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HIGH-PERFORMANCE COMPUTING AND
COMMUNICATIONS ACT OF 1991

TUESDAY, MARCH 5, 1991

U.S. SENATE,
SUBCOMMITTEE ON SCIENCE, TECHNOLOGY, AND SPACE,

COMMITTEE ON COMMERCE, SCIENCE, AND TRANSPORTATION,
Washington, D.C.

The subcommittee mei, pursuant to notice, at 2:04 p.m., in room SR-253,
RSOB, Hon. Al Gore, presiding.

Staff members assigned to this hearing: Mike Nelson, professional staff

member and Louis Whitsett, minority staff counsel.

OPENING STATEMENT BY SENATOR GORE

Senator GORE. This subcommittee, will come to order.
I would like to welcome Dr. Bromley ane Dr. Wong and distinguished guests,

other witnesses, and ladies and gentlemen.
I will have an opening statement, and then I will call on Senator Pressler, and

then we will move right into the testimony of Dr. Bromley.
Today the Science and Technology Subcommittee is considering S. 272, the

High-Performance Computing Act. 'This bill is designed to ensure that the United
States stays at the leading edge in computer technology. It would roughlydouble

the Federal investment in research and development in new supercomputers,
more advanced software, and high-speed computer networks.

Perhaps most importantly it would create a National Research and Education
Network, the NRENor the National Information Superhighwayas I like to

call it, which would connect more than 1 million people at more than 1 thousand
colleges, universities, laboratories, and hospitals throughout the country, giving

them access to computing power and informationresources unavailable
anywheka todayand malung possible the rapid proliferation of a truly Nation-

wide, ubiquitous network which can do more to enhance our Nation's produc-

tivity than any other single development.
These technologies and this network represent our economic future. They are

the smokestack industries of today's information age. We talk a lot now about

jobs and economic development, about pulling our country out of recession and

into renewal.
Well, our ability to meet the economic challenges of the information age and

beyondtough challenges from real competitors around the worldwill rest in
large measure on our ability to maintain and strengthen an already threatened
lead in these technologies and industries.

(I)
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We are witnessing the emergence of a much-heralded, global civilization,
which has been prematurely announced on several occasions but now is really
here. And those nations best able to deal with information will be the nations
most successful in this global civilization.

It is based on sharW knowledge 'in the form of digital code. And our ability
to compete will depend on our ability to handle knowledge in that form. It is now
the lingua franca of global civilization.

We used to think of our ability to compete in terms of infmstructuredid we
have enough deep-water ports? Did we have enough railroad lines or highways?
Now we need to think about information infrastructure.

I have been advocating legislation such as this for more than 1 dozen years.
Because I strongly believe it is critical for our country to develop the best
scientists, the best science, the fastest, most powerful computers, and the best
base of knowl then to ensure access to these technologies to as many
people as possib e, so as tinny people as possible will benefit from them.

This legislation will help us do just that.
Every year there are new advocates. This year, finally, President Bush is

among them, including in his budget fcc Fiscal 1992 $149 million in new funding
to sumat these technologies.

We cannot afford to wait or to put off this challenge.not if we care about
jobs, economic development or our ability to hold our own in world markets.

During the last 30 years, computer technology has improved exponentially,
faster than technology in any other field. Computers just keep getting faster, more
powerful and more inexpensive.

According to one expert, if automobile technology had improved as much as
computer technology in recent years, a 1991 Cadillac would now cruise at 20,000
m.p.h, get 5,000 miLes to a gallon, and cost only 3 cents.

When my friend Jim Schlesinger heard someone deliver that cliche recently,
he said yes, and your Cadillac would be a few millimeters long, too.

But as a result of these amazing advances, computers have gone from bating
expensive, esoteric, research tools, isolated in the laboratory, to being an integral
part of our every-day life. We rely on computers at the supermarket, at the bank,
in the office, and in our schools. They make our life easier and better in hundreds
of ways.

And yet, the computer revolution is far from over. In fact, according to some
measures, the price/performance ratio of computers is improving even faster now
than it has in the _past.

Anyone who has seen a supercanwter in action today, has a sense of what
computers can do for all of us in the fimue. Today, scientists and engineers are
using supercomputers to design better airplanes, understand global warming, fmd
oil fields, and th=o va safer, more effective medications. In many cases, they
can use these machines to numic experiments that would be too expensive or
downright impossible in real life. With the supercomputer model, engineers at
Ford can simulate auto crashes and test new safety features for a fraction of the
cost and in a fraction of the time it would take to really crash an automobile. And
they can observe many more variables in much more detail than they could with
a real test.

The bill we are considering today is very 'similar to the first title of S. 1067,
the High Performance Computing Act of 1990, which passed the Senate unani-
mously last October. Unfortunately, of course, the House was unable to act on
the bill before we adjourned because of differences in measures passed by the
two bodies.
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It is my hope that we will be able to move this bill quickly this year. There is

widespread support in both the House and the Senate. In the House, Congressman

George Brown, the new Chairman of the House Committee on Science, Space,

and Technology, has introduced a very similar 656co-spon.sored

by Congressman Tim Valentine, SherwoodBoehlert, Norm Mineta and others.

On Thursday, the Science Committee's Subcommittee on Science and its

subcommittee on Technology and Campetitivenas on the House side will be

holding a joint hearing on the bill. And I look forward toworking with my House

colleagues to move this bill as quickly as possible.
This legislation provides for rmulti-agency, high- performance computing

research and development program to be coordinated by the White House Office

of Science and Technology policy, whose director, Dr. Alan Bromley, is our first

witness today.
The primary -agencies involved are the National Science Foundation, the

Defense Advance Research Projects Agency, the National Aeronautics and

Space Administration, and the Depanznent of &up.Each of these agencies has

experience in developing and using high-perfonnance computing technology.

S. 272 will provide for a well-plannW, well-coordinated research program to

effectively utilize the talents and resources availablethroughout the
research agencies. In addition to the agencies I just mentioned, it will involve

also. the Department of Commercein particular,. the National Institute of

Standards and Technology, and NOAA, the Deparunent of Health and Human

Services, the Depanmentof Education, the U.S. Geological Survey, the Depart-

ment of Apiculture, the Environmental Protection Agency, and the Library of

Congress as well.
The technology developed under this program will find application

throughout the F a, 1 Government and throughout the country. S. 272 will

double funding for high-performance computing at NSF and NASA during the

next 5 years. AMitional funding, more than $1 billion during the next 5 years,

will also be needed to expand research and development programs at DARPA

and DOE.
Last year, I worked closely with Senators Johnston and Domemci on the

Energy Committee, to pass. legislation authorizing a DOE high-performance

computinj proem. And I hope to work with them and the other members of the

Energy Committee to see that program authorized and funded in FY 1992.

Already, Senator Johnston and others have introduced S. 343, which would
authorize DOE's part of this multi-agency program.

To fund DOD's part of the program, last year I wonted with Senators Nunn

and Bingaman and others on the Armed Services Committee to authorize and

appropriate an additional $20 million fcc DARPA's high-perfcanance comput-

ing program, money that has been put to good use developing more powerful

supercomputers and faster computer networks.
Advanced computer technology was a key ingredient in Operation Desert

Storm. But we cannot simply rely on existing technology. We must make the

investment needed to stay at the leading edge. It is important to remember that

the Patriot Missile and the Tomahawk Cruise missile rely on computers based

on technologies developed through Federal computer research programs in the

1970's.
The High PerformanceComputing Act will help ensure the technological lead

in weaponry that has helped us win the war with Iraq, and that will improve our

national security in the future.
This same technology is improving our economic security by helping

American scientists and engineers develop new products and processes to keep
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the U.S. competidve in world markets. Supercomputers can dramatically reduce
the time it takes to design and test a new productwhether an enplane, a new
drug or an aluminum can. That means more energy- efficient, cheaper products.
It means hi:4 profits and more jobs for Americans.

But 1.4 I II the most important contribution this bill will make to our
economic security is the National Research and Education Network, the
cornerstone of the program, funded by the bill.

In 1996, this fiber optic computer network will connect more than 1 million
people at more than 1 thousand coffers and universities in all 50 states, allowing
them to not only send electronic mail and share data, but access supercomputers
and use research facilities such as radio telescopes and log-on to databases
containing trillions of byta of information on all sorts of

'This network will speed reseatch and accelerate techno transfer so that
the dLscoveries made in our university laboratories can be quic y and effectively
turned into profits for American companies.

Today the National Science Foundation runs NSFNET, allowing researches
and educators to exchange up to 1.5 bytes of data per second. The NREN will be
at least 1,000 times faster, allowing researchers to transfer all the information in
the emire Encyclopedia Britannica from coast to coast in seconds.

With today's networks, it is easy to send documents and data, but images and
pictures require much faster speeds. That will require the NREN, which can carry
billions of bits per second.

That is important Because one of the only ways we can successfully deal with
the moumains of excess data we now have is by organiimg it into coherent,
mosaic patterns and images which can be comprehended in gulps or (Aunts,
instead ci byte-by-byte, one byte at a time. It is impossible to deal with this much
information in any other way.

With access to computer graphics, researchers throughout the country will be
able to work together far more effectively than today. It will be much easier for
teams of researchers at colleges throughout America to work together. They will
be able to sec the results of their experiments as the data comes in. They will be
able to share the results of their computer modeLs in real time, and brainstorm by
tele-conference.

William Wulf, formerly Assistant Director for Computer and Information
Science at NSF likes to milt about the "National Collaboratory"--a laboratory
withom walls, which this network will make possible.

Researchers throughout the country at colleges and labs, large and small, will
be able to stay on top of the latest advances in their fields. The NREN and the
other technology funded by S. 272 will also provide enormous benefits to
American education.

T'he NREN and the other technology funded by S. 272 will also provide
enormous benefits to American education, at all levels. By most accounts, we
are facing a critical shortage of scientific and technical talent in the next ten years.
By connecting high schools to the NREN, students will be able to share ideas
with other high school students and with college students and professors
throughout the country. Already, some high school students are using thc...
NSFNET to access supercomputers, to send electronic mail, and to get data and
information that just is not available at their schools. In this way, the network
can nurture and inspire the next generation of scientists.

Today, most students using computer networks are studying science and
engineering, but there arc more and more applications in other fields, too.
Economists, historians, and literature majors are all discovering the power of
networking. In the future, I think we will see computers and networks used to
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teach every subjectfrom kindergarten through grad schooL I was recendy at MIT,

where I was briefed on Project Athena, a project to integrate computen and

networks into almost evay course at MIT. Students use computers to play with

the laws of physics in computer models, to test airplane designs in wind tunnel

simulations, to improve their writing skills,and to learn foreign languages. Many

of the ideas beingdeveloped at Project Athena and in hundreds ofother open-

ments elsewhere could one day help students and teachers throughout the

country.
The library community has been at the forefront in using computer and

networking technology in education. For years, they have had electronic card

catalogues which allow students to track down books in seconds. Now they are

developing electronic text systems which will store books in electronic form.

When coupled to a national network like the NREF, such a "Digital Library"

could be used by students and educators throughout the country, in underfunded

urban schools and in isolated mral school districts, where good libraries are few

and far between.
I recently spoke to the American Library Association annual meeting in

Chicago and heard many librarians describe how the NREN could transform their

lives. They are excited about the new opportunities made possible by this

technology.
The technology developed for the NREN will pave the way for high-speed

networks to our homes. It will give each and everyone of us access to oceans of

electronic information, let us use tele-confaencing to talk face-to-face to anyone

anywhere, and deliver advanced, digital TV programming even mat sophisti-

cated and stunning than the HDTV available today. Other countries, Japan.

Germany, and others, are spending billions of install optical fiber to the home,

to take full advantage of this technology.
In conclusion, let me say that with this bill, I believe we can help shape the

future and shape it for the better. This is an investment in our national security

and our economic security which we cannotafford not to make. For that reason,

I was very glad to see the administration propose ahigh-performance computing

and communications initiative, a program very similar to the one outlined in S.

272.
I intend to work closely with Dr. Bromley and others within the adminisuu-

ton, as well as with my colleagues in Congress, to secure the funding needed to

implement this critically important program.
Before turning to Dr. Bromley, I would recognize now, Senator Pressler. I

apologize for the lengthof my opening statement. But after 12 years, I have a lot

to say about this topic. And I will now recognize my friend, the Senator from

South Dakota.

OPENING STATEMENT BY SENATOR PRESSLER

Senator PRESSLER. Thank you, Mr. Chairman.
And I think it is very appropriate that we have Dr. Brooiley here at this opening

hearing. I want to thank you, Mr. Chairman, for holding this hearing on S. 272,

and for your early and continued leadership in support of a naial supercom-

puter network.
Let me say that I am glad that the administration has come with the proposal

this year. I challenged the administration to come with a proposal last year. I am

a cosponsor of dus legislation. But I look forward also to working out the

differences and listening very closely to the administration, here today.

Let merather than repeat everything that Al has said in terms ef what

supercomputers can docite a special interest that I have. And that is to be sure

9
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that small businesses, smaller cities and towns, smaller universities, Indian
reservations, and others are taken care of in this communications transformation
we are going through.

I am very interested, for example, in finding a way that fiber optics cable can
be laid to every household and business in the United States, and not leave some
out. Generally speaking, in the Communications Subcommittee and this Sub-
committee, when people talk about supercomputers or fiber optics cable, or new
electronic services, they are talking about service to the wealthy suburbs. They
are talking about serving densely populated areas where there is a market that
yields greatest profits.

I always cite as an example that in cable T.V., for examplemy wife and I
have just obtained cable T.V. at one of our homes for the first time of last year,
we live in Washington, DC where we have a home, and Humbolt, SD. In neither
place could we get cable T.V. until this past year. We finally have it in
Washington, DC. And we can get it by microwave now, in Humbolt, SD.

But the point is that the rural and smaller town areas have something in
common with inner cities, in that all the :v -nt talk about the communications
revolution they arc not talldng about snail schools and rural America they are
talking about the larrst universities, the wealthiest suburbs, and so forth. We
cannot become a Nation of two or three communication systems.

I am working on legislation in the Communications Subcommiuee related to
this that would provide that the telephone companies, or whoever should be
laying fiber optics cable rather than copper cable. We should get fiber optics to
everybody. And from there we can rent space on the fiber optics cable for the
different users or determine how these services can be available on a national
basisa universal service policy.

The same is tnie for supercomputers. Of course, every small business does
not need a supercomputer. But many of our universities domany small busi-
nesses will benefit from being hooked-up by fiber optics cable. In my own State
there are catain institutions. For example, at South Dakota State University, the
bio-stress lab where they are studying new kinds of plants, resistance to drought,
very much wants to be connected to a supercomputer.

The EROS Data Center, which archivesthe LANDSAT pictures, will
benefit, and researchers will benefit from being hooked to the EROS database.

South Dakota School of Mines, the project such as the deep-drilling project,
certain EPSCoR-type projects, where professors and individuals are doing re-
search, and they are not associated with a huge university will benefit a great
deal.

Indeed, you can build the argument that small hospitals and small universities
need this access to a supercomputer more than a big one. Because the big ones
probably have their own. So I think this is a very important initiative.

Let me also say small businessnow not every small business is going to
want to be hooked to a supercomputer. But if they have the option, as we move
into the 1990's, there are jobs to be created in areaseverybody does not have
to be in the Boston beltway or a place like that to do technical work. And it will
enrich our country. Now I am not saying tbere is anything wrong with being in
the Boston beltway area. But we also need a few in the Sioux Falls beltway area,
who have access to a supercomputer.

I am also concerned, Mr. Chairman, within addition to this, and in this
subcommitteeI hope we look at this year what is happening in our schools in
math and science training. I think we are falling behind in science and mathe-
matics. Someone who is 15 or 18 years old and has not gotten the basics is out
of the system forever. Where our educational system works, is in the education
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of foreigh nationals. I am told that over half of our graduate students in engineer-

ing are from abroad. Part of that is due to our pay structure. The thing to be is an

investment banker or a lawyer and move papers that result in no productivity but

the pay is pretty good. We have to think very hard about the impact, the long-term

impact of losing the math and science edge.
There are a whole series of other things. I was going to go into some of the

benefits of supercomputers. The Chairman has done that very aptly in his
statement. I have mentioned South Dakota State University's bio-tress
laboratories is developing strains of craps and livestock. With the supercomputer

network, the results of the research produced in thebio-stress labs could be placed

on-line for ready access for users at other universities that are doing similar

research.
And let me say that I think many of our smaller universities very much want

to be connected to some of the work at largeruniversitiescertainly some of our

smaller hospitals very much are in need of this type of service.

I have mentioned the EROS data center archivesthe pictures that are sent

back from our LANDSAT satellitesince 1971, near Sioux Falls, it has stored

over 1 million satellite images on magnetic tape. Government and university

researchers and commercial enterprises use the LANDSAT images for oil and

mineral exploration, land use planning, map making, climate change monitoring,

crop assessments, and many other applications.
With the proposed network, any researcher could use the LANDSAT pictures

that are stored in South Dakota without having to leave his or her desk or

laboratory. This capability will become even more important when the EROS

data center is used later in this decade to archive the massive amounts of data for

the Earth Observing System, EOS, NASA's contribution to our multi-agency

global change research program. And I was proud to be on hand last summer

when we raised the NASA flag at the EROS data center in Sioux Falls.

The EOS satellites will be transmitting the data equivalent of the entire Library

of Congress every 5 days. I think that is really an amazing thing. To use this data

effectively, scientists will need ready access to the EROS Data Center database.

Mr. Chairman, I also want to take this time to commend President Bush for

his support for ourmulti-agency supercomputing initiative in its Fiscal Year 1992

fiscal year budget request. President Bush has allocated $638 million to a

supercomputer network and research effort. The Bush plan, which has the same

purposes as S. 272, is patterned after a program set forth in a 1989 report by the

White House Office of Science and Technology Policy. As I have mentioned, I

am pleased that Dr. Alan Bromley, the Director of that office is testifying today.

I look forward to hearing his details about the administration's initiative.

I am hopeful that during this Congress the administration and congressional

supporters of supercomputing will join forces to implement a national, multi-

agency supercomputing initiativeboy that is a mouthful of Washington

wordswhether done by statute or otherwise.
Mr. Chairman, I am sure we will all agree that the main goal here is to begin

in this Congress a national commitment to supercomputing and a national

supercomputing network linking more than 1 million of our country's computers

by 1996.
Mr. Chairman, I look forward to hearing from our distinguished panel of

wimesses on both S. 272 and supercomputing generally.
Senator GORE. Thank you, Senator Pressler. Senator Kasten.
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OPENING STATEMENT BY SENATOR KASTEN

Senator KASTEN. Mr. Chairman, I am not going to try to compete with you
and Senator Pressler in terms of length of opening statements.

Mr. Chairman, I want to congratulate you on holding this hearing on S. 272,
the High-Performance Computing Act of 1991. I am pleased to be an original
co-sponsor ot- this piece of legislation that 1 believe is necessary for America's

continued ability to innovate and compete in the marketplace, and to make the
scientific advances to protect the !ilealth and well-being of our people and our
planet in the future.

Supercomputers permit complex modeling used in the development of new
products from aircraft to drugs, and allow us to better understand our environment
and the universe.

The five-year program which is established by S. 272 would provide $988
million for an inter-agency effort in computer research and development and
create a super-computer network to let our super-computers communicate with
one another and with remote users. Sixty-eight million dollars of these funds
would be available in upcoming fiscal 1992 in addition to funds currently
available to the relevant agencies.

Mr. Chairman, I am also pleased that though there are differences in emphasis,
the Administration recognizes the need for the kinds of programs that we are
supporting in S. 272. I believe that the legislative initiatives and other pressure
from the Congress has helped to assure the Administration's attention to this
important area. We are close on the dollars, and not so far apart on the programs.

The future developments in the area of super-computing hardware, software,
and communications are critical to this country's securityeconomically, en-
vironmentally, and militarily. I think it is important that an American company,
Cray Research, Inc. is the cunent world leader in this field. They control some
60 percent of the world =Act, but are under severe competitive pressures,
primarily from the Japanese. Several smaller U.S. companies are also competing
in this area. I believe that our bill will help to keep American super-computer
companies healthy. It will also 'mule that American companies, researchers, and
others who use super-computers have the software, training and access so that
we are using their capabilities to the fullest.

We Guist be sure that our funds help us to u.se today's super-computers in their
mos& efficient manner, and encourage the efforts of U.S. companies to develop,
produce, sell, and use, the next generation of massively-parallel computers which
will be perhaps 1000 times as powerful as today's super-computers. But we must
be caretul in our efforts to encourage the development of new technology that
we do not put America's current leadership position in jeopardy.

There is a concern that the Administration's proposed program may be too
focused on experimental systems, developing new architectures based on mas-
sively-parallel approaches, to the exclusion of activities that would explicitly
build on current approaches and successes.

Bridges to our present capabilities are essential to ensure a rapid transfer of
the fruits of the R&D efforts of government to the private and academic sectors
of the economy. The transfer and use of this R&D is an essential determinant of
the economic value of the High Performance Computing and Communications
Initiati ve.

Both S. 272 and the Administration's proposal look to develop the networks
that will be necessary if there is to be broader access and utilization of the nation ' s
super-computers. Though the computing capacity of our super- computers is

1 2
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incredible, our communication systems are not up to the task of transmitting the

data between computers or to remote location.
I am pleased that we have such a distinguished group of witnesses here today.

We welcome Dr. Bromley Assistant to the President for Science and Technol-

ogy, and the Director of Inc White House Office of Science and Technology

Policy (OSTP). And I look forward to the testiinony of those on our second panel

as we explore the tremendous benefits that would flow from this legislation, and

some of the problems that will be encountered along the way.

I will work to assure that America realizes the full promise that super-
computers can offer in so innny different areas of scientific, educational, and

commercial endeavor.
So I think we are on the right uack here. I will work to assure that America

realizes the full promise that supercomputers can offer in so many different areas

of scientific, educational, and commercial endeavor. And I think that we, Mr.

Chairman, have not only a hearing on a very important subject today, but we

have the beginnings now of.a mark-up of a bill that is going to be passed-out by

the Committee, going to be passed by the Senate, passed by the House of

Representatives, and, in fact., signed into law.
And that is, I know, your goal and your purpose. And I just want to say that I

am an anxious lieutenant on this team or in this area that we are going to do

something here. And it is more than just simply a hearing on a very important

subject. And we all will work together. And I look forward, Mr. Chairman, to

working with you.
Unfortunately, I have another hearing that also started at 2:00.

Thfink you, Mr. Chairman.
Senator GoftE. And may I say, before you must depart, on a personal note, I

deeply appreciate the key role that you have played m pushing this bipartisan
effort forward. And I want to say the same to Senator Pressler.

Indeed, this has been bipartisan from the very beginning. And you mentioned

the cooperative relationship between the committee and the administration. That

is a spirit we want to continue.
In fact, the OSTP plan which Senator Pressler mentioned coming out in 1989,

really came about because of legislation this committee which both of

you supported, the Supercomputer Network Study Act ofPil9s8e6dwhich required

that study, but more than requiring it, invited the administration to join in a

dialogue with the committee which tesulted in the OSTP plan 2 years ago.

And it is not accidental, by any means, that the administra6on pian and the

legislation which we here are supporting, are so similar. Because they have both

resulted from a meeting of the minds on what is the best interests of our country.

I have a statement that Senator Hollings would like to have included in the

record.
[The statement and bill follow:[

OPENING STATEMENT BY THE CHAIRMAN

I am a cosponsor of S. 272, the High-Performance Computing Act, because this is the kind of

far-sighted legislatice that should be a priority here in the Senate. S. 272 addresses the long-term

economic, educational, and national security needs d this °canary. We cannot just focus on the

problems a today; we need to find solutions to the problems of ,onionow as well.

The bill we are considering today will accelerate the development of new technology and, just as

importantly, speed the a lication of that new technolegy. By creating a National Research and

Educatice Network , this bill will link our university labs to labs and factories in the private

sector so they can moreeffectively use the research done by university researchers.

Today the flow of information is tiuly global: the results of munch done at MIT now may be

appliti in a laboratory scmewhere 7.1se tomorrow. The NREN would help us take advantage of that

research. If our best research scientists are in constant, instantaneous ccmmunicarion, through

3
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high-speed eamptaer networks, with the engineers and product designers in American industry, we
have a huge competitive edge.

The MEN and high-speed, cemmercial networks based on MEN technology will not develop
spontaneously. Federal leadership and Federal investment am needed to spur the private sector to
develop these networks. S. 272 provides for this epur. h is an important step toward exploiting the
full poundal of fiber optics in our national telecommunications synem.

The NRFN and high-speed fiber optic networks are particularly impotent to lutes like South
Carolina. In South Carolina, we have many colleges and universities which lack the resources
available at other research universities. The Maiwill provide them with access to facilities presently
availsble only at places like Cake& and Harvard. With the NREN, a researcher at the University of
Smith Carolina would have access to very fasten arclulizuters available anywhere. A researcher
at Qemson would be able to connect to a radio telescope halfway across the cotmtry and collect data
and compare his or her results with colleagues anitmd the country.

The arplications of the MEN in education are even mom exciting. With aeons to the NREN and
the "Digital Libranes" of electrode informatien connected to it, at the smallest colleges in South
Carolina, and many high schools, -mdents would be able to access more iefornation from their
computer keyboard than they coat find in their school libraries. The NREN would broaden the
horizons el students at =all colleges, two-year technical colleges, historically black collegesat
every college in South Camlina.

This is important legislation, and I look forward to working with Senator Gore and others on the
Comm= Comminee on the bill.
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To provide for a coordinated Federal research program to ensure continued

United States leadership in high-performance computing.

IN THE SENATE OF THE ITNITED STATES

JANUARY 24 (legislative day, JANUARY 3), 1991

Mr. GORE (for himself, Mr. HOLLINGS, Mr. KENNEDY, Mr. PRESSLER, Mr.

FORD, Mr, BREAUX, Mr. BINGAMAN, Mr. ROBB, Mr. KERRY, Mr. KASTEN,

MT. GLENN. Mr. JEFFORDS, Mr. KERREY, Mr. REID, Mr. DURENBERGER,

Mr. HATFIELD. Mr. KOHL, Mr. CONRAD, and Mr. RIEGLE) introduced the

following bill: which was, read twice and referred to the Committee on Corn-

merce, Science, and Transportation

A BILL
To provide for a coordinated Federal research program to

ensure continued United States leadership in high-perform-

ance computing.

1 Be it enacted by the Senate a lad House of Representa-

2 lives of tht United States of America in Congress assembled,

3 SECTION 1. SHORT TITLE.

4 This Act may be cited as the "High-Performance corn-

5 puting Act of 1991".

6 SEC 2. FINDINGS AND PURPOSE.

(a) The Congress finds the following:
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2

1 (1) Advances in computer science and technology

2 are vital to the Nation's prosperity, national economic

3 security, and scientific advancement.

4 (2) The United States currently leads the world in

5 the development and use of high-performance comput-

6 ing for national security, industrial productivity, and

7 science and engineering, but that lead is being chal-

8 lenged by foreign competitors.

9 (3) Further research, improved computer research

10 networks, and more effective technology transfer from

11 government to industry are necessary for the United

12 States to fully reap the benefits of high-performance

13 computing.

14 (4) Several Federal agencies have ongoing high-

15 performance computing programs, but improved inter-

16 agency coordination, cooperation, and planning could

17 enhance the effectiveness of these programs.

18 (5) A 1989 report by the Office of Science and

19 Technology Policy outlining a research and develop-

20 ment strategy for high-performance computing provides

21 a framework for a multiagency high-performance com-

22 puting program.

23 (b) It is the purpose of Congress in this Act to help

24 ensure the continued leadership of the United States in high-

S 272 IS 1 6
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3

1 performance computing and its applications. This requires

2 that the United States Government-

3 (1) expand Federal support for research, develop-

4 ment, and application of high-performance computing

5 in order to-

6 (A) establish a high-capacity national re-

7 search and education computer network;

(B) expand the number of researchers, educa-

9 tors, and students with training in high-perform-

10 ance computing and access to high-performance

11 computing resources;

12 (C) develop an information infrastructure of

13 data bases, services, access mechanisms, and re-

14 search facilities which is available for use through

15 such a national network;

16 (D) stimulate research on software technoio-

17 gY;

18 (E) promote the more rapid development and

19 wider distribution of computer software tools and

20 applications software;

21 (F) accelerate the development of computer

22 systems and subsystems;

23 (G) provide for the application of high-per-

24 forrnance computing to Grand Challenges; and

S 272 IS
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1 (11) invest in basic research and education;

2 and

3 (2) improve planning and coordination of Federal

4 research and development on high-performance corn-

5 puting.

6 SEC. 3. DEFINITIONS.

7 As used in this Act, the term-

8 (1) "Director" means the Director of the Office of

9 Science and Technology Policy; and

10 (2) "Council" means the Federal Coordinating

11 Council for Science, Engineering, and Technology

12 chaired by the Director of the Office of Science and

13 Technology Policy.

14 SEC. 4. MISCELLANEOUS PROVISIONS.

15 (a) Except to the extent the appropriate Federal agency

16 or department head determines, the provisions of this Act

17 shall not apply to-

18 (1) programs or activities regarding computer sys-

19 tems that process classified information; or

20 (2) computer systems the function, operation, or

21 use of which are those delineated in paragraphs (1)

22 through (5) of section 2315(a) of title 10, United States

23 Code.

24 (b) Where appropriate, and in accordance with Federal

25 contracting law, Federal agencies and departments shall pro-

5 272 IS
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1 cure prototype or early production models of new high-per-

formance computer systems and subsystems to stimulate

3 hardware and software development.

4 SEC. 5. NATIONAL HIGH-PERFORMANCE COMPUTING PRO-

5 GRAM.

6 The National Science and Technology Policy, Organiza-

7 tion, and Priorities Act of 1976 (42 U.S.C. 6601 et seq.) is

8 amended by adding at the end the following new title:

9 "TITLE VHNATIONAL 111011-PERFORMANCE

10 COMPUTING PROGRAM

11 "NATIONAL H1GH-PERFORMANCE COMPUTING PLAN

12 "SEC. 701. (a)(1) The President, through the Federal

13 Coordinating Council for Science, Engineering, and Technol-

14 ogy (hereafter in this title referred to as the 'Councir), shall,

15 in accordance with the provisions of this title-

16 "(A) develop and implement a National High-Per-

17 formance Computing Plan (hereafter in this title re-

18 ferred to as the `Plan'); and

19 "(B) provide for interagency coordination of the

20 Federal high-performance computing program estab-

21 lished by this title.

22 The Plan shall contain recommendations for a five-year na-

tional effort and shall be submitted to the Congress within

24 one year after the date of enactment of this title. The Plan

S 712 IS
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1 shall be resubmitted upon revision at least once every two

2 years thereafter.

3 "(2) The Plan shall

4 "(A) establish the goals and priorities for a Fed-

5 eral high-performance computing program for the fiscal

6 year in which the Plan (or revised Plan) is submitted

7 and the succeeding four fiscal years;

8 "(B) set forth the role of each Federal agency and

9 department in implementing the Plan; and

10 "(C) descri/m the levels of Federal funding for

11 each agency and department and specific activities, in-

12 eluding ellucation, research activities, hardware and

13 software development, establishment of a national giga-

14 bits-per-second computer network, to be known as the

15 National Research and Education Network, and acqui-

16 sition and operating expenses for computers and corn-

puter networks. required to achieve the goals and pri-

18 orities established under subparagraph (A).

19 "(3) The Plan shall address, where appropriate, the rel-

20 evant programs and activities of the following Federal agen-

21 cies and departments:

22 "(A) the National Science Foundation;

23 "(B) the Department of Commerce, particularly

24 the National Institute of Standards and Technology,

25 the National Oceanic and Atmospheric Administration,

S 272 IS
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1 and the National Telecommunication3 and Information

2 Administration;

3 "(C) the National Aeronautics and Space Admin-

4 istration;

5 "(D) the Department of Defense, particularly the

6 Defense Advanced Research Projects Agency;

7 "(E) the Department of Energy;

8 "(F) the Department of Health and Human Serv-

9 ices, particularly the National Institutes of Health and

10 the National Library of Medicine;

i 1 "(G) the Department of Education;

12 "an the Department of Agriculture, particularly

13 the National Agricultural Library; and

14 "co such other agencies and departments as the

15 President or the Chairman of the Council considers ap-

16 propriate.

17 "(4) In addition, the Plan shall take into consideration

18 the present and planned activities of the Library of Congress,

19 as deemed appropriate by the Librarian of Congress.

20 "(5) The Plan shall identify how agencies and depart-

2 1 ments can collaborate to-

22 "(A) ensure interoperability among computer net-

23 works run by the agencies and departments;

24 " (B) increase software productivity, capability,

25 portability, and reliability;

S 272 IS
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1 "(C) expand efforts to improve, document, and

2 evaluate unclassified public-domain software developed

3 bv federally funded researchers and other software, in-

4 eluding federally funded educational and training soft-

5 ware;

6 "(D) coopera, where appropriate, with industry

7 in development and exchange of software;

8 "(E) distribute software among the agencies and

9 departments;

10 "(F) distribute federally funded software to State

11 and local governments, industry, and universities;

12 "(G) accelerate the development of high perform-

ance computer systems, subsystems, and associated

14 software;

15 "(H) provide the technical support and research

16 and development of high-performance computer soft-

17 ware and hardware needed to address grand challenges

18 in astrophysics, geophysics, engineering, materials, bio-

19 chemistry, plasma physics, weather and climate for-

20 casting, and other fields;

91 "(I) provide for educating and training additional

22 undergraduate and graduate students in software engi-

23 neering, computer science, and computational science;

24 and

S 272 15



19

9

1 "(J) identify agency rules, regulations, policies

2 and practices which can be changed to significantly im-

3 prove utilization of Federal high-performance comput-

4 ing and network facilities, and make recommendations

5 to 3uch agencies for appropriate changes.

6 "(6) The Plan shall address the security requirements

7 and policies necessary to protect Federal research computer

8 networks and information resources accessible through Fed-

9 eral research computer networks. Agencies identified in the

10 Plan shall define and implement a security plan consistent

11 with the Plan.

12 "(b) The Council shall-

13 "(1) serve as lead entity responsible for develop-

14 ment of the Plan and interagency coordination of the

15 program established under the Plan;

16 "(2) coordinate the high-performance computing

17 research and development activities of Federal agencies

18 and departments and report at least annually to the

19 President, through the Chairman of the Council, on

20 any recommended changes in agency or departmental

21 roles that are needed to better implement the Plan;

22 "(3) review, prior to the President's submission to

23 the Congress of the annual budget estimate, each

24 agency and departmental budget estimate in the con-

25 text of the Plan and make the results of that review

23
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1 available to the appropriate elements of the Executive

2 Office of the President, particularly the Office of Man-

3 agement and Budget; and

4 "(4) consult and coordinate with Federal agencies,

5 academic, State, industry, and other appropriate groups

6 conducting research on high-performance computing.

"(c) The Director of the Office of Science and Technolo-

8 gy Policy shall establish a High-Performance Computing Ad-

9 visory Panel consisting of prominent representatives from in-

10 dustry and academia who are specially qualified to provide

11 the Council with advice and information on high-performance

12 computing. The Panel shall provide the Council with an inde-

13 pendent assessment of-

14 "(1) progress made in implementing the Plan;

15 "(2) the need to revise the Plan;

16 "(3) the balance between the components of the

17 Plan;

18 "(4) whether the research and development

19 funded under the Plan is helping to maintain United

20 States leadership in computing technology; and

21 "(5) other issues identified by the Director.

22 "(d)(1) Each appropriate Federal agency and depart-

23 ment involved in high-performance computing shall, as part

24 of its annual request kr appropriations to the Office of Man-

25 agement and Budget, submit a report to the Office identifying

S 272 IS
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1 each element of its high-performance computing activities,

9 which-

3 "(A) spee'fies whether each such element (i) con-

4 tributes primarily to the implementation of the Plan or

5 contributes primarily to the achievement of other

6 objectives but aids Plan implementation in important

ways; and

"(B) states the portion of its request for appro-

9 priations that is allocated to each such element.

"(2) The Office of Management and Budget shall review

each such report in light of the goals, priorities, and agency

12 and departmental responsibilities set forth in the Plan, and

13 shall include, in the President's annual budget estimate, a

14 statement of the portion of each appropriate agency or de-

partment's annual budget estimate that is allocated to each

16 element of such agency or department's high-performance

17 computing activities.

''(e) As used in this section, the term 'Grand Challenge'

19 means a fundamental problem in science and engineering,

20 with broad economic and scientific impact, whose solution

21 will require the application of high-performance computing

22 resources.

23 "ANNUAL REPORT

24 "SEc% 702. The Chairman of the Council shall prepare

25 and submit to the President and the Congress, not later than

26 March 1 of each year, an annual report on the activities con-
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1 ducted pursuant to this title during the preceding fiscal year,

2 including

"(1) a summary of the achievements of Federal

4 high-performance computing research and development

5 efforts during that preceding fiscal year;

6 "(2) an analysis of the progress made toward

7 achieving the goals and objectives of the Plan;

8 "(3) a copy and summary of the Plan and any

9 changes made in such Plan;

10 "(4) a summary of appropriate agency budgets for

11 high-performance computing activities for that preced-

12 ing fiscal year; and

13 "(5) any recommendatiors regarding additional

14 action or legislation which may be required to assist in

15 achieving the purposes of this title.".

16 SEC. 6. NATIONAL RESEARCH AND-EDUCATION NETWORK.

17 (a) In accordance with the Plan developed under section

18 701 of the National Science and Technology Policy, Organi-

19 zation and Priorities Act of 1976 (42 U.S.C. 6601 et seq.),

20 as added by section 5 of this Act, the National Science Foun-

21 dation, in cooperation with the Department of Defense, the

22 Department of Energy, the Department of Commerce, the

23 National Aeronautics and Space Administration, and other

24 appropriate agencies, shall provide for the establishment of a

25 national multi-gigabit-per-second research and education

S 272 IS
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1 computer network by 1996, to be known as the National

2 Research and Education Network (hereinafter referred to as

3 the "Network"), which shall link government, industry, and

4 the education community.

5 (b) The Network shall provide users with appropriate

6 access to supercomputers, computer data bases, other re-

7 search facilities, and libraries.

8 (c) The Network shall-

9 (1) be developed in close cooperation with the

10 computer, telecommunications, and iriormation indus-

1 1 tries;

12 (2) be designed and developed with the advice of

13 potential users in government, industry, and the higher

14 education community;

15 (3) be established in a manner which fosters and

16 maintains competition and private sector investment in

17 high speed data networking within the telecommunica-

18 tions industry;

1 9 (4) be established in a manner which promotes re-

20 search and developme leading to deployment of com-

21 mercial data communications and telecommunications

22 standards;

23 (5) where technically feasible, have accounting

24 mechanisms which allow, where appropriate, users or

25 groups of users to be charged for their usage of the

2'7
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1 Network and copyrighted materials available over the

2 Network; and

3 (6) be phased into commercial operation as corn-

4 mercial networks can meet the networking needs of

5 American researchers and educators.

6 (d) The Department of Defense, through the Defense

7 Advanced Research Projects Agency, shall be lead agency

8 for research and development of advanced fiber optics tech-

9 nolou, switches, and protocols needed to develop the Net-

10 work.

(e) Within the Federal Government, the National Sci-

12 ence Foundation shall have primary responsibility for con-

13 necting colleges, universities, and libraries to the Network.

14 (f)(1) The Council, within one year after the date of en-

15 actment of this Act and consistent with the Plan developed

16 under section 701 of the National Science and Technology

17 Policy, Organization, and Priorities Act of 1976 (42 iT.S.C.

18 6601 et seq.), as added by section 5 of this Act, shall--

19 (A) develop goals, strategy, and priorities for the

2() Network;

21 (B) identify the roles of Federal agencies and de-

partmerts implementing the Network;

23 (C) provide a mechanism to coordinate the activi-

24 ties of Federal agencies and departments in deploying

25 the Network;
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1 (D) oversee the operation and evolution of the

2 Network;

3 (E) manage the connections between computer

4 networks of Federal agencies and departments;

5 (F) develop conditions for access to the Network;

6 and

7 (G) identify how existing and future computer net-

8 works of Federal agencies and departments could con-

9 tribute to the Network.

10 (2) The President shall report to Congress within one

11 year after the date of enactment of this Act on the implemen-

12 tation of this subsection.

13 (g) In addition to other agency activities associated with

14 the establishment of the Network-

15 (1) the national Institute of Standards and Tech-

16 nology shall adopt a common set of standards and

17 guidelines to provide interoperability, common user

18 interfaces to systems, and enhanced security for the

19 Network; and

20 (2) the National Science Foundation, the National

21 Aeronautics and Space Administration, the Department

22 of Energy, the Department of Defense, the Depart-

23 ment of Commerce. the Department of the Interior,

24 the Department of Agriculture, the Department of

25 Health and Human Services, and the Environmental
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1 Proteciiou Agency are authorized to allow recipients of

2 Federal research grants to use grant moneys to pay for

3 computer networking expenses.

4 (h) Within one year after the date of enactment of this

5 Act, the Director, through the Council, shall report to the

6 Congress on-

7 (1) effective mechanisms for providing operating

8 funds for the maintenance and use of the Network, in-

9 eluding user fees, industry support, and continued Fed-

10 eral investment;

11 (2) plans for the eventual commercialization of the

12 Network;

13 (3) how commercial information service providers

14 could be charged for access to the Network;

15 (4) the technological feasibility of allowing corn-

16 mercial information service providers to use the Net-

17 work and other federally funded research networks;

18 (5) how Network users could be charged for such

19 commercial information services;

20 (6) how to protect the copyrights of material dis-

21 tributed over the Network; and

22 (7) appropriate policies to ensure the security of

23 resources availabie on the Network and to protect the

24 privacy of users of networks.
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1 SEC. 7. ROLE OF THE NATIONAL SCIENCE FOUNDATION.

2 (a) The National SciencelFoundation shall provide fund-

3 ing to enable researchers to access supercomputers. Prior to

4 deployment of the Network, the National Science Foundation

5 shall maintain, expand, and upgrade its existing computer

6 networks. Additional responsibilities may include promoting

7 development of information services and data bases available

8 over such computer networks; facilitation of the documents-

9 tion, evaluation, and distribution of research software over

10 such computer networks; encouragement of continued devel-

11 opment of innovative software by industry; and promotion of

12 science and engineering education.

13 (b)(1) The National Science Foundation shall, in coop-

14 eration with other appropriate agencies and departments,

15 promote development of information services that could be

16 provided over the Network established under section 6.

17 These services shall include, but not be limited to, the provi-

18 sion of directories of users and services on computer net-

19 works, data bases of unclassified Federal scientific data,

20 training of users of data bases and networks, access to com-

21 mercial information services to researchers using the Net-

22 work, and technology to support computer-based collabora-

23 tion that allows researchers around the Nation to share infor-

24 mation and instrumentation.

25 (2) The Federal information services accessible over the

26 Network shall be provided in accordance with applicable law.

S 272 IS
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1 Appropriate protection shall be provided for copyright and

2 other intellectual property rights of information providers and

3 Network users, including appropriate meAanisms for fair re-

4 muneration of copyright holders for availability of and access

5 to their works over the Network.

6 (c)(1) There are authorized to be appropriated to the

7 National Science Foundation for the purposes of this Act,

8 $46,000,000 for fiscal year 1992, $88,000,000 for fiscal year

9 1993, $145,000,000 for fiscal year 1994, $172,000,000 for

10 fiscal year 1995, and $199,000,000 for fiscal year 1996.

11 (2) Of the moneys authorized to be appropriated in sub-

12 section (c)(1), there is authorized for the research, develop-

13 ment, and support of the Network, in accordance with the

14 purposes of section 6, $15,000,000 for fiscal year 1992,

15 $25,000,000 for fiscal year 1993, $55,000,000 for fiscal year

16 1994, $50,000,000 for fiscal year 1995, and $50,000,000 for

17 fiscal year 1996.

18 (3) The amounts authorized to be appropriated under

19 this subsection are in addition to any amounts that may be

20 authorized to be appropriated under other laws.

21 SEC. 8. THE ROLE OF THE NATIONAL AERONAUTICS AND

22 SPACE ADMINISTRATION.

23 (a) The National Aeronautics and Space Administration

24 shall continue to conduct basic and applied research in high-

25 performance computing, particularly in the field of computa-
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1 tional science, with emphasis on aeronautics and the process-

2 ing of remote sensing and space science data.

3 OA There are authorized to be appropriated to the Na-

4 tional Aeronautics and Space Administration for the purposes

5 of this Act, $22,000,000 for fiscal year 1992, $45,000,000

6 for fiscal year 1993, $67,000,000 for fiscal year 1994,

7 $89,000,000 for fiscal year 1995, and $115,000,006 for

8 fiscal year 1996.

9 (c) The amounts authorized to be appropriated undei

10 subsection (b) are in addition to any amounts that may be

11 authorized to be appropriated under other laws.

12 SEC. 9. ROLE OF THE DEPARTMENT OF COMMERCE.

13 (a) The National Institute of Standards and Technology

14 ',hal; adopt standards and guide:Ides, and develop measure-

15 ment techniques and test methods, for the interoperability of

16 high-performance computers in networks and for common

17 user interfaces to systems. In addition, the National Institute

18 of Standards and Technology shall be responsible for devel-

19 oping benchmark tests and standards for high performance

20 nomputers and software. Pursuant to the Computer Security

21 Act of 1987 (Public Law 100-235; 101 Stat. 1724), the Na-

22 tional Institute of Standards and Technology shall continue

23 to be responsible for adopting standards and guidelines

24 needed to assure the cost-effective security and privacy of

25 sensitive information in Federal computer systems.
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1 (b)(1) The Secretary of Commerce shall conduct a study

2 to-
3 (A) evaluate the impact of federal procurement

4 regulations which require that contractors providing

software to the Federal Government share the rights

6 to proprietary software development tools that the con-

7 tractors used to develop the software; and

8 (B) determine whether such regulations discourage

9 development of improved software development tools

10 and techniques.

11 (2) The Secretary shall, within one year after the date

12 of enactment of this Act, report to the Congress regarding

13 the results of the study conducted under paragraph (1).

Senator GORE. Dr. Bromley, again, let me apologize for the length of time it
has taken us to get to your statement. We are very interested in it..

I want to acknowledge the presence of Dr. Eugene Wong, Associate Director
for Physical Sciences and Engmeering at OSTP. And among the many things for
which you are due congratulations, is the excellent choices you have made of
people to help you.

I rememb when you first took the post, you said you were going to do it. I
agreed with your assessment that this was one of the keys to making this office
a more integral part of the Government. And congratulations on getting the
President on board on this initiative.

I know you would probably want me to choose different words in saying that,
but that is what I feel about it. I think this is you speaking for the administration
now. And we welcome you. So please proceed.

STATEMENT OF HON. D. ALLAN BROMLEY, DIRECTOR, OFFICE
OF SCIENCE AND TECHNOLOGY POLICY

Dr. BROMLEY. Thank you, Mr. Chairman.
I welcome this opportunity to appear before you and the members of the

committee to discuss this initiative. And I would, in fact, begin by acknowledging
the leadership that you and this group have shown in this area, which I agree is
one of the most important that we could address in terms of its long- term and
short-term impact on this Nation.

The hearing, of course, addresses the whole question of high-performance
computing and communication. And I would like, with your permission, sir, to
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have the formal testimony that I have provided to the committee included in the

record and simply abstract it.
Senator GORE. Without objection, that would be fine.
Dr. BROMLEY. Thank you, sir.
The President's initiative included in the 1992 budget is described in detail in

the document that accompanies my testimony, the report "Grand Challenges:

High Performance Computing and Communications." This is a report that was

prepared by a working group on high performance computing and communica-

tions under the Committee on Physical Mathematical, and Engineering Sciences,

one of seven umbrella committees that operate under the Federal Coordinating

Council for Science, Engineering, and Technology. I see, sir, that you already

have a copy of Ole report.
The goals of the high performance computing and communications initiative

are ones that we have shared for a long time. My staff and I look forward to

working with you to realize these goals for the American people.

In the document that we have provided to you, we have attempted to illustrate

and symbolize the imponance of this activity by setting forth a series of very

important scientific and societal problems whose solutions simply elude us at the

moment, but would become within reach with the kind of program that both of

us are talking about.
These include the questions of global climate change, mapping the human

genome, understanding the nature and helping in the fabrication of tailored

materialsan entirely new frontierand problems that are directly applicable

to our national security, includingI believe you would agree, sirboth military

strength and economic strength. It also, of course, includes the design of ever

more sophisticated computers. Essentially,the list is limited onlyby our imagina-

tion.
A great many of these topics are already partially underway. But there is a

tremendous frontier out there, promising qualitative as well as quantitative

changes in our capabilities and in the problems that we can address effectively.

The initiative that we present to you represents a full integration of component

programs in a number of Federal agencies. These agencies have been involved

for some time in high performance computing and in the design, development,

and utilization of their own agency computer networks. And as was noted earlier,

the initiative that the President has brought forward proposes a 30 percent

increase in the funding in Fiscal Year 1992 to support these activities.

I should at the outset state that it is our goal in OSTP that between the next 4

and 5 years the support for this activity will be doubled. But it is much more

important that we increase the speed, the memory capacity, and the data trans-

mission capacity of our systems by factors of between 100 and 1000. This is

certainly within technical reach.
I would now like, if I might, sir, to take a moment to trace the history of this

initiative, in which you have been, yourself, very heavily involved. It traces its

formative years back to the early 1980's and before, and stems in part from the

recognition in a great many of our agencies, that to satisfy their mission needs

they required computing capacity far beyond anything that was then available.

As the science and the technology in these agencies improved, it became

rapidly obvious that the quantity of data and the number of databases that were

being developed made absolutely mandatory the need for more sophisticated

data- archiving, data-processing, and data retrieval. One of the points I would

make in passing is that there are now between 6,000 and 7,000 data bases in use

around the world. Almost without exception, these are not intercomparable or
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readable, and this is the beginning of a Tower of Babel that we can ill afford.
That matter is one that we should work together to correct.

In 1982 a FCCSET conmittee examined the status of supercomputing in the
United Statesin response, as you suggested, to a request from the Congress,
and reviewed the role of the Federal Government in this area of technology.

In 1985 the committee recommended Government action necessary to sustain
the technological superiority that we had at that time, and to further the develop-
ment and use of supacomputers in this country. Subsequent planning resulted in
a series of workshopsi.that were held in 1987 and a set of reports that set forth the
outlines of a researcd and development strategy. The synthesis of all of this
activity appeared in the report entitled the "Rderal High Performance Comput-
ing Program" that was issued by my office in September 1989, as you noted. The
imtiative that we bring forward now in the 1992 budget is, m my view, a
realization of the goals that were spelled-out by you, by us, and by a number of
people back in those days. Then they were seen as goals, but now they are targets
that we fully believe we can achieve.

The program involves 8 partners: The Defense Advanced Research Projects
Agency, the National Science Foundation, the Department of Energy, National
Aemnautics and Space Administration, National Library of Medicine, the En-
vironmental Protection Agency, the National Institute of Standards and Technol-
ogy, and NOAA, the National Oceanic and Atmospheric Administration, within
Commerce.

The planning and implementation of the IIPCC program, have been the result
of a remarkable degree of cooperation and enthusiastic cooperation. These
agencies have been quite prepared to readjust, realign, and redesign their
programs in high-performance computing so that together they made parts of a
coordinated Federal whole.

I would like to pay tribute to the level of cooperatice that we have enjoyed in
putting this program together. There is a level of mutual trust, cooperation, and
synergism that is remarkable both inside and outside of Government. I would
also have to say that the success of this activity has depended in no small measure
on the input that we have received from the private sector. It has been crucially
important for us, in developing the program that we have bmught before you, to
have it calibrated and tested against the real-world environment in which our
industries operate, because they, in the long-run, are the ones that we look to
implement this pmgram.

The program itself has four major componentses you know very well, sir.
The first concerns high-performance computing systems. We use that phrase
advisedly, because we wanted to include not just supercomputers but also
high-performance computers on all levels. The synergism there is important and
should not be forgotten.

Secondly, we talk about advanced software and algorithms, because without
that, all the hardware in the word is essentially useless.

Thirdly, we have the National Research and Education Network, the informa-
tion superhighway to which you referred. Without that, very few people have
access to either of the first two components.

And fmally, we have a basic research and human resource component.
Without that, we do not maintain our frontier staMs, nor do we have the trained
personnel who will move these frontiers forward. Equally important, I believe
and often forgotten are the technical people who, in fact, operate these system!
and make sure that they do what they were designed to do.

We have, in deveioping this program, set what I believe are ambitious
goals- -ambitious but realistic goals. As I mentioned, we seek a thousandfold

6



33

improvement in usefulcomputing capability. That takes us to a trillion operations

per second. And the focus will be on developing the generic technologies that

will prove valuable notjust in this sector, but in manydifferent industrial sectors.

Where appropriate, we feel it very important that the development be per-

formed on a cost-shared basis with industry. Because we want to involve industry

as deeply as we can from the very beginning of this activity.

In software development, we clearly have a major challenge. Because our

software in this countryas in every other countryis now lagging behind the

development of hardware. And most important, as we have discussed rnany times

before, if we are to have the rapid expansion of the use of our new capacities, it

is essential that we develop software that is user friendly. And, of course, as we

bob know, the high-performance software of today is not user friendly by the

wildest stretch of the imagination.
The National Research and Education Network is going to dramatically

expand and enhance the capability of the existing interconnected computer

network referred to as INTERNET. The overall goal here is to achieve a 100-fold

increase in communication speed. We want to take this up to the level of gigabit

per second.
In addition, as you have noted many times, one of our major goals here is to

develop a vastly greater number of on and off ramps to this information super-

highway. There are too many isolated institutions and areas in our country. I hope

that in the not-too-distant future our public will look on this network as com-

monplace and as little-to-be- feared as the telephone system. That goal is quite

within our reach.
If we have such a network, a catalytic effect on just about every component

of our society: on our industries, both small and largeand I appreciate the

reference to small industries, because I believe that this could be one of the major

potential impacts; universities and research organizations, and perhaps even

more important the elementary and secondary schools of the Nation, 'where the

real deficiencies in our educational system are most apparent.

Finally, I think that no plan is better than its execution. And the execution of

this initiative is going to depend very critically on the synergy that has been

developed among the agencies that are participating in it. What we have uied to

do is to develop theplans so that each agency does what it does best and does it

in a coherent way to amplify the effects of its sister agencies in this overall

program.
And each of the agencies, as you well know, has natural constituencies and

historical strengths. As has been noted before, this initiative has the promise of

very high payback in economic terms and in social terms. As I indicated at the

outset, I find it very difficult to think of any other initiative that has the potential

of a higher payback to the American taxpayer.
The high-performance end of the computer market is relatively small, but its

influence far transcends it size. This is where the leading-edge technologies and

leading-edge applications are developed. A Federal investment in leading-edge

computer technology will speed the growth of the overall computer market and

can catalyze investments on the part of U.S. industry.
But I would again come back to the matter of synergy. I would not want this

to be thought of as only a supercomputer initiative. It is much more important

than that. Supercomputers play a role, and a very important one, but by no means

the only role.
The initiative that we bring before you today also has the potential to be a

major contributor to meeting a number of other very important national needs

national security, health, transportation, education, energ y, environmentall of
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these are areas where the availability of a new generation of high-performance
information handling and information transfer will be essential. This dependence
will, in fact, only grow.

If we are to realize the full potential of this initiative, it is not enough that it
reach its technology goals. It is equally important, in my view, that the technology
be deployed by the private sector in a timely fashion. And the continued
development and use of Government-funded, high-performance computing and
communication prototype's can certainly have an important, positive impact on
the commercialization of these technologies. And, in fact, we can make available
to a great many institutions in this country, which cannot themselves justify the
hardware investment the power that will be available through the proposed
networks.

This diffusion, however,is not possible by Federal action alone. The
administration's initiative will serve the Nation best as a catalyst for private
action. Some analysts have suggested that the initiative can spur several hundred
billion dollars of GNP growth. If so, it will be because American companies, both
small and large, have been able to deploy these technologies in the production
of high- quality goods and services.

I think also that the National Research and Education Network will lead to
the establishmentand I hope quicklyof a truly national, high-speed network
that really does connect essentially every home and office, in the Nation. And if
that happens, it will be because the private investments that make it possible have
been stimulated by the initiatives taken here.

Now, the legislative proposals pending before the Congress, I would suggest,
Senator, perhaps do not fully recognize the comprehensive inter-agency .!ffon
that has been achieved through the years of collaboration that have led to this
particular activity. When I testified last year before the corresponding hearing, I
noted one concern, and now I would simply reiterate that concern. In a field of
technology that is moving as rapidly as is the case here, as you illustrated with
the automotive analogy, I am somewhat concerned that by freezing the program
in legislation we may have given up some flexibility that we may want in order
to be able to adjust this program, and the agency par6cipation, on an ongoing
basis.

I would emphasize that the FCCSET activity shGuld still be viewed as partly
experimental. This is the first year that we have really had it working as I had
hoped it might. And we will certainly move forward next year to do a better job
in these areas than we have been able to this year.

That was one concern. The other concern I have, sir, reflects a fact that you
mentioned. We have worked long and hard to bring about the total integration of
the agency programs. And my concern, which I believe you share, is that in the
subsequent actions of the Congress it would be a great pity if that coordination
and integration were not carried forward as the various players in the program
present their programs to your sister &ubcommittees.

And I very much look forward to working with you, sir, and ask for your
assistance in making sure that we retain the coordination that is now a hallmark
of this activity.

Now, I think, sir, that at that point I would conclude my prepared remarks.
The full testimony will be in the record. I welcome your questions.

[The statement and questions and answers follow:]
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SIATEZIDT OF D. ALLAN BfatLEY, DIPECIOR, OFFICE OF scIENLI iNo
IECHNOLOCY POUCY

Mr. Chairman and members of the Committee:

Thank you for giving me the opportunity, as Director of the Office of Science and
Technolo* Policy, to discuss with you the critically important issue of high
performance computing and communications.

On February 4, 1991, the President announced his proposed budget for fiscal year
1992. Among the major new R&D programs in the budget is a Presidential initiative
on high performance computing and communications, which is described in the report
Grand Challenges: High Performance Computing and Cornmonkatioai. The report.
which was released on February 5, 1991, was produced by a Working Group on High
Performance Computing and Communications under the Committee on Physical,
Mathematical, and Engineering Sciences, which is one of seven umbrella interagency
committees under the Federal Coordinating Council for Science, Engineering, and
Technolo* (FCCSETi. A copy of the report is attached.

History of the Initiative

The high performance computing and communications initiative can trace its
formative years to the 'arly 1980s, when the scientific community and federal agencies
recognized the need fot advanced computing in a wide range of scientific disciplines.
As fields of science progressed, the quantity of data, the number of databases, and
need for more sophisticated modeling and analysis all grew. The jegix Report of 1982
provided an opportunity to open discussions on the need for supercomputer centers
beyond those previously at the Department of Energy's national laboratories.
Subsequently, the availability of such resources to the basic research community
expanded for example, through the establishment of the National Science
Foundation's and NASA's supercomputing centers.

In 1982 a FCCSET committee examined the status of supercomput:ng in the 1_ nited
States and reviewed the role of the federal government in the development of this
technology. In 1985 this committee recommended government action necessary to
retain technological supremacy in the development and use of supercomputers in the
United States. Subsequent planning resulted in a series of workshops conducted in
1987 and in a set of reports that set forth a research and development strateg:f.

A synthesis of the studies, reports, and planning was published by OSTP in the report
entitled The Federal ilia eerforrnance Computing_PngrAim which was issued on
September 8, 1989. The initiative in the FY 1992 budget represents an
implementation by the participating agencies of the plan embodied in that report.
appropriately updated to recognize accomplishments made to date. The report
described a five-year program to be undertaken by four agencies -- the Defense
Advanced Research Projects Agency, the National Science Foundation, the 1)epartrre3it
of Enerfot, and the National Aeronautics and Space Administration. Four additional
partners have since joined the program the National Library of Medicine vsithin the
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National Institutes of Health, the Environmental Protection Agency, and the National
Institute of Standards and Technology and National Oceanic and Atmospheric
Administration within the Department of Commerce and they have added
considerable strength to the overall program.

The planning and implementation of the HPCC program have been the result of
extraordinarily effective collaboration lyy the participating agencies using the FCCSET
forum. It was developed after several years of discussions among the agencies and
hundreds of hours of negotiating and interactions between all federal government
agencies with an interest in computing. Agencies have realigned and enhanced their
HPCC programs, coordinated their activities with other agencies, and shared common
resources. The final product represents a complex balance of relationships and
agreements forged among the agencies over a number of years.

These agencies have achieved a level of mutual trust, cooperation, and synergism that
is remarkable in or out of government and not easily achieved. In addition, the
success of this effort demonstrates the advantages to be gained by using the FCCSET
process to coordinate areas of science and technology that cut across the missions of
several federal agencies. The FCCSET interagency process maintains the necessary
flexibility and balance of a truly integrated program as the science and technology
evolve, and it allows additional agencies to identify opportunities and participate in a
given program.

Description of the initiative

The HPCC initiative is a program for research and development in aft leading-edge
areas of computing. The program has four major components: (1) High Performance
Computing Systems, (2) Advanced Software Technology and Algorithms, (3) a National
Research and Education Network (NREN), and (4) Basic Research and Human
Resources. The program seeks a proper balance among the generic goals of
technology development, technology dissemination and application, and improvements
in U.S. productivity and industrial competitiveness. It incorporates general purpose
advanced computing as well as the challenges ahead in massively parallel computing.

In the development of computing hardware, ambitious goals have been set. The
program seeks a thousandfold improvement in useful computing capability (to a
trillion operations per second). The focus will be on the generic technologies that will
prove valuable in many different sectors. Where appropriate, projects will be
performed on a cost-shared basis with industry.

In software development, the program will foeus on the advanced software and
algorithms that in many ;:pplications have become the determining factor for
exploitiag high performance computing and communications. In particular, software
must become much more user-friendly if we are to provide a much larger fraction of
the population with access to high performance computing.

3
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The National Research and Education Network (NREN) would dramatically expand

and enhance the capabilities of the existing interconnected computer cetworks called

the Internet. The overall goal is to achieve a hundredfold increase in communications

speed (to levels of gigabits per second). In addition, the number of l'on-ramps" and

*off-ramps* to the network would be greatly expanded, bringing the potential of high

performance computing to homes, offices, classrooms, and factories. Such a network

could have the kind of catalytic effect on our society, companies, and universities that

the telephone system has had during the twentieth century. A new meaning will be

given to communication, involving not just the transfer of knowledge but a full

sharing of resources and capabilities that no single site possesses.

Finally, the HPCC initiative will add significantly to the nation's science and

technology infrastructure through its impacts on education and basic research. It is

my personal view that the successful implementation or this program will lay the

foundation for changes in education at all levels, including the precollege level.

Of course, no plan is better than its execution, and the execution of the HPCC

initiative will rely heavily on the synergy that has been carefully cultivated among the

participating agencies. This synerv has been fostered by allowing each agency to do

what it does best in the way that it does best. Each of the four founding agencies

has national constituencies and historical strengths. DARPA, for example, will lead in

fostering the development of breakthrough system technologies, as it has done in the

past for time-sharing, network opersting systems, and RISC architecture. DOE,

through its historical ties with the national laboratories, has always led in the

development and use of HPCC technologies and is applying them on the cutting-edge

of scientific problems. NASA will continue to pursue a new wave of space-related and

aeronautics problems, such as computational
aerodynamics, as well as its strength in

the collection, modeling, simulating, and archiving of space-based environmental data.

And NSF's close ties with the academic community gives it a special expertise in both

education and in the coordination and use of NREN.

Expected Return% of the Initiative

The high performance computing and communications initiative represents a major

strategic investment for the nation with both economic and social returns. I

personally believe that few technology initiatives have the potential to have a greater

impact on the ways we live and work than does the high performance computing and

communications initiative.

The high-performance end of the computer market is relatively small, but its influence

far transcends its size. The high end is where leading-edge technologies and

applications are developed. Recent history indicates that these developments diffuse

so quickly throughout the overall market that "superminis* and "superworkstationc"

are no longer contradictions in terms. A federal investment in the leading-edge

computing technology will speed the growth of the overall computer market and ma:,*

catalyze investments on the part of U.S. industry. At the same time, supercomputers
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are not the only important hardware component; we shall not forget the importance of
the smaller, more widely distributed units and their role in the overall system.

In addition, the HPCC initiative will be a major contributor to meeting national
needs. National security, health, transportation, education, energy, and environment
concerns are all areas that have grown to depend on high performance computing and
communications in essential ways. The dependence will grow as computer- become
more powerful, cheaper, more reliable, and more usable.

HPCC is also critical for.the nation's kientillc infrastructure. The electronic
computer was born as a scientific tool, aid its early development was driven by
scientific needs. Business applications sovn came to dominate its development, but
recently there has been a renewed focus on computers as an instrument in science.
Indeed, 'computational science,' which incoroorates modeling, simulation and data
rendition, is adding a third dimension to experimentation and theory as modes of
scientific investigation. In field after field of Aindamental and applied sciences,
problems intractabk for either theory or experimentation are being successfully
attacked with the aid of high speed computation.

Diffusion of the Initiative's Benefits

If the HPCC initiative is to realize its full potential, it is not enough that it reach its
technology goals. It is equally important that tile technologks be deployed by the
private sector in a timely way to result in an acceleration of market growth. It is
likewise insufficient for applications to be developed and problems to be solved; in
addition, the benefits accruing from those solutions must be disseminated so as to
influence our everyday lives.

The continued development and use of government-funded high performance
computing and communications prototypes can have a significant positive impact on
the potential commercialization of these technologies. In addition, many organizations
that cannot individually justify the hardware investments will be able to gain access
to these new computing systems via the new network. Thus, the knowledge gained
through the timely development and use of prototype systems and the access provided
to them by the network will significantly improve the dissemination of the benefits of
the initiative.

However, this wide diffusion is not possible by federal action alone. The
Administration's HPCC initiative will serve the nation best as a catalyst for private
actions. Some analysts have suggested that the HPCC initiative can spur several
hundred billion dollars of GNP growth. If so, it will be because American companies.
both large and small, are able to deploy the technologies in producing quality goods
and services.

Similarly, some predict that NREN will lead to the establishment of a truly national
high speed network that connects essentially every home and every office. If that
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happens, it will be because private investments are stimulated by government

leadership. Far from suppressing or displacing the focus of a free market, the HPCC

Initiative will strengthen them by providing the Impetus for vigorous private action.

Congressional Initiatifts in High Performance Computing

and Communications

The breadth and balance of the high performance computing and communications

initiative are critical to its success. The four components of the program are

carefully balanced, and maintaining this balance is the most important priority in the

program. For example, powerful computers without adequate software, networking,

and capable people would not result in successful applications. A program that

created only high performance networks would not satisfy the need for greater

computing performance to take advantage of the networks and solve important

probl: ms.

Similarly, the Administration's initiative relies on substantial participation by industry

and government laboratories to overcome barriers to technology transfer. Cooperative

government, industry, and university activities will yield the maximum benefits derived

from moving new technologies from basic discoveries to the marketplace.

The legislative proposals pending before the Congress, though well intended, do not

fully recognize the comprehensive interagency effort brought about through years of

collaboration. For example, S. 272 only specifies the program for two of the four

major agencies included in the high performance computing and communications

initiative. In addition, S. 272 incorrectly specifies the roles of the agencies; many of

the requirements of the legislation have, in fact, already been accomplished; and the

agencies have moved on to further scientific and technical challenges. The legislation,

in effect, may detract from the existing programs by limiting the activities of the

agencies and by causing an unintended revision of complex relationships forged

between the agencies. For these reasons, I strongly believe that FCCSET activities

should not be codified in law.

I am ..oncerned that legislative action not limit the flexibility of what is by nature an

extremely dynamic process. When research plans are developed to implement

interagency programs, those plans are inevitably dynamic, just as the research efforts

they describe are dynamic and evolving. If research plans are codified in law, it

suggests that the research is static. This is particularly a concern with high

performance computing and communications, where the pace of technological change

is dramatic. As an example of a fast-moving research opportunity, I might mention a

joint Los Alamos National Laboratory/DARPA effort that successfully applied an

innovative massively parallel Connection Machine Computer system to a nuclear

weapons safety code to gain new and valuable insights into the safety of the nuclear

weapons inventory. Another example occurred in the last year at the National

Library of Medicine's National Center for Biotechnology Information, where

researchers developed a new fast algorithm for sequence similarity searches of protein
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and nucleic acid databases. This was very helpful in the identification of a gene
causing von Rocklinghausen's neurofibromatosis. This is a major breakthrough in
the understanding of this bewildering disorder that affects about 1 in 3,000 people.
On the networking front, significant achievements have also been made. For example,
the NSFNET has increased in speed a thousandfold (from 56 kilobits per second to
45 megabits per second) since 1988.

S. 272 has as its focal point the issuing of a plan that would delineate agency roles
and include specific tasks. However, the Administration's initiative and the
accompanying FCCSET report satisfy these demands for items to be incorporated in
the planning phase. S. 272 further calls for the establishment of an advisory panel to
provide additional input into the plan. But many of the agencies already have
current advisory panels, and private sector participation is fully anticipated in the
Administration's initiative as agency programs move forward to implementation.
Moreover, the oversight role of the Congress, including the hearings scheduled this
week in the House and Senate, serve as important elements in the fine tuning of the
program.

The National Research and Education Network deccribed in the initiative addresses
the need for greatly enhanced computer communications highlighted in the legislation.
The initiative also seeks to be comprehensive in addressing the roles of the various
R&D agencies for example, by allowing other agencies to join the effort as
appropriate.

It bears emphasis that the Administration's initiative uses the existing statutory,
programmatic, budgetary, and authorizing authorities of the agencies and departments
involved in the initiative, including OSTP. The funding levels necessary to proceed
with this effort have been transmitted to the Congress-1n the President's request and
are clearly reflected in the budgets of each of the eight agencies involved in the
initiative. The Congress already has the ability to positively affect the high
performance computing program of the federal government through existing
authorizations and appropriations.

FCCSET is a very important mechanism within the Executive Branch for reviewing
and coordinating research and development activities that cut across the missions of
more than one federal agency. Unlike the committees in the Legislative Branch, each
of which has discrete authority for oversight, interagency committees within FCCSET
are forums for discussion, analysis, collaboration, and consensus building. The
member agencies then have the responsibility for implementing the program and
proceeding with the necessary contracting, budgeting, and so on developed through the
interagency process.

Several legislative vehicles, in addition to S. 272, have been introduced that seek to
endorse and advance the Administration's initiative. I welcome the Congress's interest
and intentions in high performance computing and communications. I am confident
that by working together we can have a significant impact on the nation's future
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through these efforts, and I welcome suggestions from Congress to improve the

current initiative.

I might sunest that hearings to receive the views of all the various communities

involved with this proposal and a positive endorsement of this program by Congress

would be of great assistance in advancing high performance computing and

communications in this country. Positive action on the requested appropriations will

ensure that this extensive interagency program can go forward.

Mr. Chairman and members of the committee, let me conclude by saying that I look

forward to working cooperatively with you on this initiative. We share the same

goals, and I am confident that we can reach a consensus on how best to achieve

them.

QUESTIONS OF SENATOR KASTEN AND THE ANSWERS THERETO

Q: Based on the fact that the U.S. has the leadership position in the area of High Perfomnance

Computing and Computational science, why does the Administration's initiative seem to stress the

deve opment of experimental architectural approaches, such as the massivelyparallel computers,

rather than building on the existing capabilities to solve today's problems?

A: This is an important question, one that has stimulated & great deal of thinking The issue is

whether we should advance the frontien of computer technology, or whether we should concentrate

on the rnainsueam of existing compute. technology. I personally think we should do both and achieve

a proper balance Computer technologies are advancing so rapidly that the frontiers are not far away

from the mainstream. Many believe that, far from bens an exotic novelty, massively parallel

architecture is a breakthrough concept that will impact the entim computer industry in the very near

future.
For some problems in defense, basic research, and industry, even today's immature parallel

computen have ovenaken conventional supercenputers, so that architecture is clearly not an exotic

novelty. The investment strategy of the FIFCC initiaiive is the same as that used to attain today's

leadership position in supercomputing
Furthermore, the developmenu that are made to improve the performance ofsequential computer

systems are often used in new parallel computer designs. However, many new questions arise in the

consideration of novel architectures that would not be addressed if development only involved

building on the existing capabilities. It is also clear that Sequential computers have their limitations

so parallel Systems must be developed to provide the computational rates demanded by advanced

scientific computing problems.
Q: What is the relative importance of computational science in other words, using our capabilities

to solve the problems of the national and the world versus computer science experiments which look

to develop new computers and better performance?
A: Historically, their relative importance has fluctuated In the early days of computers, adveices

in computer development were driven by scientific needs which art typically computationally

intensive In the more recent past, business and design needs have incressed in importance in

influencing computer development, and wUh these came an emphasis on usability. Both periods

have been important to the development of ocenputed There is now a nnewal of interest in

cornputationally intensive problems, which requires greater emphasis on ccmputaticeal science

Modelling of the physical world, in one respect or another, is a major reason for this. Furthermore,

real applications need to be considered in the developman of new architectures in order for designers

IA make the inevitable tradeoffs that occur in developing new systems. With advances in computer

modelling come requirements of speed that cannot be satisfied by existing equipment, and thus the

push for higher and higher speeds. Even so, fully forty percent ofthe funds requested for the HFCC

Initiative are focused on computational science, using the real problems of scier.tists and engineers

in the Grand Challenge fields to push the suite of the art in both hardware and software

Thus, computer science and computational science are highly synergistic subjects. The renewec

interest in the latter should he welcomed by both communities.

Senator GORE. Well, thank you very much. I know my colleagues will haw

questions also.
Let me begin by thanking you very much for your statement. I thought it wa:

very well put. And I, too, look forward to the private investment which will Ex

stimulated by this initiative and the passage of this bill. In fact, I know you an

aware that IBM, MCI and the Merit consortium recently created ANA a not-for

profit venture designed solely to quickly expand and proliferate RE network

building upon the Federal backbone network.

-
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I want to see a day when a school child in Tennessee can come home after
class and sit down, and instead of playing Nintendo, use something that look-.
like a Nintendo apparatus and plug into the Library of Congress; and read just
not words, but look at pictures and moving graphics presented artfully and
imaginatively in a way that captures and holds that. child's attention; responds to
the child's curiosity so the child can navigate through an ocean of information
according to what he or she wishes to explore at the moment.

We know how to do that. The technologies are here, available, today. We
ought to be empowering not just one or two or a handful of individuals; v, e ought
to be empowering the whole country to make better use of the information that
is out there.

I also agreed with your emphasis on the level of cooperation that is so
necessary to making this successful. And, I could not agree more when you say
do not freeze it. We are interested in passing this and getting it moving,
authorizing it for the number of years necessary to complete itsending those
clear signals to the private sector that it is there, it is going to be there, and it will
be completed, not just started, and then reevaluating every year the ways to
improve it and make it even beu.z.r.

I also would like to identify with your statements about the coordination of
these efforts.

Let me start with my questions on that one. We are agreed that the goals of
the administration's initiative and S. 272 are very, very similar, and that S. 272
is consistent with what the administration is proposing.

Last year, as I had mentioned, the precursor, S. 1067, passed the Senate
unanimously. And then its passage was delayed by a difference of opinion with
the House, and among different committees in the Senate.

In particular, the Department of Energy was pushing to have DOE coordinate
the whole program, and run the National Research and Education Network. That
was at-odds with the administration's plan, and at-odds with the legislation.

I know that DOE labs like Oak Ridge and Los Alamos have a critical role to
play in this initiative. But I also know that the best program is one that uses the
strengths and resources of all relevant Federal agencies.

Luckily, many busy people within the administration have spent the last
couple of years designing just such a balanced program. However, last year,
personnel from DOE and elsewhere actively lobbied against the OSTP approach
and bad-mouthed some of the other agencies in the program, saying that they
were unable to accomplish the missions that you laid out for them.

Should we expect to see more of such bureaucratic in- fighting? Or is
everybody on your team on-board this year?

Dr. BROMLEY. I would devoutly hope not, Mr. Chairman. I have spoken
w i th

Senator GORE. You would hope we would not see more in- fighting.
Dr. BROMLEY. No more in-fighting.
Senator GORE. Okay, I just wanted to clarify that.
Dr. BROMLEY. That is important.
I have spoken with the senior officials of both the Department of Energy and

the Department of Defense during the formulation of this plan and as we went
through the FCCSET process. And I have been assured by them that they are full
players and full participants in the program that we have presented to you. We
recognize that many of the agencies will have a need for their own independent,
mission-relate4 activities. But we agree completely that in order for this to be a
truly national program, it requires management as a national program, and we
have identified NSF as the appropriate agency for that. I believe to the best of
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my knowledge, that everyone represented in the report before you is committed

to moving forward with the program and plan laid out in that report.

Senator GORE. Well, that is good news. And I welcome that assessment. And,

along with you, I devoutly hope that it is the case. And I believe that it is.

Now, I appreciate your kind words and your statement of support for the

principles involved in the bill. And i fully understand why any administration,

given its druthers, would like to have the money but no requirements on how the

money is spent.
And I take it that your basic position is you like the legislation. But your basic

position is that you would like to recommend that the Congress appropriate all

of the money that you have requested, but to give you no formal instructions on

how to spend it. Is that basically
Dr. BROMLEY. I would phrase it somewhat differently, sir.

I would perhaps put it that we look forward to working with you.

Senator GORE. Well, we look forward to working with you too, Doctor.

Does the administration's initiative represent more than just a 1-year commit-

ment? Do you have a commitment from OMB for the entire 5-year program or

just for the first year?
Dr. BROMLEY. We have held, as you understand, detailed discussions with

not only the agencies but with OMB. And the program that is before you in the

1992 budget is the one that we agreed on with OMB based on a 5-year plan. But

you also understand, sir, that the OMB, in its normal activities, focuses on so

particular year, so we will go back and have to make our case again in the

following year. But I am convinced from our activities this year that there is full

recognition that what we are talking about is an important initiative, aPresidential

initiative. And we are talking about a 5-year program to achieve what is involved.

So, although I cannot guarantee to you anything about the years beyonu this,

my best judgment, and that of my colleagues, is that this administration is fully

committed to this as a very important Presidential initiative.

Senator GORE. Of course, things change, and budgets change, pressures build,

lips get read, circumstances alter. But formally, you have a commitment for 1

ye.ar7
Dr. BROMLEY. That is correct, sir.
Senator GORE. And you look forward to working with OMB for the other 4

years--just as you look forward to working with us for the 5 years.

Dr. BROMLEY. I look forward to working with anyone who will push this

initiative forward, sir.
Senator GORE. All right.
Dr. BROMLEY. But let me say that I have a very reasonable degree of

confidence that OMB understands fully that this objective is a very important

one, and that it is certainly the intent of everyone involved at the present time to

move this forward expeditiously.
Senator GORE. Well, I think that is a very important signal to send out. I am

making the point, of course, that the legislation is needed, even though any

administration would like to have all the money for everything, each year, simply

appropriated and not authorized.
But I do not want my efforts to make that point obscure the very clear signal

that you are sending to the private sector, to all of the agencies involved. This is

going to happen. This is going to happen. And everybody needs to get with the

program and make certain that it does happen.
I just have a couple more questions before deferring to my colleagues. I want

to explore the relationship between this and other OSTP initiatives.
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Last month when the budget was released, you presented two other multi-
agency initiativesa new math and science education initiative, and as it has for
the past 2 years, the budget also included a coordinated and integrated U.S.
Global Change Research program involving nine different agencies.

Is it fair to say, as I regularly do, that this program will contribute greatly to
these other initiatives, enhancing our Nation's ability to pursue them productive-
ly. I do not want to lead you on. I suspect you agree. But since these other two
initiatives are yours, I would like you to flesh that out just a little.

Dr. BROMLEY. Well, fust of all, let me say that it is eminently fair to make
that statement. The high-performance computing initiative have a very important
impact on not only the other two initiatives that you have just mentioned, but,
indeed, on a great many other of the activities we have under way.

The most obvious connection has to do with the global change area. As you
noted earlier, we have a Mission to Planet Earth that I consider very important
under consideration. And once we have the EOS A platform up, which will be a
unique part of that program, it will allow observation of individual points on the
earth's surface through 14 to 15 instniments simultaneously. And that is critically
important, because from those simultaneous data one can extract vastly more
than one can from just 14 or 15 individual sensors flying independently. There
is no air column correction, no cloud correction, nothing of that sort.

However, as was indicated, the data flow from that particular remote-sensing
compiement alone will send us the equivalent of the Library of Congress in less
than 5 days. Unless we have the kind of speed, capacity, and information transfer
capability that we are talking about in the high performance computing and
communications initiative, we simply cannot cope with the flood of information
that will be coming to us from the sensors.

And perhaps even more importantly, I think, is a point that you touched on
earlier. The human brain is substantially limited with what it can do in whacking
through great stacks of computer print-out. On the other hand, it is almost
miraculously able to form hypotheses and sense patterns in those same data if
presented in a graphical fashion. That, I think, is probably the largest qualitative
difference that high-performance computing can make in any area. It will allow
us to take this flood of data and actually do something with itmake decisions,
understand phenomena that would otherwise be beyond us. In that area the
question has a very obvious answer.

In education and mathematics, I think that the impact probably is going to be
greater in the long run than even on global change. This is not yet as obvious.
But the fact that impresses me enormously is that with a single fiber optic going
into a classroom, every student in that classroom can have self-paced, individual-
ized instruction in any subjectrepetition where repetition is necessary, positive
reinforcement where that has been earned. I cannot think of anything that will
improve the quality of our educationparticularly at the elementary and secon-
dary school levels, where our greatest weakness now liesmore than the
introduction of this kind of technology into the education field. In the long-run,
I think the impact may be even i reater there, although it will take a little longer
to bring it into place.

Senator GORE. I welcome that response. Just briefly, I heard a presentation in
one of the early hearings on this, I do not know how many years ago, where
someone said, and I have repeated it often since then, that if one analyzes the
human brain in computer terms, you could say that we have a low bit rate, but
very high resolution.

The telephone company decided years ago that seven numbers were the most
we could remember, then they added three. AM yet, when we see a trillion bits
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of data arrayed in a mosaic pattern where each has a meaning in context related

to all of the others, we can comprehend them all almost instantaneously.

What the new supercomputers allow us to do is to configure data in shapes

and patterns over time, which enable us to absorb very large quantities of it

conveniently and quickly. Seamdly, they allow us to search through vast oceans

of data and instantly retrieve those particular bits which are necessary to make

up the particular pattern that we are loolcing for in order to understand the problem

that we are trying to solve.
In any event, I will come to questions later. Let me recognize Senator Pressler.

Senator PRESSLER. Thank you very much.
Dr. Bromley, I am fascinated with pages 26 and 27 of the report which show

all the agencies that have to be coordinated that are involved in the program, and

the agency responsibilities. It is amazing to me how many agencies are involved

hereand I am sure they are all filled with highly trained scientists and highly

trained people.
When I was in the Arrny in Vietnam, I was at onepoint on detail towe called

it ARPA then; it is now DARPA. But I know the difficulty of getting highly

trained people to work together. You would probably have the classic job in

public administration or in administration in coordinating all these people and

getting them to work togetha. What is the number one problem in keeping all

these agencies working together on this program?
Dr. BROMLEY. I would have to say, sir, that probably the number one problem

is information transfer.
Senator PRESSLER. The number one problem?
Dr. BROMLEY. Yes, because there are, as you say, a very large number of

people involved here,and they will work to maximum effectivenev if we can be

sure that everyone understands what everyone else is doing, an that they are

really part of a coherent pmgram. So we are devoting a very large amount of our

activity to trying to make sure that this is the case.
And I must say that I want to pay tribute to the people who have been involved,

the people who prepared this document, because they have managed what is

really a remarkable feat. They have brought about a fusion of what started out as

separate programs in each of the agencies you see listed on these pages, sir. And

these folk have spent many long hours sitting and looking at each program and

asking how it fits as partof a national program, and then adjusting wherever the

overlap, the duplication, the gaps were to make it actually fit. We already have

developed a level of personal communication among the members of the com-

munity involved in all these agencies that I think will serve us extraordinarily

well in the years ahead.
Senator PRESSLER. Now, as I understand the general differenceand I am not

advocating either one here necessarily, because last year in one of my statements

I called on the administration o come forward with a plan.

As I understand, the basic difference is that these various agencies, we would

depend on you to coordinate them as you saw fit; whereas, you feel the Gore-

Pressler-Kasten, et cetera, bill would codify too much the relationships in the

1-1PCC program regarding all these agencies. Is that a general statement?

Dr. BROMLEY. I would have to modify that just a little if I might, sir, becavse

we in OSTP do not force anybody in any agency to do anything. When we are

successful, we persuade them that they have the opportunity to become pan of a

much larger entity, a notional propm: And so to that extent, everyone here

already is involved. The responsibility is the agency's, but if the coordination

fails, then the blame is ultimately mine.
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Senator PRESSLER. But basically, these are all administration-appointed
well, they are allthe heads of all these agencies are appointed by the President,
usually with the advice and consent of the Senate. So therefore, the White House
could order them to do something.

Dr. BROMLEY. In principle, yes.
There is a famous quote that springs to mind, sir. I can summon spirits from

the vast deep, but will they come.
Senator PRESSLER. Well, I blow back from my days as a second lieutenant in

the Army listening in on meetings, to get the attention of an assistant secretary
was hard on some of these things. If you could do that, you could accomplish
something, but there is great competition.

Dr. BROMLEY. May I add one word of clarification, sir? One of the important
things that perhaps I should have emphasized is that this has been a concern
within the administration and within my office. To address that concern, during
this past year L have restructured the FCCSET committee so that its members
now comprise the cabinet secretaries, or deputy secretaries, and the heads of the
independent agencies thatare responsible far all these activities. As a result, once
the FCCSET group makes a decision, that decision will stick from there on in
becalm it has been made by the senior officer of the agency involved. And that
is a Ley part.

Although FCCSET is not involved in the acmal consMiction of the initiative,
it receives the initiative, approves the initiative, gives the initiative its blessing
before it moves forward as part of the budget process.

c-enator PRESSLER. I aM glad to hear that, because that is really key. From the
pcint of view of public administration, many of these activities require the input
cf highly trained people, and frequently the very top people administratively in
tI'lese agencies are so preoccupied with the war in the Gulf or with other matters
thut what happens, as a practical matter, is that you start having these decisions
made- -you have assistant secretaries battling it out, so to speak, for turf.

And i am glad to hear that the administration has gotten the very top people
involved on this. I think that is key, and I hope you am able to continue that level
of interest And I just point that out because I am fascinated with all these agencies
here. This chart is an amazing Washington chart, and to make all this work
together with these highly skilled people who perhaps do not submit to traditional
administrative discipline quite as much as some others is have a big job.

Now, let me ask a couple of questions here. Do you foresee the development,
at some point, of a system of user fees so the supercomputer network will pay
for itself partially? And how would that system be structured so that user fees do
not deny access to users with limited resources, such as small schools and
individual researchers?

Dr. BROMLEY. Well, in the long term, sir, as I touched on earlier, I look on
the National Research and Education Network as a pilotif you like, a precur-
sorfor what, as fast as we can, will become a national service that is provided
by the private sector as a utility service just like the telephone.

And under those circumstances, it would seem to me that we would function
much as we do at the present time. Small schools, for example, or people who
wanted access to this utility would make application as part of thcir normal
process of receiving support for their research activities to an appropria e agency.
Just as we now provide part of grants and contracts to support tt._. use of
telephones, copying machines, and whatnot, we would also be more than happy
to include in that list of necessary tools the charges that might be levied by those
public utilities for access to the computer net.

5 (1



47

Senator PRESSLER. Now, as you know, we have EPSCoR legislation to ensure

that the smaller institutions are not unfairly left out when Federal research grants

are made. What steps can be taken to ensure that the computer research and
development called for here in S. 272 and your proposal will include small

institutions? Or to put it more specifically, how can we be sure an EPSCOR-.

professor working on deep drilling at the South Dakota School of Mines will be

included?
Dr. BROMLEY. Well, I think perhaps the first and most important answer that

I can give to that is simply to tell you that this is the President's wish transmitted

directly to me. If this is going to be his initiative, he wants it to be broadly

available to institutions large and small, both in the educational and in the

industrial sector. I look on that as an instruction, and we will do everything we

possibly can to make sure it happens. Frankly, I do not think that we will achieve

anything like the potential of this system unless we do just what you suggest.

Senator PRESSLER. Thank you.
Senator GORE. Thank you very much, Senator Pressler. Senator Robb.

OPENING STATEMENT BY SENATOR ROBB

Senator ROBB. Thank you, Mr. Chairman. I am pleased to,join you and Senator

Pressler and other of our colleagues on this committee again as a cosponsor of

this legislation, and I am delighted to have a chance to be with Dr. Bromley again.

We have coconspired in previous inc onations on other scientific projects, and it

is always a pleasure to work with him.
I did have a very brief statement.
Mister Chairman, thank you for scheduling this hearing on S. 272, the

High-Performance Computing Act of 1991. You have assembled an impressive

field of wimesses, subject matter experts who, hopefully, will be patient with the

non-scientists on the committee.
Last week I had the pleasure of meeting four Virginia high school seniors who

were among the forty national finalists in the 50th annual Westinghouse Science

Talent Search competition. Although they were not among the top ten finalists,

they did receive $1,000 scholarships and recognition from President Bush as the

nation's future leaders in science.
Three of these students are seniors at Thomas Jefferson High School for

Science and Technology, one of seven Virginia high schools which specialize in

math and science. Some might argue that these kids had an unfair advantage.

Three years ago, Thomas Jefferson High won a supercomputei 'n the "Super-

quest" competition. One of the studentsVenkataramana Sadananda -used

computer simulation of the onset of heart attacks to establish conditions under

which heart beats become abnormal. She believes that techniques used in her

study offer powerful new tools for understanding the mechanics of complex

cardiac rhythms.
These kids are exceptionalbut they are kids. Jud Berkey, also using com-

puter simulation and the principles of fluid dynamics, chose a project on the

physics of baseball.
I support the objectives of the High-Performance Computing Act, especially

those which will make the potential of high performance computing accessible

to all homes, businesses, researchers. End educators - not just to those who can

afford the $20 million price tag.
I just tell you, Mr. Chairman, I was struck when you made mention of the fact

that you would like to find a way to be able to let a child at home tune in to the

Library of Congress. I could not help but think about last night when I came home

to find my daughter sitting at her computer, somewhat desperate. She had just
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lost about an hour's wonh of work that she had done on her own PC. It had
gobbled it up, and she was looking for some recourse to higher authority, which
I was unable to provide at the time.

And then when I heard Dr. Bromley say something to the effect that the entire
Library of Congress could be transmitter! in 5 days, it occurred to me that if any
of these children had a printer and some sort of an arrangement to simply put it
on automatic pilot, that we could incur costs that are beyond the ability of even
Congress to take care of.

I would like to ask Dr. Bromley, since this is presented again in a cost-con-
scious environment, and since several of the earlier remarks and exchanges
regarded, future funding whether you could just talk a little bit about the
arguments made by those who believe that this would be a very good investment
for our country, for our individual States, for our industrial sector, for others.
Could we get a traditional cost benefit analysis? Flow can we justify the kinds of
expenditures that we are proposing here, or that are implicit here? Can you
guantify the benefits se we can compare this program to the other programs
competing programs for the finite Government dollar?

Dr. BROMLEY. That, Senator, is an excellent question, and I wish I had a better
answer for you than I am going to give you. Back in 1989, we entered into a
contract with a group from Los Alamos to try to do just what you have
askednamely, to try to come up with an economic cost-benefit analysis of this
initiativeand it has been under way since that time.

Frankly, I would have to say that I do not put too much credence in the numbers
that we have at the moment. The sort of range that people are talking about is
that if we were to implement the initiative that we have presented to you, the
payback would be someNre between $170 billion and $500 billion over a
period of the next 10 years. The range in itself tells you a lot about how good the
actual calculation is; frankly, sir, I think that it is a little premature.

Senator GORE. Even so, Dr. Bromley, it might be good to have that on the
record.

Dr. BROMLEY. It is not bad.
Senator GORE. It might be good to look at I do not want to interrupt Senator

Robb's question, hut those are intriguing numbers. I mean, we can deal with a
range.

Senator ROBB. That is right. Regrettably, very little justification is frequently
reyiired around this institution. If you want to believe, you do believe.

Dr. BROMLEY. Let me, then, sirs, tell you that the onlyconcrete numbers
that I have available to me at the moment are those that came from a Gardner
study that, in fact, was requested a number of years ago. It is in the range, of $170
billion to $500 billion over 10 years. And that is a very impressive payback. But
I also would caution you, sir, you are familiar with a great many cost-benefit
analyses, that there are many potential pitfalls. And I give it to you only as an
indication in support of my personal belief that the payoff here is probably one
of the best, in terms of an investment, of anything that I can conceive of us doing.

We just recently, for example, had the study of Professor Edwin Mansfield of
the University of Pennsylvania, which focused on the rate of return on Federal
investment in academic research. He came out with a figure of 28 percent. Now,
that is a marvelous figure, because it was created by a first-rank economist. And
we scientists love figures of that kind, because our economist friends cannot
argue with us about them. But I would submit, sir, that if that is the return across
the board on Federal investments in fundamental research, then I would be
prepared to wager rather heavily that die return on this initiative would be higher
by substantial factors.
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Senator ROBB. Dr. Bromley, I cannot tell you that that is encouraging news.
I would only warn you that having given a figure like that, you may it that in an
off-set within the current caps on the budget Then somebody will pencil in this
program and then spend those savings for some other program which may be
equally worthy.

But I do appreciate it, and I think that the fact that there is, at the very least,
a very substantial benefit in hard dollars that could saved ought to be cranked
into the equation sometimes. And there are occasions when we spend money to
get even more money back. It does not happen often in government, but there
are occasions when it does, and in the private sector as well.

Mr. Cnairman, I thank you for not only again sponsoring the legislation, but
for another hearin$, and hopefully more understanding of the importance of this
particular possibility on the horizon.

Senator GORE. Well, Senator Robb, thank you, and thank you for your early
and vigorous support of the initiative in the last Congress as well. As a Governor
you took a leading role in stimulating high-tech research and development in
your State, and I am glad you are doing the same as a Senator. I appreciate your
support.

Senator ROBB. Mr. Chairman, if I could, let me just say that before the
economy soured a little bit just south of the Potomac, I had some proposals to
use our Center of Innovative Technology to house a supercomputer, but given
the costs involved and recognizing the fact that there weren't the available
expendable dollars we weren't able to rush it very hard.

I actually made a presentation on this bill and the purposes of it to an
appropriations subcommittee that was taking a look at it, and I hope at some point
that we may be able to get back in as a part of this computer highway that you
hope to create.

Senator GORE. Well, thank you again for your early and vigorous support. I
wanted to follow up on the Figur ; that you had Dr. Bromley comment on, and I
accept the caveats on why models like these are not reliable. But the numbers are
quite significant, and they include Ltimates not only related to GNP, but also
reductions in the deficit. So your suggestion about the offset there I know was in
jest, partly in jest anyway, but this

Senator ROBB. No, Mr. Chairman, I have learned in this institution you do not
jest about things like that.

Senator GORE. But this does project, as unreliable as such figures are, very
significant reductions in the Federal budget deficit because of this. To use a more
reliable way of estimating its benefits, you could say that the total expenditure
on this program represents about 1 percent of the Federal R&D budget.

If, therefore, the improvements in the productivity of even a tiny fraction of
the other 99 percent of the Federal R&D budget results from this, and you know
it will, then we are ahead right there in terms of value saved for the taxpayers
before you even consider the benefits for the economy.

It took only a tiny leap of faith to embolden those who created the interstate
highway program to allow them to assume that it would be used when it was
built. They could really see that it would be used, and it was; it has been. And it
has vauly hnproved our economy. It takes an even smaller leap of faith to assume
that when this network is built it will be used.

The utilization rate for the network which now exists, one one-thousandth of
this capacity, is growing by 20 to 30 percent, not annually, but monthly. The
increase is just phenomenal. And so it may be hard to put reliance in specific
numbers, but it is easy indeed to assume that it is going to make a tremendous
difference for our economy.
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I have just a few other questions, and then we will let you move on. Your
initiative, Dr. Bromley, places a great deal of emphasis on massively parallel
supercomputers. Clearly massive parallelism is the only way we are going to
soon achieve the 1,000-fold improvements in computing power needed to solve
many of the grand challenges. Yet, there is still a good deal of good science being
done on so-called conventional supercomputers.

And I am wondering, will the administration's initiative focus solely on
massively parallel supercomputers, or will funding also be provided for purchas-
ing supercomputers that are now on the market and developing new and improved
software for them.

Dr. BROMLEY. It is certainly, Mr. Chairman, not our intention to in any way
suggest that the only way to go is the massively parallel route. The irnponant
thing is that, given a problem in either science or technology, it usually turns out
that either the parallel or the mainframe has major advantages in the solution of
that particular problem. The goal is to have both facilities on the network, so that
you have essentially a transparent system. An individual working in Senator
Pressler's laboratory would simply use his work station and have access through
the network to whichever is most suitable to the problem to be addressed at the
time. We in no way are suggesting that we want to eliminate oi o.. of these
approaches in favor of the other. We do, however, note that if we are to reach the
increase in speed in the time that we project here, the only way to do it is through
scalable, massively parallel architectures.

Senator GORE. Well, I am a big fan of massive parallelism, as you know,
because you and I have talked about it. But I also recognize the kind of balance
in the program that you have just indicated with your response and how imponant
that is.

One other question, and it involves education. In the administration's
proposal, the primary justification for the initiative is research and development.
Frankly, I 1.14 as a little bi. surprised that more attention was not given to the
educational applications of this technology. There are hundreds if not thousands
of ways that a national computer network can help students in colleges, high
schools, junior highs, and even elementary schools.

For instance, in January I attended the annual meeting of the American Library
Association in Chicago, and saw a demonstration of how librarians are using the
NSFNET to provide students with information from databases all over the United
States. Yet, in the administration's proposal, there is almost no mention of the
role that libraries will play in providing information resources to other users of
the NREN.

Was this an unintentional oversight, or does the administration intend to focus
almost exclusively on research'? And how would you personally like to see
existing networks and the NREN used to improve the American educational
system?

Dr. BROMLEY. I am in complete agreement with you, Senator. And the fact
that this does not appear in this panicular report reflects my earlier comment that
this is the first year, and the first attempt was done under immense time pressure.
It essentially built on activities in which the agencies are currently involved.

No one in the group that developed this initiative questions for a moment the
tremendous importance that it will have for education. And I think I can promise
you that when you see the report of this group next year, you will see a much
greater expansion of areas like education. They are not included this year
because, as i say, we were working to get this report to you, and there was a
natural tendency to build on those familiar areas in which the agencies are
currently involved.
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Senator GORE. So you would not object if in our authorization this year we

included the educational components?
Dr. BROMLEY. I believe that education is going to be a very important part of

this initiative, sir.
Senator ROBB. The tough questions have got to stop.

Senator GORE. Yes, I know, I know. I am going to relent soon, Doctor.

All right. Is it okay if we move on now? We have had you here a long time,

Dr. Bromley, Dr. Wong. You have our admiration for the job you are doing, and

you may get tired of me bragging on the good work you do in so many areas.

Maybe it makes up forthe few
Dr. BROMLEY. I never tire of that, Senator.
Senator GORE. Maybe it will make up fer the few places where we disagree.

But thank you so much for your leadaship in this area in particular. It has been

a joy to work with you publicly and privately, to get to know you better and, in

the process, help mutually to move this matter along. And we look forward to

continuing that working relationship.
Dr. BROMLEY. I would welcome the opportunity to work with you, sir.

Senator GORE. Thank you very much, and thank you, D. Wong. We will now

call our panel. We heve five more witnesses in a panel, and then we will conclude

the hearing.
First, Dr. Donald Langenberg, Chancellor of the University of Maryland

System; Dr. Melvin Kalos, Director of the Cornell National Supercomputer

Facility in Ithaca, NY; Mr. Tracey Gray, Vice President of Marketing for

Government Systems with U.S. Sprint; Dr. David Nagel, Vice President of

Advanced Technology with Apple Computer, Inc.; Dr. John Wold, Executive

Director of the Lilly Research Laboratory, Eli Lilly & Company in Indianapolis,

who is accompanied by Dr. Riaz Abdulla, Head of Supercomputer Applications

and Molecular Design with Eli Lilly.
Without objection, the full prepared statements of all our witnesses will be

included in the record. We invite you to summarize what you have to present to

the subcommittee today.
Dr. Langenbag, we will begin with you. I would like to thank all of you for

coming. I know that some of you have traveled great distances. We really

appreciate the time and effort you have put into making the hearing today a useful

and productive one, and we will hear all of you before going to questions. Dr.

Langenberg, please begin.

STATEMENT OF DONALD LANGENBERG, CHANCELLOR OF THE

UNIVERSITY OF MARYLAND SYSTEM

Dr. LANGENBERG. Thank you, Mr. COairman. Most of my biases on the issues

before you stem from my service as chair of a national research council panel

that 2 years ago mote a report entitled Information Technology a. Conduct

of Research: The User's View. I will come back to that subtitle in a bit.

I would like to make just a few points related to the work of that panel and

the issues before you in S. 272. The panel found that there exist significant

technical, financial, behavioral, and infrastructural impediments to the

widespread use of information technology in research. And though the panel's

charge was confined to research, I believe the same impediments exist with

respect to education.
We made three main recommendations and a host of sub-recommendations.

S. 272 responds to most of them, and responds very well. One of the panel's

principal recommendations was that, and I quote, "The institutions supporting

the nation's researchers, led by the Federal Government, should develop an
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interconnected national information technology network for use by all qualified
researchers."

The National Research and Education Network responds directly to the need
reflected in this recommendation, and also, I believe, to the very important
collateral need of the education sector. In my judgment, NREN, if that is the
correct pronunciation, will revolutionize both research and education, though, of
course, in a evolutionary way.

My third point is that when ene thinks of what NREN might do for education,
one thinks first of Me education of scientists and engineers, and then pmhaps of
the incredible potential inherent in linking NREN to every elementary school,
every secondary school, every public library, and every museum in the country.

There is another educational need of utmost importance. I be!ieve that p of
the challenge we face is the creation of an entirely new kind of institutional
infrastructure for managing the new information technology, led and supported
by a new breed of information professionals. These may bear some resemblance
to librarians or to computer scientists or to publishers. And whatever they might
be, we need to Create schools for training them and institutions within which they
can function. And that means educational and institutional innovation of a kind
that S. 272 appears well designed to foster.

My fourth point is that the most important words in the title of our panel report
reflect the panel's most important observation. And those words are "the user's
view." In simple terms, the panel concluded that the development of information
technology and its applications in the conduct of researchand here I would say
education, as wellare far too important to be left to the experts. The panel
cautioned that planning and development should be guided by users of informa-
tion technology, both current and prospective, not by information specialists,
information scientists, information technologists, or local, national and interna-
tional policymakers.

It may not invariably be tnie that the customer is always right, but institutions
that create technology or make policy without a clear understanding and ap-
preciation of the real needs of their clients and constituents risk making serious
and expensive blunders. S. 272 calls for the advice of users in the development
of a national research and education network, and I especially applaud this
provision.

My fifth point is a very strongly held view. In my preface to our panel's report
I wrote, and I quote, "I share with many researchers strong belief that much of
the power of science (whether practiced by scientists, engineers, or clinical
researchers) derives from the steadfast commitment to free and unfettered
communication of information and knowledge." This principle has been part of
the ethos of the global research community for centuries, and has served it and
the rest of humanity well.

If asked to distill one key insight from my service on this panel I would
respond with the assertion that information technology is of truly enormous
importance to the research community, and hence to all humanity, precisely
because it has the potential to enhance communication of information and
knowledge within that community by orders of magnitude. We can only now
dimly perceive what the consequences of that fact may be.

That there is a revolution occurring in the creation and dissemination of
information, knowledge, and ultimately, understanding, is clear to me. It is also
clear to me that it is critically important to maintain our commitment to free and
unfettered communication as we explore the uses of information technology in
the conduct of research.
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What I asserted there about research, I would assert now about education. And

if I am right, then by far the most profoundly important consequence of the

creation of NREN will not be the expedition of research or the improvement of

next year's balance of trade. It will be the fundamental democratization of all the

world's knowledge. And this means placing the accumulated intellecuial wealth

of centuries at the beck and call of every man, woman, and child.

What that might mean ultimately can only be guessed, but let me reminisce

for a moment. I grew up in a small town on the Great Plains, and in that town

was a Carnegie likary, one of hundreds Andrew Carnegie endowed across the

Nation. That modest building and the equally modest collection of books that it

housed opened the world to me, and I have been grateful to that Pittsburgh steel

maker ever since.
What if I had had direct personal access to the Library ofCongress, the British

Museum, the Louvre, and the Deutsches Museum all in the course of a summer

afternoon in North Dakota? Just imagine. Now, my point here is that there is an

overriding public interest in NREN and in the rest of the provisions of S. 272, an

interest that transcends research and its industrial applications or issues of

governance and the timetable for commercialization. I truly believe we have an

opportunity here for an Ammican achievement of truly Jeffersonian proportions.

Let's not blow it.
Finally, for my sixth point, I note with approval that S. 272 identifies the

National Science Foundation as the lead agency for the development of NREN.

The choice is wise, I think. NSF has a demonstrated capacity to manage large,

complex, technical operations. Unlike other S&T agencies, NSF's focus is not

on some mission, but on its users, that is to say, its client science andengineering

communities.
And perhaps most important, alone among Federal agencies NSF bears

responsibility for the support of research across the full spectnal of science and

engineering disciplines and for the training of those who perform the research

and for the general education in science and technology ofeverybody else.

Now, Mr. Chairman, you wilt have gathered that I have a considerable

enthusiasm for S. 272; I do. I urge you and your colleagues to enact it into law.

Thank you.
Senator GORE. Thank you very much. We certainly appreciate your forceful

statement and the way you delivered it.

Dr. Kalos, from Cornell, welcome. Swing that microphone around there so

we can hear you. Thank you very much for coming.

STATEMENT OF DR. MALVIN H. KALOS, DIRECTOR, CORNELL
THEORY CENTER

Dr. KALos. I am sitting on the end to give me ready access to the computer

terminal, because I am going to demonstrate some videos.

Senator GORE. Very good.
Dr. KALOS. Mr. Chairman, it is a privilege to be invited to comment on S. 272,

the High Performance Computing Act of 1991; however, being asked to follow

Dr. Bromley and others makes me feel like the man who survived the Johnstown

Rood.
The Cornell Theory Center, which is dedicated to the advancement and

exploitation of high-performance computing and networking for science, en-

gineering, and industrialproductivity, is one of the National Science Foundation

Supercomputer Centers. We are pan of the transformation of our science and

engineering culture brought about by the advent and adoption of high-perfor-

mance computing and communications in our technological society.
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Senator Gore, Senator Pressler, Senator Robb, and the other cosponsors of
this bill, and the President, understand the deep and positive implications for our
future. Dr. Bromley has done essential work in translating these ideas into
effective policy. FCCSET for the first time has unified the Federal approach to
high-performance computing. Theirs is a well-designed, well-integrated program
that shows good balance between the need to exploit advancing supercomputing
technology, the need for very high-performance networking, and the need to
bring these new tools to the widest possible community through research and
education.

The aim of fundamental science is to connect all our knowledge in a seamless
web of quantitative understanding. This is now harder to do, because we probe
into more and more complex phenomena that defy analysis by the mathematical
tools we have. Computatimal modeling is essential to fill this need. Many areas
of science involve systematic connection among different phenomena at different
scales of length or energy. Chemistry, biology, medicine, the science of
materials, astrophysics, are very good examples.

Computation is also an essential tool in experimental science. The most
advanced instruments, optical and radio telescopes, particle accelerators, and
computers themselves, are studied, designed, optimized, and verified with the
help of computer simulation. Data collection is automated. The reduction to
comprehensible data sets involves enormous computations in some cases. The
exchange of large data sets will require very heavy use of high-capacity data
networks.

An important- step in modern science, I believe, was the creation by the
Congress and the National Science Foundation of the National Supercomputer
Centers. That was the mark of the entry by the mainstream of American research
into this new era of computational science. The entire scientific and engineering
community of the Nation has the opportunity to exploit these new tools. Students
and young scientists, always the very heart of any important scientific change,
are now involved. They will carry the message to the rest of our society and to
the future.

I would like also to comment that the present program includes attention to
education. The NSF program, supercomputer include for example at Cornell the
Superquest program which is bringing knowledge and training of supercomput-
ing to high schools around the Country.

I will show some videos showing significant scientific advances made pos-
sible by supercomputing, and I would like to comment to Senator Pressler, in
particular, that some of the advances that I have in my written testimony are those
that come from small schools. So these centers provide this power to large
institutions and small, primarily research institutions, primarily undergraduate
institutions; this is a very important balance.

Another vital role of computational science is that of penniuing quantitative
connections among different disciplines. Every one of the large problems that
confront our society, and to whose solutions we expect science to contribute, is
in some sense a multidisciplinary problem. Issues of the environment and
medicine, to cite only two, involve many sciences working together; chemistry,
physics, engineering, fluid flow, biology, the science of materials.

Bringing the knowledge from these fields together to make quantitative
prediction!: about the effect of some technological or regulatory proposal would
be utterly impossible without the use of high-performance computational model-
ing, which is the natural language, the indispensable lingua franca of quantitative
multidisciplinary research. The supercomputing community will soon find itself
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at a major crossroads where the increases in performance needed for our scientific

mandate will demand parallel architectures.
To exploit these new machines, a major retooling ofsoftware and algorithms

will have to take place. This must be started very soon if we are to make progress

on the grand challenge problems in the mid-1990's. The high-performance
computing and communications program will offer us an essential opportunity
to bridge the gap between today's high-performance vector machines and
tomorrow's highly parallel systems.

I have emphasized how science and its application to societal problems

involve the national scientific community. Bringing to bear this transformation

of computational science in the most complete and positive way requires that its

techniques and strategies be learned, used, and shared by the widest possible

group of researchers and educators. All of these are necessary, and the ap-
propriate level and balance among them is essential. The High Performance
Computing Act of 1991 is a vital step in that direction.

And now I will move to the screen and I am going to show three videos with

dil.erent scientific themes, and each has a different theme to bear on the
application of science to industry or medicine.

[First videotape shown.]
The first one shows the investigation, which involves some important algo-

rithmic advance by Mike Teeter, who is a professor of physics at Cornell and an

engineering fellow at Corning Glass.
We are going to see a model, first a simple ball and stick model, of a quartz

crystal. Then, the silicon and oxygen atoms will be dressed in fields that represent

the electron fields at various densities. There are three of them, and the lowest

level of electron density is shown in blue.
Now we see the blue level only, and we see the ramified electron field that

permeates the entire crystal and gives it its structure. The importance of this for

Coming is that understanding the physics of quartz means understand the physics

of glass, and this was translated into making better optical fibers, an important

competitive advantage for Coming.
[Second videotape shown.]
The next movie is going to show something you have talked about. Senator

Gore. It shows the composition of a set of data representing a sedimentary oil

field in the Gulf of Mexico assembled by a team of 19 organizations, 11
petroleum companies and 8 academic institutions.

We see a 30 by 10 mile area of the floor of the Gulf of Mexico. The grecn

zones show places where oil or gas has been seen. This is a set of salt domes.

They are 6 miles high under the ocean. And what we are going to seewell, now
we see sand and shale zones. But more important, we are going to see patterns

of heat-flow throughout these salt domes. The patterns of heat-flow are correlated

with the presence of petroleum.
Now, this is simply the assembling for the first time of disparate data Dom all

of the partners in this. Assembling it, producing this video, has presented new

insights for the geologists. They think they understand better than ever before

how to improve the reeovery of petroleum from existing sources worldwide.

They are also going on to do serious, very heavy computational modeling to try

to understand in a still more fundamental way the processes that are going on.

We are flying through thedata; we are understanding what is really happening.

Senator GORE. This is an example of what they mean when they say that
computational science has now joined inductive reasoning and deductive reason-

ing as a third new branch of knowledge creation.
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Dr. KALOS. Absolutely. Yes. Incidently, these parmers are also far apart
geographically and will need to exchange these data through high-capacity
networks as they work.

The third video has to do with the uses of ultrasound, low-intensity and
high-intensity ultrasound in probing the human eye.

[Third videotape shown.]
First, we will see how low-intensity ultrasouad is used to survey the existence

of tumors in a human eye. A data set is being built up, reduced to a form
understandable by the computer. The location of the tumor is indicated. Incident-
ly, this is the retina, which is so distorted by the tumor that it is torn away from
its usual position in the eye. A data set is being sliced off and assembled into a
three-dimensional data set that the computer can understand.

And we see in animation how this is done. We see the retina there, the distorted
retina. And here a computer-usable model has been assembled. We see the tumor
in three dimensions as it rotates. Now the model is used in a mathematical way
to understand how the illumination by high-intensity ultrasound would affect that
tumor. We see the simuLtion of the effects of heating by a focused, high-intensity
ultrasound beam.

You see, of course, the high temperature at the center of the focus. In therapy,
that focus would be steered around the tumor and would literally cook it into
oblivion.

Thank you.
[The statement follows:1
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STAMM' OF LIR. MALVIN H . KALLS , DIRECIOR, QJPL THEOFX CENTER

Mr. Chairman, it is a privilege to be invited to comment on the "High Performance Computing

Act of 1991" in the company of such a distinguished group of representatives of government.

industry, and academia.

I am Malvin H. Kalos, Director of the Cornell Theory Center, and a professor of physics at

Cornell University. The Theory Center is an interdisciplinary research unit of Cornell

University, dedicated to the advancement and exploitation of high performance computing and

networking for science, engineering, and industrial productivity. As you know, the Theory

Center is one of the National Supercomputer Centers supported by the National Science

Foundation. The Center also receives support from the State of New York, and from industry.

My career spans 40 years of work with computers as a tool in physics and engineering. I have

worked in universities, industry, and as a consultant to the Los Alamos, Livermore, and Oak

Ridge national laboratories in research devoted to the application of high performance

computing to further their missions.

We are witnessing a profound transformation of our scientific and engineering cultures brought

about by the advent and adoption of high-performance computing and communications as part

of our technological society. The changes, some of which we see now, some of which we easily

surmise, and some of which we can only guess at, have had and will continue to have wide-

reaching benefits. Our economic well-being and the quality of our lives will be immeasurably

improved. I salute the foresight and leadership of the authors and cosponsors of this Bill, and

the Administration. Senator Gore, Senator Hollings, Congressman Brown, and the President all

understand the deep and positive implications for our future. We are also grateful for the

support of Congressmen Boehlert and McHugh whose backing of our efforts at Cornell and for

the entire program has been very strong.

The Director of the Office of Science and Technology Policy, Dr. Bromley, has done essential

work in translating the ideas into effective policy. The Federal Coordinating Council for

Science, Engineering, and Technology (FCCSET) has, for the first time, brought unity into the

Federal approach to high-performance computing. This is a well designed, well integrated

program that shows good balance between the need to exploit advancing supercomputing

technology, the need for very high performance networking, and the need to bring these new

tools to the widest possible community through research and education.

I will begin with some historical and philosophical remarks about science, using the history of

physics, which I know best. Science is not a dry collection of disconnected facts, however

interesting, The essence of science is the dynamic network of interconnections between facts. For

a scientist, making a connection never perceived before can be the highlight of a career; the

more distant the connection, the more it is valued. Our aim is to connect all we know in a

seamless web of understanding. Historically, the greatest contribution of the greatest scientists

have been such connections: Newton's between the fall of an apple and the motion of the Moon

and planets; Maxwell's between the phenomena of electricity, magnetism, and the propagation

of light; Einstein's leap of understanding connecting quanta of light and the photoelectric

effect. These connections must be, to the greatest extent possible, mathematical and

quantitative, not merely verbal or qualitative. Making these connections in a quantitative way

remains at the heart of pure science today, but it has become harder as we try to probe into more

and more complex phenomena, phenomena that cannot be analyzed by the mathematical tools

at our disposal. There are many important examples in science that shed light on this

paradigm.

Chemistry is one of our most important sciences, one that contributes enormously to our grasp of

the physical world and one whose applications lie at the core of our understanding of materials

we use, wear, and eat, and of our health. The fundamental understanding of chemistr lies in

quantum mechanics and electricity, well understood since the 1930s. Yet the translation of that

scientific understanding into quantitative knowledge ab ,ut chemical materials and processes--

polymers, chemical catalysis, drugs both harmful and healing, is very far from complete.

Quite properly, chemistry is still largely an experimental science. But the power of modern

supercomputers is transforming the face of chemistry at every level. We are coming to

understand how electrons cooperate to bind atoms into molecules, molecules into larger

structures, and to elucidate their structural, dynamic, and biological effects. However,

extraordinary numerical precision, which can only be attained by very powerful

supercomputers, is required for this vital work.
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Many other areas of science involve this kind of systematic connection among different
phenomena at different scales of length or energy, including biology and medicine, the physics
of materials, and astrophysics.

The role of computation in linking disparate scientific fields is not a contemporary
development. The early evolution of modern computers was dominated in the 1940s and '50s by
John von Neumann, who was also a great mathematician. He designed computers so that the
very difficult questions that underlie such scientific and engineering problems as fluid flow
could be explored and understood. Only later was it recognized that computers were also
important business tools. The essential role of computers in science and engineeringwere well
appreciated by many groups in the United States, including the national laboratones, and
their use contributed very much to the development of nuclear weapons, fusion technology, and
the design of aircraft.

The use of computers in academic science and engineering evolved more slowly, partly because of
the failure of many to see the possibilities, partly because the policies of the Federal
government at the time discouraged scientists from participating fully. My own career was
Impacted negatively by these policies. It was the leadership of a few scientists, notably Dr.
Kenneth Wilson, who created the modern climate of respect for the accomplishments and
possibilities of computational science in the future of our country. The constructive contributions
of the Congress and the National Science Foundation in creating the National Supercomputer
Centers are noteworthy. That creation was, in a profound sense, the mark of the entry by the
mainstream of American research into the era of computational science at the heart of science
and engineering.

It is also important to note that computational science is now an essential tool in experimental
science as it is currently practised. The most advanced scientific instruments, optical and radio
telescopes, particle accelerators, and computers themselves are studied, designed, optimized,
and verified with computer simulation. Data collection is usually automated with the help of
computers, and the reduction to comprehensible data sets and pictures may involve enormous
computations. Exchange of large data sets and the cooperative work in understanding them
will require very large computations and very heavy use of future high capacity data networks.
Finally, in many cases, even reduced data are incomprehensible except when studied in the
light of complex theories that can be understood only by simulation.

Now the entire scientific and engineering community of the country has the opportunity to
exploit these new tools. Many researchers are. Important new scientific discoveries are being
made. New ideas and connections are seen everywhere. More important, students and young
scientists, who are always the very heart of any important scientific change, are involved.
They are coming to understand the techniques, the promise, and the limitations of
computational science. Their knowledge and its applications are the most important products
of our efforts, and they will carry the rnesuge to the test of our society and to the futurrl. it is
they who will have the most direct impact upon industry in the United States.

The science made possible throughout the nation by the resources of the Theory Center spans all
scales of length and energy from the galactic through the planetary through the earth's crust.
the behavior of man-made structures, of materials at the microscopic level, to the physics of
elementary particles. From another perspective, it spans the traditional disciplines of
physics, chemistry, mathematics, biology, medicine, all fields of engineering, and agriculture
and veterinary medicine.

Although I describe research at or made possible by the Theory Center, the other National
Centers, at San Diego, Champaign-Urbana, and at Pittsburgh, can easily list an equally
impressive set of accomplishments in pure and multidisciplinary science.

It is perhaps unfair to cite a few at the expense of so many others, but the work of Stuart
Shapiro and Saul Teukolsky on fluids and fields in general relativity is outstanding and has
been recognized by a significant prize, the Forefronts of Large-Scale Computation Award.
Their research comprises both the development of mathematical and numerical methods for
the exploration of astrophysical and cosmological phenomena and the use of these methods to
develop quantitative understanding of the formation of black soles and the characteristics of
gravitational radiation.
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John Dawson of UCLA uses the Theory Center resources to study the unexpected results of the

Active Magnetic Particle Tracer Explorer experiments. In these, barium and lithium were

injected into the earth's magnetosphere, creating, in effect, an artificial comet. The

observations contradicted existing theories sind simulations. Dawson and Ross Bo liens

constructed a hybrid theory and simulation that models the observed effect.

Hemy Krakauer of the College of William and Mary uses a modern "density functionar theory

of electronic structure to examine the nature of the electron-phonon interaction, known to be

ponsible for low-temperature
superconductivity. The aim is to determine its role in high-

temperature superconductivity. Work like this is being carried out throughout the world and

will require the fastest parallel supercomputers of the future. Having them available to

American researchers,
including those who are not at major research universities, gives them

and Ametican industry a competitive edge.

The research of Harold Scheraga and his group at Cornell into the three-dimensional structure

of proteins shows an equally broad range of activity: the investigation of the fundamental

interactions of the amino add units with each other and with solvent atoms, the basic

computational techniques needed to find the optimal structure, and the biochemistry of

proteins. This is research that is particularly well suited to highly parallel computing, and

will require, in the long run, the full

use of future teraflops rnadtines.

Understanding the properties of the earth's mist is the subject of the research of Larry Brown

and the Consortium for Continental Reflection Profiling (COCORP). This national group uses

the supercomputers to reduce, display, and interpret the huge data set that is gathered by

stirs* probing (to 301ctn or more) of the continental crust.

I cited earlier the fundamental importance of sdentific computing in enabling the connections

among different phenomens within scientific disciplines. Even more important is its role in

permitting quantitative connections among different disciplines, that is, in supporting

multidisciplinary research. Every one of the large problems that confront our society, and to

whose solutions we expect science to contribute, is in some sense a multidisciplinary problem.

For example, issues of the environment involve many sciences chemistry, physics,

engineering, fluid flow, biology, and materials.

Medicine is equally demanding in its call upon diverse science. As we have indicated,

biochemistry and its relations to chemistry and physics plays a central role in medicine. But

other areas are important as well. As part of my oral presentation, I will show a video of a

supercomputing study of the uses of ultrasound in the treatment of eye tumors. The building of

modern prosthetic devices uses many resources of computation, from the reduction of CAT scans

to the computational optimization of the mechanical properties of the devices. Understanding

blood flow in the heart requires a mastery of fluid dynamics of viscous media plus the

knowledge of the elastic properties of the heart and its valves.

Bringing the knowledge from these fields together to make quantitative predictions about the

effects of some technological or regulatory proposal is a difficult undertaking, one that is

utterb impossible without the use of computational modeling on high-performance computers.

Computational modeling is the indispensable natural language of quantitative

multidisciplinary research.

An outstanding example of such work is that by Greg McRae of Carnegie Mellon University. He

uses supercomputers and supercomputer-based
visualization to explain from basic chemistry,

fluid mechanics, meteorology, and engineering the scientific effect that underlie the

development of air pollution in the Los Angeles Basin, and the probable effects of fuel changes

and regulatory procedures His results have been used te influence regulatory policy

constructively.

The Global Basins Research Network (GBRN), a consortium directed by Larry Cathles of the

Geology Department of Cornell University and by Roger Anderson of Columbia University's

Lamont-Dougherty Laboratory and which includes eight academic and 11 industrial partners,

has as its goal the multidisciplinary understanding of the chemical, physical, and mechanical

processes that occur in a sedimentary basin such as the one in the Gulf of Mexico below

Louisiana. They have assembled a composite database of the observations of the basin and are

using computational modeling to explain the data. But simply the collection and display in a
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coherent visual way has led to nzw and deeper understarding of the geology. The outcome of
this understanding is very likely to improve oil recovery world-wide. I will also show a video
clip of a visualization of the data set that was prepared jointly by the Theory Center and the
GBRN.

It is important to note thst this research covers a wide range of partners, geographically
dispersed, and the that the medium of information exchange is usually visual. High-
performance nehvorking is essential to the GBRN and to similar scientific enterprises-

Another important development is the establishment at Cornell of the Xerox D'siir Research
Institute, with the participstion of the Theory Center, the Computer Science Department, and
the School of Engineering. Directed by Gregory Zack of Xerox, and involving researchers from
Xerox centers nationwide, the aim of the Institute, quite simply, is to improve Xerox's ability to
bring better products more quickly to market. The techniques are those of computational and
computer science. A vital aspect of the research is the development of methods whereby the
geographically separate centers can effectively collaborate. Again, high-performance
networking is key.

AS our reach extends, the necessary partners required to carry out important collaborative
research will rarely be found at one institution or even in one part of the country. Essential
experimental devices or data bases may exist anywhere. Rapid, concurrent access is essential,
and at higher demands in bandwidth. The NREN is necessar7 for the full growth and
exploitation of the scientific, technological, and educational implications of computational
science. The GBRN and Xerox examples indicate how the greatest potential is for industrial
use.
The supercomputing comrmaiity will soon find itself at a major crossroads where the increases
in performance needed for the fulfillment of our scientific mandate will demand parallel
architectures. To exploit these new machines, a major re-tocling of software and algorithms
will have to take place. This is not a trivial undertaking, yet it must be started very soon if we
are to make progress on the Grand Challenge problems in the mid-1990s.

The High-Performance Computing and Communications program will offer us an essential
opportunity to bridge the gap between today's high performance vector machines and
tomorrow's highly parallel systems.

I have emphasized how science and its application to societal problems are communal
activities, activities that involve, more or less directly, the entire scientific community.
Bringing to bear the transformation made possible by computational science in the most
complete and positive way requires that its techniques and strategies be learned, used, and
shared by the widest possible group of researchers and educators. That means advancing the
art, acquiring the best and most powerful tools of hardware, software, and algorithms, and
coupling the community in the tightest possible ways-

The 'High-Performance Computing Act of 1991" is a vital step in that direction.

Senator GORE. Boy, that was really impressive. Well, we will save our
questions, but thank you so much for your presentation. Very impressive.

Our third witness on this panel is Mr. Tracey Gray, vice president for
marketing with the Government Systems Division of US Sprint. Mr. Gray, thank
you so much for joining us today, and please proceed.

STATEMENT OF TRACEY GRAY, VICE PRESIDENT OF
MARKETING, GOVERNMENT SYSTEMS DIVISION, US SPRINT
COMMUNICATIONS CO.

Mr. GRAY. Thank you, Mr. Chairman, and Members of the subcommittee.
Now, these are two tough acts to follow, and I do not even have my video to
support me. I would like to give you some comments from the perspective of
theof a business poised to take advantage and to offer to the Government and
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to the many users of academia and industry in this country, the kind ofcapabilities

that you have designed this bill to support.
First of all, we endorse and support this bill. I would like to reference my

comments, really, along the lines of how we as a business in the industry see

fulfilling and panicipati'.g in the objectives of this legislation and initiative, and

how we believe that we can bring some of those objectives to bear.

I would like to depart just briefly, though, to remind everybody of the power

of the private sector to bring to bear resources, capability, technology, and the

business resources and energy to meet goals of this type, providing the incentives

and the understanding and the perceptions are properly put in place. And I think

that is what this bill is all about.
I would like to remind everybody here that just about 6 years ago, this country

saw one of the most significant economic realignments in the industry that we

have ever had. That was the divestiture of AT&T. US Sprint was an outgrowth

of that.
US Sprint today has a network that is just a little under 4 years old. It is a fully

deployed, fiber-optic network that transcends the Nation. It has 23,000 miles of

fiber in it. We support millions of residential, business, large corporations and

Government customers. We support 500,000 or more Government customers

today on that network, supporting them with voice, data, video, imaging, high-

speed facsimile, elearonic messages, packet services, and a vast array of private

line services.
Indirectly we support hundreds of thousands of other Government services

through inter-operability of our networks with others. We are also deploying at

this timebear in mind, this is a network slightly less than 4 years oldwe are
deploying at this time the capability to support sonic technology.

What that really means is very wide band high-speed network and data

transmission capability within the network. Bear in mind, again, this is a network

slightly over 3 years old. We have well over $3.5 billion invested in this network.

We support this bill from the standpoint that it provides the seed money, the

initial stimuli that we think is necessary to develop the next level of applications

and to bring about the incentives in the private sector to make the next step, which

could be a quanta= leap, in the deployment and the investment of technology

that will support the multi-gigabit transmission paths that are necessary to
achieve the objectives you are talking about.

We are very hearened to hear and see the recognition of the importance of

the communications link, the superhighway network. We believe that the Na-

tional Research Education Network objectives can be achieved with this initia-

tive, with this measure.
I would like to bring two issues to the fore that, to give us, if not some concern,

some reason to watch what you are doing and look at what you are doing and

participate in it, to ensure that these issues are dealt with. And I believe Senator

Pressler articulated one of those very well. And that is to ensure that the funding

and the development and the participation is broad enough to encourage and to

support the users of something other than supercomputers and the users who may

only have to rely on multi-gigabit networks.
A reason for believing this, and promoting this, is we know from experience

that the cost benefits and the likelihood of seeing timely development, 'imely

deployment, of the types of technology you are talking about is very dependent

upon a broad base of users. The more fully cost can be allocated and distributed

along many users, the better off everybody will be, and the faster and the more

timely development of these technologies will take in the private sector.

41-534 - 91 3
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I think an example I would like to cite where we have had the technology, we
have had the capability for some time, and yet we have not seen the full benefits
and the full optimization of the technology and the applications in the area of
integrated services digital networks, this thing called iSDN.

Certainly the technology and the capability is there, but the applications are
not. And Dr. Bromley spoke eloquently about the need for software and the
development of basic applications to drive and to take advantage of the technol-
ogy of that type.

So we encourage the planners and the architects of this legislation to ensure
that there is a broad participation in the academic, educational, and industrial
community, beyond those that just rely on supercomputers. Secondly, we en-
courage and we will do all we can through our participation to ensure that the
development of the network itself is a development and a plan that will permit
the utilization of public networks to support these services and to support the
capabilities.

We do not believe that it requires a private network development or applica-
tion to support your objectives. We do believe, and our experience tells us, that
the maximum cost benefits, the long-term interest of the users of a network can
be found with shared network applications. We have seen time and again the
problems that develop with private networks, where you have a group of users
stranded with a set technology.

We also believe that public services and the commercialization of these
applications and products will ensure that the Government, the need for the
infusion of Government money, will cease over time, will minimize over time.

I thank you, Mr. Chairman, and members of the subcommittee. That is a
business peispective that differs slightly from my panel members. I welcome this
opportunity to have spoken to you. Thank you very much.

[The statement follows..]

STATEMENT OF 'MACEY GRAY VICE, PRESIDENT OF MARKETLNG, GOVERN-
MENT SYSTEMS DIVISION, US SPRINT COMMUNICATIONS COMPANY

Thank you, Mr. Chairman and members of the Subcommittee. I am Tracey Gray, Vice President
of Marketing for the Government Systems Divisice at US Sprint. I appreciate this opportunity to
speak with you on S.272, the High Pezformance Computing Act of 1991.

As you know, US Sprint is the third largest interexchange telecommunications carrier in the
United States todayand the only all fiber, fully digital network. US Sprint serves 90% of the Fortune
500 U.S. companies with voice, data, and video services, and we offer telecommunications services
to 183 countries around the world.

My division, the GOVCIIII=11. Systerns Division, is proud to serve over 500,000 government
employees at 35 agencies under the FTS 2000 contract. In addition to FTS 2000, we are responsible
for all business relations and opportunities with the federal government. This includes evaluating and
assessing the risks and opportunities with emerging tectmologies and applications in telecommunica-
tions network solutions.

NRIIN APPLICATIONS

I would like to talk with you today about the National Research and Education Networks
(NREN)one component of the High Performance Computing initiative. Mr. Chairman, the opera-
tive word in that sentence is Network. High perfomiance networking should share equal billing with
high performance computing.

US Sprint does not build supercomputers; we do not maintain or operate an information
infrastructure of independent databases; we do not develop independent computer software tools or
train supercomputer hardware or software engineers. US Sprint does interexchange provide telecom-
munications servicesbased on state-of-the-art, fiber technology and advanced network architec-
tures. Fiber tectmology will be the network infrastructure that supports the computing hardware
necessary to solve the Grand Challenges. This future network plaiform will allow researchers to
establish National Col laboratories among our nation's laboratones and university research centers
that will solve the Grand Challenge problems such as global warming, the identification of new
superconduction materials, and the mysteries of cancer causing genes.
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While the Grand Om !lenge problems certainly require our attention, US Sprint appreciates the

Commiuee's understanding that industry related problems exist that can benefit from the application

of high performance computing. This Committee's 11990 report on S. 1067 rightly noted that a

supercompner model helped Bo .64 design an 737 airplane that was 30% more efficiem. The

petroleum industry benefited when Arco used a Cray supercomputer to increase oil production at its

Prudhoe Bay field, resulting in a two billion dollar profit for the company, An Alcoa supercomputer

model reduced the amount of aluminum needed for its soda cans by 10%, resulting in transportation

and production savings. Mr. Gore, your January 24 statementnoted thai Ford's engineers can simulate

automobile crash tests using supertomputers for a fraction of the cost of ccnducting real life

experiments. Each of these industry applications of supercomputing benefits the American consumer

and the national intemst through greater efficiencies, higher quality prxtucts, increased cost savings,

and improved productivity.
But let's not focus solely on supercomputers and connecting supercomputers. Other research and

engineenng applications require high speed networking, and by bringing other applications on to this

network, we can increase scale economies that cculd justify investments in mulu-gigabit networks.

For example, medical doctors are confront*/ a problem where technology produces greater

diapostic capability, yet there are fewer experts to interpret the data. The solution is teleradiology

the process of digitizing and transmining medical images to distant locationswhich allows the

nation's top radiologists to access key medical imaging from virtually anywhere in the United States

in seconds. Today, US Sprint's network can transmit diagnostic quality images in approximately 37

seconds using multiple 56 kilobit per second lines. The same image would take up to an hour and a

half to transmit over a traditional analog network using 9600 bits per second.

Tomorrow's technology will allow real time full motion imaging end require bandwidths

substantially greater than 45 megabits per second, the highest speeds available today. A radiologist

at a distant location will be able to watch fetuses move and beans beat, and provide immediate

diagnostic feedback. High speed networks are required for real-time image transfers because video

ccmpression greater than 2.5:1 is destructive to the image's clarity.

Medical imaging is one of many high performance networking applications. Computer Aided

Design/Manufacturing (CAD/CAM) is another. American industry v -1.1 remain strong, if they have

the best communication tool to complete their work. Interactive CA /CAM will allow industry to

work more quickly and efficiently, allowing widely dispersed engineers to participate in the design

process without exchanging roomfuls of paper.

NREN TEG1NOWGY

The question posed by the legisla...on, however, is how supercomputers can be made accessible

to more users. And the answer is the development of supemetworks with multi-gigabit capacityor

NREN.
US Sprint is working with developments that would support the NREN objectives. We are

developing plans for a broadband test bed akin to those established underthe leadership of the National

Science Foundation (NSF), the Defense Advanced Research Projects Agency (DARPA), and the

Corporation for National Research Initiatives (CNRI). US Sprint is a partner in a Midwest coalition

ihat is working with DARPA to develop a network concept plan for a terrestrial, fly-over imaging

applicaticn for the Department of the Army ' s Future Battle Lab. The terrest nal, fly-over project would

take satellite pictures and convert them into computer-developed, "three dimensional" landscapes

that would allow the user to"fly over" Of "walk through" the terrain. Generals could "sec" a battlefield

without sending out scouts!
Additionally, US Sprint has recently become an international vendor for NSFNET, providing

links to research networks in France and Sweden, and we now serve on NSF's Federal Networking

Advisory Committee to the Federal Networking Council.
Although many advances are being made towards the development of the systems necessary for

gigabit networks, many hurdles remain. The fundamental bailding block required for gigabit networks

exists today. Fiber opticcables with ample bandwidth to support multi- gigabit and higher transmission

speeds criss-cross our country. US Sprint's all fiber optic network operates today with backbone

speeds of 1,7 Gbps. We are currently testing 2.4 Gbps optic equipment in our labs for installation on

our high capacity routes next ycar. Our transmission equipment vendors are developing the next

generation of optic systems with transmission speeds of 9.6Gbps.
Switching platforms also continue to advance with cell relay technology. Many believe that cell

relay switching best supports the bandwidth-on demand services essential to high speed networks.

Small, non-standard cell relay switches capable of switching traffic at 150 Mbps are on the market

today. International standards for cell relay am advancingrapidly, with many projected for completion

by 1992. Nonetheless, difficult network design problems remain in cell relay technology such as

traffic congestion and routing. American researchers are working toward solutions to these problems.

To achieve the NREN goals, compatible telecommunications and computer standards must be

written for the signaling, operation, administration, and managementof high speed networks. These

network support systems are as important to the implementation of the NRE.N as the transmission and

switching systems. The development of standards for these support systems requires careful con-

sideration and must parallel the evolution of gigabit technologies.
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ITS SPILINT POSITION

Mr. Chairman, US Sprint fully supports the intent of the High Performance Computing initiative.
We are convinced that without government see money, supercomputer networking will be slow to
mature. Let me share two related thoughts with you, however, about the legislation and the
implementation of the legislation pertaining to network applications and t the Cornminee's intent to
phase the NREN into commercial operatice.

First, with respect to network applications, to sped the development of high speed networks. US
Sprint recommends broadening the scope .of the legislation to include a variety of high speed
networking applicationsl have briefly described two applications not requiring supercomputen, that
would serve pressing, existing needs. Prizefiding funds for applications research could stimulate many
more ideas within the research community. Each these application ideas could suppon a new group
of users, further extending the benefits of high speed networking to society. With applications as the
driver, high speed networks will grow in scale and ubiquity throughout the country.

My second point, and one that I think is a concern to the Ccsnmitiee as we pertains to the phase-m
to commercial operation, one of the objectives to realized by the network. Although the bill mcludes
language that the NREN be "phased into commercial operation as commercial networks can meet to
networking needs of American researchers and educators," there is no path given the current
development of NSFNET - thin gets us hem here to there.

In fact, the government is creating a privatea dedicatedtelecommunications infrastructure
that parallels the commercial, public networks operating in the U.S. today. Rather than duplicate
commercial facilities with a government owned and operated telecommunications system, we suggest
that the NREN be established through public network serviceswhere the governmaus networking
requirements am combined with the public's requirements in the development of commercial
networks. Otherwise, it is not clear how we will ever "phase" from a dedicated U.S. government
network to commercial networks.

With a public network service, industry would develop, own, and operate the facilities to provide
gigabit capability nd offer that capability as a service to the Government and other industry uses. In
this environment, users are not obligated to full time, dedicated service, but are oriented to a preferred,
bandwidth-cn-demand scenario. A public, high speed network service would be position much like
today 's public, long distance or virtual private networking services. Users only pay when they use
the service.

By evolving NREN as public network service, the government also takes advantage of existing
network platforms. US Sprint, for example, offers a fully deployed, ubiquitous, network service. We
fully integrate today's telecommunications requirements combing voice, data and video services with
a single network platform. US Sprint integrates the management, NREN can only duplicate public
network features like these at tremendous cost. By leveraging the existing infrutructure of public
networks, the government can realize the development of a mom robust NREN, sooner, and at less
cost.

RECOMMENDATIONS

In short, Mr. Chairman, US Sprint recommends that the High Performance Computing Act of
1991 address two issues.

First, the bill should authorize the funding of academic research for applications requiring high
speed network capacity in addition to connecting supercomputers. As noted above, sophisticated
medical imaging requires higher speed networks. Similar applications that require high speed
networking should be funded under tMs initiative. US Sprint believe that funding this type of research
will stimulate additional high speed network applications further justifying the development of the
network.

Second, the Committee should ensure that the design of the NREN does not lead to a government
owned and operated network. NREN should be developed to share the gigabit capacity of existing
public networks and enjoy the advantages that public network operators bring to their commercials
custome, s. NREN could well operate as a virtuai private network on an existing public network, but
it should not operate as a sperate network.

Mr. Chairman, US Sprint sees the NREN developing more fully, more economically, and more
quickly if it were to bc developed as a shared, orgbriiiilcunetwork.

We appreciate the opportunity to address the 'ttee, I will be happy to answer any questions
that you may have.

Thank you, Mr. Chairman

Senator GORE. Thank you very much. Extremely valuable statement. And
may I say, in echoing the words ef Dr. Bromley, that the real-life perspectives or
reality checks, if you will, w4ich we have gained from our dialogue with your
company and others, have been invai.ible in shaping this legislation. We really
appreciate your statement here today as well.

S
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Next, Dr. David Nagel, vice president for advanced technology with Apple

Computer. You are invited to proceed at this time. Welcome.

STATEMENT OF DAVID C. NAGEL, VICE PRESIDENT,

ADVANCED TECHNOLOGY, APPLE COMPUTER, INC.

Dr. NAGEL. Thank you, Mr. Chairman. I am appearing today not only on

behalf of Apple Computer but also on the behalf of the other members of the

Computer Systems Policy Project. We are very appreciate of the opportunity to

appear for the subcommittee on a favorite topic of high-performance computing

and networking.
In the fall of 1989, the 11 largest computer systems companies in the U.S.

formed the Computer Systems Policy Project to address what we felt were some

fundamental problems facing our industry. It was a measure of the importance

of this activity that the CSPP is an association of the chief executives of our

companies; the CEO's are supported by the chieftechnologist for each company,

like myself, and by a permanent professional staff in Washington.

We began our study mcre than a year ago with an internal look at the health

of our industry. We assessed technologies that we believe are critical to our

industry. We assessed how the U.S. is doing relative to other countries and our

foreign competitors in ;hose technologies, and we developed aprognosis for U.S .

industry performance into the future.
While by almost any measure, our industry is still the strongest in the world,

our lead appears to be diminishing rapidly by almost all of the measures that we

examined. In 1983, for example, U.S. companies held an 83 percent share in the

world market of computer systems, including software. Between 1983 and 1989,

our share of the world market declined by more than 20 percent, from 83 percent

to about 61 percent. During the same period, Japan's share rose from 8 percent

to 22 percent and our European colleagues' share grew from 10 percent to 15

percent.
More troubling, the cumputer systems industry went from a significantly

positi ve contribution to the U.S. trade balance all throughout the 1980's to a

position in 1990 where our imports almost exactly balance our exports. While

the U.S. ratio of computer exports to imports moved steadily downward over the

last decade, Japan even more dramatically increased its export-import ratio from

about 2 in 1980 to more than 6 at the end of the 1980's.

While these findings are clearly troubling to us, the members of CSPP

recognize that the primary burden for staying competitive in the global

marketplace rests squarely with our own industry. So we began with an internal

assessment. We examined our own investment levels and competitive positions

in the key technologies which we think are critical to success. We identified, for

example, 16 critical pre-competitive generic technologies, and concluded that

the U.S. still leads the world in half of these. And most of these are software

intensive.
We also concluded that the U.S., once leading the remainder, now lags the

world in several critical technologies, and is losing a lead in the remainder. And

most of these, and in contrast to the technologies for which we hold a lead, the

g technologies are mostly capital-intensive ones. We also believe that,

without further positiveaction, the U.S. position will erode further in allof these

16 technology areas over the next few years.
The computer systems industry spends 21 percentof the private sector R&D,

Ok' about 10percent of the totalnational investment, in research and development.

The investment of the computer industry in 1989, more than $18 billion, is more

than that of any other industrial sector, and represents a 26 pacent increase over
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the amount we spent in 1988, a period when many other industrial sectors were
reducing their R&D spending.

In contrast to the level of investment in private industry, the U.S. Government
only invested about 2 percent of its R&D portfolio in generic technologies related
to our industry.

Taken as a whole, we conclude that the Federal R&D budget in computing is
not today focused or managed in ways that are needed to preserve and enhance
our economic competitiveness, given the rapid pace of innovation and the R&D
practices of other countries. In short, we believe the Federal R&D has not been
as helpful to the computer industry as it might be.

Based on our analysis and this conclusion, we have outlined an initial set of
technology policy recommendations. These provide a strategy, we believe, for
better focusing the Federal R&D investment in the s. pre-competitive generic
technologies, and will help us meet very stiff international competition.

We believe that the Government and industry must work together, and jointly
must take the following first steps to improve the effectiveness of the spending
in the U.S. First, we think that there should be an improvement in the mechanisms
within OMB for reviewing the Federal R&D spending program. In many cases,
these have become so complex, it is very difficult to actually figure out what is
being spent.

Number two, we need to increase the industry input, we believe, in setting
Federal R&D priorities and to better manage the Federal R&D budget. Number
three, we think industry should work with the Federal labs and with Government
agencies to improve, 'o set Federal laboratory priorities and improve the return
on the national investment made in these labs.

And fourth, we look forward to working with the Government in implement-
ing high-performance computing industries, including a national network
capability of bringing the benefits of computing to every institution, household,
business, and school in the Nation.

We have created three CEO-level working groups to address our industry's
participation in the Federal R&D priority setting. And we are looking here at
structural and legal impediments of which there appear to be a variety. We are
increasing the degree of interaction between industry and the programs in the
Federal labs. And finally, we are looking at ways in which we can better
participate in implementing the high-performance computing and communica-
tion initiatives.

We fully support and recommend full funding for the national high-perfor-
mance computing and communication programs, including a National Research
and Education Network. We recognize and applaud the pioneering role that this
subcommittee and its chairman have played in recognizing the importance of the
development of a national information infrastnicture and an effective, high-per-
formance computing

. . .

We believe this efrorgsgircritical in providing the research infrastrncture in
maintaining our Nation's leadership in basic computer and information research.
The CSPP believes that the high-performance computing and communication
initiatives will be instrumental achievement of the national education in work
force training goals.

Now, much has been written and said about the benefits of high-speed
networking at the institutional level, of higner education levels. While we agree
with and support these uses, high-speed netv, Jrks will allow the rate of scientific
and engineering progress a major grand challenge problems to accelerate sig-
nificantly.

70
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But we also believe the benefits of high-speed networking and high-perfor-

mance computing should ultimately find their way beyond institutions and

become available to the rest of us. And I am echoing this, both what my

colleagues have already said and what have been said by the senators.

I would like to briefly touch on some other benefits of what we believe are a

truly universal high-speed network, benefits that will eventually impact a much

larger number of our citizens.
Actually, we are beginning to see the precursors of the benefits of networking

and distributive computing, even with the overly complex low-speed network

systems currently in place in the U.S. Apple Computer, for example, in a project

called Apple Global Education, or AGE, has made our own internal slow-speed

electronic mail system available so that school children all over the world can

communicate and exchange ideas.
For example, recently on Earth Day, 12 schools from around the world

collaborated and prepared and produced local newspapers that featured environ-

mental issues using this network. On other networks, we have begun to see a

variety of education applications develop. We have seen collaborations between

teachers in the preparation of educational materials. We have seen collaborations

between students conducting scientific investigations. We have seen networks

allow students in elementary and high school to benefit from access and experts

in universities. And we have seen a variety of on-line courses and instructional

materials being prepared and disseminated electronically every day.

Both students and teachers have access to a widening range of information,

databases and computing resources, all remote to their physical locations. We

believe these applications are springing up everywhere, even though there are

many impediments, because our educational system is discovering the value of

electronic information delivery, even with the very slow speed networks avail-

able today.
With the arrival of data exchange capabilities like those that will be provided

by the NREN, capabilities that will allow graphics and images to be transmitted

as easily as text, we should see an explosion in new uses of high-speed network-

ing and education, uses which we think will fundamentally transform the whole

process of education.
Teachers and studerrs who are in remote, rural areasin some cases, remote

urban areasfar from major libraries and universities, will have access to

information and expertise every bit the same as their ',:ounterparts in the most

favored settings. Physical separation will no longer matter when on-line video

conferencing and other high-speed network supported applications are available

to every school in the U.S.
We believe also that U.s. business will benefit from high-speed networking.

Apple, for example, has greatly benefited from our own internal electronic mail

system, as have many other companies; in our case, an information exchange

system called Apple Link. Using Apple Link, individual contributors exchange

ideas and documents with one another, with their managers, and with the

executives of the organization. From time to time, they exchange insults with

one another.
Some of the fundamental administrative activities within Apple, activities that

were used to generate large piles of paper, now are done almost entirely

electronically. The advanced technology group which I head uses a video

conferencing network to tie together our four separate physical labs in the U.S.

Without this system, it is clear we would all have to do a great deal more traveling

and generate waste along a variety of dimensions.

7 1
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Finally, Apple uses high-performance computing to great advantage both in
the development of technology for products and in the development of products
themselves. Over the past year, for example, we have used our Cray to develop
advanced algorithms for data compression, high-performance graphics, and
speech recognition, among other applications.

Once we prove to our satisfaction that these algorithms work on our Cray, we
can design special circuits, again using the Cray, which makes Cray levels
performance for specialized applications available on our advanced personal
computers at a tiny fraction of the cost of a supercomputer.

So high-performance computing helps us both in the product sense and in the
technology sense.

In conclusion, we recognize that improving U.S. technology policy is a
long-term process, cannot be addressed by any one organization, any single set
of recommendations or any given piece of legislation. Improvement of U.S.
technology is, nonetheless, an essential process that will require the cooperative
R&D investments and partnership of both the private sector and the Government.
We believe that improving U.S. technology requires a long-term commitment
and a series of changes by both industry and Govemn... it over time. Whether as
independent CEO's or as an industry, the members of CSPP are committed and
will remain involved in this process.

Thank you very much.
[The statement follows:]

STATEMENT OF DAVID C. NAGEL PH.D., VICE PRESIDENT, ADVANCED TECHNOLGY,
APPLE COMPUTER, INC., ON BEHALF OF THE COMPUTER SYSTEMS POLICY
PROJECT (CSPP)

Apple Computer, Inc. and the other members of the Computer Systems Policy Project (CSPP)
arc very appreciative for the opportunity to appear before this Subcommiuee cm the issue of high
performance computing. As several of us have said in previous appearances before this subcommittee,
the health of the U.S. computer industry is inextricably tied to the future health of the nation as a
global economic power. Although the U.S. has been for decades preeminent in both the development
of the most advanced computer technology in the world and in the capture of the largest share of the
global computing systems market, that leadership is being steadily eroded by our competitors.

In purely economic terms, the U.S. computer systems industry plays a vital role in the U.S.
economy. In 1989, for example, our industry exported mom than $22B in computer equipment alone,
or more than 6% of total U.S. exports that year our industry employs almost 600,000 workers in the
U.S. When we look teyond the immediate economic picture and into the future, few would argue
with the belief that the health of the computer systems indusuy will serve as a bellwether to the overall
health and leadership of the U.S. as a global economic and industrial power. It is difficult to think of
significant technical advances over the past two decades in any segment of the economy that have
not telied on computer systems. The computer systems industry is clearly a building block for other
industries. Computer systems products are necessary and critical components of virtually all modem
manufacturing and service industries and development and operation of most of the sophisticated
weapons systems in the U.S. arsenal would be impossible without computer systems and electronic
components.

In the fall of1989, the eleven largest computer quern companies in the U.S. formed the Computer
Systems Policy Project to address technology and trade policy from the computer systems industry
perspective. As a reflection of the seriousness with which the industry views the future of computer
technology in the U.S., the CSPP is an association of the (lief Executives of Apple, Hewlett-Packard,
Compaq , Cray, IBM, Control Data, Digital Equipment, NCR, Sun Microsystems, Tandem and Unisys.
One of the major goals in forming the CSPP was to provide the industry and policy makers in
Washington, D.C. the data and perspective necessaiy to the development of effective, long-range
policies both in the development of technology and in the improvement of our trade position globally.
Each of the member companies - including the CEO's, Ctuef Technologists, and supporting staff -
has made a significant commiunent to this project over the past year and a half.

CSPP began its study more than a year ago with an internal look at the health of our industry
including: an usessment of the technologies that are critical to computer systems; an assessment of
how the United States is doing with these technologies compared to our foreign competitors; and a
prognosis for U.S. industry performance into the future. In summary, the results of this initial analysis
were mixed. While the U.S. computer systems industry still today is the strongest in the world (both
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in terms of technolore leadership and overall market share), our lead is diminishing rapidly by almost

all the rneuures we examined. In addidon, leading indicators of future health provide little cause for

In 1983, U.S. companies held a 83% share of the world market of computer systems (including

software). Between 1983 and 1989, our share of the worldwide market declined fran 83% to 61%.

During this same period, Japan's share rose from 8% to 22% and Europe's share grew from 10% to

15%. Figure 1 shows a similar decline in our share of the world market for computer hardware. Here

the U.S. went from supplying well more than half of the world's supply of can_ pouter equipnent to

supplying less than our primary competitors, the Europeans and Japanese. More troubling, the

canputer systems industry went from a significantly positive contribution to the U.S. trade balance

all throughout the 1980's to aposition in 1990 where our imports almost exaaly balance our exports

(Figure 2). We note that while the U.S ratio of exports toimports moved steadily downward over the

past decade. Japan even moredramatically has increased its exponfunport ratio fran arotmd 2 in 1980

to more than 6 at the end of the 1980's. Finally, in the category of leading indicaton, the U.S. is failing

significantly in the competition for computer systems patents. Whereas in 1978, the US. received

over 60% of all computer systems patems, by 1988 we were being granted new U.S. patents only at

the rate of 40% of the total. In the aggregate. Japanese industry was awarded nearly as many patents

in the U.S. as were danestic manufacturers. Figure 3 illustrates these trends.

While these findings areclearly troubling, the members of CSPP recognize that the prunary burden

for staying competitive in the global marketplace rests squarely with U.S. industry. Thus, to begin

our internal assessment, we examined our own investment levels and competitive positions in the key

technologies critical to success in our highly competitive and highly technical business. We identified,

for example, 16 critical pre-canpetitive generic technologies, and after significant analysis by the

chief technologists of theCSPP, concluded that the U.S. still leads the world in half of these (data-base

systems; processor architecture; human interface; visualization; operating systems; software en-

gineering; application technology). Seven of the eight technologies for which the U.S. has a lead

worldwide are software intensive. We concluded also that the U.S. lags the world in several critical

technologies (displays; hard copy technr logy; manufacturing technology; semiconductor fabrication;

electronic packaging). For the remainuer (networks and communication; storage, microelectronics;

fiberoptics) a once solid lead is diminishing. In contrast to the technologies for which the U.S. holds

a lead, the lagging technologies are mostly capital-intensive.
The chief tethnologists of the CSPP also concluded that the prognosis for leadership in these

technologies over the next five years is that, without positive action, the U.S. position will erode

further in all 16 technology areas. It is with this perspective ti.zt the CSPP began taking a closer look

at what might be done to mitigate these negative trends.

The CSPP styplemented its technology assessment with a review of the role of government

investment in R&D in the U.S. and other countries (Figums 4 through 9). We came to some

fundamental conclusicris. First, the overall level of R&D spending in the U.S. at $1358 in 1989 is

substantial by any measure, greater than Japan and the European Community by significant margins

(Fig. S). The overall investment is split almost evenly between industry ($708) and government (S6S.

88). The computer systems industry spends 21% of private sector R&D, or about 10% of the total

national investment in R&D' (Fig. 6a). The inVestMent of the computer industry in 1 989 - more than

$ 1 8B is more than that of any other industrial sector and represents a 26% incluse over the amount

we spent in 1988, during a period when other industrial sectors were reducing their R&D spending.

In contrast to the level of investment of private industry, the U.S. government only Invested about

2% of its R&D portfolio in generic technologies related directly to the computer industry (Fig. 6b).

If we look at the electronics industry as a whole, about 30% of private R' &D was spent by the

electronics industry while the governmentinvested only 6% of its R&D budget in electronics reses rc h.

In general, the ratio of private to government R&D spending seems out of proportion relative to other

industrial sectors (e.g. aerospace, health care, etc.).
While we found that government spending on R&D has increased significantly in absolute levels

over the past 25 years, dense-related spending has consumed a greater and greater share, increasing

from a historical share of 50% to a high of 70% in 1987. It has remained at about the level of two-thirds

of all government R&D spending since that time (Fig. 7). By contrast, the Japanese government

allocates only 494 of its R&Dbudget to defense research (Fig. 8). Selected European countries spend

an average of 30% of their government research budgets on defense. Among our pr incipal competitors,

only the governmelt of France spends a greater percentage of its GNP on total R&D than does the

U.S. government (lig. 9).
In our initial "Critical Technologies Report", the CSPP identified R&D as one of the most

significant factors in determining the success of the industry's performance in IS of 16 critical

technologies. It is therefore not surprising that the computer systems indusuy performs 21% of private

sector R&D and 10% of the total national R&D effort. We recognize that this investment is our

lifeblood. Computer industry spending on R&D has increased at a much faster rate than government

spending over the last two decades, a practice that has been required to keep pace with rapidly

changing commercial demands and increasing levels of international competition.

How should the government and industry R&D investments be split to maximize the benefits to

U.S. industry and the U.S. economy? First, investment in generic, pm-competitive technologies such
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as electronics, materials and information technologies is imponant because these are the building
blocks for advancements in the computer induttry. Our assessment of the existing Federal research
effon reveals that the federal R&D investment is contributing disproportionately little to these generic,
pre-competitive technology developments. The federal R&D budget is not focused in ways needed
to enhance and preserve our economic competitiveness given the rapid pace of innovation and the
R&D makes by othei countries.

We acknowledge that the degrees of success of the various Eurcran (ESPRIT, BRITE, EURAM)
and Japanese (5th Ocieration Computer Project, Super-Sigma Project, an advanced telecommunica-
tions research instinne, etc.) research projects ate not necessarily directly related to the absolute
amount of government spending. Rather, we believe that the relative success of the Japanese projects
(as reflected in the competitive position of Japanese indusuy) illustrates the benefits of close
cooperation between the private and public sectors and of well- managed, focused efforts for advanced
technology projects. Moreover, while in the past, defense R&D was a major source of technological
advancement in the U.S. and the computer industry in particul!r benefited from defense research
dollars, we believe that today, because of heightened demand for improved commercial products and
the accelerating pace of global competition, the private sector is now the primary catalyst for
innovation.

We have concluded from these analyses that while the total amount of federal R&D spending is
probably adequate, it needs to be managed more effectively if the U.S. computer industry is to be
made able to compete in the technology areas essential to our future economic health. In short, we
believe that federal R&D is not as helpful to the computer indusuy as it might be.

Based on the data and on the strength of our analyses, CSPP has outlined an initial set of teemology
policy recommendations. We believe that these reccenmendations provide a strategy for better
focusing the federal R&D investment in pm-competitive, generic technologies and that will help the
U.S. meet international competitive challenges by increasing indusuy involvement in federal R&D
priority seuing. We believe that by working together, industry and government can improve the
nation's return on the total R&D investment and can help to meet the international challenges to this
country 's technological strength.

RECOMMENDATIONS POR IMPROVEMENT

We believe that the return on public and private investments in R&D can be improved by
coordinating msearch priority setting and by allocating federal research dollars to mom closely reflect
the private sector's rde in developing the general twlinologies that are key to the nation's economic
growth. Incmased investment in microelectronics, information technologies, and materials will
provide a solid foundation for advancements not only in computer systems but also in aerospace,
medical, energy, envircemental and virtually evexy other area of research important to the future of
our society.

The CSPP believes that government and industry jointly must take the following first steps to
improve the effectiveness of R&D spending in the U.S.:

Improve the mechanisms within OMB for reviewing federal R&D spending;
Increase industry input in setting federal R&D priorities to better manage the federal R&D

budget;
Work with industry to set federal laboratory priorities to improve the return on the national R&D

investment; and
Implement the High Performance Computing Initiative, including a national network capable of

bringing the benefits of computing to every institution, household, and school in the nation.
CSPP has established three CEO-level working groups to develop specific plans that will improve

the economic return on the national R&D investment by:
Improving the industry participation in the federal R&D priority setting and the federal R&D

budget review process;
Increasing the degree and effectiveness of interaction between industry and the federal

laboratories; and
By implement the High Performance Computing and Comrntmications Initiative.

CSPP CEO's, chid technologists, and staff are actively working on development of plans that
address these three issues. Once completed, we intend to make the results of these investigations
available to policy makers, including members of this Subcommittee.

IMPROVING ThE R&D WIDGET REVIEW PROMS

CS PP believes that the Administration and Congress must develop a better sense of how its $76B
investment is R&D is being spent. To make the distribution of funds more understandable, we urge
the Congress and the Administration to develop s comprehensive summary of the federal R&D budget
- budget crosscuts - including summaries of agency initiatives related to development of generic
technologies. We are pleased that OMB is providing budget summaries in several key areas, including
high performance computing, the subject of this bill, and is considering the development of similar
information for other important research UM such as materials.

We believe that by providing industry perspectives, the effectiveness and usefulness of these
budget summaries cen be improved. Once such summaries are available, strategies can be moreeasily
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developed with industry panicipation to bolster investments in needed areas or to shift priorities where

necessary. This should be dcne on an ongoing basis. We understand that industry participation in such

activities may be problematic because of ethical, regtilatory, and legal impediments and have

established a CEO-level working group to identify these impediments and to develop recommenda-

tions for advisory mechanisms that are consistent with legal and other requirements and that provide

the greatest opportunity for industry participation.

INCREASING INTERACTIONS BETWEEN INDUSTRY AND TM NATIONAL LABS

The Federal government spaids billioas each year on R&D in federal labs, three-fifths of which

goes to defense programs. CSPP believes that much of that R&D, properly focused, could be

substantially more useful to the computerindustry than it is today. We believe that the nation's return

on the federal lab investment can be enhanced by increasing pnvate sector input into lab activities

and by shifting some labs' research priorities to include generic technologies that have commercial

potential. CSPP has established a CEO-level working group to recommend ways to improve the

federal laboratories' contributions to the national R&D effort, including developing funding

mechanisms for joint industry-lab projects of interest to the private sector, by identifying potential

and current laboratory research projects and anis that could benefit the ocomputer industry; and by

identifying research areas thatlend themselves to budget crosscut analysis. The results of this analysis

and recommendations will be issued later this year.

111131.EMENT THE HIGH PERFORMANCE COMPUTING AND COMMUNICATIONS INITIATIVE

Finally, CSPP fully supports and recommends fully funding a national high performance com -

puting and communication IUD program, including implemairing, in conjunction with academia

and the private sector, a national msearch and educarion network. Thus the CSPP strongly supports

the goals of S. 272 as well as the Administration's High Performance Computing and Communications

(HPCC) Initiative. We believe that these efforts are critical to provide the research infrastructure

required to maintain ournation's leadership in basic research and to expand our capability to perform

the applied research which leads to commercialization of technology. The CSPP believes that the

1-IPCC will be instrumental in achievement of national education and work force training goals, an

achievement that will be important increasingly to the economic and social health of our nation.

CSPP will support this effort through a long-term project to identify possible future applications

of a network that will enhance the quality of life and economic competitiveness cot the nation. We

believe that computer and networking technology can help to solve problems and to realize oppor-

tunities in U.S. homes, factories, universities, workplaces, and classrooms. We have established a

CEO working group to identify innovative network applications, the technological advances needed

to accomplish them, and the best ways to describe the applications benefits to the public.

We art working, as well, to acquaint ourselves with the HPCC budget crosscut and with specific

agency plans for research and development. Once we complete this survey, we will examine the

relevance to the computer industry of the research being conducted as part of the initiative. Later this

year, CSPP will provide recommendations to improve federal spending tmder the initiative.

Although we have not yet completed our analyses, CSPP believes that creation of the NREN is

an important first step toward malization ofwhat some have termed anational information infrastruc-

ture. This national mfrastructure would in effect constitute a very high performance electronic

highway that will address the needs of business, schools, and individual citizens as well as institutions

of research and higher education. With 80 percent of the U.S. economy classified broadly as

services-related, the potential user base of such a national infrastructure is immense. We believe that

the existence of such an infrastructure would allow the U.S. service economy, including the education

component, to operate significantly more efficiently than today. We imagine that users of the national

information network will have access to immense digital libraries and databases and that this access

will transform both education and commerce. We believe too that health care will be transformed by

the existence of a national digital information network. Vast databases encompassing the basic

biological sciences (molecularbiolm, biochanistry, genetics) and applied medical applications such

as diagnostic and treatment data will be needed eventually to improve both the quality and efficiency

of the U.S. health care delivery system.
We recognize and applaud the pioneering role that this subcornminee and its Chairman, Senator

Gore, have played in long recognizing the importance of the development of a national information

infrastructure, a research and education networti, and an effective high perfonnance computing

program. The achievement of a true national information infrastructure is an tmdertaloing of very

significant complexity. The interim achievement of development of an NREN will allow solutions to

be developed to importanttechnical, policy, economic, regulatory, and social problems, solutions that

will point the way toward a true national information infrannicture for the nation.

SPBCIP1C 021104PITS ABOUT 3. 272

In Section 5 of the bill, we especially lIpplaud the provisim for a National High Performance

Computing Plan and dieestablishment of a kligh-Performaice Composting Advisory Pmel consisting

of prconinentmpsesentatives from industry and academia. These provisions are in keeping with both

the sprit and sulrssanca of IMPP findings todate and the CSPP stands teady to participate in such an
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Advisory Panel as needed. We applaud as well the Section 5 provision requiring the Panel to provide
the FCCSET with an independent assessment of whether the research and development funded under
the High Performance Computing Plan is helping to maintain United States leadership in computing
technology.

In Section 6 of the bill, FCCSET is charged with development of the "goals, strategy, and
priorities" for an NR EN. While we support this provision as an important first step, we believe that
some attention should be given as the ptogram progresses to issues which surround development of
a true national infotmation infrastructure. For example, agencies could be directed to perform analyses
that would identify impediments, regulatory or othenvise, toward achievement of a true national
information infrastnicture and conduct other studies or research that will lead to solutions to these
impediments as experience is gained in the de ent and operation of NREN. Again, CSPP would
welcome the opportunity to contribute to suer alnorses and otherwise support the achievement of the
goals of the High Performance Computing Act of 199L

CONCLUSIONS

CSPP recognizes that improving U.S. technology policy is a long- term process that cannot be
addressed by any one organization, any single set of recommendations, or any given piece of
legislation. Improvement of U.S. technology is, nonetheless, an essential process that will iequire
coopera:ive R&D investments and the partnership of the private sector and the government. Improving
U.S. technology requires a long-term commitment and a series of changes by industry and government
over time. Whether as independent CEO's or as an industry, the members of the CSPP are committed
to and will remain involved in this process. CSPP believes that the high performance computing and
communication program will constitute an important cornerstone by improving the harvest of federal
R&D investments in computing and other pre- competitive technologies and by athencing the
competitiveness of the U.S. in the increasingly compnuuve global economy.
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CSPP COMPUTER EQUIPMENT MARKET SHARE'

In sotto ot the U.S. computer 1ndtuMys continuing heavy ewes Mew* In R&D, the U.S. share of the
wodd computer systems melee fel horn about BO% to 40% behveen 1983 te.d 1ip89, *We
Japan's share rose from 8% to 22%, mid Europe's ahem grew from 10% to *5%.
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CSPP
PATENTS IN SCIENCE AND TECHNOLOGY
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TOTAL R&D SPENDIW - UNITED STATES
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CSPP U.S. CORPORATE R&D BY INDUSTRY (1989)

In 1989. Ste U.S. elecbonics Indus lry Invested more in R&D than any other erg* Industrial sector - $18
Mon. which outpaced overall corporate R&D spending Increases.

10

o

04)3644'49 `- 00"
$04.

TOTAL nab EXPEICKs

sa 1."11VOIOPI WM.,

8.1138
se

,

CSPI2 SHARE OF R&D SPENDING BY U.S. INDUSTRY SECTOR
(PRELIMINARY ESTIMATE: 1989)

Though the U.S. computer industry performed 21% of ell private seem RAD in 1989. Ihe U.S.
government allocated oniy 2% ol Its R&D budget to computer-related R&D. The broader electronics
seam. Including computers. spent @bout $18 billion on R&D in 1989 - about 30% ol total private
sersor expenditures - while the government devoted only 6% ol Its budget to recironics-realed R&D

25%

20

15

10

5

21%

14%

MAIM HECTOR IAD
WINCING AI A PEICENT
OF ALL PIAISMAI- ISO (170

1 GOVERNMENT sfcron SPHAIN411
AS A PERCENT Of TOT AA 11116

7%

COMPUTERS aECI ROWS AEROSPACE

M4.7 ON 4. ow, 4.1 wt. mrl
114.11.4.1,

CHEMICALS

III ht. 01,



77

CSPP US. FEDERAL GOVERNMENT R&D FUNDING TREND
(DEFENSE VERSUS NON-DEFENSE)

Whae U*S. government spending on R&D hes Increased signaioently Ni abeam levels over the test 25
yerra defense R&D (largely developmont) has shifted from a historical share of 50% of total R&D
spending to e high of about 70% in 1987. It has remained at about two-thirds ol federal R&D spending
since then.
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CSPP TOTAL GOVERNMENT R&D SPENDING (1979-1989)

Among out principal competitors. only the government of France spends a greater percentage of
its GNP on total R&D (defense and civilian) than the U.S. government.
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Senator GORE. Thank you, Dr. Nagel, and my thanks to the member com-
panies of CSPP for the input they have provided throughout this project. And
please convey my personal gratitude to John Sculley for his personal support and
encouragement of this legislation as it has gone along.

Dr. NAGEL I will be happy to do just that. Thank you.
Senator GORE. I have many questions, as I know Senator Pressler does. But

we have one more witness, and it is one we have been looking forward to hearing.
Dr. John Wold, executive director with the Lilly Research Lab at Eli Lilly. And
you are accompanied, Dr. Wold, by Dr. Riaz Abdulla, head of supercomputer
applications and molecular design at Lilly. Dr. Wold, please proceed.

STATEMENT OF JOHN S. WOLD, EXECUTIVE DIRECTOR, LILLY
RESEARCH LABORATORIES, ELI LILLY AND COMPANY;
ACCOMPANIED BY RIAZ ABDULLA, MANAGER,
HIGH-PERFORMANCE COMPUTING PROGR kM

Dr. WOLD. Thank you, Mr. Chairman. Eli Lilly and Company is a global
corporation based in Indianapolis, Indiana, that applies advanccment in science
to basic human needs, health care, and nutrition. We compete in the pharmaceuti-
cal, medical devices, diagnostic product, and animal health products industries.

My responsibilities at Lilly include the company's high- performance com-
puting program. And with me, as you just alluded to, is my colleague, Dr. Riaz
Abdulla, who manages this program on a day-to-day basis, and is himself a
practicing supercomputer user.

I would be pleased to have this opportunity to present my company's views
about the importance of a national commitment to high-performance computing
and to a high-capacity network. I am sure that this subcommittee has heardit
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will hear much more in the futureabout the underlying technology required to
support the evolution of supercomputers and high-capacity networks.

It is important that you share computer technologists' excitement about their
visions of supercomputing systems. But I think it is also important that you share
the visions of a research-based institution like ours which have motivated us to
invest in supercomputers.

Long-term success in the research-based pharmaceutical industry depends on
one factor innovation. We must discover and develop cost-effective new
products that improve the quality of life and offer economic benefits to patients,
payors and society as a whole.

Pharmaceutical R&D has traditionally been a high-risk, complex, rime-con-
suming, and costly enterprise. Over the past half-decade, the research-based
pharmaceutical industry has experienced major changes. The rapid escalation of
R&D costs haL helped precipitate major structural changes in the sector of the
global economy in which the U.S. is an established leader.

An unprecedented wave of mergers, acquisitions, joint ventures, has :ed to
fewer, larger competitors. Competition in the research-based pharmaceutical
industry will only become more challenging during the 1990's and beyond.
Consequently, my company, Lilly, has evaluated many opportunities to reinforce
its capacity to innovate, to enhance its capacity to compete. Supercomputing is
a case in point.

Our supercomputing experience was initiated through our parmership with
the National Center for Supercomputing Applications at the Universit; of
Illinois, the NCSA. The NCSA ha:: prepared a video segment that describes our
involvement in their program. If we can run the vide-J, I will conclude my remarks
after the video.

[Video shown.]
Mr. Chairman, as you pointed out earlier, supercomputing has created a new

common language for research. In recent years, scientists have developed math-
ematical methods describing the realistic shape and motion of atoms in large
molecules, such as receptors or enzymes that exist in ihe human body. These
models are now emerging as important tools for scientists probing nk:w inves-
tigations into how potential drug candidates would likely affect these molecular
targets.

These mathematical descriptions are based on equations involving biPions of
numbers. Conventional computers take days or weeks to perform these calcula-
tions, but supercomputers can do this work in minutes or hours and permit
previously impossible calculations.

Graphic representations of the data serve as a new communications medium,
a new language for scientists. Teams of scientists can share the same visualized
image of how a specific chemical agent would likely affect the receptor in
question. They can quickly evaluate t.he probable effects of modifications in a
chemical. They can focus the painfully slow efforts required to synthesize and
test new agents on those compounds that appear to have the greatest potential.

Our experience to date suggests three interrelated advantages of high-perfor-
mance computing to our industry. These systems will speed up the identificat
of promising drug candidates. Supercomputing will enable our scientists to
design new drug candidates that they otherwise would not have even considered.

These systems will foster greater collaboration among scientists from various
disciplines who are involved in pharmaceutical research and development.
Supercomputer- generated graphic simulations help scientists with diverse
academic training to rhare the same vision of crucial data.
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And thirdly, these systems will encourage truly visionary exploration. Now,
st: crcomputers are motivating our scientists to ask "what if' more boldly than
ever before in helping them to quickly consider many possible answers to their
questions.

I want ta stress that supercomputing is only a tool. But it is a very powerful
scientific tool, a tool that will become all the more powerful with networking
capabilities. A high- capacity network will greatly facilitate the dynamic col-
laboration among scientists at different locations and often different institutions.
The network will help us optimize scarce scientific talent during a period when
we are almost certain to experience major shortfalls in availability of highly
trained scientists.

Finally, a hig,h-capacity network will help scientists raise questions that they
could never seriously ask before. In conclusion, I want to stress two points. We
believe that supercomputers in a Tuitional, high-capacity network are important
to our company, to our industry, and to the medical professional.. and patients
we serve. And we believe that high-performance comppting will play a crucial
role in the many technology-based industries and in the growth of national
economies that depend on these industries.

We strongly recommend the enactment of the High Performance Computing
Act of 1991 and thank you for this opportunity to share our thoughts with the
committee.

[The siatement follows:]

STATEMENT OF JOHN S. WOLD, PH.D., EXECUTIVE DIRECTOR. LILLY RESEARCH
LABORATORIES, Eli LILLY AND COMPANY

I am John S. Wold, an executive director of Lilly Research Laboratories, the research -and-
development division of Eli Lilly and Company. Lilly is a global corporation, based in Indianapolis,
Indiana, that applies advances in the life sciences, electronics, and materials sciences to basic human
needshealth care and nutrition. We canpete in the plharmacenical, medical-devices, diagnostic-
products, and animal-health-products industries.

My responsibilities at Lilly include the company's sijeruwnputing program. With me is my
colleague, Dr. Riaz Abdullawhan you just saw on videotape. Ritz manages this program on a
day-to-day basis. I'm indeed please:4 to have this opportunity to present my company's views about
the importance of a national canmument to prong ard to a supercanputing network.

I'm sure that this aubcommittee has d will hear much moreabout the underlying
technology required to support the evolution of superccnnputers and supercornputing networks. It's
impount, I believe, that you share computing technologists' excitement about their visions of
supercomputing systems, algorithms, and netwotts. But I believe it is just as important for you to
share the visions that IIKtivilie research-oriented initiations, like Lilly, to invest in supercomputers
and to encourage their scientists and engineers to use these systems. It's important for you to hear
superaxnputer users suppott S. 272.

Today, I'll uy to articulate two levels of aspirations we at Lilly have for our supercornputing
program: First, we believe that Lilly scientists will use these powerful new research tools to address
fundamaital research questions. Answers to these questions will help us develop more-selective,
more-specific drugs with greater efficacy and fewer side effects. These new medicines will represent
important new ;:roduits for ow company and support high quality, cost-effective health care for tens
of millions of p ople. Second, we believe that Lilly scientists will use these powerful new reseirch
tools to eipmdihe range d fundamental questions they can explore. They may even use these systems
to devise entirely new ways of conduaing =earth programs that probe the staggering complexity
of the human body.

In fact, supercomputing ritIMPIMIti a revolution. a new wave. a "paradigm shift" in the develop-
ment of modern technology. In th.: years ahead, scientists at Lilly and at other institutions will use
this exuaordinary research tool to do things that we simply cannot anticipate today. For instance, it's
unlikely that pioneers of molecular t;ology foresaw the applications of recombinant DNA technology
that have usfolded in the past 15 years or so.

Let's move, howexer, from the general to the specific. I'd like to discuss supercomputing in the
context off one wimy's decision making.

The investment by El Lilly and Gravelly of millions of dollars in supercomputing systems and
training was a very basic business decision. We believe that this technology will help us effectively
pursue our company" $ mission and meet its goais in sr ever-more challaiging envimnment. Today,
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I'll focus on cur pharmaceutical business. But many of the following points are also relevant to our

other businesses.
Long-tenn success in the research-based pharmaceutical industry depends on one factor: innova-

tion. We must discover and develop new products that address patients' unmet needs. We must

discover and develop cost-effective new products that offer economic benefits to patients, payors,

and society as a whole. Whenever possible, we must market innovative new products befom our

competitors do.
Innovation has never come easy in this industry. The diseases that afflict our species represent

some of the most daunting of all scientific mysteries. Consequently, pharmaceutical R&D has

traditicnally been a high- tisk... complex... time-consuming. and costly enterprise.

How risky is pharmaceutical R&D? Scientists generally evaluate thousands of compounds to

identify one that is sufficiently promising to merit development. Of every five drug candidates that

begin development, only one ultimately proves sufficiently safe and effective to warrant marketing.

The risk does not end there, however. A recent study by Professor Henry Grabowski, of Duke

University, showed that only 3 of 10 new pharmaceutical products introduced in the United States

during the 1970s actually generated any profits for the companies that developed them.

How complex is pharmaceutical R&D? Consider just some of the hurdles involved in the

evaluation of each potential pharmaceutical product that enters the development process: We must

complete scores of Laboratory tests that probe potential safety and efficacy. We must manage global

clinical tests of safetzmital efficacy that involve thousands of patients in a dozen or more countries.

We must formulate e forms of each produa that best dehver thc active ingredients to patients.

We must develop high-quality, cost-effective, environmentally sound manufacturing processes for

compounds that am often very complex chanical entities. We must prware mountains of research

data for submission to regulatory anhorities in countries around the World. For instance, one of OUT

recent submistions to the U.S. Food and Drug Administration involved 900,000 pages of data

assembled in well over 1,000 volumes.
How time-consuming am these complex R&D programs? Let's go step by step. It usually takes

several years to establish a discovery-msearch program in w' th scientiats begin to identify promising

compounds. It typically takes from 5 to 8 years for us to con la all the tests required to evaluate each

drug candidate. Then it takes another 3 to 4 years for regulatory authorities to consider a new drug

appticatice and appsove the marketing of the new product..

Consider this example. The Lilly product Prozac represents an important new treatment for

patients suffering from MA* depressive disonler. Although we introduced l'rozac to the U.S. medical

community in 1988, this innovative product carne firm a research program that began in the

mid 4960s. The bouom line is that discovery-research programs often take a total of two decades or

more to yield new products.
HOW costly am these long, complicated RAD programs? Last year, a Tufts University group

estimated that the discovery and development of a new pharmaceutical product during the 1980s

required an investment of sane $231 million i 1987 U.S. dollars.

That number is increasing rapidly. One mason is the ever-more meticulous safety testing of drug

candidates in humans. In the mid-1970s, for instance, clinical trials of the Lilly oral antibiotic Ceclor®

involved 1,400 patients. But recent clinical studies of our oral-antibiotic can-hdate Lorabid®

encompassed 10,000 patients. Clinical-trial costs constitute the largest portion of total drug-develop-

ment expensesand they have skyrocketed in recent years.

At Lilly, we believe that it va take $400million to develop each of our current drug candidates.

And those costs do not includethe expenses required to build manufacturing facilitiesexpenses that

can climb well into nine figures for hard-to-manufactum products.
Pharmaceutical R&D has become a 1,big science. " The R&D programs that yield new drugs need

the same kinds of teclmical, management, and rmancial commitment required to develop the most

imposing high technology productsincluding supercomputers themselves.

I want to mention another dimension of our business environment.. The research-based phar-

maceutical industry is tmusually competitil c and cosmopolitan. Historically, no single company has

held more than 5 percent of the global market. Based on sales, the 10 or 12 top-ranking companies

are very tightly clustered, compared with most industries. These companies art based in Prance,

Germany, Switzerland, and the United Kingdom, as well as in the United States.

I would like to note that many of our competitors abroaci are mammoth technology-based

corporations, such as Bayer, CIBA-GEIGY. Hoechst, Hoffman- La Roche, Imperial Chemical

Industries, and Sandoz. These are truly formidable firms With superb technical resources. Their

pharmaceutical operations tepresent relatively small portions of their total sales. By contrast, U.S.

pharmaceutical companies art, for the most part, smaller companies that have focused their resources

on human-health-cam innovation.
In this sornpaitive industry, the United Suites has an excellent record of innovation. For instance,

nearly half of the 60 new medicines that won global accepumce between 1975 and 1986 were

discovered by U.S.- based scientists. In addition, the pharmaceutical indusuy has consistently made

positive contributions tc this nation's trade bahnce. Over the past haff decade, however, the

research -based phm 112CCULical indusuy has experi nevi majorchanges. The rapid escalation of R&D

costs has helped preeipitau major structural chin ;es in a sector of the global economy wherc the
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United States is an established leader. An unprecedented wave of mergers, acquisitions, and joint
ventures has led to fewer, larger competiton. In several cases, foreign companies have assumed
control of U.S. firms.

Competition in the research-based phamiaceutical industry will only become more challeneng
during the 1990s and beyond. Consequently, Lilly has evaluated many opportunities to reinforce its
cabpprity to innovateto reinforce its

..
to oompete. Supemornputing is a case in point: We..,

I 'eve that these powerful systems will our scientists pursue innovation. We believe that these
systems will help us compete.

Now, let's move from business to scieace. Scientiats have long been frustrated in their efforts to
address the fundamental questions of pharmaceutical R&D. Only recently have we been able to begin
probing these questions. Vie've begun to mbe thei not through experimentation but through the
computational science of molecular mode. Prominent among these scientific priorities are the
following: The quantitative representation of interactions between drug candidates and drug targets,
especially receptors and enzymes. The process by which proteinhuge molecules that are fun-
damental to life---rue "folded" into distinct configurations through natural biological processes. The
properties that enable catalysts to facilitate essential chemical reactions required to produce phar-
maceutical products.

Today, I'd like to discuss the first of these challenges. I'll concentratean the interactico of drug
candidates with reCeptOri.

As you know, normal biological processesthe beating of the heart, the dotting of blood, the
processing of information by the braminvolve complex biochesnical chain reactions, sometimes
referred to as '4cascades."

I..et me give you an ex , e. During these chain reactions, natural substances in the body cause
certain substances in the y to produce other molecules, which, in turn, cause either the next
biochemical step in the cascade or a specific response by an otgan or tissuea movement, a thought,
the secretion of a hormone.

Over the years, scientists have found that disease often occun when there is either too much or
too little of a key molecule in one of these biological cascades. As a result, research groups are studying
these chain reactions, which are fundamental to life itself.

The natural substances involved in these processes link with, or bind to, large molecules, called
receptors, which art located on the surfaces of cells. We often use this analogy: a natural substance
fits IMO a r, much like a key fits into a lock. Many scientists at Lillyat all research-based
pharmacerticedtocompaniesare focusing their studies on reoepton involved in a host of diseases,
ranging from depression and anxiety to heart snack and stroke. Their goal is to better understand these
locks and then to design and to syMhesize chemical keys that fit into them.

In some cases, we want to design chemical agents that activate the receptor and stimulate a
biochemical event. Compounds called agonin serve as keys that open the locks. In other cases, we
want to synthesize chemical agents that block the mceptor and stcp a natural substance from binding
to the receptor. These compounds, called antagonists, prevent the biological locks from working.

Unfortunately, this drug-design proms is flaught with problems Most importantly, receptors am
not typical locks. They are complex proteins composed of thousands of atoms. Moreover, they are in
constant, high-speed motion within the body's natural aqueous environment.

This brings us to one of the most promising applications clf supercomputing technology. Mathe-
maticians can formulate equations that describe vimially anything we experience or imagine: the
soft-drink can on your desk or the motion of the liquid in that can as you gently swirl it during a
telephone conversation. Bach can be expressed in numbers.

Of course, those examples are relatively simple. But scientists can also develop equations that
describe the remarkable ccrnplexity of meteorological phenomonena... geological formations.. .and
key molecules involved in the body's natural processea. In recent years, they have developed
mathematical models describing the =link motionthe bending, rotation, and vibrationof
chemical bonds in large molecules, such as receptors. These models are emerging as important tools
for scientists probing how potential drug candidates would likely affect the target receptors.

These mathematical descriptions are based on equations involving billions of numbers. Conven-
tional computers take days, weeks, or even Icager to perform related calculations. But supercomputers
do this work in fractions of a second. A second computer then translates the results into graiinc
representations on a terminal screen.

These graphic representations can serve as * new conununications mediumand new "lan-
guage"for scientists. Teams of scientists can share the same visualized image of how -... specific
chemical agent would likely affect the receptor in question. Theycan quickly evaluate the probable
effects of modifications in the chemical. They can generate entirely new ideasand analyze them.
They can focus the painfully slow efforts tequired to synthesize and test compounds on those agents
that appear to have genuine potential.

Supercomputen enable scientists to see what no one else has seen. Historically, technical
breakthroughs that have dramatically expanded the range of human perceptionfrom early telescopes
and microscopes to modem cyclotrons and electron microscopeshave enabled the research com-
munity to make landmark discoveries, develop revolutionary mventions, and pioneer new academic
disciplines. We have every MUM to believe that supercomputingcan do the same.
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Now, let's return to the Lilly experience. Several years ago, the interest in supercomputing began

to grow at Lilly Research Laboratories. We considered a number of ways to evaluate this research

tooL Obviously, supercomputers don't do anything by themselves. They would only be relevant to

our mission and our goals if Lilly scientists actively and creatively embraced them. We had to see

whether our biologists, chemists, and phannacologisu could really apply those graphic repre-

sentations of receptors and enzymes to real drug-discovery problems.
In January 1988, we took the first step: Lilly became an industrial partoerin the National Center

for Supercompuring Applicatiom (NA) at the University a Illinois. This opportunity to leam about

supercomputing afforded us by interacting with the NCSA proved to be an essential element in our

supemomputing decision. Many of our scientisu were indeed interested in learning how to use

supercomputers. Many of them quickly began to apply the systems to their work.

In April 1990, our supercomputing program took a great step forward with the installation of a

Cray 25-2/128 system at our central laboratories in Indianapolis. Lilly scientists are using the system

at a far greater rate than we expected. In the meantime, we've maintained our relationship with the

NCSA to ensure maximum support for our program and to keep abreastof new developments in the

field.
Our exmience to date sugsesu three interrelated advantages of supercotnputing that we believe

will make Lilly even more oimpetitive in the years ahead. We believe these systems will speed up

the identification of promising drugcandidates. Supescomputing will enable Lilly scientists to design

new drug candidates that they otherwise would nothave even considered. Supercomputing may well

cut days, weeks, even months from the overall process required to identify novel compounds. We

believe these systems will foster gmas collaboration among scientists from various disctplines who

are involved in pharmaceutical R&D. Productive research in our industry increasingly depends on

teamwork. Supercompner-generated graphic simulations help Wientisti with diverse academic

training to share the same vision of crucial data. Again, these visual images become a COMMOn

language for scientists with diffetent academic training.
Moreover, supercomputing will make these multidisciplinary research efforts more spontaneous,

energetic, and intense. In the past, car research was a step-by-step process in which long periods often

separated the fommlatiou of ideas from experiments required to test those ideas. But supercomputing

helps teams of scientists integrate their ideas and tests into a dynamic, interactive process. These

systems facilitate the communication, emotivity, and decision making that art critical to productive

R&D programs. We believe these systems will encourage truly visionary exploration. A spirit of

unfettered inquiry drives scientifi,c progress. In the past, however, scientists were unable to test many

novel ideas because they didn't have sufficient computing pow .:r. Now, supercomputers are motivat-

ing our scientists to ask "what if?" moo boldly than ever beforeand to help them quickly consider

many possible answers to their questions.
It's especially interesting to watch scientists actually get familiar with supercomputing. A s you

know, good scientists are among the most independent people in any society. They respect goo

theories. But they demand empincAl data to support the theories. In six months, I've seen some pretry

tough-minded chemists move hoot skepticism to genuine enthusiasm for these systems. Moreover,

we clearly see that many of the very brightest young Ph.D.s coming out of graduate school are very

enthusiastic about this technology. Ow supercanputing capabilities have beccane arecruiting magnet.

I want to stress that superccuiputing is only one of a number of powerful new technologies that
research-based pharmaceutical companies are applying to their drug-discovery programs. But it's a

very powerful scientific toola tool that will become all the more powerful with networking

capabilities. A supercomputer network will greatly facilitate the dynamic collaboration among

scientists at different locationsoften different institutions. Lilly scientists are working with research

groups at universities and high teclmology companies around the world. A national supercomeuter

network would greatly enhance the effectiveness of joint efforts with cur colleagues at the University

of Michigan or the University of Washington at Seattle, for example. A supercomputer network will

help us optimize scarcescientific talent during a period when we're almost certain tc experience major

shortfalls in the availability of Ph.D.-level scientists. I would go so far as to suggest that the

visualization capabilities of supercomputing may actually help attract mote of the best and the

brightest into the sciencesthis at a IMIC when key industries in the U.S. economy desperately need

such talent. Fin,dly, I can't overemphasize that a supercomputing network will help scientists ask

questions whose answers they could never seriously pursue befote. Tens of thousands of our best

thinkers will fmd applications for this technology that will totally outstrip any predictions that we

venture today. Supercomputing represents a revolution.., a new wave.., a paradigm shift in the

development of modem technology.
In conclusion, I want to stress two points. We believe that supercomputers and a national

supercomputing network are important to our company, to our industry, and to the medical profes-

sionals and patients we serve. We believe that supereamputing will play a crucial role in many
technology-based industries and in the growth of national economies that depend on these industries.

Again, we strongly recommend the enacunent of S. 272.
Thank you.
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Senator GORE. Thank you very much.
Senator Pressler will have to depart for mother committee hearing, and I want

to recognize him first.
Senator PRESSLER. Thank you very much, Mr. Chairman. I just want to ask

one question of the panel, if I may. And that is, is the current fiber-optic
infrastructure sufficient to handle supercomputer network envisaged in S. 272 or
envisaged in the administration's proposal?

I do not think it is. But the question is how do we get the fiber-optic
infrastructure? How do we accomplish that? Some people say we let the
telephone companies, the regional telephone companies into cable TV, and they
will do it, so they say. Others say we require the cable TV companies to start
laying fiber optics rather than copper.

And I guess a second question to that, and might be addressed to Mr. Gray, is
what type of user or consumer demand needs to occur before private companies
like yours will begin to connect homes and small businesses with fiber optics to
the supercomputer network?

So, in other words, the underlying question, and some of you want to think
about it a little bit more, but I think that is a basic question. I am working on that
in the communications subcommittee anci some other legislation that is related
to this. How do we get the fiber-optic infrastructure to support this?

Mr. GRAY. I will try a first shot at some of that. It certainly will not be all
inclusive. But certainly we as a carrier, as well as our competitors, the more
evident it becomes to us and the greater the probability there is for applications
of the type that we are talking about here, and a large user base to be established.

And frankly, that is what I see this initiative really precipitating. It becomes
a coalescing force to bring those things together. We as individual members of
the industry cannot bring all that together, we cannot get the computer industry,
the users, academia, we cannot pull them together.

What you are proposing here does begin to coalesce those forces and bring
some focus, and at least provide some, some perspective on our part that this
could happen, as a private industry. Therefore it gives us the incentive to divert
and to reorganize priorities to shift our investment toward these kind of
capabilities.

And within the industry, we have worlo-d with the exchange carriers; we are
very dependent on them to extending the capabilities of our network to their users .
And more and more competitive forces are at work there, because we do have
optic.as other than the exchange carriers to get to our customers.

So there are fairly powerful marketing influences that can drive this, providing
there is a, the infrastructure provided by the Government to fund and seed some
of this, and provide the stimuli to make those things happen.

Dr. NAGEL. It may well be that the, that the political regulatory and problems
of that category far outweigh the difficulties of getting the technical infrastructure
in place. I think even from the limited look we have taken at this so far, the
technical problems are very minimal relative to the problems that we have just
talked about, getting people together to work on something like this.

Dr. ABDULLA. Senator Pressler, as a user, I would like to very directly state
that the answer to your first question is no, the existing infrastructure is not
sufficient. And what the proposals that we have heard today really tell us about
is a paradigm shift.

You are talking about the difference between a teleprinter and a telephone. It
is going to completely change the way we do things.

Senator PRESSLER. I think we have got a big job to get that fiber-optic
infrastructure built somehow. It is like wiring the Nation, and we have to find a
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way to do it. The big telephone companies say they can do it, but they will only

do it if we let them get in the cable TV business, stuff like that.
We have to find a way, and then we have to fmd a way that everybody has

access to use, it is kind of like a gas pipeline; people will have a right to have

access to that fiber-optics cable somehow. And if one company controls it or

something, or does not let other people use it, the wholeit is a very difficult
problem, as I see it.

So this whole supercomputing thing is great. But I see this fiber-optic

infrastructure thing as a very great problem we have to solve. And I do notreally

have all the answers; I am working on some legislation thatI hope will solve part

of it. But any of you, if you think of any great ideas as you ride the train home,

tell me.
Senator GORE. If I could supplement this for the record, let me just offer my

2 cents' worth on this, I have supported the entry of telephone companies into

the cable television business, but that is an extremely controversial proposal
which may not, in the end, pass.

I do believe that the measures included in this legislation will result in the

unleashing of forces which will inevitably lead to the wiring of the Nation. In

fact, the fiber-optic capacity which is already in place is adequate for the long

distance links, provided we make available the new switches, the new software,

and the new algorithms, which will upgrade the capacity of the existing fibers

without requiring the placement of new fibers in the ground or on the poles.

Leaving aside the software, switches, and algorithms, the inadequacy of the

fiber network itself ismainly in what is called the last mile, from the last switching

station to the home. It is for that reason that I have supported the entry of the

telcos into the cable market.
But let us assume that that does not happen in the near term. I believe very

deeply that once the backbone network is in place, we will witness the emergence

of a new generation of information services, a new generation of ways to

configure information to make it understandable to people, that we will unleash

enormous demand for access to that backbone network.
There will be a new set of fmancial incenves to encourage people to provide

that last mile. There will also be the ongoing efforts of ANS, just to name one,

which is a not-for-profit corporation, one of several that will be active in rapidly

expanding the reach of the backbone network.
Just as the interstate highway system led to initiatives by States and cities and

even private turnpike authorities to connect to the interstate highway system with

new, four-lane limited-access roads that were not part of the federal system, as

it was initially designed. So this backbone network will quickly, in some cases

even simultaneously, lead to the completion of access links, which will themsel-

ves encourage access links.
Just as arteries and capillaries are related on down, I think there will be a

growing network, a growing network, with lines going to more and more people.

What we have now is a chicken-and-egg problem. The market place is not

perceiving the demand for these new information services because the network

is not there to deliver them. The market is not perceiving the demand for the

network to deliver them because the new services are not yet there. Once that
chicken-and-egg conundrum is overcome, then we will have a new system of
supply and we will be in a new reality. The demand for these new services, I

think, will drive the forces that will encourage the market to complete the national

network.

S 9
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Now, I believe that is a realistic vision. But just in case, I also support the
entry of telcos into CATV, and I will look forward to working or. my other
proposals that people have to address that.

Dr. LANGENBERG. Mr. Chairman, I might be able to provide some support for
that view on a relatively small scale. There is a generic type of community that
tends to run from 20,000, perhaps to 40,000 population, that contains an unusual-
ly high proportion of serious users of computing facilities. It is called a university.

And one after another over the past decade or so, I have watched universities
all across the country, provide fiber-optic backbones for themselves. There is a
very complex kind of drive for that effort, but it is partly demand, it is partly
based on leadership of university officials who can see the future coming and
who want to be prepared to hook into it, once it is here, as a part of maintaining
that institution's competitive edge. And it is partly push, partly pull, but it does
work.

Senator GoRE. To use another example, the state of Tennessee Public Service
Commission has already embarked on a very ambitious plan to provide high-per-
formance networking to virtually the entire State in anticipation of the comple-
tion of the backbone network.

I know that there am some other states that are doing the same thing. So I think
that it will happen, owe the network is there.

But let me say that we have a report on supercomputing in industry whi:b the
subcommittee requested from the U.S. General Accounting Office. We will
include this for the record.

We also have stmements for the record from the American Library Associa-
tion, the Computn Research Association, the Association of Research Libraries,
and other associations that have also provided statements for the record and they
will be included.

In general, these statements are extremely supportive of the legislation.
Just to pick up where I left off in my last comments. Dr. Nagel, you talked

about making this available to the rest of us, beyond the institutions. I was
thinking of the supply and demand forces that will be unleashed when I heard
your statement there, and I wanted to refer back to that.

Dr. Kalos, I enjoyed the videos that you showed there. How many industrial
partners use the Cornell facility?

Dr. KALOS. We have about 15 industrial partners.
Senator GORE. Are they concentrated in a few industries?
Dr. KALOS. No, they span many industries. I should also mention that our

major industrial partner is IBM, which is a well-known manufacturer of com-
puters of all kinds.

Senator GORE. I have heard of them.
Dr. KALOS. And when IBM decided to reenter the high- performance com-

puting arena, they did it in partnership with Cornell University. We have been
pioneers with IBM in conceiving, testing, shaking down certain aspects of their
supercomputing, and especially their parallel computing effort. That is a partner-
ship that will continue as IBM enters the highly parallel computing arena

Senator GORE. Now, I understand that Cornell nms a program called Super-
quest to give high school students access cupercomputers. How does that
work?

Dr. KALOS. Well, we run a national competition; we announce to schools
around the Nation that this program is available. Teams at high schools submit
ideas for scientific investigation that requires supercomputing for its accomplish-
ment. The proposals are evaluated by a group of independent reviewers, and the
winners come to Cornell. Their prize is 3 weeks in Ithaca where they are provided

0
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with pizza, softball, and access to high-performance computing, among other
essential parts of life.

The winners are chosen on the basis of the merit and creativity of the research.
Some have made videos. I myself had the privilege of introducing the two
winners in Gainesville, Florida, and each gave a talk about research that I found
interesting and original.

One had to do with surgical treatment for stratismus, crossed eyes. And I
thought it was quite original. And another, in fact, was research in my own area,
which is stochastic simulation. I found that extremely interesting. So I was a little
overwhelmed by the quality of these students. And this program continues, and
in fact is being broadened this year with the participation of other state and
national centers.

Senator GORE. Am I wrong that relatively few U.S. companies seem to be
using supercomputers compared to what the potential would appear to be?

Dr. KALOS. Compared to the potential, yes, I think that is absolutely correct.
Senator GORE. Why is that?
Dr. KALOS. Well, I think that there are a number of issues; perhaps our

colleagues from Lilly could speak better to this. I think fffst of all, the role of
computational modeling in science is a relatively new development. The recog-
nition by scientists is complementary to what they have learned

Senator GORE. Inductive and deductive reasoning.
Dr. Kaws. Exactly so. The idea that this is another way of doing science that

sheds valuable information, it is a way of connecting to the knowledge they
already have. This is relatively new. In addition, of course, new techniques have
to be learned.

First of all, the basic techniques of mathematical representation of the
problems at hand, the translation of that into correct and efficient computer
algorithms, the realization and testing on computers of all kinds, and the realiza-
tion and testing especially on supercomputers.

So these are a number of new challenges that scientists face everywhere, and
I think that, as the applications grow throughout the country, as our young
scientists are trained in computational science almost as a matter of course, that
industry will very naturally take this up.

Senator GORE. Dr. Wold.
Dr. Wow. I can say that, certainly in our case, our entry into supercomputing

would have been clearly impossible without the national center at the University
of Illinois. That was our introduction. We felt it was quite a leap of faith to get
involved even to that level; we had not even considered at that time purchasbg
our own supercomputer.

Our usage of supercomputing time at the national center, as well as OUT own
usage after we fmally got our supercomputer, has, in every case, exceeded our
expectations; in fact, it exceeded our ability to plan for it.

So once the tool was there, the utilization just increased dramatically. The key
is to get that first opportunity into any researcher's hands to see what can be done.

Senator GORE. Do you work with Larry Smart at Champaign- Urbana?
Dr. Wow. We certainly do, yes.
Senator GORE. Now, geographically, you are about, what, 50 to 100 miles

from there?
Dr. Wow. It is about 120 miles, yes.
Senator GORE. 120 miles. Do you have to go to his center still? Or do you

have a link?
Dr. WOLF). We do have a link. But perhaps I could have Dr. Abdulla address

that, since he drove that 120 miles many times.
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Dr. ABDULLA. Senator Gore, we have, and continue to have an important
program at the National Center for Supercomputing Applications. When we
started off, obviously our people had to go to the center where they learned all
of the differtnt kinds of technologies that Larry Smart had over there. There was
a tremendous commitment to new hardware, to work stations, to networks, to
software, and to new algorithms.

We have educational' programs that are ongoing, even to this day. We call
them FOCUS. So we expose, in very tight-knit workshops, our staff to the latest
in supercomputing technology. Our staff goes through training sessions, and
returns to an environment which is very similar to the NCSA.

And if you remember Jack War lton's talk in Washington, DC, when he talked
about the stages of change, one of the things he said was that until somebody
establishes a gatepost, there is not going to be any diffusion.

So we are at that state now; we have established gate posts. And people are
saying, "if it works for rme scientist, let us try it with our problem." And then
the method diffuses, until finally you bring about a complete revolution in the
way you do things. So it is a process.

Senator GORE. In parallel.
Dr. ABDULLA. Yes. It is a process rather than an event. And it is happening

because of all of these infrastructure- related items that we talked about.
Senator GORE. Am I wrong that Japanese companies seem to be relative:y

more willing to explore the potential of supercomputing?
Dr. NAGEL. Well, I was going to comment. I thinkand I do not necessarily

have the data to support this assertionbut I think that what, one of the things
that you will find is that the use of high-performance computing in industry is
jointly, is really a function of how competitive the industry is, or how competitive
the people in the industry are.

And one of the things that we know about the Japanese is that they are very,
very competitive, and effectively so. So I think even in the U.S., you will find
those industries which are the most competitive, and are, you know, frantically
searching for ways of getting a sustainable competitive advantage, will be using
advanced techniques like supercomputers and high-performance computing
networks and so forth, because they will give that advantage and they will, you
know, make that initial threshold jump to get over the diffic

Senator GoRE. I think the testimony of a witness from Cray last year indicated
that one-third of U.S. supercomputers are in industry; two-thirds of Japanese
supercomputers are in industry. That does not clash with the impressions that you
all have, does it? All right.

Mr. GRAY. Mr. Chairman, could I elaborate on that point just for a moment?
Senator GORE. Please.
Mr. GRAY. We happen to be well aware, through all of our international

negotiations and dealings, that your Japanese have got very ambitious programs
for upgrading their networks for deploying fiber in a very ubiquitous fashion.

They are currently purchasing advanced technological switching capability
that would support multi-gigabit networks and this kind of thing, and have every
evidence they will be deploying this technology and is capable of, within the next
2 to 3 years.

Senator GORE. Well, there is no question about that. We have by most
estimates about an 18-month lead over the Japanese in network technology. But
if we choose not to exploit it, we will lose it in about 18 months because they are
not standing still at all.

Dr. NAGEL. I would like to make, if I might, just one more comment on this
business of networking, going beyond just institutional support. I think one of
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the sometimes unappreciated consequences of setting a goal that we are going to

move beyond sophisticated users, as Dr. Langenberg mentioned you find in the

universities, to people that are not necessary sophisticated in the use of network-

ing and computers, is that it will force us to make them easier to use, and therefore

the barriers to use in industry and in education and everywhere else, will be, you

know, reduced greatly.
And that is really one of the, you know, it is still a fairly arcane business to

use high-performance computing and to use our Internet and the various range

of networks that we have available in this country.

Senator GORE. But that is improving because the user interfaces are becoming

a lot friendlier and the costs are coming down dramatically. One estimate given

to the subcommittee was that a supercomputer which costs between $10 million

and $20 million today will almost certainly with 5 years be in the $400,000 to

$500,000 range.
If that is the case, then, and if simultaneously the cue of use improves

dramatically, we will see a sudden sharpening of this conflict between data

processing capability, on the one hand, and our ability as a nation tocommunicate

over our existing communications lines, the visualization of information and

packages of data that we need to convey in order to communicate with each other.

Dr. Ka los?
Dr. /CAWS. Mr. Chairman, I would like to amplify somewhat on the issue of

the contribution, in particular of high-performance networking to industrial

productivity. I would like to call your attention to a joint program of the Xerox

Corporation and the Cornell Theory Center, which they call the Xerox Design

Research Institute.
That is a very broad-based program which is concerned with what it takes to

bring better products more quickly to market. It concerns simulation and model-

ing on the supercomputers, but much more than that. For example, one of the

issues is the product history and how one learns from previous products how to

design better ones.
Another issue is that Xerox, like many other companies, is spread all over the

country. And for people in Parc, in Palo Alto, to collaborate with people in

Webster, near Rochester, to collaborate with people in their laboratoty in

Tarrytown, New York, and design betterproducts that are more manufacturable,

that are more maintainable requires a collaboration at great length.

They are very concerned about their ability to communicate, not only the

results of supercomputer calculations, but the results of many other ideas and

records. I consider that also important, and I believe that the present bill will

contribute to productivity very much.
Senator GORE. In what Bill Wulf again has called a "co-laborator

Dr. KALOS. Exactly.
Senator GORE. And I might just note for the record, while we are talking about

industry, that until quite recently, Toyota had more supercomputers than Ford,

GM and Chrysler combined.
Dr. Wold, could you name any products that Lilly ha:: heen able to develop

that might not have been possible in this time frame without supercomputing?

Dr. Wow. I certainly wish I could. 3ut our business is a very long-term

business in terms of research. It takes 10 years after the discovery. The super-

computer impacts the discovery phase of research, so if and when we have a

compound, a new drug that can be linked to the supercomputer, it will be a

number of years in the future.
I feel, however, that when thatday does come, we probably will not remember

or notice that it was discovered by the supercomputer, that computational
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sciences will have been woven into the fabric of research such that it Nill no
longer be remarkable.

Senator GORE. I have a number of questions which I may have to ask for the
record because we are running out of time. But Mr. Gray, one of the goals of S.
272 is to provide a catalyst for development of the extensions of the network by
the private sector, as I was saying earlier.

We want the technology developed under this bill put to use by commercial
network providers so that every office and home will have access to the infor-
mation resources available on the NR.EN. It is my view that this is a unique
challenge, namely, adding to fiber already in place new switches and software
and algorithms which will vastly upgrade the capacity of the fiber.

And since other fiber not dedicated to this national network is also there, the
discovery of the new switches, et cetera, will present the possibility of making
them quickly available for private fiber, so that the network can be very, very
quickly expanded. It will also serve as a sort of national demonstration project,
showing what is possible with a national gigabit network, and proving that a
commercial market exists for such services.

One thing that might clearly hinder development of commercial, high-speed
networks would be if the federal government ran the NREN in a way that
competed directly with the private sector, and set up an unnecessary conflict.

S. 272 states clearly that the NREN and I am quoting here from the bill, "will
be phased into commercial operation as commercial networks can meet the
networking needs of American researchers and educators."

Is that consistent with your vision of where the NREN plan ought to be
headed?

Mr. GRAY. Well, that is not, not totally clear to us. The objectives as articulated
in the legislation are clear; what is a little unclear at the moment is how we, how
that path will evolve and how that plan will play itself out.

And the point I raise is that we would like to feel certain we have a role to
play in our participation to ensure that the initial plan on the road map that is
ultimately put in place and followed will assure some evolution or some, at least
not exclude public network opportunities to support and provide those services.

Senator GORE. Well, I rilise this question now, so as to reassert for the record
of this hearing, as I have in other hearings, the el= intent of the sponsors of the
bill and the advocates of the whole project, to make that work.

And even, we, like you, do not yet know how to dot every I or cross very T.
I want you to know that that is clearly our intention and that is the way it is going
to happen.

NSF seems now to be able to let the private sector provide networking services
when that makes sense. They have contracted with your company, with com-
panies like MCI and ANS and regional networks to run NSFNET. Do you think
that NSF is presently taking the right approach?

Mr. GRAY. From what we see and what our experience has been, yes.
Senator GORE. Okay. Well, at least we have a model to work with. It may

need refinement; it may need modification. But we have the intent, we have the
model, we have the working relationship with the companies involved. So that
is a good place to start.

Suppose we did not pass S. 272. Suppose the money was not appropriated.
Suppose there was no Federal leadership in gigabit networking. How long would
it take for the private sector to start providing gigabit networking services on its
own?

Mr. GRAY. Well, I could only speculate on that. I would certainly think it is
in the 5-year time frame or beyond. And I think the more serious issue is whether
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or not the process would optimize the capability. I think what you are suggesting

there would probably create a scenario where there would be test bids developed

or individual applications develop one by one, and directed and designed and
participated in by a variety of participants.

And while you were setting down, you would probably have a piecework of
applications and standards, and you would have a number of potential network

services out there that could possibly never inter-operate with one another. I think

that is the bigger danger over time.
Senator GORE. Can you estimate what the U.S. would lose if we do not build

a gigabit network? Or if we do not have one, that can be used in a coherent

fashion?
Mr. GRAY. It would be kind of hard to estimate something like that. I would

not even want to take a stab at that after the kind of figures that Dr. Bromley

threw around.
Senator GORE. Yeah. We could just say, maybe we could just agree that it

would be a lot. I really wish that we had more time to explore each of these

questions with follow-ups.
I want to express my gratitude to Chairman Hollings of the full corm -ittee

and Senator Danforth for their support and encouragement on this whole matter.
And I appreciate all our witnesses here today. And I think I speak for most of my

colleagues on the commiuee in saying thatmost, if not all, because it passed
unanimousiy last timein saying that we are going to move expeditiously and

get this done. We appreciate your help today. Thank you.
[Whereupon, at 5:05 p.m., the hearing was adjourned.]
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STATEMENT OF JACK L BROCK, JR., DIRECTOR, GOVERNMENT INFORMATION AND
FINANCIAL MANAGEMENT ISSUES, INFORMATION MANAGEMENT AND TECHNO L-
OGY DIVISION,GAO

Messrs. Chairman and Members of the Committee and Subccenmittee: I am pleased to submit
this statement for the record, as pan of the Committee's hearing on the proposed High Performance
Computing Act of 1991. The information contained in this statement ref 1eu the wort, that GAO has
conducted to date on Us review of how industries are using supercomputers to improve productivity,
reduce costs, and develop new products. At your request, this work has focused on four specific
industries-oil, aerospace, automobile, and pharmaceutical/chemicaland was limited to determining
how these industries t te supercomputen and to citing izported benefits.

We developed this material through an extensive review of published documents and through
interviews with knowledgeable representatives within the selected industries. In some cases our
access to proprietary information was ,estricted. Since this stetement for the record reports on work
still in progress, it may not fully characterize industry use of supercomptners, or the full benefits likely
to accrue from such use.

BACKGROUND

A supercomputer, by its most basic definition, is the most powerful computer available at a given
time. While the term superccmputer does not mfer to a particular design or type of computer, the
basic design philosophy emphasize:: vector or parallel processing, aimed at achieving high levels of
calculation very rapidly. Current supercomputers, ranging in cost frorn S 1 million to S30 million, are
capable of performing hundreds of millions or even billions of calculations each second. Computa-
tions requiring many hours or days on more conventional computers may be accomplished in a few
minutes or seconds on a supercomputer.

The unique computational power of supercomputers makes it possible to find solutions to critical
scientific and engineering problems that cannot be dealt with satisfactorily by theoretical, analytical,
or experimental means. Scientists and engineers in many fields-including aernspace, petroleum
exploration, automobile design and testing, chemistry, materials science, andelectronicsemphasize
the value of supercomputers in solving complex problems. Much of thiswork centers amund scientific
visualization, a technique allowing researchers to plotmasses of raw data in three dimensions to create
visual images of objects or systems under study. This enables researchers to model abstract data,
allowing them to "see and thus comptehend more readily what the data reveal.

While still relatively limite0 in use, the number of supercomputers has risen dramatically over
the Last decade Ir. the early 1980s, most of the 20 to 30 supercomputers in existence were operated
by government agencies for such purposes as weapons research arid weather modeling. Today about
280 supercomputess are in use worldwide. Government (including defense-related indu stry) remain
the largest user, although private industry has been the fastest growing user segment for the past few
years and is projected to remain so.

The inc..1stries we are examining enjoy a reputation for using supercomptners to solve complex
problems for which solutions might othawise be unattainable. Additionally, they represent the largest
group of supercomputer users. Over one-half of the 280 supercomputers in operation are being used
for oil exploration; aerospace modeling, testing, and development; automotive testing and design;
and chemical and pharmaceutical applications.

THE OK INDUS1RY

The oil indusuy uses supercomputers to better determine the location of oil reservoirs and co
maximize the recovery of oil from those reservoirs. Such applications have become increasingly
important because of the low probability of discovering large oil fields in the continental United
States. New oil fields are often MAIL hard to find, and located in harsh environments making
exploration and production difficult. The oil industry uses two key supercomputer applications,
seismic data processing and reservoir simulation, to aid in oil exploration and production. Thes:
applications have saved money and increased oil production.

I Vector proem/sing provides the capability ofoperating on arra ys, or vectors, of ihformation simultaneously.
With parallel processing, multiple pasta of a program are executed concurrently. Massively parallel supercomputers
are currently defmed as those having oves l .000 processors.

2 This figure includes only high-end supercomputers such AI those manufactured by Cray Research, Inc.
Including International Business Machines (IBM)mainframes with vector facilities would about double this number.
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Seismic data processing increases the prOability ci determining where oil reservoirs are lcrated
by analyzing large volumes of seismic data ' and producing two- and three dimensional images of
subsurface geology. Through the study of these images, geologists can better undentand the
characteristics of the area, and determine the probability of oil bemg present. More accurately locating
oil reservoirs is importam because the average cost of drilling a well is unmated at about 58. 5 million
and can reach as high as $50 million. Under the best of carcumnances, most test wells do not result
in enough oil to make drilling cost-effective. Thus, avoiding drilling one dry well can save millions
of dollen. The industry reptesentatives who agreed to share cost estimates with us said that
supercomputer use in seisnuc data processing rWums the number of dry wells drilled by about 10
percent, at a savings of hundreds of millions of dollars over the last 5 years.

Reservoir simulation is used to increase the amount ci cel that can be extracted from a reservoir.
Petroleum mservoirs are accumulations of cil, water, and gas within the pores of rocks, located up to
several miles beneath the earth's surface. Reservoir modeling predicts the flow of fluids in a reservoir
so geologists can better determine how oil should be extracted. Atlantic Richfield and Company
(ARCO) representatives estimate that reservoir thnulation used for the oil field at Prudhoe Bay,
Alaskathe largest in production in the United Stateshas resulted in increased oil production worth
billices of dollars.

THE AEROSPACE INDUSTRY

EnOneers and researchers also use supercomputers to design, develop, and test aerospace vehicles
and mkted equipment. In particular, computational fluid dynamics, which is dependent upon
supercompuung, enaties enpneers to simulate the flow of air and fluid around proposed design shapes
and then modify designs accordingly. The simulations performed using this application are valuable
in eliminatir scaw of the traditional wind tunnel tests used in evaluating the aerodynamics of
airplanes. Wiwi nmnels are expensive to build and maintain, sequire costly constniction of physical
models, and cannot reliably detect certain airflow phenomena. Supercomputer-based design has thus
mulled in significant time and cost savings, as well as better designs, for the aerospace industry.

Lockheed Aerospace used computational fluid dynamics on a supercomputer to develop a
computer model of the Advanced Tactical Fighter for the U.S. Air Force. By using this approach,
Lockheed was able to display a full-vehicle computer model of the fighter after approximately 5 hours
of supercomputer processing time. This approach allowed Lodcheed to reduce the amount of
wind-tunnel testing by 80 hours, resulting in savings of about half a million dollars.

The Boeing Aircraft Company used a Cray 15-2000 supercomcnter to redesign the 17-year old
737-200 aircraft in the early 1980s. Aiming to creole a mom fuel-eifident plane, Boeing decided to
make the body denim longer and replace the engines with larger but mom efficient models. To
determine the appropriate plea-newt of these new engines, Boeing used the supercomputer to simulate
a wind-uumel test. The results of this simulationwhich were much more detailed than would have
been available from an actual wind-tunnel testallowed the engineers to solve the engine placement
problem and create a mc. fuel-efficient aircraft.

ThE AITIDMOBILE INDUSIRY

Automobile manufacturers have bten uring supercomputers increasingly since 1985 as a design
tool to make cars safer, lighter, more economical, and better built. Further, the use of supercomputers
has allowed the automobile industry to achieve these design improve/tido at significant savings.

One supercomputer application receiving increasing interest is automobile crash-simulation. To
meet federally mandated crash- worthiness requimments, the automobile industry crashes large
numbers of pre vehicles headon at 30 miles per hour into rigid barriers. Vehicles for such
tests can opstfrg:$7,1300 to $750,000 each. Crash simulation using supercomputers provides more
precise engineering information, however, than is typically available from actually crashing vehicles.
In addition, using supenomputers to perform this type of stnictural analysis *educes the number of
actual crash tests required by 20 to 30 percent, saving the compuies millions of dollars each year.
Simulations such as this were not practical prior to the development of vector supercornputing because
of the volume and complexity of data involved.

Automobile companies credit supemamputers with improving automobile design in other ways
as well. For exemple, Chrysler Corporation engineers use linear analysis and weight optimization
software on a Cray X-MP supercanputer to improve the design of its vehicles. The resulting
designswhich, according to a Chrysler representative, would not have been practical without a
supercomputerwill allow Chrysler to achieve an annual reduction of about $3 million in the cost
of raw materials for manufacturing its automobiles. In addirion, one automobile's body was made 10
percent more rigid (which will improve ride and handling) and 11 percent lighter (which will improve
fuel efficiency). According to the Chrysler representative, this is typical of improvements that are
being achieved through the use of its supercomputer.

3 Seismic data are gathered by using 'amid-recording devices to measure the speed at which vibrations travel
through the earth.
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CHEMICAL AND FlIARMACEUTICAL INDUSTRIES

Supercomputers play a growing role in the chemical andpharmaceutical industries, ahhough their

use is still in its infancy. Fries computer-assisted molecular design to synthetic materials msearch,

companies in these fields increasingly rely on supercomputers to study critical design parameters and

more quickly and accurately interpret and refine experimental results. Industry representative told us

that., as a result, the use cif supercoinputing result in new discoveries that may not have been

possible otherwise.
The pharmaceutical industry is beginning to use supercomputers as a research tool in developing

new drugs. Development of a new drug may require up to 30.000 compounds being synthesized and

screened, at a cost of about S5,0(X) per synthesis. As such, up to $150 million, before clinical testing

and other costs, may be invested in discovering a new dmg, according to an E.I. du Pan de Nemours

and Company representative. Scientists can now eliminate some of this testing by using simulation

on a supercomputer. The sumoomputer analyzes and interprets complex data obtained horn ex-

perimental measurements. Then, using workstations, scientists can construct three dimensional

models of the large, complex human proteins and enzymes on the compner semen and rotate these

images to gain dues regarding biological activity and reactions to various potential drugs.

Compener simulations are also being used in the chemical industry to replace or enhance more

traditional laboratory measuremans. Du Pont is currently working to develop replacements for

chlorofluorocarbons, compounds used as cooing' for refrigerators and air conditioners, and as

cleansing agents for electronic equipment. These compounds are generally thought to contribute to

the ozone depletion of the atmosphere sad are being phased out. Du Pant is designing a new process

to produce substitute compounds in a safe and cost effective manner. These substitutes will be more

reactive in the atmosphere and subject to faster deoompusition. Du Pont is using a supercomputer to

calculate the thermodynamic data needed for developing the process. These calculations can be

completed by the supercornputer in a matter of days, at an approximate cost of $2.000 to $5.000.

Previously, such testsusing experimental measurements conducted in a laboratorywouldrequire

up to 3 months to conduct, at a cost of about $50,000. Both the cost and time required would

substantially limit the amount of testing date.
BARRIERS TO GREATER USE OP SUPERCOMPUTERS

These examples demonstrate the significant advantages in terms of cost savings, product improve-

ments, and competitive opportunity that can be realized through supemornputer use. However, such

use is still concentrated in only a few industries. Our industry contacts identified significant,

interrelated barriers that individually or collectively, limit more widespread use of supercomputers.

Cost. Supercomputers are expensive. A supercomputer's cost of between $I million and $30

million does not include the cost of software development, maintenance, or trained staff.

Cultural resistance. Simulation on supercornptners can not only reduce the physical testing,

measurement, and experimentation, but can provide information that cannot otherwise be attained.

For many scientists and managers this represents a dramatic break with past training, experience,

generally accepted methods, or common doctrine. For some, such a major shift in research methodol-

ogy is difficult to accept. These new methods are simply resisted or ignored.

Lek of application software. Supercomputers can be difficult to use. For many industry applica-

tions, reliable software has not yet bum developed. This is particularly tme for massively parallel

supercomputers.
Lack of trained scientists in supercomputing. Between 1970 and 1985, university students and

professors performed little of their msearch on supercomputers. For 15 years, industry hired students

from universities who did not bring supercomputmg skills and attitudes into their jobs. Now, as a

result, many high-level scientists, engineen, and managers in industry have little or no knowledge of

supercomputing.
In conclusion, our work to date suggests that the use of supercomputers has made substantial

contributions in key U.S. industries. While our statemem has referred to benefits related to cost

reduction and time savings, we believe that supercomputers will increasingly be used to gain

substantive competitive advantage. Supercomputun offei the potentialstill largely untapped-40

develop new and better products more quickly. This potential is just beginning to be explored, as are

way: around the barriers that prevent supercomputers from being more tally exploited.

STATEMENT OF THE COMPUTING RESEARCH ASSOCIATION

The Computing Research Association (CRA) is pleased to submit this written statement for the

record in support of S. 272, the High Performance Computing Act of 1991.

The membership of the CRA is millpond of Pgranting academic departments, as well as

industrial laboratories, that engage in basic and applied research in computer science, computer

engzneering, and computational science. Most major research Depertments in the U.S. and Canada

are members.
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First, the CRA would kite to thank Senator Gore and this Subconuninee for the strong interest
and support he has demonstrated over the years for both compiling research and reseateh computing.
Through authorizations, pattiodarly to NSF, and through a series of bills of whicn S. 272 is the latest,
he has continued to focus anemia' on what we consider to be a critical "ambling technology." CRA
strongly supports S. 272, particularly its recognition that basic research and human resource develop-
ment must accompany the more focused tedinology and infrutructure developnent.

nut =ion. MWORTA/401 OF MOH PERPORMANCScomnunno

Our support for this legislation and related initiatives is predicated on a set of observations which
we believe to be widely shared within the research community, government and industry.

1. Advanced canpuing and communication technologies are no longer just interesting new tools
for some limited clads of users, but are converging together to form a necessary digital information
infrastructure that will be basic to our soday-thraughout areas such as science and engineering,
manufacturing and commerce, government, and education.

High performance computer systems underpin much of science and engineering: from medical
imaging, to aerospace design, to the developnant of less environmentally toxic chemicals and
industrial processes. High pezformance computer systems lie at 'ihe heart of large research instruments
such as accelerators and telescopes, can:oiling thar operation, analyzing their performance, and
directing the flow of expemental data that the mstnanenn produce. -g-scale data base technology
is needed to stom and orianize the massive amounts of scientific information that comes from modem
research instruments. 4unulations allow us tom in the computer experiments that otherwise would
be too expensive, drengerous, time costuming, or even imposeible. Indeed, amputation is joining
experimentation wed mathematical imalysis as a basic new paradigm for how science is daue.

Many .ftext gum 'alien a.7._-_-.4:utericomnunication systems that provide necessary government
services-air control, nancial managamet and tax administration, law enforcement, and the delivery
of social benefits sud as health care and social security- will be enotmously complex and will require
new generations of aivanced teclitology to design, implement, and operate with efficiency, safety,
and reliability.

Information technology has become central to industrial growth. As an R&D tool, it underpins
innovation in the -called "high tech" induetrial sectors. It provides manufacturing forms with powerful
new tools foe design and production; and it has become basic to the operations of many information -
rich service sectom such as banding and

2. U.S. industry is facing increasingly"Xitint=ntional competition for information technology
products and services.

There are many reasons offered for this threat to traditional U.S. leadership in computers and
communication. Surely, it must in part stem from the strong economic growth and technical
sophistication of our competitors. It may also stem, in pan from some past softening of support for
research computing and computer science and engineenng, a softening that was drunatically pointed
out in the lax" repot published in 1983, that resulted in the establishment of the Advanced Scientific
Computing Program at NSF in the mid-1980's. And, we would also suggest that, to maintain our
competitive edge, we must depart a bit from "business as usual" in Federal support for R&D in certain
critical technologies.

1 Maintaining U.S. leadership in computing will require a major, coordinated Federal program,
sudi as that represented by S. 272, that balances tinological development and infrastructure
building with the requisite basic research and human resource development

Advances in high performance computing in the U.S. has always benefitted from a three-way
association between industrial developers, reseamh and engineering users, and basic computer
researchers. Leading-edge users are always pushing the state of the art, demanding better systems and
finding ways to get mom out of the systems they have in hand. Induitry attempts to create more
capable systems in response to these demands.

Basic researchers in computer science and engineering explore the frontiers of computation, trying
to better understand the fundamental computational nature of complex processes.

4. Basic Research is an important preiequisite to achieving the goals of any high performance
computing strategy.

Although they appear in different forms in different plans, three basic objectives underlie all high
performance mmatives-(1) advancing the performance state of the art in leading-edge computer
systems, (2) devekeping new and mote effedive applications of high peiformance computing to
science and engineering, and (3) building a network based information infrastructure for the research
and education =mutiny. Bach of these goals poses fundamental research questions.

Most mimputer researchers think that to realize substantially imitated computing power in the
future will tequim developing scalable, highly- parallel systems. To achieve this, we will need
research in such areas as ccmponents, packaging, and scaling concepts; computer-aided design and
praotyping tools; performance measurement and barchmarking, and the development and testing of
prat:Awe moans.

Many large-scale computer users am naturally concerned that a shift to radically different machine
architectures will cause them problems, since their current programs are highly tuned to existing
machines. Some, for that reason, argue for continued enhancement of perfonnance along mote
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traditional lines. Unforumately, mon computer experts, including those in industry, see a high degree

of parallelism in some form as the only feasible direction for design. Research that improves our

understanding of how to use new paralkl architectuses will be crucial to bringing these users onto

new generations of computers with as little disnytion as possible.
Important as basic research is, the CRA feels that it should be directly referenced in the legislation.

For example, in sectionS, part(S) basic reseatth should be explicitly identified as an area for agency

collaboration. Section 7, the "Roleof the National Science Foundation," should also explicitly identify

basic research as a key responsibility.
To develop new applications software for research will require advances in generic software for

tasks such as program parallelization, data management, visualization,and performance optimization.

Advances in algorithms for specific numerical tasks also will be required.
The infrastmcture, based on the gigabit network will also include a wide variety of computen,

data bases, softwate and services. Building the network, itself, will require basic research m data

communicadons ad switching systems. More research will be needed on the applications software

that will reside in the network ad support the research collaboration that will take place over it.

Finally, new and fundarnetual research questions and opponunities in such areas as complexity

theory, programming languages, algorithms, human-machine interface, and artificial intelligence will

be raised by the extraordinarily complex systems we will be building.
S. Benefits of the basic tesearch effort will reach far beyond the immediate goals of advancing

high-perfonnance computer technology and solving "Grand Challenge" research questions.

The history of ccrnputers shows that advances at the high-performance end of computer design

begin very quicKly to influence the main-frame and, evm, the lower end machines. We can expect

that, as we learn how to build and use highly parallel processors,main-frames, desk-top work stauons

and even personal computers will begin to incorporate these concepts.
Similarly, software techniques find their way from the research lab into an increasingly broad

range of applications in industry and government.
6. Development of human resources will be a critical aspect of any high-performance computing

legislation.
Although the araduate educational system is producing computer scientists and engineers. (U.S.

and Canadian Universities graduated 907 new PhD's last year according to our survey), there is a

serious shortage of people trained to explore the uses of high- performance computing in solving

"Grand-Clallenge" problems. Professor John Rice, a computer scientist from Purdue University and

a member of ourboard, discussed computational science educatice in the January issue of Ceenputing

Research News. He described the problem as follows:
"Too often the computing knowledge of highly trained engineers and scientists working on

[computational science and erqineering (CES)) projects is at the college sophomore, or lower, level.

Too often, we have highly trained computer scientists whose knowledge about engineering and

sciences is at the college sophomore, or lower, level."
To address this problem, new computational science and engineering programshave been formed,

but they are by and large, at the beginning stage. We will need to increase the number and level both

of scientists and engineers trained in computer science and engineering and of computer scientists

and engineers trained to explore the deep research questions raised by "Grand Challenge" scientific

and engineering problems. OTHER LSSUES

CRA would like to comment on two other issues that have been raised during debate over this

First, some have questioned whether the National Science Foundation (NSF) is the appropriate

lead agency for the management of the NREN and, in particular, have suggened the Department of

Energy, a mission-directed science agency as a candidate. The CRA has stated frequently its concern

that a narrowly focused mission agency, however technically capable, would neither be appropriate

nor effective as a lead agency for the NREN. The network will be required to serve an increasingly

broad, opcn-ended community of users. The basic mission ofthe NSF, with its broad charter for the

support of U.S. science and education, would seem to offer the closest match of existing Federal

agencies between legislative mandate and the needs of NREN. Furthermore, NSF's track record in

developing NSFnet, the precursor tothe next-generation NREN, has been excellent

It is true that the NREN envisioned in the legislation will present far more complex set of technical

and management problems. It will need to serve a much more diverse user constituency; and the

government will need towork closely with the private sectorcommunication and information industry

to assure that cotmnercialization and privatization of NREN services takes place as quicKly as

feasible. Congress will need to exercise careful oversight to assure that the policy goals of the

legislation are met. Nonetheless, in CRA 's view, NSF seems tobe far and away the most appropriate

of the agencies currently participating in the HPCC to serve as lead for NREN.

Secondly, CRA feels that legislation in this area is highly desirable. Of course, we strongly endorse

the administration's HPCC budget proposal and call for the Congress to appropriate the requested

funds. However, legislation would build the prceiram directly and legislatively into the participating

agencies' missions. Although some in the exec- -awe branch have argued against legislation, ciung the

need for flexibility, we see nothing in S. 272 that would be unnecessarily restliWve. Furthermore,
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we see that legislation could prevent future agency retraction, redirection, and inappropriate shifting
among what we regard as critically important balances of basic research, human resource develop-
ment, and the other more applied parts of the plan.

Furthermore, the HPCC and this legialation represau an important new step in the evolution of
U.S. science and technology policy, particularly with regard to computing. CRA believes that
legislition would ewes' legislative as well as executive branch commitment to the program. This
expression would send an important message, both to the political leadership in the Federal govern-
ment and to industrial and academic organizations and state governments who will also be asked to
participate in and suwort this effort.

In conclusion, CRA would like to point out that remarkable advances in computer science and
engineering are in large part responsible for the fact that we can even dream about addressing the
"Grand Challenge" problems of computational science. The research involvement of computer
scientists and engineers, as well as the development of a new generation of computational scientists,
will be required to achieve the short-term goals of this legislation. Equally important, an inciensed
investment in basic research and human resources in computing is essential to =relining our nauon s
competitive edge and providing the foundation for the next round of advances.

In short, a high-performance computing initiative, such as established by S. 272, is a critical
investment in the nation's funne. The window of opportunity for this investment, in terms of the
nation's ability to maintain its leadership, is closing rapidly. The Computing Research Association
strongly supports this legislation. The staff and officen of CRA would be pleased to assist the
committee in any way appropriate an it proceeds with the development and passage of this bill.

STATEMENT OF DR. KENNETH M. KING, PRESIDENT, EDUCOM

It is a pleasure for me to respond to your invitation to submit materials for the Record.I represent
EDUCOM, an association of over six hundred American colleges and universities working on the
goals of creating a national information technology infrastnicture and using information technology
to improve intellectual productivity and teaching id learning. I also represent the Partnership for the
National Research and Education Network, a group of associations, organintions and corporations
which are supporting the creatioo of a National Research and Education Network (1kN). The
Partnership recently forwarded to the Committee an NREN Policy Framewoik statement and I am
enclosing a copy of that document with my testimony.

The bill before you, S. 272, reflects more than five years of study by your comrniuen stiff, by a
number of federal agencies, and by external advisory grnups such as the National Academy of
Sciences. All of these studies have validated the urgent need for an advanced =teener network to
support scientific research, education, and commerce, and in addition have identified the need for a
coordinated high performance computing reseatch program that reaches beyond the NREN to include
software and hardware develornent and related educational and human resources elements.

The creation of the NREN is an ambitious undertaking. It requires high technology, some of which
is not yet developed; a nationwide operational infrastructure of advanced 4..ommunications facilities;
and a working partnership of many organizations and individuals from government, education and
industry. The ultimate aim of the NRF.N is to pave the way for the electronic rational information
infrastructure which will form the communications base for our economy in the 21st Century.
EDUCOM has been active in addressing the many issues involved in citation of the NREN for several
years, commencing with testimony before the House Science, Space and Technology committee in
1987. Since 19%18, we have sponsored an annual National NET Conference here in Washington, to be
held on March 21-72 this year, which brings together experts from public and private sector
organizations who am working on the network. Many important technical and operational aspects of
the NREN have already been dananstrated and proven in the network we have today known as
NSFNET. In fact, the NSFNET currently connects more than five hundred research and education
sites, embracing more than a million individuals, and continues to grow. The success of NSFNET has
encouraged Dr. Bromley and the Federal Network Council to identify it as the "Interim NREN" in
their recent High Performance Computing and Communications Program announcement.

In my summary statement, I would like to focus on a short number of critical issues which I believe
should be dealt with in the a a" .." g legislation.

Stable Funding. The A . an has proposed funding for the NREN for FY92 in the amount
of $92 million, disttibuted among a number of agency budgets. This level of funding is consistent
with previous agency planning, and with the cost experience gained with NSFNET. Additional funds
would be helpful, but st is essential that at least this level of fielding be assured in order to guarantee
that the critical federal role of catalyzing university and private sector contributions to the NREN is
realized.

Effective Public/Private Sector Partnership. The rapid progress that has been made in the last
several years toward a national network is in large measure the result of cooperative efforts between
and among a large number of groups, including federal agencies, universities, regional and state
networks, and pnvate sector computer and communications companies. It is estimated that invest-
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menu by higher education and industry in NSFNET over the last four years have exceeded federal

expenditures by nearly ten times. This bill makes no explicit provision for a continuation of these

partnership roles, nor does it require the Executive Brawl to give universities, libtaries and indursy

an effective voice in the development and management of the NREN. Our recommendation is that

section 6 of the bill be amended to establish a National Network Council, with participation from the

several constituencies involved with the NREN, and that the policy recommendations of the Council

should be binding with respect to management of the NREN, within the limits of its authorizin and

appropriations legislation.
NREN Use by Libraries. In the long tun, the value of the NREN will be measured in the

contributions to research and education made possible by network access to information resources.

Our nation's libraries have a critical role to play in the NREN, both as providers of electronic

information and as access points for their users. ElDUCOM, along with the Association of Research

Libraries and CAUSE, recently formed the Coalition for Networked Information (CM). The Coali-

tion, which has more than one hundred and twenty library, university, government and inciusuy

members, has a special focus on the provision of electronic information resources on the NREN. This

organization is addressing the full range of issues - from securing infomiation resources on the

network to protection of copyright - through the work of its committees and task forces.

Commercial Sesvices. A.n important role of the NREN is to leverage the creativity and energy of

the research, education and library communities to define and demonstrate new network based

information services, many of which may have conunercial potentialand can be picked up and

supported by private firms as part of creating the national information technology infrastructure. In

order to facilitate this, NREN policy should enable the millions of intimation intensive agent on the

Interim NREN and the gigabit NR.D4 to access a variety of information services and networks,

including those operated within the private sector.
In developing the NREN, it will be important not to create excessive expectations. The NREN

should provide selected access that proves feasibility and leads to the =Atkin of a commercial

infrastmcture that can support universal access. The plan which has been developed by Dr. Bromley

and his staff is an excellent one. It provides that over the next three to five years, the NREN will be

extended to reach one to two thousand research, education and library sites, and that the peifonnance

of the network for researchapplications will be upgraded to support data and image transfers at gigabit

speeds. If we focus on these goals, and work lorR6yva through a multitude of technical and werational

issues in the iorocess, then the success of the will fully support its extension to broader uses in

the years to follow. CONOATENTS SUBMITTED POR THE RECORD

The comments which follow are keyed to the questions posed in the charter for the High

Performance Computing bill. SCOPE AND Focus OF 5272.

Does the administrative framework established by the bill for planning, implementing and

monitoring the various parts of thehigh performance computing program constitutethe most effective

approach?
As discussed in the hearing charter, the legislative initiatives in HPCand a *elated effort planned

by the Administration share many common goals and features, having developed in parallel since a

1986 congressionally mandated study on advanced computer networks. h is highly desirable that the

minor differences between the two approaches be eliminated d414.14the current legislative process in

order to ensure that all pasties involved in development of the - federal agencies, colleges and

universities, libraries and private sector companies - may have a common understanding of program

goals, objectives and funding.
The scope of the NREN has expanded substantially since the original OSTP report in 1987. In

particular, there is a much greater awareness now of the potential uses of the network in teaching and

learning at all levels, and of the value of libraries as both providers of information as well as sources

of access to the netwott for their users. The members of the Partnership for the NREN believe that

the Congress should adopt a broad set of principles to guide the developnent of the NREN, rather

than a detailed and prescriptive list of legislative directives. Based on the experiences of a wide variety

of university, library and indusuy users of NSFNET over the last several years, a proposed NREN

Policy Framework was developed by the Partnership and forwarded to this and other relevant

Congressional conuninees in January, 1991. A copy of the staternent and its covering leter listing

the members of the Partnership is appended. Although the purposes of the NREN outlined in the

Policy Framework are generallyconsistent with Section 2, Findings and Purpose, of 5.272, there are

differences. Most notable is the lack of any mention of the partnership roles of libraries or colleges

and universities in carrying outthe purposes of the NREN. Nor does this section contain any mention

of the value of the NREN to teaching and learning beyond narrowly defined research and scientific

goals. ISSUES RELATED TO WREN.

(I ) What should the management structure of the NREN be in order to adequately represent the

interests of federal agencies, regional networks, network users and the communications and computer

industries?
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The general strategy that has guided the development of NSFNET, now renamed the Interim
NREN, has been to e user access to the network while simultaneously upgrading its performance
using currently availjilitTdcommercial technology and preparing for gigabit speeds later in the 1990's.
This strategy has been successful only because of a unique approsch to network management in which
major commercial entities - MCI and IBM; a major nate network - MERIT; and dozens of regional,
state and campus networks haveNwated to achieve both goals simultaneously.

The key to the success of the will be the development ta clistributed management structure
which deals with problems and issues as close to the network user as possible. Some of that structure
is in place today, but much remains to be done. The principal challenges include: (a) ensuring federal
support for a fifty state backbone which provides high quality access to regional and state networks;
(b) strengthening and broadening the service offerings and access points of the state and regional
networks; (c) upgrading and expanding the local networks at campus sites, government laboratories,
libraries, and private research locations; and (d) facilitating the connection of the computers which
will nrovide database and superoomputing applications for network users.

g .272, reflecting its legislative ongms over three years ago, has a narrow federal focus. This should
be expanded to include all of the partnership interests which will be necessary for the fully developed
NR EN. Specifically, a National Network Council, with the power to set network policy and operating
guidelines, should be included in the markup of S. 272. The membership of the Council should reflect
the broad interests of network developers, providers, managers end users. The Congress may wish to
consider, either now or at a later date, whether the importance of the NREN to national goals in
research and education justifies the creation of a special entity to Iversee the networt, as described
in the NREN Policy Framework. (2) What are the barriers (technical, fmancial, markets, political)
with respect to the transition to commercial network services? Are special management stratc gies
required for NREN to achieve commercialization?

Section 6 (c) (6) of S. 272 provides that "[The NREN shall] be phased into commercial operation
as commerciel networks can meet the needs of American researchers and educators." This provision
of the bill has been misinterpreted as implying that the Interim NREN and the initial gigabit NREN
do not have a commercial component. All of the transmission facilities for the Interim NREN and the
regional and state networks which are a pari of the Interim NREN are commercially provided. Nearly
all of the packet switches and network software in use in the Interim NREN today are commercial
products. Well over half, and pahaps as much as three quarters of the federal nate and local funds
expended on the Interim NR El and related research and education networks are paid to private sector
fums through standard procurement processes. The existence of this section of S.272 is traceable to
the predominantly federal character of research networks which were developed in the 1970's. The
intent of the legislative language is to ensure that technology developed fot the NREN can be shared
with and incorporated into the advanced communications networks for the 21st Centnry which are
currently under development by private sector firms. This is no longer a serious concern. The Interim
NREN is based on readily available commercial technology, and a majority of the NRFN research
projects being conducted by DARPA and NSF are using commercial fiber optic transmission
facthties. Over the past decade, and especiatly since telephone industry deregulation, there has been
a sea change in attitudes toward advanced communications technology among leading commercial
firms. Today, large investments are being made in broadband transmission facilities, with many
gigabit fiber optic links already in operation. On a worldwide basis, computer and communications
firms are developing and adapting their products to create large scale networks capable of instan-
taneous transmission of voice, data and images. The planning and engineering of the NREN can
assume that such high performanc^ commercial facilities will be an integral part of the network
structure.

The working partnership among government, industry and education which has been established
in the building of NSFNET is added evidence that advanced network technology developed for the
NREN will find its way into commercial products and services rapidly and effectively.

(3) Given the nature of R&D and the long lead time required to achieve commercially applicable
ccenmunications and computer standards, how might the products of NREN misted R&D become
future protocol stendards? What management eurategies are required to make it happen?

The extremely rapid progress experienced in building NSDIET over the last several years is a
result in significant measure of the cooperative approach to standards development which prevails in
the Internet community of which NSFNET is a part. Under the guidance of the Internet Activities
Board, a large number of technical experts from indusuy, higher education, and government
laboratories have worked together to extend the pocket switched network protocols known as TCP/IP.
No Internet standard is adopted until an implementation of it has been demonstrated under actual
network operating conditions, New standards have been developed end put into use in as short a time
as six months, and many arc ocmpleted within a year. The techniques used within the Internet are
now being adopted in other standards bodies, and the Internet standards are being brought into
alignment with complementary international efforts such as the ISO packet standards.

It is essential that the standards approach now used for the Internet be adapted and adopted for
the NREN. The pertinent language in Section 9 of S. 272 does not accomplish this and should be
amended to make explicit nrovision for the authority of the Internet Activities Board, or a compare ble
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successor organization, to set standards for the NREN provided that the', continue to be developed

on a cooperative basis among the NREN participating organizations as they are today,

STATEMENT OF THE ASSOCIATION OF RESEARCH LIBRARIES

The Association of Research Libraries is a non-profit Association of 119 research libraries in

North America. The membership of ARL is actively involved in the provision of information

resources - including those that are unique, to the research and education commuruties of North

America. Research libraries also are key participants in numerous experiments and pilot programs

that demonstrate the utility of high capacity networks for the exchange and use of information. ARL

supports the passageof legislation that will promote the development and use of expanded netw ono n g

capacities and capabilities to advance education and research.
The need for a high-speed computer comnnmications network is a reflection of a number of

change.' underway in the academic and library communities. Three of these changes include the need

to connect researchers with facilities such as supercomputers, databares, and library resources; the

changing manner in which scholan and researchers communicate; and finally, the ability of these

researthers to manipulate and combine large data sets or files in new ways only possible through

connecting users with high-speed, high-capacity networks. @PARAS = The NREN, the vision of the

next generation network designed to suppon the work of the education and research communities -

must reflect the eaanges noted above as well as those efforts already underway that address the new

usu of information, while at the same time, address the national goals of impnaving our Nation's

productivity and internetional competitive position. To realize these goals and to build upon existing

efforts, ARL with ode= in the education community support the inclusion of the following points in

NREN legislation. These pcinu build upon existing successful federal, state, and local programs that

facilitate scams to information ttsources.
NREN authorizing legislation should provide for.
Recognition ci education in its broadest sense as a reason for development of the NR EN;

Eligibility of all types of libraries to link to the NREN as resource providers and as access points

for users;
A voice for involved constituencies, including libraries, in development of network policy and

technical standards.
rsIREN legislation should authorize suppon for
High capacity network connections with all 50 states;
A percentage of network development funds should be allocated for education and training;

Direct connections to the NREN for at least 200 key libraries and library
organizations and dial-up access for multi-type libraries within each state to those key

libraries. Prime candidates for direct connections include:
The three national libraries (Library of Congrus, National Agricultural Library, National Library

of Medicine) and other federal agency libraries and
information centers;
51 regional depointory libraries (generally one per state) which have a responsibility io provide

free public access to all publications (including in electronic formats) of U.S. government agencies:

51 state librazy agencies (or their designated resource libraries or library netve.Aits) which have

responsibility for state-wide library development and which administer federal funds;

Libraries in geographic areas which have a scarcity of NREN connections;
Libraries with specialized or unique resources of national or international significance,

Library networks and bibliographic utilities which aa on behalf of libraries.

The National Science Foundation, through its various programs, including science education,

should provide for.
The inclusion of libraries both within and outside of higher education and elementaryisecondary

education as pan of the research and education support structure;
Education and training in network use at all levels of education;
Experimentation and demonstrations in network applications.
The information infrastructure of the United States is a complex conglomeration of public and

private networks, institutions, infoimation resources, and users from educational, research, liorary,

and industrial communities with extensive ties to internationalnetworks and infrastructures. Research

libraries and the resources that they acquire, organize, maintain, and/or provide aCcets to, arc critical

elements of this infrastructure. In support of their mission to advance scholarship and research, these

same libraries have been at the forefront of the technological revolution that has made this robust and

evolving information infrastrucsure pouible.
One of the most exciting snd unanticipated results of the NSFNET has been the explosive growth

of the network as a communications link. 'Me enhanced connectivity permits scholars and researchers

to communicate in new and diffeitnt ways and stimulates innovation Approximately one quarter of

the use of NSFNET is for E-nuil, one quarter fee file exchange, 20% for interactive applications, and

30% for associated services. It is this latter category that is growing at an extraordinary rate and
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includes new and innovative library uses of networks. This growth rate demonstrates the value that
researchers place on access to library and information resources in suppon of education and research.
The following examples demonstrate the types of activities underway in academic and research
libraries that utilize networks.

In the past year, the number of library online catalogs available on the Internet has jumped from
thirty to over 160, including those in Canada, Australia, Germany, Mexico, New Zealand, Israel, and
the United Kingdom. A single point of access to 100 online public access catalogs is possible today
through a midwestern univerfity. Access to resources identified in online public access catalogs are
of increasing importance to researchers as they can access a greatly expanded array of information
resources and in a more timely and efficient fashion. Needed information-can be located at another
institution, and depending upon the nature and format of the information, downloaded directly, and/or
requested via interlibrary loan. Over tune, this practice will likely change to the researcher obtaining
die information directly online versus "ordering the information online." Typical use of an online
catalog at a major research institution is that of LIAS at the Pennsylvania State University Library
there are approximately 33,000 searches each day of the LIAS system.

The National Agricultural Library, NAL, is supporting a project with the North Carolina State
University Libraries to-provide Internet-based document delivery for library materials. Scann
images of documents generate machine readable texts which are transmined via the NSFNET/Interru
to libraries, researchers work stations, and agriculuiral reseamh extension offices. Images of docsi-
merits can be delivered directly to the researchers computer, placed on diskette, or printed. This
program will be extended to the maim landgrant community of over 100 institutions as well as to
other federal agencies and to the international agricultural research community.

Another example of new library services that are possible with the use of the information
technologies and networks, that meet a growing demand in the research community, and represent a
network growth area are the licensing of commervial journal datebases by libraries. Four of the last
five years of the National Library of Medicine's MEDUNE database is accessible to the University
of California community and there are approximuely 50,000 searches of the system each week. There
art numerous benefits to researchers and libraries including enhanced access to journal literature,
there are lower costs to the library than from use of commercial systems, and the lower costs
encourages greater use of the files by trsearchers thus promoting innovation. As other research
libraries mount files, similar use parems have occurred.

Although Internet access to proprietary files is not permitted, there are other services available
such as UNCOVER that are more widely accessible. UNCOVER is a database with the tables of
contents for approximately 10,000 multi-disciplinary journals developed by the Colorado Alliance of
itesearch Libraries. The increasing demand for UNCOVER demonstrates the need for such services
in the academic community and one that is available at a low cost for those institutions unable to
locally mount propnetary

One area of networked services forecast to present ncw opportunities for dissemination and
exchange of information in the scholarly and research communities and where a significant amount
of experimentation and "rethinking" is anticipated, is in electronic publishing. Publishing electroni-
cally is in its infancy. Today, there are ten refereed journals on the Internet and it is anticipated that
there will be many times this number in short while. These journals, available via the Internet, range
fnam Postmodem Culture, (North Carolina State Univerrity) to N Horizons in Adult Education,
'Syracuse University). to PSYCOLOQUY, (American Psychological Association and Princeton
University).

The nature and format of the electronic journal is evolving. To some, the electronic journal is a
substitute to the "printed" journal_ There art an increasing number of "paper-replicating electronic
journals" and the growing number of titles on CD-ROM and the rapid rate of acceinance of this format,
is a testament to thc value of the electronic format. It is anticipated that many of the paper publishers
will offer an electronic version of their journals via intermediaries such as DIALOG and CARL as
the use of and capabilities of networks expand. This model also presents new dissemination choices
to government agencies. The National Agricultural Library has begun to negotiate agreements with
scholarly societies for the optical scanning of agricultural titles and information.

Another view of the electronic journal is one more of process, than product. Information or an
idea is disseminated on-the network for open critique, comment, dialog, and exchange. In this instance,
publishing is an ongoing, interactive, non-static function, and one that encourages creativity, connec-
tivity, and interactivity. Researchers experimenting in this camp art referred to as "skywriters" er
"trailblazers." In fact, publishing in this ama takes on a new meaning due to the network's
capabilities. The use of multi-media including sound, text, and graphics, the significantly expanded
collaborative nature of the scholarly exchange not possible with a printed scholarly publication, and
finally, the potential for a continuously changing information source, distinguishes this electronic
journal from its counterpart, the paper-replicating electronic journal_ An online publishing program
on the Genome Project at the Welch Library at Johns Hopkins University is an example of this type
of electronic publishing. Text is mounted on a database, accessed by geneticists, students, and critics
who respond directly via electronic mail to the author. In this case, a computerized textbook is the
end result but one which constantly changes to reflect new advances in the field. Funding from the
National Library of Medicine has supported this project.
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A fmal area where electronic publishing activliies are underway is in the academic publishing
community. Two examples of acsivities include efforts in the high energy physics and mathematics
communities. A proprnst database in high energy physics has been maintained for fifteen years by a
university research facility with approximately 200 prepriuu added each week to the database of over
200,000 article citations. Instant Math Preprints (MP), a new initiotive that will maintain a searchable
database of abstracts, will permit electronic file transfer of the full text of preprints. The project will
be 3CCessibie via ten universities and "einsth," the American Mathematical Society's electronic
serfiCC. The value to the research community of timely and effective exchange of research results
will be enormous,

There am two predominant reasons that pilot projects and experimenu such as these have been
poseible, have flourished, end been successful First, a high value has been placed and a significant
mvestment has been made in carefully constnicted ccoperative programs in the library community to
advance research through the sharing of resources. The creation and support of bibliographic utilities
such as the Research Libraries Information Network (RUN) and the Online Computer Library Center
(OCLC) has resulted in access by scholan to enormous databases of bibliographic records and
informanon. Cooperative ceograms have been supported and encouraged by federal programs such
as the library Services and CCellaniainn Act of 1961 and the Higher Education Act of 1965. lhe
Higher Education Act and in panicular Tule II-C and line tID programs have emphasized the sharing
of resources between all types of libraries and users, and provided needed funds for support of
technological innovations raid developments. These programs have also promoted equality of access
to information, Catilfinli that those collections housed in major research institutions, be broadly
accessible.

The =said reason that libraries have succeeded in advsncing the exchange of information
resources is the effective use of technologies to promote access. Most, if not all of these cooperative
programs, are dependent upon networks in part, as the means to identify and share information
mamma. What will be requited as mote resources become available through the Internet will be the
development ai netwast directories. These directories will assist users in learning of what resources
are available and how to access them. Provision of these electronic resources and the development
of thc ensuing access tools such as direaories are already presenting many Vacs to library and
information science pmfessionals and will require ccmtinuing auenticri if the is to succeed.

As a consequence, the needed infrastructure to connect a diversity of users to a wide array of
information Tr-SOUTCes is in place today. Netwodu interconnecting information resources and users
throughout all pans of the United States and internationally, have been operational and effective for
a number of yean. A key factor that will permit the NREN to be a ruccess is that much of the
infrastructure is already in place. There are networks that interconnect academic institutionspublic
and private, industrial users, and state COniOnilIMS, that include library networks and that do not
distinguish between rural and urban, academic and K-12. The NREN vision must ccntinue to
encourage and demand enhanced interconnectivity between all users and all types of institutions.

As Congress considers how to best design the NREN to meet the needs of the research and
academic communities, it will be important more than ever to include the goals and objectives of
ongoing programs. In a time when there am 1,000 books published internationally As Congress
coneiden how to best design the NREN to meet the needs of the research and academic cnnununities,
it will be important tnore than ever to include the goals and objeetives of ongoing programs. In a time
when there are 1,000 books published internationally each day, 9,600 different journals ate published
annually in the United States, the total of all pnnted knowledge is doubling every eight years,
electronic information is just beginning to be exploited, and financial and funding resources are
shrinking, it is critical that the research and education communities with continued federal support,
strive for increased cormeaivity between all types of librariel and users. This connectivity will result
in improved productivity and a strengthening of U.S. position in the international marketplace.

S. 272 should provide the necessary framework to achieve this enhanced connectivity. S. 272
should build upon existing programs and identify new means to permit information resources to be
broadly available to the education rind resesrch communities. Ensuring connectivity through multiple
types of libraries, throughout the United States, is a critical component to several existing statutei
and should be included in NREN legislation. By so doing, the legislation would leverage existing
federal, state, and local programs.

As libraries and users alike employ information technologies to access information msources, new
opportunities and applications will develop that esploi the weelth of information and knowledge
available in research libraries. Network applications today primarily focus on the provision of access
to resources such as books, journals, and online files. Electronic publishing ventures am jun
beginning In the years ahead, scholan and researchers will be able to access and use those research
materiels and collections generally unaccenible but of extreme msearch value including photographs
satellite date, archival data, vieos and movies, sound itcordings, slides of paintings and other
artifacts, and more. Access to and manipulation of these information rescurces advances scholarship
and research, and scholars will expect a network with the capacity and capabilities to achieve effective
access. Clearly, to be successful, effective, and of use to the academic and reseerch communities, the
NREN must be desivied to nurture and accommodate both the current as well as future yet unknown
uses of these valuable infocmation resources.

1
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STATEMENT OF DR. JOHN PATRICK CRECINE, PRESIDENT. GEORGiA INSTITUTE
OF TECIINOLOGY

Mr. Chairman, it is an honor to be asked to testify to this joint hearing on S.R. 272, The High
Performance Computing Act of 1991.

I am John P. Crecine, President of the Georgia Institute of Technology. Georgia Tech is a major
technological university, with an enrollment of approximately 12,000 students, located in Atlanta,
Georgia. Georgia Tech is one ci the nation's leading research universities, having conducted over
$175 million in sponsored research during the past year, almost all in the areas of science, engineering
and technology.

I would like to thank this comminee, and especially Senator Gore, for their continued strong
support of computing-related research. I think the commitiez' s focus on computing in the context of
national competitiveness is an appropriate one, and one that leads to the anticipation of critical
technologies. Georgia Tech strongly supports S.R. 272, and eagerly awaits possible participation m
translating its objectives into reality.

Georgia Tech, as a major technological university, has placed a high priority on computing and
related facilities. This may be best demonstrated by the creation in 1989 of the College o Computing,
the nation's first college devoted entirely to computing. Both within the College of Computing, and
throughout the rest of the Institute, there is a deep and comprehensive involvement with leading-edge
computational science and engineering. For this reason, the activities proposed under the High
Performance Computing Initiative are eagerly awaited.

The special importance of creaiing a high-performance computing network like NREN is its
impact not only on computing research itself, but its creation of a basic "digital infrastructure" for
the nation. Cammunications, both simple - like a phone dial tone - and complicated like HDS - will
be dependent on digital networks. Communications makes it possible for the first time to conduct
research and advance scientific fronuers from afar, combining the pans of experimental setups from
around the country instead of expensively reproducing them in many locations. Equally important to
utilizing this network capability is the complementing parts of the high performance computing
initiative. Thus, the technology of a digital network like NREN lies at the heart of most future research
efforts in science and engineering.

Specifically, the impact of this legislation or technologically-oriented educational Institutions
like Georgia Tech will be multidimensional. would like to focus my remarks today on three areas:
engineering education, computer science, and technological applications.

Engineering, and engineering education, is Georgia Tech's "core business," and stands to benefit
greatly from this initiative in high performance computing. As the role of computing has grown, up-to
date computing facilities are no Ion ger a luxury, but a necessary, integral part in engineering education
and research. For example, at the graduate level, we must have the computational facilities that will
enable us to train our students in computer-based science and engineering techniques, skills industry
expects our students to have. The connectivity in the network already allows our students to use remote
facilities such as telescopes and high -energy research facilities without the cost and capacity
constraints inherent in those sites. However, an initiative such as this expands exponentially the
opportunities available to them, What NREN does is shift the focus from physically having a
lugh-powered and expensive computational device such as a supercomputer to access to one of these
devices. In the end, this makes for a much more productive and cost-effective environment for creating
and disseminating knowledge.

The new capabilities given us by the high performance computing initiative have impressive
spin-off effects as well. As more students, professors and researchers gain access to advance
computing, I predict we will see an impressive array of off shoot, but related, architectures and system s
that will take full advantage of the capabilities of this network. Once again, this is an issue of national
compeutiveness, an area where this initiative gives our universities and research laboratories the tools
with which to compete.

Just as engineering has been traditionally important to Georgia Tech, we art taking a leadership
position in computing with the creation of our College of Computing. This College of Computing,
while not representing the entire spectrum of computing at Georgia Tech, was created as a top- level
organization to emphasize computing, and speed the integration of computer science and other
disciplines. In many respects, this organization parallels the objectives of this high performance
computing initiative and NREN. Simply put, high performance computing is a top priority, one in
which we have invested in and focused on, and is a natural area for a university like Georgia Tech to
concentrate in.

I see a very positive dual flow between the high performance initiative and our computer science
operations. First, many of the areas we are focusing on, specifically management of large scientific
databases and distributed operating systems for highly parallel machines, are topics important to the
success of the 1-IPC initiative, and we hope to be able to contribute our expertise in these areas toward
making t.he initiative a success. We are also forming a Visualization, Graphics and Usability (V(.U)
lab under prominent national leadership to develop better techniques for visualizing scientific data,
an critical component of this proposed network. But we also envision that the project will benefit

(
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computing at Georgia Tech by adding to our own knowledge and expertise, and should aid not only
Georgia Tech but mmy other universities nationwide.

The HPC1 will have a major positive affect on many areas of basic computer science research,
even in ways that are not directly related to high performance computing. For example, the
visualization advances I just talked about have implicability to low-performance computing, and work
in uses irierf aces for ail types of computers could be aided by work done through the high perforrnance
Pn)Ject-

The third arra where I feel the High Performance Computing Act of 1991 will have critical
impact lam the development of new technological applications. Georgia Tech is not an "ivory tower"
- we solve some very applied problems, and focus co transferring the technology developed in our
laboratories to the marketplace.

I believe we art on the threshold of revolution in telecornrnonications, a merging of the
traditi anal telecommunications industrj with the computer and broad CaSt industries, wnh the common
denominator of a digital network tieing them all together. This act develocrnents such a network (and
the functions that tampon and depend on the network), propelling universities into an integrated
communications environment that is a natural test bed for future communications systems. Other
countries have been furthering this concept, but development in the United States has been hampered
by the regulatory environment and hurdles imposed by previous paradigms. In this vision, we should
view NREN not so muds as a way to link scholars or transfer data, but as an experimental tool in
itself. The network is that a test of its own capabilibes, that is, a test of the capabilities of a digital
network, its speed, voltam, and capacity for accommodating different signals. Its soccss impacts
not only the educational aimmunity, but demonstrates this new model for telecommunications and
furnly establishes a United States lead in these technologies.

In the end, the issue becomes one of educationid competitiveness. Without the resources,
opponunities and challenges netwock -based computing opens up for our engineers, we would quickly
be non-competitive not only nationally, but internationally. This initiative lays important groundwork
for the U.S. totems the initiative in high-performance computing and to increase our edge in network
technologic&

In closing, I would like to especially express my support for the administration's multi-year
approach to this project. If we are to undertak.e a project of this magnitude, a five-year commitment
on the pen of the government makes it muds easier and more efficient to both plan for and attract
Wein to this project. Georgia Tech is especially supportive of the roles of NSF, NASA and DARPA
in administering this project. Givto their prior leadership and track record in nmning projects of this
scope, U makes eminaat good sense for this triad to lead an initiative as significant as this one.

This is a remarkable opportunity, and I, as President of Georgia Tech, stand ready, as do many of
my colleagues in universities around the country, to assist in any way possible to make this vision a
reality.
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Statement

of the

ArnericLn Library Association

to the

Subcommittee on Science, Technology, and Space
Senate Committee on Commerce. Science, and Transportation

for the hearing rerord of March 5, 1991

on

S 272 , The High-Perforrnance Computing Act of 1991

The National Research and Education Network, which S. 272 would create, could
revolutionize the conduct of research, education, and information transfer. As part of the
infrastructure supporting education and research, libraries are already stakeholders in the
evolution to a networked society. For this reason, the American Library Association, a
nonprofit educational organization of more than 51,000 librarians, educators, information
scientists, and library trustees and friends of libraries, endorsed in January 1990 and again
in January 1991 the concept of a National Research and Education Network.

ALA's latest resoiution. a copy of which is attached, identified elements which should be
incorporated in legislation to create the NREN, a high-capacity electronic highway of
interconnected networks linking business, industry, government, and the education and library
communities. ALA also joined with 19 other education, library, and computing organizations
and associations in a Partnership for the National Research and Education Network. On
January 25. 1991, the Partnership organizations recommended a policy framework for the
NREN which also identified elements to be incorporated in NREN legislation.

Within that framework, ALA recommends the following additions to the pending NREN
iegislalion to facilitate the provision of the information resources users will expect on the
network, to provide appropriate and widely dispersed points of user access, and to leverage
the federal investment.

NREN authorizing legislation should provide for:

A. Recognition of education in its broadest sense as a reason for development of the
NREN.

B. Eligibility of all types of libraries to link to the NREN as resource providers ano as
access points for users; and

C. A voice tor involved constituencies, including libraries, in development of network.
policy and technical standards.
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NREN legislation should authorize support for:

A. High-capacity network connections w th all 50 states:

B. A percentage of network development funds allocated for education and training; and

C. Direct connections to the NREN for at least 200 key libraries and library organizations
and dial-up access for multitype libraries within each state to tho3e key libraiies.
Prime candidates (some of which are already ccnnected to the Internet) for direct
connection to the NREN include:

The three national libraries (Library of Congress. National Agricultural Library,
National Library of Medicine) and other federal agency libraries and information
ainters:

Fifty-one regional depository libraries (generally one per state) which have a
responsibility to provide free public access to all publications (including in electronic
formats) of U.S. government agencies:

Fitty-one state library agencies (or their designated resource libraries or library
networks) which have responsibility for statewide library development and which
administer federal funds:

libraries in geographic areas which have a scarcity of NREN connections:

Libraries with specialized or unique resources of national or international
significance: and

Library networks and bibliographic utilities which act on behalf of libraries

Tha National Science Foundation, through its various programs. including science
education, should provide for:

A. The inclusion of libraries both within and outside of higher education and
elementary and secondary education as part of the research and education
support structure;

B. Education and training in network use at all levels of education, and

C. Experimentation and demonstrations in network

ALA enthusiastically supports development of an NREN with strong library involvement
for several reasons.

1. The NREN has the potential to revolutionize the conduct of research, education, and
information transfer. As bas:: literacy becomes more of a problem in the United States, the
skills needed to be truly literate grow more sophisticated. ALA calls this higher set of skills
"information literacy" knowing how to learn, knowing how to find and use information,
knowing how knowledge is organized. Libraries play a rcle in developing thase skills, beginning
with encouraging preschool children to read.
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Libraries as community institutions and as part of educational institutions introduce
users to technology. Many preschoolers and ':heir grandparents have used a personal
computer for the first time at a public library. Libraries are using technology, not on,y to
organize their in-house collections, but to sliare knowledge of those collections with users of
other libraries, and to provide User? with access to other library resources, distant databEses,
and actual documents. Libraries have begun a historic shift from providing access primarily
to the books on the shelves to providing access to the needed information wherever it may
be located. The NREN is the vehicle librarians need to accelerate this trend.

In Michigan, a pilot program called M-Link has made librarians at a group of
community libraries full, mainstream information providers. Since 1988, M-Link has enabled
libraries in Alpena, Bay County, Hancock, Battle Creek, Farmington, Grand Rapids, and Lapeer
to have access to the extensive resources of the University of Michigan Library via the state's
MERIT network. The varied requests of dentists, bankers, city manugers, smell business
people, community arts organizations, and a range of other users are transmitted to the
University's librarians via telephone, fax, or computer and modem. Information can be faxed
quickly to the local libraries from the University. Access to a fully developed NREN would
increase by several magnitudes both the amount and types of information available and the
efficiency of such library interconnections. Eventually, the NREN could stimulate the type of
network that would be available to all these people directly.

School libraries also need electronic access to distant resources for students and
teachers. In information-age schools linked to a fully developed NREN, teachers would work
consistently with librarians, medic resource people, and instructional designers to provide
interactive student learning projects. Use of multiple sources of information helps students
develop the critical thinking skills needed by employers and needed to function in a democratic
society. This vision of an information-age school builds on today's groundwork. For instance,
the New York State Library is providing dial-up access for school systems to link the resources
of the state library (a major research resource) and more than 50 public, reference, ancl
research library systems across the state. The schools had a demonstrated need f or improved
access for research and other difficult-to-locate materials for students, faculty, PId
administrators.

2. Current Internet users want library4ike services. and libraries have responded with
everything from online catalogs to electronic journals. As universities and colleges became
connected to the Internet, the campus library's online catalog was one of the fiist information
resources faculty and students demanded to have available over the same network. Some 200
library online catalogs are already accessible through the Internet. Academic library users
increasingly need full text databases and multimedia and personalized information resources
in an environment in which the meter is not ticking by the minute logged, the citation
downloaded, or the statistic retrieved. A telecommunications vehicle such as the NREN can
help equalize the availability of research resources for schclars in all types, sizes, and locations
of higher education institutions.

Libraries will be louked to for many ot the information Tesources expected to be made
available over the network, and librarians have much to contribute to the daunting task of
organizing the increasing volumes of electronic information. The Colorado Alliance of Research
Libraries, a consortium of multitype libraries, not only lists what books are available in member
libraries, but its CARL/Uncover database includes tables of contents from thousands of
journals in these libraries. Libraries are also pioneering in the development of electronic
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journals. Of the ten scholarly refereed electronic journals now in operation or in the planning
stages, several are sponsored by university libiaries or library organizations.

3. Libraries provide access points for users without an institutional base. Many industrial
and independent researchers do not have an institutional connection to the Internet. All such
researchers and scholars are legitimate users ot at least one public library. The NREN
legislation as introduced does not reflect current use of the networks, much less the fuli
potential for support of research and education. Because access to Internet resources is
necessary to this goal. many libraries outside acade ne without access to academic networks
have developed creative, if sometimes awkward, ways to fill the gap. A number of high
schools have guest accounts at universities, but only a few have managed to get direct
connections. CARL. the Colorado Alliance or Research Libraries, reaches library users
regardless of the type of library they are using or their point of access. The development of
community computer systems such as the Cleveland Frce-net is another example of providing
network access to a larger community of library users. Several Cleveland area public,
academic, and special libraries are information providers or, the Free-net as well.

Most of the companies in California high technology centers either began as or still
have fewer than 50 employees. For these companies, there is no major research facility or
corporate library. The local public libraries provide strong support as research resources for
such companies. The California State Library has encouraged and supported such develop-
ment, for example, through grants to projects like the Silicon Valley Information Center in the
San Jose Public Library. Library access to the NREN would improve libraries' ability to Serve

the needs of small business.

Support of research and education needs in rural areas could also be aided through
library access to the NREN. Even without such access, libraries are moving to provide
information electronically throughout their states, often through state networks An example
is the North Carolina Information Network. NCIN, through an agreement between the State
Library and the University of North Carolina's Educational Computing Service, provides infor-
mation access to almost 400 libraries in every part of the state from university and corporate
libraries in the Research Triangle Park. to rural mountain and coastal public libraries, to military

base libraries. Using federal Library Services and Construction Act funds, the State Library
provides the local equipment needed at the packet nodes to permit access to the system
(called LINCNET) to these local libraries.

The information needs of rural people and communities are just as sophisticated and
important as the needs of the people in urban areas. Because the North Carolina network is
available in rural libraries, small businesses in these communities have access for the first time

to a state database of all contracts for goods, services, and construction being put out for bid
by the statejust one example of network contribution to economic development. The key
to the network's growing success is the installation of basic computer and telecom-
munications hardware in the libraries, access to higher speed data telecommunications, and
the database searching skills of the librarians.

4. With libraries and their networks, the support structure to make good use of the NREN

already exists. Librarians have been involved in using computers and telecommunications to
solve Information problems since the 1960s when the library community automated
variable-length and complex records a task which was not being done by the comeuter field

at the time. Librarians pioneered in the development of standards so that thousands of
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libraries could all use the same bibliographic databases, unhke e-mail systems today which
each require a different mode of address. The library profession has a strong public service
orientation and a cooperative spirit; its codes of behavior fit well with that of the academic
research community.

Libraries have organized networks to share resources, pool purchasing power, and
make the most efficient use cf telecommunications capacity and technical expertise.
upgrading of technological equipment and technological retraining ere recognized library
requirements, although the resources to follow through are often inadequate. The retraining
extends to library users as well. Librarians are familiar with the phenomenon of the home
computer or VCR purchaser who can word process or play a tape, but is all thumbs when it
comes to higher functions not used every day. Computer systems, networks, and databases
can seem formidable to the novice and are often not user-friendly. Expert help at the library
is essential for many users.

5. NREN development should build on existing federal investments in the sharing of
library and information resources and the dissemination of government information. The
internet/NREN networks are in some cases not technically compatible with current library
networking arrangements. However, the government or university database or individual
expert most appropriate to an inquiry may well be available only via the Internet/NREN.
Access to specific information resources and the potential linkage to scarce human resources
is one reason why most librarians are likely to need at least some access to the NREN.

As the Internet/NREN is used by various federal agencies, It becomes a logical vehicle
for the dissemination of federal government databases. The Government Printing Office.
through its Depository Library Program, has begun providing access to government
information in electronic formats, including online databases. A unified government
information infrastructure accessible through depository libraries would enable all sectors of
society to use effectively the extensive data that is collected and disseminated by the fedora!
government. Disseminating time-sensitive documents electronically would allow all citizens,
small businesses, and nonprofit groups to have real-time access to government information
through an existing organized system of depository libraries. The 51 regional libraries
(generally one in each state, many of which are university and other libraries already
connected to the Internet) could provide the original nodes for such a system. Together with
major libraries capabll of providing such support, these libraries could provide access for
smaller libraries and selective depositories within their states or regions through dial-up
facilities or local alea networks.

The library community has been assisted and encouraged in its networking efforts by
the federal government beginning in the 19COs. and more recently by state support also, in
ways that track well with the NREN model. Tne federal government spends in the neighbor-
hood of $200 million per year on programs which promote and support inter:ibrary cooperation
and resource sharing and library applications of new technology. These programs range from
the Library Services and Construction Act, the Higher Education Act title II, the Depository
Library Progiam, the library postal rate, and the Medical Library Assistance Act to programs
of the three national libraries the Library of Congress, the National Agricultural Library, and
the National Library of Medicine.

If academic libraries continue their migration to the Internet/NREN as the network, of
choice both on campus and for communication with other academic institutions, it will not be

1
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long before academic libraries and public libraries find themselwis unable to talk to one
another electronically. This result will be totally at odth with the goals of every major
legislative vehicle through which the federal government assists libraries. In addition. It makes

no sense, given the intimate connection of public libraries to the support structure for research

and education. While public libraries have long been recognized as engines of lifelong learning,

the connection is much more direct in many cases, ranging from the magneicent research

resources of a New York Public Library to the strong support for distance learning provided
by many dublic libraries in Western states.

Interlibrary loan and reference referral patterns also show that every kind of library

supports every other's mission. The academic, public, school, state, national, and specialized

libraries of the nation constitute a loose but highly interconnected system. A network which
supports research and education, or even research alone, cannot accomplish the job without
including this multitype system of libraries in planning, policy I ormulation. and implementation.

6. The NREN's higher speeds will enable the sharing of full text and nontextual library

am: archival resources. Libraries will increasingly need the higher capacity of the NREN to

exploit fully library special collections and archives. The high data rates available over the fully
developed NREN will make possible the transmission of images of journal articles, patents,
sound and video clips, photos, artwork, manuscripts, large files from satellite data collection
archives, engineering and architectural design, and medical image databases. Work has
already begun at the national libraries Ind elsewhere; examples include the Library of
Congress American Memory project and the National Agricultural Library text digitizing prniect

7 Libraries provide a useful laboratory for exploration of what services and what use.
interfaces might stimulate a mass marketplace. One purpose of the NREN bills since the

beginning has been to promote eventual privatization of the network. Libraries have already
demonstrated the feasibility and marketability of databases in the CD-ROM format. Libraries

also convinced proprietors and distributors to accommodate the mounting on local campus
systems of heavily used databases. Libraries can serve as middle- to low-end network use test

beds in their role as intermediaries between the public and its information requirements

8 Public, school, and college librar:es are appropriate institutions to bridge the growing

gap between the information poor and the information rich. While we pursue in.ormation

Iiteracy for all the population, we can make realistic progress through appropriate public
service institutions such as libraries. However, while an increase in commercial services would

be welcome, any transition to privatization should not come at the expense of low-cost
.:ommunications f or education and libraries. Ongoing efforts such as federal library and
education legislation, preferential postal rates for educational and library use, and federal and

state supported library and education networks provide ample precedent for continued
congressional attention to open and inexpensive access.

In conclusion, ,he NREN legislation would be strengthened in reaching the potential of the

network, in ALA's view, with the addition of the elements we have enumerated above. Our
recommendations represent recognition of the substantial investment libraries have already

made in the Internet and in the provision of resources available over It, authorization of
modest and aff ordable near-term steps to build on that base for library involvement in the
NREN. and establishment of a framework for compatible et I nits tbrough other fecforai

Iegislation, and state and local library efforts

ATTACHMENT
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