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“Crises” and Opportunities
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e Downsizing, Funding Environments

e Vector Processing
e Parallel Processing
e Scalable Technology

s [rickle down?

s Trickle up?

e Commodity Components

e Markets have seen:

¢ Monopolistic Periods
e Competitive, Startup Penods

o Shakeouts
e International Competition & Trade




A Recurring Vision (1993-1994)
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Scalable Technologies for:
B Computing

B Networking

B Information Systems
B Embeddable Systems

Mational-Scale
Information Enterprise

assively Parallel
Processing

Including:

B Common Component Technology
B Scalable Software

High Performance B High Performance Networking
Workstations B Information Infrastructure e




Scalable Parallel Computing Technology Base
mid-1990s
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Computing Systems
Scalable over a
Wide Performance

Hange 10 to 100 Gigaops Systems

Built with
Components Advanced components
;ﬂgﬂﬂh{:?ﬁwfs in Advanced Designs
a8 ouplng , . :
Memaory far Units of Replication
Packaging

Interconnect



HPC Food Chain
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e Basic materials, physics, math, etc.

e Microelectronics
e Component computing technologies (hardware,

software)
e Computing system technologies
& Sysiems
e Complers, debuggers, performance evaluation tools, ete.
e Integrated experimental systems
e A rich world of applications!
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Strategic Advantage

e Computing, Information, and Communications is
the key to the future

o Where will strategic advantage emerge for:

e Mational Security

e Airrcralt Design

» Health Care

e Biomedicine

s Climate, weather, environment modeling
e Business models

e Academic Research

e Many. many others
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“Foundation for America’s Information Future®

Video



Federal HPCC Program “Blue Books”
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HPCC “Blue Books™

Bloe Books™ are annual reports presenting HPCC Program Plans and accomplishmenis
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History of the Federal HPCC Program
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e The Federal HPCC Program:

o Chartered by Congress FY 1992 through FY 1996 with the High
Performance Computing Act of 1991

e Focused on:
« High Performance Computing Systems
o Advanced Software Technology and Algorithms
« Mational Research and Educational Network
o Information Infrastructure Technology and Applications
o Basic Research and Human Resources

s Was coordinated through the High Performance Computing,
Communications, and Information Technology (HPCCIT)
Subcommittee and NCO
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Participating Agencies

Defense Advanced Research Projects Agency (DARPA)
Mational Science Foundation (NSF)

Department of Energy (DOE)

National Aeronautics and Space Administration (NASA)
Mational Institutes of Health (NIH)

Mational Secunty Agency (N5SA)

Mational Institute of Standards and Technology (NIST)
Department of Education (ED)

Department of Veterans Affairs (VA)

Mational Oceanic and Atmospheric Administration (NOAA)
Environmental Protection Agency (EPA)

Agency for Health Care Policy and Research (AHCPR)



Estimated Federal HPCC Program
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NCO for CIC Resources

——= Mabional Coordination Office
+ F . ancing ——— i ing, Information,
FY 1997 Blue Book: Advancing the = e

Frontiers of Information Technology
= Y 1996 Blue Book: Foundation for
Amenca’s Information Age
= FY 1996 Implementation Plan
= The Federal High Performance

Computing and Communications
Brochure

= America in the Age of Information: A - il
Forum, 1995
* Available on WWW server ~
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Federal Programs Support and
Need Commercial Products
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‘ A Mission
| Procurements
* Programs cover the entire | “Operational™
range of maturity

Modernization
*“siate of Practice™

Accelerated Strategic Computing

Initiative Partnerships
“Pushing State of the Art”

; == Commercial
Federal HPCC Research | ﬂpruqu
“Creating Future™ Staie of the Al I Introduction
--

Pure Selenee Time =
Characterization of Maturity
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CCIC Organizational Structure
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CCIC Strategic Planning - Phase I1

(MNovember 1996)
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Feb a7 FY *98 Pras
Discussions/Feedback: Budget

- CISE Advisory Group

: :IEEE Consartium Sept 96 — — CIC R&D Review

. CASC Budgets Submittad
- IEEE May 96 CCIC Declsions

- PCAST

- Computer Sclence Tech Board -
= Electronks Subcommittes Wiar 35

= Pasadena | Waorkshop

- CEPP

- XPNT

- ::E:‘ Aug 95 CHC Forum Report for Review
- CRA July 85 CIC Workshop - -7 July

= FY 18087 Presidant’s Budged

May 95 FY 1996 Federal HPCC Program Documents

Feb 95 — = CIC Plan Published

CIC Strategy Group Established



New CCIC R&D Structure
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e Broader collaborative R&D investments
e Five Program Component Areas (PCA)

e High End Computing and Computation
e Large Scale Networking
e High Confidence Systems
o Human Centered Systems
e Education, Traiming, and Human Resources
e Each PCA will:
e Span areas in which multuple agencies have interests/programs
e Include hardware, software, algorithms, and applications
e Focus on specific research goals, ensure adequate investments, and
maintain necessary budget visibility

¢ Technology R&D may span multiple PCAs
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Organizational Structure
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FY 1997 HPCC Crosscut Budget Request
(Dollars in Millions)

Agency | HECC | LSN HCS Hu(’s ETHE | TOTAL
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Example Research Agenda for:

High End Computing and Computation

High performance computing technologies, architectures, and
experimental systems

System software technologies and tools for high-end systems
Program development environments for high-end computation

Fast, efficient algorithms for simulation, modeling, and
visualization

Mew and very advanced concepts including quantum, biological,
and optical computing

Storage, interconnection, and data technologies for high-end
computing systems

MNew devices, components, and experiments in cntical technologies

Advanced simulation of physical phenomena and Grand Challenge-
class applications



Examples of High End Computing
and Computation Projects
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Environmental Modeling

o Parallel logarithms used v model sy ement of groundswane
coninninants

o MNunserical simulations 1o estimate inipect of decsles of toxie
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Biomedical Imaging, Biomedicine,
Biomechanics, and Molecular Biology
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HPCC Grand Challenge applications impacts all Prototype Workstation Interface
phases of biomedicine

# Simulates human motion on earth and in spoce

# Combines computer modeling with s-ray scallering

e Algonthm development to medel and simulate DMNA

# Searches and analyees protein sequence data

e Determines energy profiles of important biological
mudecules
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Image acquisition and storage technology

23-Degreos-of
Freedom Model for
Simulnting Human
Matian

# Integrates medical images from diverse
SOUFCES

& securely stores and displays digzital data and
delivers information o physicians remotely

# Enables teleconsultation with op specialisis
Even inoremabe or rurl arens

@ Supponed by HPOC R&D investmens
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Example Research Agenda for:

= Large Scale Networking

Fast, efficient routing and enhanced network service
High performance networking research infrastructure
Design and scalability issues of large multi-node networks
Very high performance network components and testbeds
Metwork-centric computing including system software and
program development environments for scalable distributed
systems
National Challenge-class application drivers such as:

& Distributed information acquisition tools

e Digital library technologies

o Computer-based patient records

e Electronic commerce
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Initiative Goals

1. Conmect universitics and national
laboraioees with hagh-speod metworks
tha are: [O0- 100K (imes Tasier than
teclay s [memne

2. Proneoge experimentation with the ness
eeneration of metworking lechnologics

5. Demonstmle new apications th
meel impenant natienal goals and
[ITTAETRI TS

Next Generation Internet Initiative

Metrics

End-to-end performance:
SNumber of incdilutions conmected

Cualiny of service,
Adoption of techmedogies
by commercial Iniemse

10804 high imypeinnee applications:
Value of applications
i bestong nebwork lechnologees
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= Examples of Large Scale
— Networking Projects

o |-Way was an extensive networking project
introduced at Supercomputing 95
o Experimental, high performance network
# Linked over a dozen high performance
computers and advanced visvalization machines
o Used as testbed 1o prototype:
¢ Teraflop-class wide aren computing
¢ Anadvanced application development resource

& Begun with development of ARPANET in late 1960

e Metwork infrastructure created with NSFNET in 1985

& Development of Mosaic browser in early 1990z

o Community level service tumed over to private seclor
Internet service providers in April 1995

® Unprecedented Internet growth stimulated by HPCC
R&D and from public and private investment




Example Research Agenda for:

High Confidence Systems
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e High Confidence Computing
« Fault tolerant, secure hardware, and operating sysiems
& Secure, trusted agents
s High Confidence Networking
& Dynamically secure enclaves
s Robust firewalls
o Management of massive networks under load, Failure, and intrusion
e Encryption, Assurance, and Integration
e Formal system specifications and venification
o Advanced algorithms
« Tools for designing, integrating. and evaluating systems
e Large Scale Systems

e Analysis and simulation
o lesting, evaluation, and standards development
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Example Research Agenda For:

Human Centered Systems

Collaboration technologies and applications, including
collaboratories, distributed multi-media, middleware, and
control of remote mstruments

Multi-modal human-system interactions

Document understanding and multilingual language
technology

Information agents and environments
Virtual reality environments and applications

Knowledge repositories for information access, management,
and applications

Interdisciplinary research in human cognition applied to tools
for content recognition and human-system interaction



Examples of
Human Centered Systems Projects

® Health care and biomedical imaging

® Enhance patient care, improved drug
design, and broaden access 1o medical

information

SLroundl- S0, Suriiural-Sdanril oty D] wrbuad paity

e fCAVE]

» Visualization, virtual reality, and human

machime mmerfces

» Ability to generate, collect, and mampulate

vast amounts of data
Prostosty e visnal madical chan inlegraling
multi-dhscipimasy modieal imapes

& Development of a prototype “omnifocus™
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——— Example Research Agenda for:

——= Education, Training, & Human Resources

e Lifelong learning technologies

e Curricula, fellowships, and scholarships for
computational, computer, and information
sciences and engineering

e Demonstration and development of innovative
information infrastructure and technologies for
education

e Research supporting distance learning for remote
sites



—— Examples of Education, Training, and
= Human Resources Projects

* Math and Science Gateway and
Crateway for Educators provide web
site with access to science and math
resources for students and teachers

* Enable design and deployment of
multimedia modules used in interactive
tutorials

* HorizonNet demonstrates low cost
[mternet access tor a school consortium

* Develop interactive and visualization
tools for special educational projects



Users of High Performance
Computing Technologies

The First 10

» Tolerate anything to find a solution




Users of High Performance
Computing Technologies

The First 10

» Tolerate anything to find a solution

The Next 100

* Presume stability, but with driving
needs tolerate some pain




Users of High Performance
Computing Technologies

The First 10

» Tolerate anything to find a solution

The Next 100

* Presume stability, but have driving
needs and tolerate some pain

The Next 1,000

- Want stability, might test the water,but
only in their own discipline




Users of High Performance
Computing Technologies

The First 10

» Tolerate anything to find a solution

The Next 100

* Presume stability, but with driving
needs tolerate some pain

The Next 1,000

- Want stability, test the water, in their
own discipline

The Next 10,000,000

- Want everything...and for free




What’s Important?

Al

e Sustained investments for the long term
o Commitment to Science and Engineering

e Innovative Technology Transition
e A new generation of partnerships between

s Government
e Industry
e Academia

e People
o Lisers

e Managers
e Scientists and Researchers
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