Originally Processed With FOIA(s): FOIA Number:
2005-0336-F 2005-0336-F

FOIA

MARKER

This is not a textual record. This is used as an
administrative marker by the George Bush Presidential
Library Staff.

Record Group/Collection: ~ George H.W. Bush Presidential Records
Collection/Office of Origin: Economic Policy Council

Series: Wethington, Olin, Files

Subseries: Subject Files

OA/ID Number: 04296
Folder ID Number: 04296-004

Folder Title:
Science & Technology [4]

Section: Position:

15 28




10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

CONTENTS

STATEMENT OF:

HON. ALBERT GORE, JR., U.S. SENATOR FROM TENNESSEE

HON. LARRY PRESSLER, U.S. SENATOR FROM SOUTH DAKOTA

HON. ROBERT W. KASTEN, JR., U.S. SENATOR FROM WISCONSIN

D. ALLEN BROMLEY, DIRECTOR, OFFICE OF SCIENCE
AND TECHNOLOGY POLICY

HON. LARRY PRESSLER, U.S. SENATOR FROM SOUTH DAKOTA

HON. CHARLES S. ROBB, U.S. SENATOR FROM VIRGINIA

DONALD LANGENBERG, CHANCELLOR OF THE UNIVERSITY OF
MARYLAND SYSTEM AT ADELPHI, MARYLAND

MALVIN H. KALOS, DIRECTOR, CORNELL THEORY CENTER

MR. TRACEY GRAY, VICE PRESIDENT OF MARKETING,
GOVERNMENT SYSTEMS DIVISION, US SPRINT

" COMMUNICATIONS COMPANY LIMITED PARTNERSHIP

DR.. DAVID C. NAGEL, VICE PRESIDENT, ADVANCED
TECHNOLOGY, APPLE COMPUTER, INC.

DR. JOHN S. WOLD, EXECUTIVE DIRECTOR, LILLY RESEARCH
LABORATORIES,'ELI LILLY AND COMPANY; ACCOMPANIED BY
DR. RIAZ ABDULLA, MANAGER, HIGH-PERFORMANCE COMPUTING

PROGRAM, ELI LILLY AND COMPANY

ALDERSON REPORTING COMPANY, INC.
1111 FOURTEENTH STREET, N.W.
SUITE 400
WASHINGTON, D.C. 20005
(202)289-2260
(800) FOR DEPO

PAGE
12
20
25
47
54
67
74
83

89

99




10
11
12
13
14

15

16 -

17
18
19
20
21
22
23
24

25

HEARING ON
S. 272

. HIGH PERFORMANCE COMPUTING AND COMMUNICATIONS

Tuesday, March 5, 1991

U.S. Senate
Subcommittee on Science,
Technology, and Spacé
Committee on Commerce, Science,
and Transportation
Washington, D.C.
The subcommittee met, pursuant to notice, at 2:047p.m.,
in Room SR-253, Russell Senate Office Building, Hon. Albert

Gore, Jr., presiding.
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OPENING STATEMENT OF HON. ALBERT GORE, JR., U.S. SENATOR
FROM TENNESSEE

Senator Gore: This subcommittee will come to order.

I would like to welcome Dr. Bromley and 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 roughly double
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 NREN -- or the National
Information Supérhighway -- as 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
information -- resources unavailable anywhere today -- and
making possible the rapid proliferation of a truly Nation-

wide, ubiquitous network which can do m2re to enhance our
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Nation’s productivity 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, pulling our country out of recession and
into renewal.

Well, our ability to meet the economic challenges of the
information age and beyond -- tough challenges from real
competitors around the world -- will rest in large measure on
our ability to maintain and strengthen an already threatened
lead in these technologies and industries.

We are witnessing the emergence of a much-heralded,
prematurely recognized -- on several occasions -- global
civilization. Now it 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 shared knowledge in the form of digital
code. And our ability to compete will depend on our ability
to handle knowlédge in that form. It is now the lingua franca
of global civilization.

- We .used to think of our ability to compete in terms of
infrastructure -- did 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 legislaticon such as this for more
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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 knowledge -- and then to ensure access to these
technologies to as many people as possible, so as many 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 for
Fiscal 1992 $149 million in new funding to support 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 £o one expert, if automobile technology had
improved as much as computer technology in recent years, a
1991° Ccadillac would now cruise at 20,000 m.p.h, get 5,000
miies to a gallon, and cost only 3 cents.

[Laughter.]

Wwhen my friend Jim Schlesinger heard someone deliver that

cliche recently, he said yes, and your Cadillac would be a
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few millimeters long, too.

[Laughter. ]

But as a result of these amazing advances, computers have
gone from being 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 supercomputer in action teday,
has a sense of what computers can do for all Qf us in phe
future.

Today, scientists and engineers are using supercomputers
to design better airplanes, understand global warming, find
oil fields, and discover safer, more effective medications.
In many cases, they can use these machines to mimic
experiments thaﬁ 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.
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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 unanimously 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.

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 bill -- H.R.

656 -- co-sponsored by Congressman Tim Valentine, Sherwood
Boehlert, Norm Mineta and others.

On Thursday, the Science Committee’s Subcommittee on
Science and its subcommittee on Technology and Competitiveness
on the House side will be holding a joint hearing on the bill.
And I look forward to working with my House colleagues to move
this bill as quickly as possible.

This legisiation provides for a multi-agency, high-
performance computing research and development program £o be
coordinated by the White House Office of Science and
Téchnology policy, whose director, Dr. Alan Bromley, is our
first witness today.

The primary agencies involved are the National Science

Foundation, the Defense Advance Pesearc-h Projects Agency, the
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National Aeronautics and Space Administration, and the
Department of Energy. Each of these agencies has experience
in developing and using high-performance computing technology.

S. 272 will provide for a well-planned, well-coordinated
research program to effectively utilize the talents and
resources available throughout the Federal research agencies.
In addition to the agencies I just mentioned, it will involve
also the Department of Commerce -- in particular, the National
Institute of Standards and Technology, and NOAA, the
Department of Health and Human Services, the Department of
Education, the U.S. Geological Survey, the Department of
Agriculture, the Environmental Protection Agency, and the
Library of Congress as well.

The technology developed under this program will find
application throughout the Federal Government and throughout
the country. S. 272 will double funding for high-performance
computing at NSF and NASA during the next 5 years. Additional
funding, more than $1 billion during the next 5 years, will
also be needed fo expand research and development programs at
DARPA and DOE.

- Last year, I worked closely with Senators Johnston and
Domenici on the Energy Committee, to pass legislation
authorizing a DOE high-performance computing program. And I
hope to work with them and the other members of the Energy

Committee to see that program authoriczed and funded in FY
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8
1991. Already, Senator Johnston and others have introduced S.
343, authorizing -- which would authorize DOE’s part of this
multi-agency program.

To fund DOD’s part of the program, last year I worked
with Senators Nunn and Bingaman and others on the Armed
Services Committee to authorize and appropriate an additional
$20 million for DARPA’s high-performance computing program,
money that has been put to good use developing more powerful
supercomputers and faster computer networks.

Advanéed 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 Performance Computing Act will help ensure the
technological lead in weaponry that has helped us win the war
with Iraq, and ﬁhat 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 the U.S. competitive in world
markets. Supercomputers can dramatically reduce the time it

takes to design and test a new product -- whether an airplane,
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a new drug or an aluminum can. That means more energy-
efficient, cheaper products. It means higher profits and more
jobs for Americans.

But perhaps 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 thoﬁsand colleges
and universities in all 50 states, allowing them to not only
send electronic mail and shared data, but access
supercomputers and use research facilities such as radio
telescopes; - log-on to databases containing trillions of bytes
of information on all sorts of topics.

This network will speed research and acceleréte
technology transfer so that the discoveries made in our
university laboratories can be quickly and effectivély turned
into profits for American companies.

Today the National Science Foundation runs NSF 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 entire Encyclopedia Britannica from coast to coast in
seconés.

With today’s networks, it is easy t2 send documents and
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10
data, but images and pictures require much faster speeds.
That will require the NREN, which can carry billions of bytes
per second-.

That is important. Because one of the only ways we can
successfully deal with the mountains of excess data we now
have is by organizing it into coherent, mosaic patterns and
images which can be comprehended in gulps or chunks, instead
of 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 resea;chers
at colleges throughout America to work together. Thevaill be
able to see the results of their experiments as the data coﬁes
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 talk about the
"National Collaboratory" -- a laboratory without walls, which
this network will make possible.

- Researchers throughout the country at colleges and labs,
ldfge 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. And I will include in the record a
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11
lengthy description of how education will be improved by this
network.

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 cannot afford not to make. For
that reason, I was very glad to see the administration propose
a high-performance computing and communications initiative, a
program very similar to the one outlined in S. 272.

In intent to work closely with Dr. Bromley and others
within the administration, as well as 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 length of 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.

[The prepared statement of Senator Gore follows:]
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STATEMENT OF HON. LARRY PRESSLER, U.S. SENATOR FROM
SOUTH DAKOTA

Senator Pressler: Thank you, Mr. Chairman.

And I think it is very appropriate that we have Dr.
Bromley 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 national
supercomputer network.

Let me say that I am glad that the administration h;s
come with the proposal this year. I challenged the
administration to come with a proposal last year. I am a

cosponsor of this legislation. But I look forward also to

working out the differences and listening very closely to the

administration, here today.

Let me -- rather than repeat everything that Al has said
in terms of what supercomputers can do -- to cite a special
interest that I have. And that is to be sure that small
businesses, smaller cities and towns, smaller universities,
Indian reservations, and others are taken care of this
communications transformation we are going through.

LI am very interested, for example, in finding a way that
fiber opt;cs 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

Subcommittee, when people talk abvwut supercomputers or fiber
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1 optics cable, or new electronic services, they are talking
X0 .
2 about serviceAthe wealthy suburbs. They are talking about
3 serving densely populated areas where there is a market that
4 yields greatest profits.
5 I always cite as an example that in cable T.V., for
6 example -- my wife and I have just obtained cable T.V. at one
7 of our homes for the first time of last year, we live in
8 washington, D.C. where we have a home, and Humbolt, South
9 Dakota. 1In neither place could we get cable T.V. until this
10 past year. We finally have it in Washington, D.C. And we can
11 get it by microwave now, in Humbolt, South Dakota.
12 But the point is that the rural and smaller town areas
13 have something in common with inner cities, in that all the '
+k¢yu\rzkot+\tt—fﬁ{" “‘b?(‘:":'\
14 great talk about the communications revolution) & are
i Awey
]
15 talking about the largest universities, the wealthiest
16 suburbs, and so forth. And-We cannot become a Nation of two
17 or three communication systems. ,(
18 8g I am working on legislation in the Communications
19 Subcommittee related to this that would provide that the

20 telephone companies, or whoever ,—er—thre—cabte companies should

21 be laying fiber optics cable rather than copper cable. That
22 hé¢should get fiber optics to everybody. And from there we
23 can rent space on the fiber optics cable for the different

derer walne Whouw ,
24 users or frgure—it—out-semehow—so these services can be
pouicy,

: . . A . ' .
25 available on a national basis -- sort—t universal serv1ce$qy>
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to—speak.

And:ihe same is true for supercomputers.

every small business does not need a supercomputer.

of our universities do -- many small

from being hooked-up by fiber optics

there are certain institutions. For

State University, the bio-stress lab

Of course,

14

But many

businesses will benefit

cable.

example,

In my own State

at South Dakota

where they are studying

new kinds of plants, resistance to drought,

be connected to a supercomputer.

very much wants to

ACCNLUCES
The EROS Data Center, which heas—pietures——— the LANDSAT
cseqrcines S
plctures ~=very—mueh will benefit, and tge—ggaﬂ%fy-wlll

benefit from being hooked to

twe. CROS BATABASGS
a—supercomputer.

South Dakota School of Mines, the project such as the

deep-drilling project, certain EPSCoOR-type projects, where

professors and individuals are doing research,

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 —mneed access to a

supercomputer more than a big one.

probably have their own.

initiative.

Because the big ones

So I think this is a very important

Let me also say small business -- now not every small

business is going to want to be hooked to a supercomputer.

But if they have the option, as we move

ALDERSON REPORTING COMPANY,

into

INC.

1111 FOURTEENTH STREET, N.W.
SUITE 400
WASHINGTON, D.C. 20005
(202)289-2260
(800)

FOR DEPO

the 1990's,

there




10
11
12
13
14
15
16
17
18
13
20
21
22
23
24

25

15
are jobs to be created in areas -- everybody 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
there 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.

[Laughter. ]

I am also concerned, Mr. Chairman, with -- in addition to
this, and in this subcommittee -- I hope we look at this &ear
what is happening in our schools in math and science training.
I think we are falling behind in science and mathematics.
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, I am told that over half of our graduate-
students in engineering 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
ge intoﬂsome of the benefits of supercomputers. The Chairman
has done ihat very aptly in his statement. I have mention
South Dakota State University’s bio-tress laboratories is

developing strains of crops and livestock. With the
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16
supercomputer network, the results of the researched produced
in the bio-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 larger universities -- certainly some of our smaller
hospitals very much are in need of this type of service.

I have mentioned the EROS data center archives -- tﬂe
pictures that are sent back from our LANDSAT
satellite -- since 1971, near Sioux Falls, it has stored over
1 million satellite images on magnetic tape. Government and
university researchers and commercial enterprises use éhe
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 achieve the massive
amounts‘of data for the Earth Observing System, EOA, 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 <ata —entevr in Sioux Falls.
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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 our multi-agency
supercomputing initiative in its Fiscal Year 1992 fiscal year
budget request. President Bush has allocafed $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 foice
of Science and Technology Policy. As I have mentioned, I am
pleased that Dr. Alan Bromley, the Director of that ofgice 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
initiative -- boy that is a mouthful of Washington
words -- whether 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
ts)supercomputing and a national supercomputing network

linking more than 1 million of our country’s computers by
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1 1996.
2 Mr. Chairman, I look forward to hearing from our
3 distinguished panel of witnesses on both S. 272 and

- supercomputing generally.
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Senator Gore: Thank you, Senator Pressler.

Senator Kasten.
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STATEMENT OF HON. ROBERT W. KASTEN, JR., U.S. SENATOR
FROM WISCONSIN

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

So what I would like to do is ask unanimous consent that
the entire statement that I have appear in the record and that
I be allowed to excerpt a couple of quick points from it:

I first of all want to thank you for the hearing. And I
am pleased to be an original co-sponsor of this piece of
legislation. I agree with both of you that it is necessary
for the continued ability to innovate and compete in the
marketplace.

I am also pleased that though there are differencés in
emphasis, the administration recognizes the needs for the
kinds of programs that we are supporting in S. 272. I believe
that the legislative initiatives, particularly S. 1067, in the
last Congress, Mr. Chairman, some of these initiatives and
other pressures from Congress is, in fact, what has helped the
administration -- helped assure the Administratif’s attention
to this important area. And for this I commend you.
~  And ; also commend you for you statement -- in your
opening statement saying that we want to work with the
administration. Because I believe that we are close on the

dollars and not so far apart on the programs. And so we have
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the opportunity here now to come together. But I think it was
Congressional initiative, and particularly your leadership,
Mr. Chairman.

The future developments in the area of supercomputing,
hardware, software, and communications, are critical to the
country’s security -- economically, environmentally, and
militarily. It is important that an American company -- it
also happens to be a Wisconsin company, Cray Research, is the
current world leader in the field. And I believe that odr
bill will help to keep American supercomputer companies
healthy. And it will also assure that American companies,

researchers, and others who use supercomputers have the

software, the training and the access so that we are all using

our capabilities and using them to the fullest.

Both S. 272 and the administration’s proposal look to
develop the networks that will be necessary if there is going
to be broader access and broader utilization of the Nation’s
supercomputers. Through the computing capability of our
supercomputers - although it is incredible -- our

communications systems are not up to the task of transmitting

the-data between computers or to -- as Senator Pressler
discussed -- some remote locations.
So I think we are on the right track here. I will work

to assure that America realizes the full promise that

supercomputers can offer in so many different areas of
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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 anxidus 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.

Unfortdnately, I have another hearing that also s;arted
at 2:00. And I would ask that in addition to my entire
statement appearing in the record, that I be permitted to
submit some questions for the record of Dr. Bromley.

Senator Gore: Absolutely, without objection.

Senator Kasten: Thank you, Mr. Chairman.

[The prepafed statement of Senator Kasten follows:)

[COMMITTEE INSERT]
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Senator Gore: And may I say, before you must depart, on

a personal note, I deeply appreciate the key role that you

have played in pushing this bi-partisan effort forward. And I

. want to say the same to Senator Pressler.

Indeed, this has been bi-partisan 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 committée passed which both of you supported, the
Supercomputer Network Study Act of 1986 which required that
study, but more than requiring it, invited the administration
to join in a dialogue with the committee which resulted in the
OSTP plan 2 years ago.

And it is not accidental, by any means, that the
administration plan and the legislation which we here are
supporting, are so similar. Because they have both resulted
from a meeting éf the minds on what is the best interests of
our country.

- 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,

Associated Director for Physical Griences at OSTP. And among
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the many things for which you are due congratulations, is the
excellent choices you have made of people to help you.

I-remember 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 differenp
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.
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STATEMENT OF D. ALLEN BROMLEY, DIRECTOR, OFFICE OF

SCIENCE AND TECHNOLOGY POLICY

De.-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 that I agree is one of
the most important that we could address in terms of its ;ong—
term and short-term impact on this Nation.

The hearing, of course, today addresses this whole
question of high-performance computing and communication. And
I would like to, with your permission, sir, 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.

Now, the President’s initiative included in the 1992
budget is described in detail in the document that accompanies
that, precisely; the report that is called the Grand

Challenges: High Performance Computing in Communication.

_This is .a report that was prepared by a working group on high-

performance computing and communications that operates under
the Committee on Physical Sciences and Engineering, one of the
seven umbrella committees that operates under the Federal

Coordinating Council for Science, Engineering and Technology.
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‘§£§/I see, sir, that you already have a copy of the report.

The goals of the whgg w

rde——s43- are ones that we

high performance

computing and communlcatlonc?
have shared for a long time. Aﬁitgy 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, the—Grand<__

,Ztha%%eages—documeﬁ%] we have attempted to illustrate and

symbolize the importance 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

cqucstons
These 1nclude-ﬂattefs of global climate change, mapping

are talking abouﬁ4

the human genome, understanding the nature and helping in the
fabrication oﬁltallored materials --.an entirely new

frontier -—Aproblems that are directly applicable to our
national security, and‘é%gt J'.nclud’.,1 - I believe you
would agreg¢wé€gé;s sir -- both military strength and economic

strength. It also, of course, includes the design of ever
e Fssenh )
more sophisticated computers. i the list

is limited only by our imaginatioQ:g%—the—momentrgi

A great many of these topicéffof—eoufig;—f“thiﬁk are

already partially underway. But there is a tremendous
I Sol’l?

frontier out there,/fnd-qualltatiVQ as well as quantitative
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1 changes in our capabilities and in the problems that we can

2 address effectively.

3 The initiative that we present to you represents a full

4 integration of component program%/gln a s of the’<—
Ihesc ag cmnercd

5 Federal agen01ei)ehqﬂ have been involved for some tlm%/ggk£T42—

6 in hig@fgérformance computing and in the design, developmenét?

7 utilization oy their own agency computer networks. And as was

8 noted earlier, the initiative that the President has brought

g forward proposes a 3q2;;rcent increase in the funding in

10 Fiscal Year 1992 3n support é@gzhese activities.

11 ﬁnd«%fé%%ﬁk=%hat I should,/ at the outseﬁ/?;tfitstate that

12 it is our goal in OSTP that betweenéthe ﬁé94 and 5 years-wejz-
13 éfgoab%e the support for this aCthiQ;; but much mor; L;portant

14 that we increase the speed, the memory capacity, and the data

15 transmission capacity of our systems by factorgjbetween 100

16 and 1000. kﬁg%ghis is certainly within technical reach.

17 Né%:‘l wouldj??%e, if I might, sir, to take a-moment }ast’gz
18 to trace the history of this initiative, in which you have

19 been, yourself,.very heavily involved. it traces
20 its formative years back to the early 1980’'s and before, and

21 stems a%é%'in part from the recognition in a great many of our

22 agencieé/ﬂfhat to satisfy their mission needs/%zhey required

23 computing capacity far beyond anything that was ther}/yw
24 available.
25 Aﬁ§%§§ the science and the technclogy in these agencies
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. M &
improved, it became rapidly obvious that the quantity of dat?fh
the number of databases that were being developed made
absolutely mandatory the need for more sophisticated data-

and.

archiving, data—processingy‘data retrieval. one of the
points I would make in passing is that there are now
between 6,000 and 7,000 daté:bases in use around the world.
Aé%;g}most without exception, these are not integzgomparable
or readable, i nd this is the beginning.of a
Tower of Babel that we can illfafford. -ﬂé%{%&at matter is one
that we should work together to correct.

In 1982/%; FCCSET committee examined the status of

supercomputing in the United StatesAin response, as you
suggested, to a request from the Congresg;v;nd 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 development and uéé of
supercomputers in this country. Subsequent planning resulted
in a.wh;ié seriés of workshops that were held in 1987/}gnd a
set of reports that set forth the outlines ofjtésearch and
development strategy. The synthesis of all of this activity
appeared in the report entitled the "Federal High Performance
Computing Program" that was issued by my office in September

3 g7y
ef 1989, as you noted. the initiative that we bring

forward now in the 1992 budget is, in my view, a realization
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1 of the goals that were spelled-out by ?uéﬁfgfiszgy a number
2 '2f people back in those day%jascéggééjgﬁgﬁ%gggigjig;i now;z'¥AC/
3 citargets that we fully bel%gﬁe we can achieve.
- ‘What—we_hane:hers=és—ér;fogram Eﬁé%—involves 8 partnerij
5 eETAﬁd—%h%s—is the Defense Advanced Research Projecnggency, the
6 National Science Foundation, the Department of Energy,

ﬂ/\b \Adﬂ\ims M, the )
7 ﬂNational Aeronautics and Space@'National Library of Medicine,
8 the Environmental Protection Agency, the National InstituFe of
9 Standards and Technology, and NOAA, the National Oceanic and
10 Atmospheric Administration, within Commerce.
11 -Agglége planning and implementation of the HPCC program,

|

l

j 12,CS_L—wea}d—submit—te—yeﬂT—siry have been the result of a rather—=<
13 remarkable degree of cooperation and -—f—mus%—say——£2_

14 enthusiastic cooperatio2> : _%ersﬂﬁgencies have been
15 quite pregared to readjust, eé;}ealign,/redesign their

16 programs-%gd high-performance computing so that together theﬂe
17 made parts of a coordinated Federal whole. :

18 Aﬁézi would like to pay tribute to the level of

19 cooperation tha£ we have enjoyed in putting this program
- 20 together. There is a level of mutual trust, cooperation, and
21 synergism/gzhat + is remarkable/ both inside and

22 outside of Government. I would also have to say that the
23 success of this activity has depended in no small measure on
24 the input that we have received from the private sector. It
25 has been crucially important for ug?gn cdeveloping the program
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that we have brought before YO%AFO have it calibrated 96—h7ye-
zéptested against the real-world environment in which our
industries operate, because they, in the long-run, are the
ones -that we look to to implement this program.

The program itself has four major components -- as you

coneems

know very well, sir. The first hes—to—do—with high-
performance computing systems. ‘Aaé%ge use that phrase
advisedlxﬁbecause we wanted to include not just
supercomputers/ but also high-performance computers on all
levelsp ;he 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 information superhighway to which you referred.
.Begégﬁ;ggihout that, very few people have access ﬁb either of
the first two components.

ké%lginally, we have a basic research and human resource
component. Baaéﬁ%éﬁg;thout that, we do not maintain our

frontier status, nor do we have the trained personnel who will

ne—i&l—y move these frontiers forward. Bé

&

equally importag;\aq\often forgotten %ié the technical people
- /

who, in fact, operate these systemsA make sure that they do

what they were designed to do.
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We have, in developing this program, set what I believe
are ambitious goals -- ambitious but realistic goals.' As I
}&éz/ﬁentioned, we seek a thousan@]}old improvement in useful
computing capability. That takes us to a trillion operations
per second. kégi;he focus heéz/will be on developing the
generic technologies that will prove valuable not just in this
sector;%But in many different industrial sectors.

Where appropriate, we feel it very important that the
development be performed on a cost-shar?Abasis with industry.
Beeéﬁ%é‘ye want to involve industry as deeply as we can from
the very beginning of this activity.

In software development, 4=£5£§L we clearly have a major
challengé. Beeéégzlggr software‘heéa; in this country -- as
;adéz; in every other country -- is now lagging behind the
development of hardware. kggigpst important, as we have
discussed many 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. Eﬁsglgf

—
=

course, as we béth know, the higﬁ%;érformance 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
inte{Z}onnected computer network eﬁégﬁéé refe% to as INTERNET.

The overall goal here is to achieve a 100-fold increase in
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communication speed. We want to take this up to the level of

2 gigabytes per second.

3 In addition, as you have noted many times, one of our

4 major goals here is to develop a vastly greater number of on
5 and off ramps %ﬁythis information superhighway. There are too
6 many isolated institutions and areas in our countryéD

5

8 Amd I hope that in the not-too-distant future our public
9 will look on this network as commonplace andlas little-to-be-

10 feared as the telephone system. ?hie=i&ﬁﬁ goal eha%—i—%h%ﬁkr43

11 is quite within our reach. }f\(,ouJ&,LVﬁVc_

12 If we have such a network, T—think we have thé-’

13 —=possibilityef a catalytic effect on just about every

-
14 component of our societxZ«K}zn our industries, both small and
15 larg%; and I appreciate the reference to small industries,

. is coul e *é :

-16 because I believe that -periaps—there=+ts one of the major
17 potential impacts; universities and research orgaﬁizations?
18 é&é;hperhaps even more important the elementary and secondary
19 schools of the ﬁatiog?yhere the real deficiencies in our
20 educational system are most apparent.

21 Finally, I think that no plan is better than its

22 execution. :;he execution of this initiative is going to
23 depend very critically on the synergy that has been developed
24 among the agencies that are parﬁicipating in it. What we have
25 tried to do is to develop the plans sc that each agency does
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what it does besp)%ghd does it in a coherent way to amplify

the effects of its sister agencies in this overal}_g;gg;gg;)
- n Y

gagggvﬁach of the agencies, as you well know, has %atioaal

constituencies,/ and hég}historical strengths. %—eﬁiﬁ%ztha% as
has been noted before, théglfhis.paaﬁiéii%r init%ftive has the
oM

promise of very high payback in economic termsﬂ in social
termsc)azmggiu

difficult to think of any other initiative that has the

)

s I indicated at the outse§7fZ“I find it very

a
=

potential of a higher payback to the American taxpayer.

The high-performance end of the computer market/;ZS*Wé£3-

737all_know, is relatively smalL{\ ut its influence far

| S
transcends it size. Thﬂt is where the leadingredge
s an A 5
technologxwg%ﬁﬁ leadingxedge applications are developedp a

’ -

Federal investment in leading;edge computer technology will
speed the growth of the overall computer market and can

catalyze;LE—beéiéié* investments on the part of U.S. industry.

But I would again come back to the matter of éYnerg%y1L
meﬁgxgﬁéééééfiéef. I would not want this to be thoughﬁ of as
only a supercombuter initiative. It is much more important
than that. Supercomputers play a role, and a very important
one, but by no means the only role.

: %ﬁe initiative that we bring before you
todafjhas the potential to be a major contributor to meeting a

number of other very important national needs -- national

security, health, transportation, education, energy,
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1 environment -- all of these are areas where the availability zQ
oN
2 of a new generation of high-performance information handling, ,

. information transfer will be essential. Aﬁélthﬂ dependence,_/I/QL

4/,/<99Lievey will, in fact, only grow.

3 If we are to realize the full potential of this

6 initiative, it is not enough that it reach its technology

7 goals. It is equally importanpilin—my:$§§;; that th%;/

8 technology be deployed by the private sector in a timely

9 fashion. Aé£3;pe continued development and use of Government-

10 funded, high-performance computing and communication

11 prototypes can certainly have an important, positive impact on

12 the commercialization of these technologies. H;%i:iﬁ fact, we

13 can make availabif to a great many institutions in this

14 country\ ;ﬁ;not themselves justlfyh the hardware 1nvestmeq;\

15 the power that will be available the proposed networks.
kovae/,

16 This diffusion,-4—weu%d—subm;;TfM;T—GhaégmgﬁT-is not

17 possible by Federal action alone. The gpministratién’s

18 initiative will serve the Nation best as a catalyst for

19 private action.

20 QEE;C:;i;;;;_;;;I;iiS have suggested that the initiative can spur

21 several hundred billion dollars of GNP growth. If so, it will

22 be because American companies, both small and large, have been

23 able to deploy these technologies in the production of high-

24 quality goods and services.

25 I think also that
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National Research and Education Network will lead to the
establishment -- and I hope quickly -- of a truly national,
high-speed network that really does connect essentially every

¥ e -
homeA office/}ln the Nation. Aif that happen§$it will be

—

because the private investments that make it possible have
been stimulated by the initiatives taken here.
Baé%l;pe legislative proposals pending before the
Congress, I would suggest, Senator, perhaps do not fully
ok ;

recognize the comprehensive inte{i?gency effort that has been

achieved through the years of collaboration that have led to

this particular aCEEXiEX>;>

é<::;/;;;£ I testified last yeag/ggéfore the corresponding

vy,
hearing, I noted one concer9~gnq:I would simply eaéégreiterate
that concernc)séé% : 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 legislatibn we may
have given up some flexibility that we may want in order to be
able to adjust £his programf?ihe agency,/ participation, on an
ongoing basis.

I would emphasize that the FCCSET activity should still
be viewed as partly experimental. This is the first year that -
we have really had it working as I had hoped it might. Aéé{ge

will certainly move forward next year to do a better job in

these areas than we have been able to this year.
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1 That was one concern. The other concern I have, sir,

2 reflects a fact that you/ yeﬁfé§§f mentioned. <And-that—is<-
pitke .
3 we have worked long and hard to bring about thjs total

4 integration of the agency programs. Eﬁglmy concern, which I

5 believe Ls—eﬁéféhat you yz&éﬁiff share, is that in the
o

6 subsequent actions he§a=§ﬂ the Congress/%lt would be a great

7 pity ﬁf that coordination and integration were not carried

8 forward as the various pééégiZéad players in the program

9 present their programs to your sister subcommittees.

10 aég?i-wéégé‘very much look forward to working with you,
1 sir, and ask for your assistance in making sure that we do//Q~
12 retain the coordination that is now a hallmark of this

13 activity. |

14 Ns%ELI think, sir, that l;aﬂgiEi, at that point/}gimgiy—Q\

15 qzjsay—that I would conclude my prepared remarks. The full
16 testimony will be in the recoqu)aﬁgiI ﬂpagg welcome your
17 questionﬁj sir’e E

18 [The prepared statement of Dr. Bromley follows:]

19 |

20

21

22

23

24

25
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Senator Gore: Well, thank you very much. I know my
colleagues will have questions also.

Let me begin by thanking you very much for your
statement. I thought it was very well put. And I, too, look
forward to the private investment which will be stimulated by
this initiative and the passage of this bill. 1In fact, I know
you are aware of the Merit proposal, with IBM and MCI and
MErit, announcing a massive not-for-profit venture designed
solely to quickly expand and proliferate the network as soon
as the Federal backbone network is in place.

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 looks 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 cﬁfiosity so
the child can navigate through an ocean of information
according to whét 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 -- to use the
buzz-word of the day -- not just one or two or a few
individuals, but we 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
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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
it -- sending 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 better.

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 vefy, very similar, and that S. 272 is consistent
with what the administration is proposing.

Last year, as I had mehtioned, the precuréor, 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 particuiar, 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
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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 as we have. 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 with --

Senator Gore: You would hope we would not see more in-
fighting.

Dr. Bromley: No more in-fighting.

[Laughter.]

Senator Gore: Okay, I just wanted to_clarify'ﬁhat.

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/?;nd as we went through the FCCSET
process. Aﬁé%l 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, need for their own independent, mission-related

i
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activities. But we agree completely that in order for this to
be a truly national program, it requires management as a
national prograg{\‘%hd we have identified NSF as the
appropriate agency for that. I believgfpﬁég'to the best of my

knowledggAphat everyone whéiiifrepresented in the report that$-
)

©you-have before you is committed to moving forward with the

that repovt
program and plan laid out in ﬁhe;e.

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 you -- your basic position is you like
the legislation. But your basic position is that Y6u 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. 1Is that basically --

Dr. Bromley: I would phrase it somewhat differently,
sir.

[Laughter. ]

Dr. Bromley: I would perhaps put it that we look forward

to working with you.
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[Laughter. ]

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

Does the administration’s initiative represent more than
just a l-year commitment? Do you have a commitment from OMB
for the entire S5-year program or just for the first year?

Dr. Bromley: We have held, as you.querstand, detailed
discussions with not only the agencies;/but with OMB. Ang 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,

50 S0
focuses on.ﬁge-particular yea;@\ Aﬁﬁ‘we will go back and we_

/sziii have to make our case again in the following year. But I

am convinced from our activities this year that there iS/fL’
i héié
fullfrecognition that what we are talking about is an

important initiativg{\-%éii;-atgresidential initiative. And

—chat we are talking about a 5-year program to achieve what is

involved.
So, although I cannot guarantee to you anything about the
years beyond this, my best judgment, and that of my

colleagues, is that this administration is fully committed to

-y

this as a very important -amd—a presidential initiative.

Senator Gore: Of course, things change, and budgets
change, pressures build, lips get red, circumstances alter.

But formally, you have a commitment for 1 year?
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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 Qignal 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 initiatives -- a new math and science
education initiative, and -- 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 productively. 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, first of all, let me say that it is’

e
éﬂminently fair to make that statement. Tha%;fiézzégéz—ﬂe%4l

>

éga%y—wiié-;he high-performance comput#pg initiative have a
— “

not om initiatives
very important impact onAthe other two, 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 argﬁ?cwhg%e7_§s you noted earlier,-sé%, we have a

Mission to Planet Earth that I consider very important under
consideration. And-as=wasin§Gedféggiée::thisza£%e£noon+ once

we have the EOS A platform up, which will be a unique part of

Wll{
that program, beeauge it wpuld allow observation of individual

points on the earth’s surface through 14 to 15 instruments
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q_-
from those simultaneous data/ one can

simultaneously. ‘Aé%}ihat is critically important/\ Pecause
t#ég extract vastly more
than one can from just 14 or 15 individual sensors flying
independently. Beeﬁéé%!;here is no air column correction, no
cloud correction, nothing of that sort.
However, :
Rut as was indicated, the data flow from that particular

remote-sensing complement alone,/:lll send us the equivalent

of the Library of Congress in less than 5 daysC)in—factT——And«Q\

eﬁe,_gnless we have the kind of speed, capacitzkand information

transfer capa lllty ihat we are talking about in the high
L putn covrinvni cahows

performanceAinitlatlve, we simply cannot cope with the flood

of information that will be coming to us from the sensorﬁpthatgl

Crwe~have_in_actken

\Ag%lgerhaps even more 1mportantly; I\thigi:'ls a point
that you touched on earlier. And—tﬁé%;iszthat the human brain

in

is substantially limited with what it can do wieﬁ whacklng
great stacks of computer print-out. B&%f,n the other hand 1s
almost miraculously able to form hypotheses and sense patterns

. "y ‘
in those same data if presented inAgraphical fashion. That/ -

/zathink, is probably the largest qualitative difference that

high-performance computing can make in any area. Beeétse/it

=
==

will allow us to take this flood of data and actually do

something with it -- make decisions, understand phenomena that
\.,«

would samply be beyond uejotherw1ee} S@ ln that area/ the

question has a very obvious answer.
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In education and mathematics, I think that the impact
probably is going to be greater in the long run than even on
global change. ﬁ&e:;t is not yet as obvious.e;%he fact that
impresses me enormously-én<%£§;;afea is that with a single/ﬂ/‘
fiber optic going into a classroom, every student in that
classroom can have self-paced, individualized instruction in
any subject -- repetition where repetition is necessary,
positive reinforcement where that has been earneq5f=£%§é.l
cannot think of anything that will improve the éuality of our

—

educationﬂ particularly atﬂelementary and s§fgndiiz;échoql
levels, where our greatest weakness now lies/I than the
introduction of this kind of technology into the education
field. ~( Mo

Sé%’;p the long-run, I think the impact may be even
greater there, although it will take a little longer to bring
it into place.

Senator Gore: I welcome that response. Justibriefly, 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 telgphone company decided years ago that seven

]

numbers were the most we could remember, then they added

three. And yet, when we see a trillicn bits of data arrayed
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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. Secondly, they allow us to search through vast
oceans of data and instantly retrieve those particular bips
which are necessary to make up the particular pattern that we
are looking 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.
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STATEMENT OF HON. LARRY PRESSLER, U.S. SENATOR FROM SOUTH
DAKOTA

Senator Pressler: Thank you very much.

Dr. Bromley, I am fascinated with page 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 of the
agencies -- and I am sure they are all filled with highly
trained scientists and highly trained people.

When I was in the Army in Vietnam, I was at one point on
detail to -- we 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 an administration in coordinating all these
people and getting them to work together. 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

roblen
number one pregram 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 effectiveness if we can be sure that everyone
understands what everyone else is doing, and that they are

really part of a coherent program. SZizg are devoting a very
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large amount of our activity to trying to make sure that this
is the case.

A§3’1 must say that I want to pay tribute hegg/to the
people who have been involved, the people who prepared this
document, because they have managed what is really a

AAVE b/quF

remarkable feaﬁyfr;éfgng;ng about a fusion of what started out
as separate programs in each of the agencies you see listed on |
these pages, sir. Aéé/these folk have spent many long hours
sitting and looking at each program and asking how éeé%dlt fla
as part of a national program, and then adjusting wherever the
overlap, the duplication, the gaps were to make it actually
£its Aaéégs'gg already have developed a level of personal
communication among the members of the community involved in
all these agencies that-%«tﬁgé% will.;é;:iegsextraordinarily
well in the years ahead.

Senator Pressler: Now, as I understand the general
difference -- and I am not advocating either one héfe
necessarily, because last year in one of my statements I
called on the administration to 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 on the
HPCC program regarding all these agencies. Is that a general

statement?
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1 Dr. Bromley: I would have to modify that just a little
2 if I might, sir, because we in OSTP do not force anybody in
3 any agency to do anythingcjbﬁttﬁégéé, gyen we are successful,
4 uﬁ;ersuade them that they have the opportunity to become part of

- Aﬁdégb
o a much larger entity, ehgrnational program. _to that

6 extent, everyone here already is involved. The responsibility
7 is the agency’s, but if the coordination fails, then the blame
8 is ultimately mine.

9 Senator Pressler: But basically, these are all

10 administration-appointed -- well, they are all -- the heads of
11 all these agencies are appointed by the President, usually

12 with the advige and consent of the Senate. So therefore, the

13 White House could order them to do something.

14 Dr. Bromley: 1In principle, yes.

15 [Laughter.]

16 Dr. Bromley: There is a famous quote that springs to

17 mind, sir. I can summon spirits from the vast deep; but will

18 they come.

19 [Laughter.j

20 Senator Pressler: Well, I know back from my days as a

21 second lieutenant in the Army listening in on meetings, to get
22 the attention of an assistant secretary was hard on some of

33 these things. If you could do that, you could accomplish

24 something, but there is great competition.

25 Dr. Bromley: May I add one word ~f clarification, sir?
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One of the important things that perhaps I should have

emphasized is that this has been a concern within the

gpministratioéj;ithin my office. And:iﬁzéfderzgo address that
concern, during this past year I have restructured the FCCSET
committee so that its members now comprise the cabinet
secretaries, or deputy secretaries, and the heads of the
independent agencies that are responsible for all these

fis o vesudh A&
+Auf Aonce the FCCSET group makes eh?1dec15}on,

that_then_is_ﬁ decision-%hé%—will stick from there on in

act1v1t1esO

because it has been made by the senior officer of the agency
involvedy aé;hat is a key part.
FeLsET

Although‘tha%—gyeup is not involved in the actual
construction of the initiative, it receives the initiative,
approves the initiative,i;;ves the initiative its blessing
before it moves forward as part of the budget process.

Senator Pressler: I am glad to hear that, because that
is really key. As a point of view of public adminiétration,
many of these activities require the input of highly trained
people, and frequently the very top people administratively in
these agencies are so preoccupied with the war in the Gulf or
with other matters that 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,
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1 and I hope you are able to continue that level of interest.
2 And I just point that out because I am fascinated with all
3 these agencies here. This chart is an amazing Washington
4 chart, and to make all this work together with these highly
5 skilled people who perhaps do not submit to traditional
6 administrative discipline quite as much as some others, you
7 have a big job.
8 Now, let me ask a couple of questions here. Do you
9 foresee the development, at some point, of a system of usér
10 fees so the supercomputer network will pay for itself

| 11 partially? And how would that system be structured so that
12 user fees do not deny access to users with limited resources,
13 such as small schools and individual researchers?
14 Dr. Bromley: Weé%? ép the long term, sir, as I touched
15 on jus%‘é%laﬁly earlier, I look on the National Résearch and
16 Education Network as a piloéi—if you like, a precursoglgor
17 what, as fast as we can, will become a national sef&ice that
18 is provided by the private sector as a utility service just
19 like the telephéne.
20 Aﬂ%{gpder those circumstance§¢gt would seem to me that we

==

21 would function much as we do at the present tim%y-nameiy—%ha%—{_

22 g@all schools, for example, or people who wanted access to
23 this utility would make application as part of their normal
24 process of receiving support for their research activities to
25 an appropriate agencyé}andaxh;{ just as we now provide part of
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grants and contracts to supportAuse of telephones, copying
machines, and whatnot, %—%ﬁé%% we would also be more than

happy to include in that list of necessary tools,féé—yea—wé;4741
the charges that might be levied by those public utilities for
access to the computer net.

Senator Pressler: Now, as you know, we have EPS?ﬁ%
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: Wégi: I think perhaps the first and most
important answer tﬁéﬁaI'can give to that is simply to tell you
that this is the President’s wish transmitted directly to m&>
ﬁhé%’if this is going to be his initiativgﬂye‘wantéuit to be

=
= /
=

broadly available to institutions large and small, both in the

educational and in the industrial sector. Aﬁé~séi£5a%7.l look

+%Nk can
onﬁas an instruction, and we will do everything we possiblx1to

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.

I have some additional questicns for the record, Mr.
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1 Chairman.
2 Senator Gore: Thank you very much, Senator Pressler.

3 Senator Robb.
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STATEMENT OF HON. CHARLES S. ROBB, U.S. SENATOR FROM

2 VIRGINIA
3 Senator Robb: Thank you, Mr. Chairman. I am pleased to
4 join you and Senator Pressler and other of our colleagues on
5 this committee again as a cosponsor of this legislation, and I
6 am delighted to have a chance to be with Dr. Bromley again.
7 We have coconspired in previous incarnations on other
8 scientific projects, and it is always a pleasure to work yith
9 him.
10 I did have a very brief statement that you may have
11 already included in the record. 1In any event, I would ask
12 unanimous consent to include it without delivering it just on
13 this particulér topic.
14 Senator Gore: Without objection.
15 [The prepared statement of Senator Robb follows: ]
16 [COMMITTEE INSERT]
17
18
19
20
21
22
23
24
25
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Senator Robb: 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 last night
when I came home, I have a child who was trying desperately to
do just that. She had just lost about an hour’s worth 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 moment.

And then when I heard Dr. Bromley say something to the
effect that the entire Library of Congress could be
transmitted 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.

[Laughter.]

Senator Robb: I have a couple of questions tﬁét are more
technical in nature that I would like to submit for the
record, but I would like to ask Dr. Bromley just in a very
sense, since this is presented again in a cost-conscious
environment, and several of the lighter remarks and exchanges
took place with respect to future funding and the coincidence
of intent, and what have you, with respect to others here and
at OMB and elsewhere.

But I wonder if you could just talk a little bit about
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ways that those who believe that this would be a very good

investment for our country, for our individual States, for our
industrial sector, for others, how we could attempt to provide
what would be traditional cost benefit analysis. How could be
grapple with the basic question of justifying the kinds of
expenditures that we are proposing here, or that are implicit
here, and in the long term to realize the full potential that
I believe and others believe this has in terms of the costs,
so that we could make some comparison to the costs that other
competing interests for the finite Government dollar might be
justified or evaluated.

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. We:hé%élgack in 1989, fef—examgleJ&:htered into a
contract with a group bl Los Alamos to try toﬁjust what you
have askeﬁA namelg}po try to come up with an economic cost;{l
benefit analysis of this initiativ?J—;hd it has beéh 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 momean-beeaase{i
é&e sort of range that people are talking about is that if we
were to implement the initiative that we have presented to
you, thét'the payback would be somewhere between $170 billion

and $500 billion over a period of the next 10 years. The

range in itself tells you a lot abw~ut how good the actual
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1 calculation is?‘aag?frankly, sir, I think that it is a little
2 premature.
3 Senator Gore: Even so, Dr. Bromley, it might be good to
- have that on the record.
5 Dr. Bromley: It is not bad.
6 [Laughter. ]
7 Senator Gore: It might be good to look at. I do not
8 want to interrupt Senator Robb’s question, but those are
9 intriguing numbers. I mean, we can deal with a range.
10 [Laughter.]
11 Senator Robb: That is right. Regrettably, very little
12 justification is frequently required around this institution.
13 If you want to believe, you do believe.
A14 Dr. Bromley: Let me, then, sirs, tell you that the only

15 numbeé%:;—-concrete numbers that I have available to me at the
16 moment are those that came from a Gardner study that, inlfact,
in the
17 was reipested baé% a number of years agop) aﬁé‘it is
o

jhat
18 range,, $170 billion to $500 billion over 10 years. Aﬁélfhat

19 is a very impressive payback. But I also would caution you,
S necc al’\tz
20 sir,-ehat—iikﬁ you beéﬁg familiar with a great many cost~
21 benefit analyses, that there are many potential pitfalls
i g ot —V‘-—-) T e
22 2 And I give it to you only as an indication in support of
23 my personal belief that the payoff here is probably one of the
24 best,in terms of an investment v&ewég;ﬂ£ of anything that I
N @y N
25 can conceive of us doing. /We just recently, for example, had

j A—
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the study of Professor Edwin Mansfield of the University of

Pennsylvania, which focused on wha%t;$ the rate of return on

Federal investment in academic researché7aﬁg?he came out with

=

a figure of 28 percent.

'I&l,. hat is a‘;l:ar)velous figure, because it was created
by a first-rank economist. ﬁé%zge scientists love figures of
that kingrpecause our economist friends cannot argue with us
about them. But I would submit, sir, that if that is thg
return across the board on Federal investmen?iin fundamental
research, then I would be prepared to wager rather heavily
that the return on this initiative would be higher by
substantial factors.

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 find that in an off-set within the
current caps on budget, somebody will pencil in this program
and then spend those savings for some other prograﬁ:which may
be equally worthy.

[Laughter. ]

Senator Robb: 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

asions when it does, and

()}

often in government, but there are oc
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in the private sector as well.

As I said, the other questions are really more technical,
and I will submit those in writing. But again, I thank you.

And Mr. Chairman, I thank you for not only again
sponsoring the legislation, but for another hearing, 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. And as one of the former Governors
who took a leading role in stimulating high—téch iesearch and
development in your State, I do not know if that is the reason
why you were such an early cosponsor of this, but I appreciate
your --

Senator Robb: Mr. Chairman, if I could, let me just say
that had the economy not soured a little bit just south of the
Potomac, I had some proposals that we were going td“use our
Center of Innovative Technology to house a supercomputer, but
got into some of the costs involved and recognized the fact
that the economy, in least in terms of available expendable
dollars, was going sour too rapidly to push it very hard.

But I hope when we recover, that -- 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
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part of this overall 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 figures 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 estimates not only related
to GNP, but also reductions in the deficit. So your thing
about the offset there I know was in jest, partly in jesp
anyway, but this --

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

-[Laughter.]

Senator Gore: But this does project, as unreliable as
such figures are, very significant redgctions 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 peréént of the
Federal R&D budget.

If, therefére, 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 embelden those who
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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 vastly improved 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 -- I cannot
remember the exact figures, but they are ﬁeasured 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 .

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 arevéoing 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 paralleled supercomputers, or will
f;nding also be provided for purchasing supercomputers that

are now on the market and developing new and improved software
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for them.

Dr. Bromley: It is certainly, Mr. Chairman, not our
intention to in an%js ggest that the only way to go is the
massively parallel route. The important thing is thq%\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 probleq? and—66§£§a€ é

goal hééé_is to have both facilities on the netwo;}xaqé}éo
. :

that you have essentially a transparent_izifsg/7

Se—%her‘£d1v1dual working in Senator Pressler’s
uuod vt
laboratoryA51mply useg his work station and haﬁ access through

the network to whichever is most suitable to the problem thatl _

13 —grappens to be addressed at the time. We in no way are

14
15
16
17
18
19
20
21
22
23
24

25

suggesting that we want to eliminate one of these approaches
in favor of the other. We do, however, simﬁié_note héé%'that
if we are to reach the increase in speed in the time that we
project here, tﬁéiﬂthe only way to do it is througﬁ:%he/Q~
sca\%}ble 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

important that is.

One other question, and it involves education. In the

administration’s proposal, the primary justification for the
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initiative is research and development. Frankly, I was a
little bit 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 network in
supercomputing 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 inférmation 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 education syééem?

Dr. Bromley: I am in complete agreement with you,
Senator. Aﬁésﬁhe fact that this does not appear in this
particularfFP;:f reflects bac%égg-m earlier comment that this

jresue o Y
is the first yeag\-71the first attempt was done under immense
time pressurey anggét wag}éssentially<ﬁd§1ding 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
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have for education. AﬁéLI 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 educatiqu-ka o 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. |

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.

[Laughter.]

Senator Gore: All right. Well, I have other>Questions
like Senator Robb and Senator Pressler which I will supply for
the record. 1Is 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 for the few --

Dr. Bromley: I never tire of that, Senator.

[Laughter. ]
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Senator Gore: Maybe it will make up for the few where we
disagree. But thank you so much for your leadership 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 té 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, Dr.
Wong. We will now call our panel. We have five more
witnesses in a panel, and then we will conclude the hearing.

First, Dr. Donald Langenberg, Chancellor of the
University of Maryland System at Adelphi, Maryland; Dr. Melvin
Kalos, Director of the Cornell National Supercomputer Facility
in Ithaca; Mr. Tracey Gray, Vice President of Marketing for
Government Systems with U.S. Sprint, based in Herndon,
Virginia; Dr. David Nagel, Vice President of Advanéé
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 committee today.
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Dr. Langenberg, 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.
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STATEMENT OF DONALD LANGENBERG, CHANCELLOR OF THE
UNIVERSITY OF MARYLAND SYSTEM AT ADELPHI, MARYLAND

D .—Langenberg: Thank you, Mr. Chairman. 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 wrote a
report entitled Information Technology and the 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 exists 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
subrecommendations. 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 interconnected national
information technology network for use by all qualified
researches."

The National Research and Education Network responds

directly to the need reflected in this reccommendation, and
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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 one thinks of what NREN might
do for education, one thinks first of the education of
scientists and engineers, and then perhaps 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 believe that part of the challenge we face is the crgation
of an entirely new kind of institutional infrastructurg 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
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information technology and its applications in the conduct of
research -- and here I would say education, as well -- are far
too important to be left to the experts. The panel cautioned
that planning and development should be guided by users of
information technology, both current and prospective, not by
information specialists, information scientists, information
technologists, or local national and international
policymakers.

It may not invariably be true that the customer is always
right, but institutions that create technology or make policy
without a clear understanding and appreciation 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 the strong belief that much of the power
of science whether practice 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 humanity well.

If asked to distill one key insight from my service on
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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.

Now, what I asserted there about research, I would assert
now about education. And if I am right, and 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 intellectual 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 library; one

of hundreds Andrew Carnegie endowed across the Nation. In
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that modest building in the 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
of Congress, the British museum, the Louvre, and the Deutsches
Museum all in the course of a summer afternoon in North
pakota? 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 American achievement of truly .
Jeffersonian proportions. Let us 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 and engineering communities.

- And perhaps most important, alone among Federal agencies
NSF bears .responsibility for the support of research across
the full spectrum of science and engineering disciplines and
for the training of those who perform the research and for the

general education in science and techn-logy of everybody else.
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Now, Mr. Chairman, you will have gathered that I have a

considerable enthusiasm for S. 272; I

colleagues-to enact it into law.

Thank you.

do.

I urge you and your

The prepared statement of Dr. Langenberg follows:
P ]
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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.
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STATEMENT OF 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.

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 pf
1991; however, being asked to follow Dr. Bromley and others
makes me feel like the man who survived the Johnstown Flood.

The Cornell Theory Center, which is dedicated to the
advancement and exploitation of high-performance compuping and
networking for science, engineering, and industrial
productivity, is one of the National Science Foundatioﬁ
Supercomputer Centers. We are part of the transformation of
our science and engineering culture brought about by the
advent and adoption of high-performance computing and
communications in our technological society.

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
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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 webb 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. Computational 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, science of materials,
gy Y gy X

~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 cohprehensible 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 rescarch into this new
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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, the
supercomputer programs include for example at Cornell the
Superquest‘program which is bringing knowledge and training of
supercomputing to high schools around the Country.

I will show some videos showing significant scientific
advances made possible by supercomputing, and I would like to
comment to Senator Pressler, in particular, that éome 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, and this
is a very important balance.

Another vital role of computational science is that of
permitting quantitative connections among different
dIsciplings. 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 site only two,
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involve many sciences working together; chemistry, physics,
engineering, fluid flow, biology, understand of materials.

Bringing the knowledge from these fields together to make
quantitative predictions about the effect of some
technological or regulatory proposal would be utterly
impossible without the use of high-performance computational
modeling, which is the natural language, the indispensable
lingua franca of quantitative multidisciplinary research. The
supercomputing community will soon find itself at a majof
crossroads where the increases in performance needed for our
scientific mandate will demand parallel architectures.

To exploit these new machines, a major retooling of
software 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—pérformance
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 systemé.

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
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these are necessary, and the appropriate level and balance
among them is essential. The High Performance Computing Act
of 199} is_a vital step in that direction.

And now I will move to the screen and I am going to show
three videos with different scientific themes, and each has a
different theme to bear on the application of science to
industry or medicine.

[First videotape shown.]

Dr. Kalos: The first one shows the investigation, which
involves some important algorithmic advance by Mike Teeter,
who is a professor of Cornell and an engineering fellow of
Corning Glass.

We are going to see -- please start it. 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 of 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 Corning is that
uﬁderstanding the physics of quartz means understand the
physics of glass, and this was translated into making better
optical fibers and an important competitive advantage for

Corning.
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[Second videotape shown. ]

Dr. Kalos: The next movie is going to show something you
have talked about. 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 and 8
academic institutions.

We see a 30 by 10 mile area of the floor of the Gulf of
Mexico. The green zones show places where oil or gas has been
seen. This is a set of salt domes. They are 6 miles hidh
under the ocean. And what we are going to see -- well, now we
see sand and shale zones. But more important, we are going to
see patterns of heat-flow throughout these salt domes. And
the patters of heat-flow are correlated with the presence of
petroleun.

Now, this is simply the assembling for the first time of
disparate data from 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 iﬁprove the recovery 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 the data; we are understanding what
is really happening.

Senator Gore: This is an example ~f what they mean when
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they say that computational science has now joined inductive
reasoning and deductive reasoning as a third new branch of
knowledge creation.

Dr. Kalos: Absolutely. Yes. Incidently, these partners
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. ]

Dr. Kalos: First, we will see how low-intensity
ultrasound 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 tﬁmor is
indicated. 1Incidently, 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 phere, the distorted retina. And here a
cOmputer-gsable model has been assembled. And now 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 wculd affect that tumor. And we
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see the simulation 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 ;round the
tumor and would literally cook it into oblivion.

Thank you.

[The prepared statement of Dr. Kalos follows:]
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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.
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STATEMENT OF TRACEY GRAY, VICE PRESIDENT OF MARKETING,
GOVERNMENT SYSTEMS DIVISION, US SPRINT COMMUNICATIONS COMPANY

LIMITED PARTNERSHIP

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 Qideo to support me. I would like to give
you some comments from the perspective of the -- of a business
poised to take advantage and to offer to the Government apd to
the many users of academia and industry in this country, the
kind of capabilities 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
participating 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 thé 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 everybdy here that just about 6
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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,
electronic 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 time -- bear in
mind, this is a network slightly less than 4 years old -- we
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 thart we think is necessary
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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 quantum leap, in the deployment and the
investment of techhology that will support the multi-gigabyte
transmission paths that are necessary to achieve the
objectives you are talking about.

We are very heartened to hear and see the recognition of
the importance of the communications link, the superhighway
network. We believe that the National Research Education
Network objectives can be achieved with this initiative, 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-gigabyte 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, timely deployment, of the types
of technology you are talking about is very dependent upon a

broad base of users. The more fully ~2st <an be allocated and
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be, and the faster and the more timely development of these
technolaogies will take in the private sector.

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 serviceé 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 technology
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
encourage and wé 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 application to supp:ort vour ~hjectives. We do
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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
Gerrnment money, will cease over time, will minimize over
time.

I thank you, Mr. Chairman, and members of the
subcommittee. That is a business perspective that differs
slightly from my panel members. I welcome this opportﬁnity to
have spoken to you. Thank you very much.

[The prepared statement of Mr. Gray follows.]
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Senator Gore: Thank you very much. Extremely valuable
statement. And may I say, in echoing the words of Dr.
Bromley, that the real-life perspectives or reality checks, it
you will, which we have gained from our dialogue with your
company and others, have been invaluable in shaping this
legislation. We really appreciate your statement here today
as well.

Next, Dr. David Nagel, vice president for advanced
technology with Apple Computers. You are invited to proceed

at this time. Welcome.
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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 importan;e'of
this activity that the CSPP is an association of the chief
executives of our companies; the CEO’'s are supported by the
chief technologist for each company, like myself, and by a
permanent professional staff in Washington.

We began our study more 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 those technologies, and we developed a
pfognosis: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
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1983, for example, U.S. companies held an 83 percent share in
the world market of computer systems, including softwafe.
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 computer systems industry went from a
significantly positive 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. éo 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 the;e. And most of these are

software intensive.
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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 lagging technologies are mostly capital-
intensive ones. We also believe that, without further
positive action, the U.S. position will erode further in all
of these 16 technology areas over the next few years.

The computer systems industry spends 21 percent of the
private sector R&D, or about 10 percent of the total national
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
percent increase over 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
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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 these pre-competitive generic
technologies, and will help us meet very stiff international
competition.

We believe that the Governmenﬁ 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 impfove, to 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 implementing high-performance computing
industries, including a national network capability of

bringing the benefits of computiny tc <-ery institution,
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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 wé 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 communication initiatives.

We fully support and recommend full funding for the
national high-performance 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
importancé of the development of a national information
infrastructure and an effective, high-performance computing
program.

We believe this efforts are critical in providing the
research infrasﬁructure in maintaining our Nation’s leadership
in basic computer qnd information research. The CSPP believes
that- the high-performance computing and communication
iﬁitiatives 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 instituti_-nal level, of higher
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education levels. While we agree with and support these uses,

high-speed networks will allow the rate of scientific and
engineering progress a major grand challenge problems to
accelerate significantly.

But we also believe the benefits of high-speed networking
and high-performance 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-sbeed 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 environmental issues using this

network. On other networks, we ha-e lkequn Lo see a variety of
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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 available today.

Wwith 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 aﬁ explosion in new uses of high-speed
networking and education, uses which we think will
fundamentally transform the whole process of education.

Teachers and students who are in remote, rural areas --
in some cases, remote urban areas -- far from major libraries
and universities, will have access to information and

expertise every bit the same as their <ounterparts in the most
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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
ex;hange 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.

Somé 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
conférencing network to tie together our four separate
physical labs iﬁ 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.

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 ocur Cray to develop advanced
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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 Government over time.
Whether as indebendent CEO’'s or as an industry, the members of
CSPP are committed and will remain involved in this process.

- Thank you very much.

[The. prepared statement of Dr. Nagel follows.]
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Senator Gore: Thank you, Dr. Nagel, and my thanks to

CSPP for the input. Your company, your member companies have
provided- throughout this project -- and I now you are
representing the project, but 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.
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STATEMENT OF JOHN S. WOLD, EXECUTIVE DIRECTOR, LILLY
RESEARCH LABORATORIES, ELI LILLY AND COMPANY; ACCOMPANIED BY
RIAZ ABDULLA, MANAGER, HIGH-PERFORMANCE COMPUTING PROGRAM, ELI
LILLY AND COMPANY.

Dr. Wold: Thank you, Mr. Chairman. Eli Lilly and
Company is a giobal corporation based in Indianapolis,
Indiana, that applies advancement in science to basic human
needs, health care, and nutrition. We compete in the
pharmaceutical, medical devices, diagnostic product, and
animal health products industries.

My responsibilities at Lilly include the company’s high-
performance computing 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 high-capacity network. I
am sure that this subcommittee has heard -- it will hear much
more in the future -- about the underlying technology required
to support the evolution of supercomputers and high-capacity
nétworks.:

It is important that you share our computering
technologists’ excitement about their visions of

supercomputing systems. But I thinJ it is also important that
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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 societyvas a whole.

Pharmaceutical R&D has traditionally been a high-risk,
complex, time-consuming, and costly enterprise. Over the past
half-decade, the research-based pharmaceutical industry has
experienced major changes. The rapid escalation of R&D costs
has helped precipitate major structural changes in the‘sector
of the global economy in which the U.S. is an established
leader. 7

An unprecedented wave of mergers, acquisitions, joint
ventures, has led 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, Liliy, 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
partnership with the National Center for Supercomputing

Applications at the University of Illincis, the NCSA. The

NCSA has prepared a video segment that <describes our
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involvement in their program. If we can run the video, I will
conclude my remarks after the video.

[A video was shown. ]

Dr. Woid: Mr. Chairman, as you pointed out earlier,
supercomputing has created a new common language for research.
In recent years, scientists have developed mathematical
methods describing the realistic shape and motion of atoms in
large molecules, such as receptors or enzymes that exist in
the human body. These models are now emerging as important
toéls for scientists probing new investigations into how
potential drug candidates would likely affect these molecular
targets.

These mathematical descriptions are based on equations
iqvolving billions of numbers. Conventional computers take
days or weeks to perform these calculations, 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 ﬁedium, 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 the 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 ha—e the 4Jyreatest potential.
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Our experience to date suggests three interrelated
advantages high-performance computing to our industry. These
systems will speed up the identification 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 share the same vision of crucial data.

And thirdly, these systems will encourage truly v;sionary
exploration. Now, supercomputers 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 to stress that supercomputing is only a tool. But
it is a very powerful scientific tool, a tool that will become
all the more po&erful with networking capabilities. A high-
capacity network will greatly facilitate the dynamic
collaboration 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.
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Finally, a high-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 national, high-capacity network are
important to our company, to our industry, and to the medical
professionals and patients we serve. And we believe that
high-performance computing 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 prepared statement of Dr. Wold follows.]
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Senator Gore: Thank you very much.

Senator Pressler will have to depart for another
committee hearing, and I want to recognize him first.

Senator Pressler: Thank you very much, Mr. Chairman. I
am going to ask most of my questions for the record. 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 homeé and small businesses with fiber optics to the
supercomputer network?

- So, in other words, the underlying question, and some of
you wané to think about it a little bit more, but I think that
is a basié question. I am working on that in the
communications subcommittee and some other legislation that is

related to this. How do we get the fiber-optic infrastructure
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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 worked with the exchange
carriers; we are very dependent on them to extending the
capabilities of our network to their users. And more and more
cémpetitive forces are at work there, because we do have
options other than the exchange carriers to get to our
customers.

So there are fairly powerful marketing influences that
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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

requlatory 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, is how different we are talking

about. 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 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
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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 whole --
it 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 not reélly have all the answers; I
am working on some legislation that I 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 finally pass.

I do believe that the measures included in thié
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.

The inadequacy of the present fiber netwerk, leaving
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aside the software switches and algorithms, the inadequacy of
the fiber itself is mainly 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 Telco entry into cable.

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 financial incentives to
encourage people to provide that last mile. There will also
be the ongoing efforts of merit; just to name one, I know that
that is not a -- it is not universally participated in by
everybody, but it is a not-for-profit corporation, perhaps 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 themselves encourage

access links.
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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
the, we will be in a new system of supply, we will be in a new
reality. And the demand for these new services, I think, will
drive the forces that will encourage the market to compléte
the national network.

Now, I'believe that is a realistic vision. But just in
case, I also support the Telco entry into CATV, and I will
look forward to working on any other proposals that people
have to address that. |

Dr; Langenberg: Mr. Chairman, I might be able to provide
some support fof 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 unusually high
pfoportion 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, fiber-optic
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backbone -- provide fiber-optic backbones for themselves. It
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 there, 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-performance networking to
virtually the entire State in anticipation of the completion
of the backbone network.

I know that there are some other states that are doing
the same thing. So I think that it will happen, once ﬁhe
network is there.

But let me say that we have a statement for the record
from the U.S. General Accounting Office on supercomputing in
industry -- thank you very much, Senator Pressler -- and we
will include this for the record.

[The material referred to follows.]
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Senator Gore: We also have statements for the record

from the American Library Association, the Computer Research
Association, the Association of Research Libraries, and there
are other associations that have also provided statements for
the record. Without objection, they will be included.

[The material referred to follows:]

[ SUBCOMMITTEE INSERT]
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Senator Gore: Most, if not all -- the GAO was not asked
to provide a statement of support or opinion one way or
another on_this; it is a factual recounting, accounting of
some of the questions we addressed to them. These other
statements, or most, if not all, 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, thch is a
well-known manufacturer of computers of all kinds.

Senator Gofe: I have heard of them.

[Laughter. ]

- Dr. Kalos: And when IBM decided to reenter the high-
pérformance computing 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
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effort. And that is a partnership that will continue as IBM
enters the highly parallel computing arena.

Senator Gore: Now, I understand that Cornell runs a
program called Superquest to give high school students access
to supercomputers. 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 original
research that requires supercomputing for its accomplishment.
The proposals are evaluating by a group of independent
reviewers, and the winners come to Cornell. Their prize is 2
weeks in Ithaca --

[Laughter. ]

Dr. Kalos: -- where they are provided with pizza,
softball, and access to high-performance computing, among
other essential parts of life.

[Laughter.]

Dr. Kalos: And the winners are chosen on the basis of
the originality.of the research. Some have done videos, and
so on. I myself had the privilege of introducing the two
winmers .in Gainesville, Florida, and each gave a research talk
about research that I found interesting and original.

One had to do with surgical treatment for strabismus,
crossed eyes. And I thought it was quite original. And

another, in fact, was research in wmy <wn ar<a, which is
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stochastic simulation. And 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 of
the 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 is, there are a number of
issues; perhaps our colleagues from Lilly could speak better

to this. I think first of all, the role of computational

‘modeling in science is a relatively new development. The

recognition by scientists is complementary to what they have
learned --

Senator Gore: Inductive and deductive reasoning.

Dr. Kalos:. 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
rélatively 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
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that into correct and efficient computer algorithms, the
realization and testing on computers of all kinds, and the
realization 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 scientists almost as a matter of course, that
industry will very naturally take this up.

Senator Gore: Dr. Wold.

Dr. Wold: 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 léap of
faith to get involyed even to that level; I had not even
considered at that time purchasing our own supercomputer.

Our usage of supercomputing time at the national center,
as well as our own usage after we finally got our
supercomputer, has just in every case exceeded our
expectations; ih 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
oéportunity into any researcher’s hands to see what can be
done.

Senator Gore: Do you work with Larry Smarr at Champaign-

Urbana?
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Dr. Wold: We certainly do, yes.

Senator Gore: Now, geographically, you are about, what,
50 to 100_miles from there?

Dr. Wold: 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. Wold: We do have a link. But perhaps I could have
Dr. Abdulla address that, since he drove that 140 miles many
times.

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 different
kinds of technologies that Larry Smarr had over there. There
was a tremendous commitment to new hardware, to work stations, .
to networks, to software, and to new algorithms.

We had educational programs that are ongoing,'even to
this day. We call them FOCUS; obviously we focus on chemistry
and the -- it sﬁands for Focus on Chemistry Using
Supercomputers. So we expose, in very tight-knit workshops,
the -latest in supercomputing technology. Our staff goes
through all these training sessions, comes back to an
environment which is very similar to what we have at the NCSA,
and continues in collaboration with consultants that we have

in our shop, and expand and grow.
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And you know, if you remember Jack Walton’s talk in
Washington, D.C., when he talked about the stages of change,
one of _the things he said was that until somebody establishes
a gate post, there is not going to be any diffusion.

So we are at that state now; we have establishes gate
posté. And people are saying, gosh, if it works for
scientists, let me try it with my problem. And then it
diffuses, until finally you bring about a complete revolution
in the way you do things. So it is a process.

Senatdr 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 relatively more willing to explore the potential of
supercomputing?

Dr. Nagel: Well, I was going to comment. I think -- and
I do not necessarily have the data to support this assertion
-- but I think £hat 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
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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
difficulties.

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-gigabyte
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
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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
afe 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 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 networking and
computers, is that it will force us to make them easie; to
use, and therefore the barriers to use in industry and in
education and everywhere else, will be, you know, reduéed
greatly.

And that is really one of the, you know, it is still a
fairly arcane business to use high-performance coméuting and
to use our Internet and the various range of networks that we
have available in this country.

Senator Gore: And not only with the user interface, as
they call it, become a lot friendlier, as they say, the cost
is coming down dramatically. One estimate given to the
subcommittee -- I do not know whether it is accurate or not
-- but the estimate was that a supercomputer which costs

between $10 million and $20 million today will almost
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certainly with 5 years be in the $400,000 to $500,000 range.

If that is the case, then, and if simultaneously the ease
of use-improves dramatically, we will see a sudden sharpening
of this conflict between data processing capability, demand
for data processing, all on the one hand, and our ability as a
nation to communicate over our existing communications lines,
the information visualizations and packages of data that we
need to cdnvey in order to communicate with each other.

Dr. Kalos?

Dr. Kalos: 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 Cornell, 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 qﬁickly to
market. And it concerns simulation and modeling 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 products.

Another issue is that Xerox, like many other companies,
is spread all over the country. And for people in Park, in
Palo Alto, to collaborate with people in Webster, near

Rochester, to collaborate with pecple in their laboratory in
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Tarrytown, New York, and design better products that are more
manufacturable, that are more maintainable requires a
collaboration at great length.

And 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 Wolf again has called a "co-
laboratory."

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. That has now barely changed, but it is
significant.

Dr. Wold, could you name any products for whiéh, that
Lilly has been able to develop that might not have been
possible in thié time frame without supercomputing?

Dr. Wold: Well, I certainly wish I could. But our
business is a very long-term business in terms of research.

It takes 10 years after the discovery. The supercomputer
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 is a number of years in the future.
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I feel, however, though, that when that day does come, we
probably will not remember or notice that it was discovered by
the supercomputer, that computational sciences will have been
woven into the fabric of research such that it will no longer
be remarkable such that we would notice that.

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 information resources available
on the NREN. It is my view that because of the unique nature
of this 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 gigabyte network, and providing that a commercial

market exists for such services.
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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 will be phased into,
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 c}ear;
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_excluae public network opportunities to support and
provide those services.

.. Senator Gore: Well, I raise this question now, so as to
reassert for the record of this hearing, as I have in other
hearings, the clear 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
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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 companies 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 thg working
relationship with the companies involved. So that is a good
place to start. h

Suppose we did not pass S. 272. Suppose the money was
not appropriated. Suppose there was no Federal leadership in
gigabyte networking. How long would it take for the private
sector to start providing gigabyte 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 or not the process

would optimize the capability. I think what you are
suggesting there wo&ld probably create a scenario where there

would be test bids developed or individual applications
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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
bossibly ne?er inter-operate with one another. I think that
is the bigger danger over time.

Senator Gore: Can you estimate what the U.S. would use
if we do not build a gigabyte 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 waht to take a stab at that after
te kind of figures that Dr. Bromley threw around.

[Laughter. ]

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 féllow-ups.
I was looking for this number earlier about the increase in
the amount of tfaffic growing in NSFNET. It has been growing
at between 20 percent and 30 percent per month. That is a
pretty rapid rate of increase.

— Voice: Have you calculated that out to an annual
increase?

Senator Gore: About 600 percent per year. That is a

pretty good growth rate, I would say. And with the new
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1 information services, of course, it would expand dramatjcally
| 2 beyond that.

3 Because of the pressures of time, I am going to ask each

4 one of you if you would be willing to respond to further

5 questions in writing. I appreciate that very much. We are

6 going to proceed expeditiously this year.

7 (The information referred to follows;]

8 (SUBCOMMITTEE INSERT. ]
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Senator Gore: I want to express my gratitude to Chairman
Hollings of the full committee 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 committee in saying that --
most, if not all, because it passed unanimously last time --
in saying that we are going to move expeditiously and get this
done. We appreciate your help todéy. Thank you.

[Whereupon, at 5:05 p.m., the hearing was adjourned. ]
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Enclosure D

109] 1982 1093  1e@e 1995 1996

FY 1962 Budget
(doliars in milliong)

DARPA

BA 183.0 2322

oL 157.6 210.1
DOE

BA 8s5.0 93.0

oL 54.8 78.7
EPA

BA 1.4 8.2

oL 1.0 2.7
NASA

BA 64.0 724

oL 48,1 829
HHS/NLM

Ha 135 171

oL 12.0 18.2
NIST

BA 2.1 29

oL 1.8 2.7
NSF

BA 180.0 2130

oL 1504  190.0
NOAA

BA 1.4 2.5

oL 1.2 2.1
TOTAL

BA 4894 8349

oL 4277  884.8
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The Honorable D. Allan Bromley
Assistant te the President for
Science and Technology.. ' .
New Executive Office Building

Washington, D.C. 20506

Dear Dr., Bromley:

Thank you for your testimony last week outlining the
President’s High Performance Computing and Communications
Program and your views on H.R. 656. I appreciate your
contribution to the discussion of the future of high
performance computing in this country.

Several questions remain, however, on the Administration’s
position on this issue. I have attached several
additional questions for your consideration. Your
expeditious reply will greatly assist us in incorporating

your views inte relevant legislation considered by the
Committea.

Thank you for your attention to this matter.

Cordially, [

Rebert 8. Walker
Republican Chairman

RSW/am
Enclosure
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COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY
1 U.S. HOUSE OF REPRESENTATIVES
| WASHINGTON, D.C. 20515

HEARTNG ON EIGH PERFORMANCE COMPUTING

QUESTIONS FOR THE WRITTEN RECORD

1. Please provide the Subcommittee with both the
incremental and total run-outs for each of the agencies
participating in the President’s High Performance
Computing and Communications Program (DOE, NASA, NSF,
NIST, NOAA, EPA, NIH, and DARPA) over each of the next
| five years.

1

‘ 2. Does the President’s initiative envision the government
‘ buying and owning supercomputers, high end switches, fiber
optical cable, and other hardware? Is there any reason
why the network cannot be established commercially from

its inception? 1Is it necessary for the federal government
to do more than fund research and development and contract

for services from the network?

3. What specific and detailed changes would you like to




