 

extremely large data files and very high 
transfer data rates among many different 
systems. 
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HPCC Components by 1995 Pres. Req. 
I 

Budget (BA, $ M) 

HPCS NREN ASTA 
NSA BudgetAccountCode Ey93 FY 94 FY 94 FY95 

Superconducting Research Actual Pres. Est. Pres. ~ 

2.00 2.00 2.00 2.00 
I I I I I I I I 

The program in superconducting electronics is aimed at providing high performance computing alternatives to current silicon and gallium arsenide technologies, 
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. 

FY 1993 Accomplishments 
SA did not appear in the HPCC FY 1993 
nplementation Plan. 

FY 1994 Major Milestones 
)evelop a prototype superconducting crossbar 
witch. 
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FY 1995 Major Milestones 
nstall and test the prototype superconducting 
rossbar switch in a working system. 

)evelop superconducting electronics 
echnology which could be applied to 
ommercial supercomputers of the future. 

Study feasibility of building a general purposi 
omputer using superconducting technology. 

IITA BRHR --t 
d 

Agency Ties 

NSA 

Milestone Changes from Prior IP 



Bud et (BA, $ M HPCC Components by 1995 Pres. Req. 

Actual Pres. Est. Pres. HPCS NREN ASTA IRA BRHR 
NSA BudgetAccomtCode FY93 F y t 4  F y 9 4  'Fy95 

3.50 3.00 3.50 3.50 Very High Speed Networking 

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 multi-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 multi-gigabits per second each. 

Agency Ties ______ 
ARPA I 

FY 1993 Accomplishments 
ISA did not appear in the HPCC FY 1993 
mplementation Plan. 

FY 1994 Major Milestones 
Install an in-house Gb/s network testbed to 
explore high-speed network architectures and 
network management techniques. There will be 
a similar testbed capability to explore 
compatibility of DoD private networks with 
commercial public networks. Collaborate 
with industry on the development of 
high-speed (electronic and optical) prototype 
switching equipment. 

Collaborate with industry on the development 
of operation, administration and management 
motocols for optically switched networks. 

FY 1995 Major Milestones 
lemonstrate electronic switching of up to 2.4 

1 Milestone Changes from Prior IP 

;bls data streams. 

nitiate development of optical switching and 
wave division multiplexing devices to support 
1.4 Gbls data rates. 

Conduct soliton research to explore 
ipplication to high-speed networks. 
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I I I I I I I I I 

NSA is responsible for researching solutions to ensure the security of the nation's networks and distributed systems. In collaboration with NIST and DISA, NSA is 
identifying issues and researching security policy-flexible, cost-effective ways to ensure the security of both government and commercial enterprise systems. The 
Synergy research program at NSA is developing an "open architecture" along with secure distributed system prototypes based upon security policy-flexible, operating 
system microkernels. Synergy will provide a means for commercial vendors to address a wide variety of security markets with a single architecture, thus lowering 
everyone's costs. Synergy can be the foundation on which security solutions for major initiatives can be built, whether addressing government-peculiar needs or 
commercial-enterprise needs, from the Defense Department Global Grid to the National Information Infrastructure. Synergy will integrate the INFOSEC research work 
in computer misuse and anomaly detection (audithntmsion detection), real-time and multimedia, availability, network security management, high speed networking, 

Agency Ties 

ARPA 

NSF 

, 
and secure database management systems. NASA 

NM 

FY 1993 Accomplishments 
ISA did not appear in the HPCC FY 1993 

N 1994 Major Milestones 
Establish contracts or CRADAs with 

FY 1995 Major Milestones 
Release Synergy proof of concept 

mplementation Plan. major commercial vendors and begin to software, to universities, commercial research 
implement Synergy architecture on their labs, and secure system vendors. 
microkernels to examine portability, Continue university research program to 
performance, security policy flexibility advance Synergy arch. 
issues. Fund 1- 3 universities to develop course in 

Prototype Synergy security policy secure distributed systems and perform 
flexible file and network servers. Begin Synergy research. 
experiment to run Synergy-based architecture 
over ATM high-speed network. Begin efforts to mitigate the risks and costs 
integration of network management concepts associated with high assurance product 
to manage Synergy-based security implementations of the Synergy architecture. 
components. Develop a centralized security management 

tool to be integrated with Synergy on a 
universities to advance Synergy research and high-speed testbed. 
generate new ideas. 

Demo Synergy prototype architecture's via CRADA or contract with one or more 
flexibility and applicability to commercial or commercial operating system vendors or 
NII applications. consortia, to begin implementing the Synergy 

architecture in a commercial distributed 
system. 

Initiate internal and external research 

Initiate 5-10 research contracts with 

Establish a collaborative relationship 
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NSA 
NIST Partner 

NOAA 
EPA 

ED 
Milestone Changes from Prior IP 



Bud et (BA, $ M HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IITA BRHR 
Budget Account 'Ode FY 93 FY t 4  Ey 94 'Fy 95 NSA 

High Speed Data Protection Electronics 
~~ Actual Pres. Est. Pres. 

2.70 2.70 2.60 2.60 
I I I I I I I I 

Network data security is a requirement throughout the National Community, from the financial community through the medical community to a wide range of research 
activities. NSA will take the lead in developing network security and information security techniques and products for high speed networks. It will establish high speed 
network testbeds to explore network security issues. Many of the research efforts have moved from protection of network trunks to protection of high-speed 
individualized computer links. The focus of this effort is to develop a technology which will interface to network management systems that can be used with the 

Agency Ties 

ARPA Partner 
-. - 

high-speed networks that are exemplified by NREN. 

FY 1993 Accomplishments 
ISA did not appear in the HPCC FY 1993 

FY 1994 Major Milestones FY 1995 Major Milestones 
]Design, fabricate, and test ICs with \Extend the density and IC complexity to very 

nplementation Plan. complexities ranging from simple test large-scale integration levels of 100,OOO to 
structures to large-scale integration (1,OOO to 1,000,000 gates. 
100,000 gates per chip). 

Develop the detailed design for secure 
Develop the basic system design needed to communication applied to ATM (622 Mbls 
secure networks at 622 Mb/s with system) including the design of all custom ICs 
extensibility to 2.4 Gbls and develop test needed. The first fabrication and testing of the 
structures in areas determined to be high risk. system ICs will also take place. 

Continue research in bulk and integrated Begin development of a prototype 2.4 Gbls 
optical technologies. front end processor for a high speed data 

encryption unit. 
Develop small arrays of smart pixels. Develop 
the optical interconnection system needed to Develop and demonstrate a 3.2 Gbls optical 
route optical signals between smart pixel array interconnection system. 
planes. 

NSF 
DOE 

NASA Partner 

NM 
NSA 
NIST 

NOAA 

EPA 

ED 
Milestone Changes from Prior 1P 



HPCC Components by 

Actual HPCS NREN ASTA Pres. Est. Pres. 

Bud et  (BA, $ M) Budget Account 'Ode Fy 93 Fy t 4  Ey 94 I2y 95 NSA 
_ _ _ _ _ _ _ ~  

Technology Based Training ~ ~ ~ ~ ~ ~ _ _ _  
0.23 0.23 0.23 

I I I I I I I I 
NSA considers lifelong access to education and training for all employees to be highly critical in order to maintain and enhance their skills and ensure our viability in a 
world of rapidly changing technology. Traditional training approaches take too long and are too expensive. Consequently, we are developing a skill-based assessment 
and training model that will use emerging communications and computer techniques to sustain each employee's abilities at the levels required in today's constantly 
changing workplace. The key ingredient in this approach will be on-demand access to Technology Based Training (TBT) of known quality and relevance delivered 
directly to the workplace. Delivery over corporate LANs and the INTERNET, and the possible use of ISDN technology will be addressed. While initial offerings would 
consist largely of text-based CBT courseware, digital video and other media will be accommodated 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 procedural issues that 
must be addressed before it can be made generally accessible. Foremost among these are: 

1- Define 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 ED1 based business model bringing market forces to bear on the availability and costs of Technology Based Training. 

FY 1993 Accomplishments 
'SA did not appear in the HPCC FY 1993 

FY 1994 Major Milestones 
\Implement pilot demonstration of TBT over 

nplementation Plan. /the- NSA corporate network. 

Demonstrate delivery of TBT over INTERNET. 

Researchkelect skill-based job performance 
model. 

Assemble executive level 
government-industry group to establish 
certification processes for skill-based training 
modules. 

995 Pres. Req. r 

Agency Ties 

NSA 

FY 1995 Major Milestones Milestone Changes from Prior IP 
Perform skill-based certification of ca. 100 
existing training modules. 

This entire activity is a new effort within the 
NSA HPCC Program. 

Build user-friendly catalog of available 
certified courses. 

Establish "digital warehouses" of TBT on-line 
via INTERNET and the NSA corporate network 

Implement pilot of EDI-based business model. 
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National Institute of Standards and Technology 
Goals of NIST's HPCC Program are: 

* 
* 
* 
* 
* 

Apply high performance communications and networking technology to promote improved U.S. product quality and manufacturing 
performance, to reduce production costs and time-to-market, and to increase competitiveness in international markets; 

Promote the development and deployment of advanced communications technology to support the education, research and 
manufacturing communities and to increase the availability of scientific and engineering data via the NII; 

Advance instrumentation and performance measurement methodologies for high performance computing and networking systems and 
components, and to achieve improved system and application performance; 

Develop efficient algorithms and portable, scalable software for the application of high performance computing systems to industrial 
problems, and to develop improved methods for the public dissemination of advanced software and documentation; and 

Support, promote, and coordinate the development of voluntary standards that provide interoperability and common user interfaces 
among systems. 

Objectives of NIST's HPCC Program are to accelerate the development and deployment of high performance computing and networking 
technologies required for the National Information Infrastructure, and to apply and test these technologies in a manufacturing environment. 

HPCS -- The HPCS program component focusses on instrumentation and methodology for performance measurement of scaleable, high 
performance computing and networking systems, and on meeting metrology needs of future generations of microelectronics. 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. The microelectronics component 
supports R&D leading to measurement methods and systems which will be employed by industry to manufacture products. 

NREN -- 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; metrology to enable the manufacture of 
component technologies; and collaboration with industry via cooperative research and development, sponsorship of workshops, other 
public fora, and laboratory-based technology demonstrations. 

ASTA -- 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 portability. NIST's Guide to 
Available Mathematical Software (GAMS) provides industry and the public with improved electronic access to reusable software. 

IITA -- NIST will build upon its experience in information technology and manufacturing engineering to accelerate the application of 
high performance computing and communication technology to manufacturing environments. NIST will support 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 will also address 
key issues in electronic commerce, electronic libraries, and network security. 
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National Institute of Standards and Technology 

Budget (BA, $ M) 
FY93 FY94 €9'94 FY95 

Pres. Est. Pres. 
NREN Deployment and Performance Measures STRS for Computer Sys. ARPA, DOE, 1.50 3 .oo 2.20 2.20 
for Gigabit Nets & MPP Svs. 370 NOM, EPA 
Development and Dissemination of Scientific STRS for Computer Sys. NSF, DOE, 0.60 4.10 3.60 7.60 
Software for HPCS 370 NASA, EPA 
Support for Electronic Commerce STRS for Computer Sys. 2.50 0.95 2.75 

Partner/User 
Budget Account Code Agencies Actual Program Activity 

I 370 I I I I I 
Electronic Libraries and Distributed Multimedia1 STRS for Computer Sys. I I 2.001 0.85) 1.25 

~~ 

IS ystems Integration for Manufacturing I STRS for Computer sys. IARPA,DOE I I 12.801 9.001 25.20 
Amlications I 370 I I I I I 
Assurance, Reliability and Integrity of NREN I STRS for Computer Sys. INSA I 1.20 

Specification and Testing of High Integrity, STRS for Computer Sys. 1.70 4.00 
Distributed Systems 370 
Language, image and text processing STRS for Computer Sys. M A ,  NSA 1.50 4.00 

370 
Metrology for Future Generations of STRS for Computer Sys. DOE 6.45 
Microelectronics 370 
Metrology to support mobile and fixed based 1.75 
communications networks 370 

STRS for Computer Sys. 

Totals: 2.10 26.10 18.10 56.40 

HPC( 

HPCS 
0.30 

6.45 

6.75 

Components by 1995 Pres. Req. 

I I I 
25.20 

3.65 4.60 41.40 



HPCS NREN ASTA 
NIST 

~ Actual Pres. Est. Pres. 
1.50 3.00 2.20 2.20 0.30 1.90 

NREN Deployment and Performance Measures 
for Gigabit Nets & MPP Sys. 

Promote the development of communications infrastructure and its use via information technology research, development, and related activities to enhance basic 
communications capabilities. Support and coordinate the development of communications standards within the Federal government to provide interoperability, 
common user interfaces to systems, and enhanced security; work with other agencies to promote open system standards to aid in the commercialization of technology 
by U.S. industry. NIST will utilize its expertise to enable transition planning and deployment of ISDN and OSI-based protocols in the NREN and undertake R&D to 
support emerging Broadband ISDN standards. 

NIST developed the MultiKron instrumentation chip to achieve low-perturbation data capture while assessing the performance of scalable high performance computer 
systems and high speed networking technologies. Performance evaluation activities include measurement and characterization of the impact of software protocols on 
communications performance in order to minimize communications bottlenecks between application programs. 
communications testbed that integrates supercomputers, HIPPI interfaces, workstations, and SONET communications technologies, and employs NISTs VLSI-based 
MultiKron performance measurement chip to investigate the behavior and performance of communications protocols suitable for multi-gigabitlsec. transmission rates. 

NISTs researcher have implemented a high speed 

NIST collaborates with industry, academia and other interested agencies. 

FY 1993 Accomplishments 
Sponsorship of North American ISDN Users 

orum continues; industry and users met four 
mes to address implementation issues. 

NIST designed, developed and has shared a 
esigner and experimenter's kit which allows 
le Multikron instrumentation to be integrated 
it0 systems using the industry standard VME 
us. 

Devised a software-based technique for 
ortable, sensitivity-to- performance 
ieasurements of software executing on scalablt 
arallel computing systems. 

Applied Multikron instrumented systems to 
ssess performance of TCPIIP Protocols over a 
[IPPI-based network (High Performance 
'arallel Interface) and published results. 

FY 1994 Major Milestones 
Apply Mulitkron-based performance 

ieasurement technology to Asynchronous 
ransfer Mode (ATM) based networks to 
lentify bottlenecks and publish results. 

Conduct simulation studies of ATM-based 
-otocols and networks to ascertain dynamic 
zhaviors and performance; contribute results 
I appropriate standards bodies including the 
TM Forum, Am. Nat. Standards 
elecommunications Committee (T1 S l), and 
le International Telecommunications Union, 
elecom Sector Committee. 

Continue to sponsor the ISDN User's 
orum; facilitate the ISDN demonstration 
ititled "ISDN Solutions -94-" and participati 
I it. 

FY 1995 Major Milestones 
Collaborate with the ATM Forum to develor 

randardized conformity tests for ATM-based 
:chnology . 

Collaborate with industry and users to 
stablish an ATM testbed; conduct 
Kperiments and tests of evolving products. 

Conduct R&D related to media access and 
ow control for ATM protocols; and 
ongestion control algorithm. Publish results 
nd share in appropriate standards fora. 

995 Pres. Req. 

'-l&G 

Agency Ties 

NASA 1 

Milestone Changes from Prior IP 
IIA 
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Budget (BA, $ M) HPCC Components by 1995 Pres. Req. 

FY 93 Fy 94 FY 94 FY 95 HPCS NREN ASTA IITA BRHR ~~ 

Budget Account Code N E T  
Development and Dissemination of Scientific Actual Pres. Est. Pres. 

0.60 4.10 3.60 7.60 4.60 3.00 Software for HPCS 
Develop advanced mathematical, computational and visualization algorithms, software, methodology and tools which support the efficient application of 
computationally intensive science to key problems arising in the industrial sector. Current application areas addressed include the development of improved 
computational methods for chemical processing and related advanced materials processing industries. Topics of emphasis are methods for improved advanced product 

Agency Ties 

and process design and the generation of computationally derived fundamental data for environmentally sound competitive manufacturing processes. Technology areas 
of emphasis include the interactive visualization of complex structures and data, parallel algorithms, large-scale Ab Initio and semi-empirical computational chemistry, 
Monte Carlo and molecular dynamics modeling and scientific database utilization. 

This program activity also supports the development of modern, network-based reusable software classification and distribution technology for making new 
computational software readily available to industry and the public. The focus of this activity is the NIST Guide to Available Mathematical Software (GAMS) project. 
GAMS is a working virtual software repository which provides users convenient access to thousands of software modules which currently reside in four separate 
repositories. 

NIST 
NOAA 

EPA User 

ED 
FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones Milestone Changes from Prior IP 

Electronic access by the public and industry I Develop and implement initial parallel I Develop and implement methods for I N/A 
NISTs Guide to Available Mathematical 

oftware (GAMS) reusable software database 
ras augmented with expanded network access, 
nd an improved graphical user interface. 
GAMS software coverage was extended to 

ver 8800 software modules in 70 mathematical 
nd statistical software packages, including 
00 additional modules from the netlib 
:pository of Oak Ridge National Laboratory. 

Improved methods for evaluating and 
haracterizing parallel random number 
enerators were developed based upon a 
lapping of the point set to one dimensional 
kings. 

algorithms for applications in computational applying quantum chemistry to the prediction 
chemistry including Monte Carlo methods, of properties and reactivities of solvated 
molecular dynamics, fluid dynamics, systems, including the introduction of discrete 
interactive molecular graphics and quantum and continuum solvent representations into 
chemistry. modern quantum chemistry codes and the use 01 

Develop scalable algorithms for the molecular dynamics and Monte Carlo methods 
computation of spin-dependent electron to explore the energetics of solventkolute 
transport properties of magnetic multilayer clusters. 
structures used in magnetic storage devices. Develop scalable quantum molecular 

Develop prototype visualization tools and dynamics software for modeling growth of 
scalable algorithms which support common metal films on semiconductor surfaces, and 
needs in computational chemistry and apply to optimizing the performance of x-ray 
materials properties. multilayer mirrors. 

Enhance the GAMS system interface and 
develop a clientlserver architecture to provide service for the access and retrieval 6f reusable 
a software dissemination testbed. software which supports automated expert 

advice on high performance computer 
algorithms and software. 

Demonstrate a useful and reliable GAMS 
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Bud et (BA, $ M) HPCC Components by 1995 Pres. Req. 

Actual Pres. Est. Pres. HPCS NREN ASTA IITA BRHR 
BudgetAccomtCode Ey93 m;4 Ey94 F y g 5  NIST 

~~ 

Support for Electronic Commerce 
2.50 0.95 2.75 2.75 

I I I I I I I I I 
Collaborate with industry and other agencies to develop or apply technologies which enable electronic commerce in general, and as it applies to manufacturing 
electronic and mechanical components and subsystems, including electronic information query, dissemination and subsequent integration of product specifications into 
computer aided design and manufacturing tools. Establish supporting laboratory facilities to support demonstrations, evaluation, and inter-operation testing. Conduct 
R&D to support development of tools which generate software for electronic commerce (EC) applications; develop an EC integration facility at NIST; develop 
requirements and prototype systems for handling complex data in Electronic Data Interchange (EDI); and design and develop prototype interfaces among EDI, Structured 
Query Language (SQL), and Remote Database Access (RDA). Also, conduct R&D leading to development of application programming interfaces for digital signature, 
authentication, and other security services required to support electronic commerce. Establish cooperative R&D agreements with researchers, vendors and users to 
better understand requirements and to acquire, test, interconnect and demonstrate prototype systems. Collaborations will include DOE Lawrence Livermore and Sandia 

Agency Ties 

ARPA 
NSF 
DOE 

NASA 

- 

NOAA 

_ _  - 
National Labs; DODmefense Logistics Agency; Dept. of Treasury; and other interested agencies. 

FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones 
/A I Develop an Electronic Commerce I Demonstrate electronic procurement and 

integration and demonstration facility at 
NIST; solicit industry participation and 
demonstration of products. 

publish application guidelines for 
government. 

Continue development and integration of 
Prepare for and complete basic functionality required security services. 

of electronic procurement pilot project. 

use of value added networks and electronic 
mail. 

Determine and initiate development or 
integration of security services need; e.g., 
digital signature, authentication services. 

Develop prototype software which can 
generate interfaces and mapping software for 
ED1 applications given a description of a 
transaction set; demonstrate selected 
applications. 

Determine interoperability issues related to 
Provide specifications for on-line catalogs 

for electronic and mechanical components. 
Extend the demonstration facilities to 

support ad hoc query and response to trading 
partner databases via EDUSQLRDA-based 
standards. 

With industry, publish a draft report 
describing a strategy to use the Standard for 
the Exchange of Product Model Data (STEP), 
Initial Graphics Exchange Specification 
(IGES), Computer Graphics Metafile (CGM) 
and Programmers Hierarchical Interactive 
Graphics System (PHIGS) for management and 
presentation of product data. 
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HPCC Components by 1995 Pres. Req. Budget ‘Ode Bud et (BA,$M) 
Ey 93 Ey t 4  FY 94 FY 95 NIST 

pp Actual Pres. Est. Pres. HPCS NREN ASTA BRHR 
Electronic Libraries and Distributed Multimedia 
Applications 2.00 0.85 1.25 1.25 

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. Within 
this environment provide for the organization, search and retrieval, and dissemination of information by electronic means using state-of-the-art definition and 
dissemination technologies for documents and multimedia objects, particularly device-independent, portable, exchange formats for information objects. 

Within this context, determine the adequacy of individual multimedia and database standards and possible extensions based on the application of object technology to 

Agency Ties 

ARPA 
NSF 
DOE 

NASA 

NM 
NSA 

multimedia; develop a profile or architectural framework describing the required standards and their interrelationships; develop standards, prototypes, and 
demonstrations in collaboration with industry, academia and other interested parties through cooperative research and development agreements. 

Collaborate with other parties within academia, the library and information communities, other agencies and industry to investigate the framework for an electronic, 
distributed, national engineering library. 

FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones 
Integrate and demonstrate the use of 

Portable Document Format (PDF) via 
network-based support tools like Mosaic. 

Establish a formal integration process to 
enable authors to create and disseminate 
PDF-based documents via Mosaic accessible 
information bases. 

Develop and publish plans to establish a 
model for a national scientific, technical and 
engineering information resource; draft initial 
specifications for infrastructure and 

Establish initial collaborations with other information content. 

/A Establish a pilot project at NIST to evaluate 
alternates to traditional paper-based 
authoring, publishing and information 
dissemination. 

Establish a cooperative R&D agreement 
with Adobe to assess Acrobat/ Portable 
Document Format as a document interchange 
format. 

Initiate R&D on the communications 
services needed to support transfer of 
multimedia information objects. 

interested parties. 

Milestone Changes from Prior IP 
NIA 
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P 

effort for computer integrated manufacturing focuses on improving data exchange among design, planning and production activities. Prototype systems and interface 
specifications will be communicated to standards organizations. Results will he made available to US industry through workshops, training materials, electronic data 
repositories and pre-commercial prototype systems that can be installed by potential vendors for test and evaluation in NIST and industry supported Advanced 
Manufacturing Systems and Networking Testbeds. NIST will distribute standards reference data, technical information, and digital product data designs via digital library 
technologies. 

NIST Budget Account 'Ode 
~ 

Systems Integration for Manufacturing 
Applications 

NIST's manufacturing testbed will support R&D in high performance manufacturing systems and testing computer and networking hardware and software in a 
manufacturing environment, and will be extended to include applications in mechanical, electronics, construction, and chemical industries; electronic commerce 
applications in mechanical and electronic products; apparel manufacturing; integration of materials performance data into computer aided design; harmonization of 
product data exchange and electronic data interchange standards; technology transfer of information for electronics and construction industries; and an integrated 
Standard Reference Data system. The testbed will serve as a demonstration site for use by industrial technology suppliers and users, and assist industry in the 

Bud et BA, !§ M HPCC Components by 1995 Pres. Req. 
FY 93 Ey t 4  ( Ey 94 )pu 95 I 

HPCS . N W N  ASTA Actual Pres. Est. Pres. 
12.80 9.00 25.20 

development and implementation of voluntary standards. 

The work will support cooperative research and development agreements with industry and academic researchers. 

FY 1993 Accomplishments 
IIA 

FY 1994 Major Milestones 
Install and evaluate state-of-the-art 

manufacturing systems for design and 
planning of mechanical part production. 

FY 1995 Major Milestones 
Transfer interface specifications for 

production control systems into industry 
developed testbeds for verification purposes. 

Implement a prototype application 
protocol development environment for 
product data exchange standards. 

Publish report on reference architecture for 

Evaluate additional state-of-the-art software 
systems for scheduling and production control 
of mechanical parts production. 

Publish requirements for a computer-aided 
manufacturing control systems and interface 
specifications for production systems. 

Provide electronic technology transfer 
capabilities for NISTs manufacturing projects 

Demonstrate a minimum set of conformancc 
testing capabilities for the Standard for the 
Exchange of Product Data (STEP). 

manufacturing engineering tools 
environment. 

and electronics mfg. 
Specify application protocols for apparel 

Make selected standard reference data 
available via an improved human-machine 

in response to industry request for online 
research information for advanced 
manufacturing systems. 

interface. 

Publish a reference model for process plant 

Implement a manufacturing testbed with the 
design. 

apparel industry. 
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ETA IBRHR 
25.20 I 
Agency Ties 

ARPA Partner 

DOE Partner 

NOAA 

Milestone Changes from Prior IP 
UA 



Bud et (BA, $ M) HPCC Components by 1995 Pres. Re¶. 
Budget Account 'Ode I FY 93 Ey & Fy 94 Fy 95 

NIST 
_ _ _ ~  Actual HPCS NREN ASTA Assurance, Reliability and Integrity of NREN Pres. Est. Pres. 

Objects 1.20 
Conduct R&D regarding the applicability of object oriented design and development methodology to development of security technology. Extend and apply the 
Common Criteria which is being developed by governments in North America and Europe. Develop and publish criteria for specifying security requirements, methods 
for assuring requirements are met, and methods to perform certification and accreditation; and initiate development of an information technology security accreditation 
program. 

FY 1993 Accomplishments 
/A 

FY 1994 Major Milestones FY 1995 Major Milestones 

development methods for improving security, 
reliability, and integrity requirements of 
objects. 

Criteria for specification of security, 
reliability and integrity requirements. 

specify security, reliability, and integrity 
requirements that are applicable to NRENNII 
objects. 

/A Conduct R&D on object oriented 

Publish guidance on the use of Common 

Create and publish a set of profiles which 

I 
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IlTA BRHR + 
Agency Ties 

Milestone Changes from Prior IP 



Bud et (BA, $ M) HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IlTA BRHR NIST Fy93 F y t 4  Ey94 Fy95 BudgetAccountCode 
~~ 

Specification and Testing of High Integrity, Actual Pres. Est. Pres. 

Distributed Systems 1.70 4.00 4.00 
Conduct R&D to extend methods to formally specify, verify and automate testing for conformity and interoperability of high integrity, secure, communications 
protocols and distributed software systems. Evaluate object oriented methods and technologies for specification of high integrity systems. Develop and extend 
computer aided design, analysis and testing methodologies to support protocol and software engineering through the use of object oriented technologies. Software 
engineering environments (SEES) are specifically designed to facilitate software design, validation, production and maintenance. But, SEEs suffer from problems in 
interoperability and information sharing where the tools do not readily share information or communicate with each other. Conduct research, develop test-suites, and 
demonstrate and validate concepts required to support an integrated software engineering environment. Identify required software tool interfaces to promote 
applications interoperability and portability across a distributed software engineering environment. 

Also, conduct R&D to define a process by which an organization: defines, specifies and manages the application of distributed systems to its operation; identifies 
standards and component technolo~ies which can be used to assemble distributed systems; and establish a testbed to manage federated systems (distributed systems 
owned by more than one entity). - 

FY 1993 Accomdishments 
IA 

Agency Ties 

kFF 
NSA 

NIST 
N O M  
EPA 

ED 
FY 1994 Major Milestones FY 1995 Major Milestones Milestone Changes from Prior IP 

IIA Conduct workshops with industry, academia N/A 
and government. 

Establish laboratory facilities to conduct 
R&D and assess candidate technologies which 
support formal specification, automated 
testing, and integrated software engineering. 

Collaborate with industry and standards 
bodies to support the specification, 
development, validation and testing of 
standards and conforming products. 

engineering tools and object oriented 
specification technologies. Publish a 
framework for object oriented services 
supporting integrated software engineering 
environments; solicit review and comment. 

Conduct R&D to establish a distributed 
systems definition methodology for 
management of federated systems. 

Assess requirements for integrated software 
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HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IITA BRHR 

Bud et (BA, $ M) 
F"y93 I Fyt4 Ey94 Ey95 ... , .IIU. Est. Pres. 

I I 1.50 4.00 4.00 

BudgetAccountCode NIST 

L - ------ 0 

Language, image and text ~ r o c c  Actu.1 I Prpr 

I I I I I I I I I I 
Conduct cooperative R&D and promote the development of algorithms and related reference materials necessarv to conduct research. develooment. and 

I I  

commercialization of such research for target application areas in speech understanding, image recognition, and intelligent text retrieval. NIST will collaborate with 
the research communities in spoken natural language, printed and cursive handwriting recognition, and text search and retrieval by providing speech, image and text 
corpora as reference materials, and developing performance measures and scoring protocols. 

Agency Ties 

ARPA Partner 

NSA Partner 

NIST 
NOAA 

FY 1993 Accomplishments 
[/A 

FY 1994 Major Milestones FY 1995 Major Milestones 
Develop an initial dialogue management 

module which will provide a spoken-language 
query interface to library information 

Develop initial algorithms for 

Implement a prototype wide area 
information service (WAIS) using NIST's 
Probabilistic Ranking Information Search 
Engine (PRISE) system to access the data. The databases. 
PRISE system is a search engine that has 
proven user effectiveness on large collections understanding of documents and associated 
of text. metrics for judging algorithm performance. 

Develop a reference implementation of an 
(OCR) techniques to segment bitmapped page enhanced wide area information service with 
images into components (text, figures, tables, appropriate protocol extensions for 
etc.). probabilistic search criteria (WAIS/Z39.50+). 

Establish a demonstration library to serve 
manufacturing interests, incorporating robust to segment multimedia information sources. 
user searching methods, and providing access 
to CALS (Computer Aided Logistics Standards 
(CALS) information. 

Develop optical character recognition 

Initiate investigations with OCR techniques 

m 
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Milestone Changes from Prior IP 



Budget (BA, $ M) HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IITA BRHR ~~ 

NIST Budget Account 'Ode FY 93 1 FY 94 1 FY 94 M 95 
Actual Pres. Est. Pres. 

I I Metrolorzv for Future Generations of , I F  , I . ?  Microel&tronics 0.43 0.43 

Provide advanced measurement support for semiconductors and microelectronics and the measurement standards that are critical for such technologies. The support for 
semiconductor and microelectronics focuses on measurement technology to: (1) control fabrication processes in real-time to produce more complex systems; (2) 
characterize semiconductor materials with greater precision and over the smaller dimensions that are needed for faster systems; and (3) support industry's development 
of advanced lithography to increase both speed and functionality. These efforts will ensure availability of advanced technologies required for high performance 
components and systems and will provide a metrological foundation for the more powerful and measurement demanding systems to follow. It also enables U.S. 

Agency Ties 

ARPA 
NSF 

industry to produce the basic approaches for complex configurations of workstations, advanced computers, network servers, and networks. 
DOE Partner 

FY 1993 Accomplishments 
VA 

FY 1994 Major Milestones FY 1995 Major Milestones 
Submit draft standards for the activation 

energy of electro- migration and for the 
acceleration factor for current-density stress to 
the Joint Electron Device Engineering 
Council. 

film resistivity and thermal history during 
film deposition. 

Conduct 2-D laser scatter imaging of silicor 
etching plasmas and correlate to other plasma 
measurements as the first comprehensive 2-D 
measurements ever obtained in a well 
characterized plasma reactor. 

Select and test components for wafer-plane 
spectroradiometers, including array detectors, 
filters, monochromators, light collectors, 
diffusers, and fiber optics. Select light source! 
to test as calibration sources. 

J/A 

Demonstrate in-situ process monitoring of 
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Milestone Changes from Prior IP 
VA 



Budget Account ‘Ode 
~ 

NIST 
Metrology to support mobile and fixed based 
communications networks 

HPCC Components by 1995 Pres. Req. 
FY 93 FY 94 FY 94 FY 95 
Actual Pres. Est. Pres. HPCS NREN mA BRHR 

Budget (BA, $ M) 

1.75 1.75 

FY 1993 Accomplishments 
I1A 

Provide advanced measurement support for advanced wired, optical, wireless and mixed telecommunications media. Initial metrology will characterize high-performance 
microwave integrated circuits and will provide for the timing of very high speed signals required for future mobile and fixed based networks. The support for microwave Agency Ties 
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integrated circuits emphasizes wafer-level standards, miniature individual components, and the dielectric and magnetic materials used in these components. The support 
for telecommunications timing systems includes enhanced modeling of degradation of synchronization of optical networks, analyzing and measuring phase noise in 
such systems, coordinating a U.S. industry position on timing distribution, and advocating the latter through international committees. 

ARPA 
NSF 
DOE 

NASA 

m 
NSA 

NIST 
NOAA 

EPA 

ED 
FY 1994 Major Milestones 

JIA 
FY 1995 Major Milestones 

methods to allow characterization of crosstalk 
in multiple, lossy, high-speed, electronic 
interconnections using both frequency and 
time domain techniques. Demonstrate utility 
of methods using commercial components. 
Submit methods for adoption as industry 
standards. 

methods and systems for phase-noise 
characterization of synchronization 
components and systems proposed for the 
gigabit-per-second data rates. 

Milestone Changes from Prior IP 
Enhance impedance characterization NIA 

Develop more efficient and simpler 



National Oceanic and Atmospheric Agency 

NOAA's Grand Challenge research in climate prediction and weather forecasting 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. Increased use of the Internet and follow-on networks of the National Information 
Infrastructure will enable NOAA 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. 

Program Activity Budget Account Code 

Advanced Computation O W  E1 

Networking Connectivity ORF E1 

,Information Dissemination Pilots ORF E1 

Budget (BA, $ M) 
FY 93 FY94 FY 94 FY 95 
Actual Pres. Est. Pres. 

PartnerIUser 
Agencies 

I 9.401 10.601 9.851 16.05 

0.40 1.80 0.95 8.70 

0.50 

Totals: 9.80 12.40 10.80 25.25 1 
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HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IITA BRHR 

16.05 

8.70 

0.50 

I 8.70 16.05 0.50 



HPCC Components by 1995 Pres. Req. 
~~ HPCS NREN ASTA IlTA BRHR 

BudgetAccountCode Bud et (BA, $ M) 
M 9 3  F y t 4  Ey94 F y g 5  NOAA 

Advanced Computation Actual Pres. Est. ___----- Pres. 
9.40 10.60 9.85 16.05 16.05 

Advanced Computation is NOAAs program to make possible major improvement in the Nation's ability to forecast the weather and predict climate change by taking full 
advantage of highly parallel, high performance computing systems which are, over the long term, expected to provide substantially greater computing power at lower 
cost. 

NOAMGFDL's collaborative efforts with DOELANL and the Naval Post Graduate School have resulted in an extremely high resolution global ocean model, built 
largely on the GFDL Modular Ocean Model (MOM) that shows detail not yet achieved using conventional computing resources and a global atmospheric grid-point 
model which is important for the study of climate, middle atmosphere dynamics, and atmospheric ozone. 

NOAAlNMC's collaborative efforts wsith DOD/NRL have resulted in execution of a parallel, adiabatic version of the NMC global spectral model with excellent 

Agency Ties 

ARPA Partner 

NSF Partner 

DOE Partner 

NASA 

performance at high resolution. NIH w The installation of the Intel Paragon at NOAAFSL is in conjunction with the ARPA-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. 

FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones 
Running an extremely high resolution 

lobal ocean model, the Parallel Ocean procurement of a scalable HPCS 
rogram (POP) on the DOELANL CM-5 as a (NOAAIGFDL). GFDL will also complete high change and weather forecasting research . 
:sult of a collaborative effort. resolution atmospheric modeling experiments Begin scientific experiments using a 

R edesigned NOMGFDL SKYHI global using a parallel atmospheric grid model to test parallel version of its SKYHI global 
:mospheric grid-point model, for parallel model sensitivity to grid resolution. Redesign atmospheric grid-point model. Begin 
tecution and ported to the DOE/LANL CM-5. and parallelize GFDL limited-area 

Running a parallel, adiabatic version of the non-hydrostatic model to study the important GFDL limited-area non-hydrostatic model to 
OAA/NMC global spectral on the DODINRL climate problem of cloud-radiation 
M-200 and CM-5. Most of the physical interaction. Begin extensive testing of restructured, 
wameterizations for the model have been 
impleted. The NMC ETA model restructured the global spectral model on the DOD/NFU 
kto parallel form has also been implemented CM-5 and make a comprehensive evaluation of Interpolation (01) code. 
n the DOD/NRL CM- 200. its performance at very high resolution. Also 

Installed a 208-node Intel Paragon at complete testing of the restructured ETA restructured ETA model on the intel Paragon. 
OAAIFSL. FSL has developed a prototype model on the DOD/NRL CM-5 (NOAALNMC). Begin extensive testing to evaluate its 
arallel version of the Mesoscale Analysis and Design a restructured ETA model using performance in terms of resolution and the 
rediction System (MAPS) high resolution FSL's "nearest neighbor" tool for potential impact for improved forecast 
,eather model. implementation on the FSL Intel guidance. Implement an advanced 

Paragon(NOAA/FSL,NOAA/NMC). visualization laboratory to support high end 
applications . 

Complete preparations for a competitive Complete procurement of a scalable HPCS 
to support major improvements in climate 

scientific experiments using the parallel 

support research on radiation and clouds. 

parallel version of the NMC 
regionaVmesoscale ETA Optimum 

Complete development of the physics for 

Complete implementation of the 
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Milestone Changes from Prior IP 



I I I I I I I 
Networking Connectivity is NOAAs program to greatly increase its ability to disseminate NOAA real-time and historical environmental data and information through 
the Internet to a broad range of users in the U.S. business community, government at all levels, research, education, and the general public. 

IlTA BRHR -t 
Agency Ties 

ARPAl 

NASA 1 
NIH 
NSA 
NIST 

NOAA 

FY 1993 Accomplishments 
iitial steps were taken to establish a NOAA 

FY 1994 Major Milestones FT 1995 Major Milestones Milestone Changes from Prior IP 
(The number of N O M  computing and data \At least 30 NOAA National Data Centers and I 

iternet Network Information Center. archiving facilities at least minimally Centers of Data will be connected to the 
connected to the Internet will be increased by Internet through a T1 or better connection. 
10. 

Five NOAA Centers of Data will be connected 
One NOAA center of data will be connected to to the Internet through at least a 10 MBS 
the Internet through a T3 connection. communications link. 

NOAAs Internet Network Information Center A substantial amount of NOAA environmental 
will he made operational. data will be disseminated through the Internet 

to a wide range of users, using WAIS, Gopher, 
Mosaic servers and other advanced, 
user-supportive access tools. 



Budget (BA, $ M) HPCC Components by 
Budget Account FY 93 FY 94 FY 94 FY 95 

Actual Pres. Est. Pres. 

NOAA 
~ Hpcs NREN 

Information Dissemination Pilots 
0.50 

I I 1 I I I I I 
Information Dissemination Pilots is NOAA's program to begin pilot dissemination through the Internet of some of the vast amount of environmental data and 
information for which NOAA is responsible, and which is distributed geographically at NOAA data centers across the country, as part of the emerging National 
Information Infrastructure, for use by the private sector, academic researchers, educators, and the general public. 

FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones 
Develop a data dissemination pilot that uses 
advanced data access tools on the Internet, and 
that makes selected heterogeneous NOAA 
environmental data which is distributed 
geographically at NOAA data centers, 
accessible to users in a more timely and 
complete way. 
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995 Pres. Req. v 
IITA IBRHR 

0.50 1 
Agency Ties 

%+- 
E+- 
NIST I 

z+- 
Miistone Changes from Prior IP 



I 

Environmental Protection Agency 

EPAs High Performance Computing and Communications (HPCC) program is focused on incorporating advances in computing and 
communications technology into key environmental assessment applications and transferring these advanced tools to key State, Federal, and 
industrial users. The integration of high performance technology enables complex multi-pollutant and cross- media pollutant assessments that 
are currently not feasible due to computational limitations. Early State pilot programs ensure the responsiveness of advanced tools to critical 
problems faced by State and local environmental groups. Research in distributed computing and massively parallel computer architectures 
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. The current EPA program combines the efforts of personnel at EPA research laboratories and 
program offices, universities, technology centers, state environmental groups, and industrcal partners. Some co-funding is provided by EPA air 
and information management programs. An external peer review of the EPAs HPCC program is scheduled for summer 1994. 

FY 1995 funding for the EPA at the President's Request level is critical to achieving key FY 1995 milestones. Less than full funding will 
probably further delay the incorporation of parallel computing into the agency causing significant impacts on the effectiveness of the advanced 
multi-pollutant and cross-media assessment tools. 

PartnerNser 
Program Activity Budget Account Code Agencies 

Environmental Modeling CC9HlA, CClAlE, 
CC2AlE. CA2HlA 

Computational Techniques CC9H 1 A, CA2H 1 A DOE 

State Network Connectivity CC9HlA, CA2HlA, 

EducatiodTraining CC9HlA, B4HX5A 

Public Data Access CC9HlA NASA, N O M  

1 To tal s : 
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8.01 11.90 7.90 14.67 



Budget (BA, $ M) HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IITA BRHR 
Budget Account 'Ode 

~ 

FY 93 FY 94 FY 94 FY 95 
Environmental Modeling Actual Pres. Est. Pres. 

EPA 

5.33 5.15 5.03 6.45 6.45 

This program activity supports fundamental research at five universities and one state technology center on the systematic integration of advanced multi-pollutant 
environmental modeling-components into a high performance distributed computing framework, addressing such issues as human-computer interface, distributed data 
management, software reuse and scalability, and system performance. EPA is integrating research results to develop a computational and decision support system for 
direct use by scientists, regulators, and industrial analysts involved in air pollution control. The initial focus of the program is on oxidant and acid deposition models, 
but will expand to encompass integration of more complex models such as aerosols, visibility and particulate. And the resultant decision support and data management 
framework will have general applicability for use in surface and ground water quality modeling and global tropospheric chemistry modeling. Advanced collaborative 
methods of analyzing and visualizing the multi-dimensional results from environmental assessment studies 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. 

Agency Ties t,,r 

NSA 

FY 1993 Accomplishments FY 1994 Major Milestones FY 1995 Major Milestones 
IPrototype modular, scalable air quality 

Milestone Changes from Prior IP 
IDevelop concept and design of an air wo water quality and one air quality models 

xted to a supercomputer, and air model 
ptimized for parallel performance. 

new volume rendering algorithm enhanced 
ie realism of three-dimensional model data 
isualization. 

rovided visualization tools with enhanced 
ialysis capabilities to environmental 
:ientists. 

ix cooperative research agreements were 
warded for computational research on 
ivironmental modeling, decision support and 
isualization tools. 

. -  ~. 
quality modeling decision support system that modeling decision support system in a 
is easy to use and responsive to Federal, State, distributed computing environment. 
and industrial environmental problem solving 
needs. Develop an interactive environment to 

facilitate the calibration, execution, and 
Demonstrate linked air and water quality analysis of the Chesapeake Bay Watershed 
models to enhance cross- media decision model for nitrogen eutrophication studies. 
making. 

Provide collaborative computing and 
Develop interactive visualization techniques visualization prototype for several air and 
for analysis of multi-variate four-dimensional water quality applications to enable distant 
meteorological and air quality data. researchers to co-examine data and effectively 

use remote visualization resources. 

Implement linked air & water quality models in 
a distributed computing environment to 
facilitate cross-media assessment of water 
quality. 

I 
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1.31 4.78 0.90 5.25 5.22 
This program activity performs parallel algorithm research and development at 5 universities and a DOE national laboratory. Research for EPA Grand Challenges such as 
air and water quality, molecular modeling, meteorological modeling, and stream and lake sedimentation is conducted on a variety of massively parallel architectures. 
The initial focus of the research is to determine which combinations of hardware, software and network capabilities will provide the required computational power to 
support the more complex multi-pollutant and cross-media modeling activities. Heterogeneous, distributed approaches are tested to ensure the most cost effective 
solutions. This research directly impacts the performance of EPA grand challenge applications and contributes to the shared software libraries and parallel testbed codes. 

To fully integrate results of the initial efforts into the mainstream of EPA computational-based research activities, EPA plans to acquire a large scalable massively 
parallel computer. The scalability of the architectures allows an initial purchase of a relatively small machine with yearly additions to computing capacity. 

1--" 

FY 1993 Accomplishments 
kgional Oxidant Model ported to a parallel 

FY 1994 Major Milestones FY 1995 Major Milestones 
IMake available parallel codes for energy and IImplement parallel codes for several gas- 

IMD architecture to serve as a testbed for 
arallel algorithm research. 

force calculations for modeling chemical 
reactions and biological interaction of 
chemicals. architectures. 

Determine network bandwidth requirements for Implement portable parallel meteorological 

phase atmospheric chemistry solvers to 
evaluate performance of a variety of parallel 

distributed environmental applications. 
Evaluate packetized video conferencing to 
support environmental applications. 

testbed model to support advanced air quality 
models. 

Implement packetized video conferencing to 
key agency sites. 

Acquire a scalable massively parallel (MP) 
computer to support HPCC research activities 
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995 Pres. Req. 
v 

IITA BRHR -t- 
I 

Agency Ties 

DOE Partner 

NOAA 

Milestone Changes from Prior IP 
Acquisition of a scalable MP computer was 
lelayed until FY 95 due to line item budget 
,limination from the FY-94 President's 
equested budget. 



Bud e t  (BA, $ M) HPCC Components by 1995 Pres. Req. 
Budget Account Code FY 93 Fy t d  Ey 94 F y  95 EPA 

~ Actual Pres. Est. Pres. HPCS NREN mA BRHR 
State Network Connectivity 

0.21 0.70 0.70 0.70 0.70 
I I I I I I I I 

The main objectives of this program activity are to provide access to Internet for a critical mass of key environmental problem solving groups in State environmental 
communities to accelerate the wider use of more accurate and reliable environmental tools, and to provide capabilities for testing distributed computing approaches with 
complex cross-media environmental models. This activity supports network connections for five state and Several federal pilot projects for evaluation of 
environmental assessment tools, grand challenge team research, and agency access to high performance computing. 

This activity also provides high speed (45 million bits per second) interconnection through the Internet to the EPAs National Environmental Supercomputing Center 
in Bay City, Michigan with dedicated high speed connectivity to the EPA National Computing Center and HPCC research network in North Carolina. This 
interconnect establishes a basic foundation for the use of advanced environmental assessment tools throughout the agency and facilitates technology transfer to state 
environmental groups. 

FY 1993 Accomplishments 
3PA established a 100 megabitslsec. (FDDI) 

FY 1994 Major Milestones 
IProvide 45 megabitslsec. interconnection 

esearch network in Research Triangle Park, NC through the Internet to the EPAs National 
nd provided 1.5 megabits/sec. connectivity to Environmental Supercomputing Center. 
he Chesapeake Bay Program Office in 
ilaryland. Provide a minimum of 56 kilobitskec. 

connectivity to five state and one federal 
environmental groups to support HPCC pilot 
projects. 
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FY 1995 Major Milestones 
)emonstrate use of ATM technology for 
elected EPA applications. 

daintain agency Internet and State 
onnections, and upgrade selected state pilot 
roject connections. 

Agency Ties 

ARPA 
NSF 

DOE 
I NASA1 

NIH 
NSA 

NIST 
NOAA 

EPA 

ED 
Milestone Changes from Prior IP 



Bud et (BA, $ M) HPCC Components by 1995 Pres. Req. 

HPCS NREN ASTA IITA BRHR EPA F y 9 3  F y t 4  Ey94 Fy95 BudgetAccountCode 
-~ Actual Pres. Est. Pres. Education/Training 

1.16 1.27 1.27 1.97 1.97 
I I I I I I I I I 

This program activity targets the dissemination of high performance computing and advanced environmental modeling capabilities to select groups from industry, state 
and federal users. The industrial group is represented by a consortium, the Consortium for Advanced Modeling of Regional Air Quality. The target groups of state users 
are selected from states with professionals involved in front-line environmental decision making and using models of regional and urban air quality. Pilot users gain 
first-hand experience about how high performance computing can alleviate many of their decision making constraints while at the same time they work with developers 
to ensure that system capabilities and interfaces address their needs. A high performance computing learning environment is created through workshops, involvement 
of professional trainers and cumculum developers, and establishment of a training "center" which functions remotely through Internet and NREN to support a distributed 

Agency Ties 

ARPA 
NSF 
DOE 

NASA 

NM 

base of users of environmental models for decision making across the country. 

Funding also supports EPA's Earthvision computational science educational program for high school students, graduate students, training fellowships, conferences and 
workshops. 

FY 1993 Accomplishments FY 1994 Major Milestones 
IContinued co-sponsorship of Earthvision, a lo-sponsorship of Earthvision, a 

omputational science educational program for computational science educational program for 
igh school students and teachers. high school students and teachers. 

looperative research agreement awarded to Support environmental computational 
xplore curricular and training training fellowship. 
iaterials/methods related to transfer of 
dvanced environmental assessment tools to a Conduct workshops to assess 
road user community. training/educational needs for use of 

high performance environmental decision 
iraduate students supported to provide cross support tools. 
iscipline training in computational and 
nvironmental science. 

FY 1995 Major Milestones 
'rototype technology transfer methods for 
dvanced air quality modeling systems and 
efine concept for a distributed usedmodeling 
upport "center". 

!xpand number of state pilot projects to 
btain broader feedback on prototype decision 
upport tools and training needs. 

Milestone Changes from Prior IP 
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FY 1993 Accomplishments FY 1994 Maior Milestones 

NIH 
NSA 
NIST 

NOAA Partner 

EPA 

ED 
FY 1995 Major Milestones Milestone Changes from Prior IP 

I 
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