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HIGH-PERFORMANCE COMPUTING AND
COMMUNICATIONS ACT OF 1991

TUESDAY, MARCH §, 1991

U.S. SENATE,
SUBCOMMITTEE ON SCIENCE, TECHNOLOGY, AND SPACE,
COMMITTEE ON COMMERCE, SCIENCE, AND TRANSPORTATION,
Washington, D.C.

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

Staff members assigned to this hearing: Mike Nelson, professional staff
member and Louis Whitsett, minority staff counsel.

OPENING STATEMENT BY SENATOR GORE

Senator GORE. This subcommitter will come to order.

1 would like to welcome Dr. Bromiey an¢ Dr. Wong and distinguished guests,
other witnesses, and ladies and gentlemen.

[ will have an opening statement, and then I will call on Senator Pressler, and
then we will move right inio the testimony of Dr. Bromley.

Today the Science and Technolo_%fubcommitwe is considering S. 272, the
High-Performance Computing Act. This bill is designed to ensur 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 Superhighway—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
anywhe2 today—and making possible the rapid proliferation of a truly Nation-
wide, ubiquitous network which can do more to enhance our Nation’s produc-
tivity than any other single development.

These technologies and this network represent our economic future. They are
the smokestack industries of today’s information age. We talk a lot now about
jobs and economic development, about pulling our country out of recession and
into renewal.

Well, our ability to meet the economic challenges of the information age and
beyond—iough 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.

I

d

ERIC

Full Tt Provided by ERIC.



2

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

It is based on knowledge in the form of digital code. And our ability
to compete will depend on our ability to handle knowledge in that form. It is now
the lingua franca of global civilization.
have encugh docp- s pors? Did we have enough raiiroad incs o ighways?

ve enou water we have enou, ines or highways
Now we ngd to think abomminfmnau'on infrastructure. d

I have been advocating legislation such as this for more than 1 dozen years.
Because I strongly believe it is critical for our country to develop the best
scientists, the best science, the fastest, most powerful computers, and the best
bmeofhrowledfo—anddwnwenmmmmesewchnologieswasmany
peqﬂl‘:sas possible, s0 as many people as possible will benefit from them.

is 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 m’)pm
e 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.
ing to one expert, if automobile technology had improved as much as
com_gma'tec inrecent years, a 1991 Cadillac would now cruise at 20,000
m.p.h, get 5,000 toa , and cost only 3 cents.
When my friend Jim Schlesinger heard someone deliver that cliche recently,
he said yes, and your Cadillac would be a few millimeters long, too.
But as a result of these amazing advances, computers have from being
expensive, esoteric, research tools, isolated in the laboratory, to being an integral
of our every-day life. We rely on computers at the supermarket, at the bank,
u;_theofﬁce. 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 ﬂoelpafonnanoe ratio of computers is improving even faster now

than it has in
Anyone who has seen a supemomin action today, has a sense of what
computers can do for all of us in the . Today, scientists and engineers are

supucomm design better airplanes, understand global warming, find
oil fields, and di safer, more effective medications. In many cases, they
can use these machines to mimic experiments that would be too expensive or
downright impossible in real life. With the supercomputer model, engineers at
Ford can simulate auto crashes and test new safety features for a fraction of the
cost and in a fraction of the time it would take to really crash an automobile. And
mewyalcan observe many more variables in much more detail than they could with
a test.

mebillwemconsidcringtodayisvelzgsgmilnnomeﬁrstﬁﬂeofs. 1067,
the High Performance Computing Act of 1990, which passed the Senate unani-
mously last October. Unfortunately, of course, the House was unable to act on
the bill before we adjourned because of differences in measures passed by the
two bodies.
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Itismyhopeumw.willbeabletomovemisbill quickly this year. There is

‘ mpponinboﬂnhel-louseaMﬂwSemte.lmthouse.Congtssman

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 Con%ssman Tim Valentine, Sherwood Bochlert, Norm Mineta and others.
iay, v . : .

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 legislation provides for a-multi-agency, high- performance computing
research and development pmﬁnm to be coordinated by the White House Office
of Scieug:and Technology policy, whose director, Dr. Alan Bromley, is our first
witness today.

also. the Departmen Commerce—in

Standards and Technology, and NOAA, the Department of Health and Human
Services, the Department of Education, the U.S. Geological Survey, the Depart-
ment of Agriculture, the Environmental Protection Agency, and the Library of

Copﬁess as well.

¢ technology developed under this program will find application
uuoughwtmel?ﬂnlﬁovemmentand the country. S. 272 will
double funding for high-performance computing at NSF and NASA during the

next 5 years. itional ing, more than $1 billi during the next 5 years,
wn(lll balg;a be needed to ex research and development programs at DARPA
an .

Last year, I worked closely with Senators Johnston and Domenici on the
Energy Committee, 0 pass. legislation authorizing a DOE high-performance
wmpﬁx&mprogam.Andlhopetowmkwithmemandmeotlmmembemofthe
Energy mittee to 'see that program authorized and funded in FY 1992,
Already, Senator Johnston and others have introduced S. 343, which would
authorize DOE's part of this multi-agency program.

To fund DOD spmofmcg;omm. fast year I worked with Senators Nunn
and Bingaman and others on Armed Services Committee to authorize and

iate an additional $20 million for DARPA’s high-performance comput-
ing program, money that has been put o good use developing more powerful
supercomputers and faster computer networks.

Advanced computer technology was a key ingredient in Cperation Desert
Storm. But we cannot simply rely on existing technology. We must make the
investment needed to stay at the ieading edge. It is important to remember that

" the Patriot Missile and the Tomahawk Cruise missile rely on computers based
cl)g?techno ologies developed through Federal computer research programs in the
’S.

The High Performance Computing Act will help ensure the technological lead
in weaponry that has helped us win the war with Iraq, and that will improve our
national security in the future.

This same technology is improving our economic security by helping

American scientists and engineers develop new products and processes o keep
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the U.S. competitive in world markets, Supercomputers can dramatically reduce
the time it to design and test a new product—whether an airplane, a new
drug or an aluminum can. That means ore energy- efficient, cheaper products.
It means higher profits and more jobs for Americans.

But 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 | nnumdoomll‘ersmd universities in all 50 states, allowing
them to not only send electronic mail and share data, but access supercomputers
and use research facilities such as radio telescopes and log-on to databases
containing trillions of bytes of information on all sorts of topi

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

Today the National Science Foundation runs NSFNET, allowing rescarches
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 seconds.

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

‘That is important. Because one of the only ways we can successfully deal with
the moun.ains 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 researchers at colleges throughout America to work together. They will
be able to see the results of their experiments as the data comes in. They will be
able to share the results of their computer models in real time, and brainstorm by
tele-conference.

William Wulf, formerly Assistant Director for Computer and Information
Science at NSF likes to talk about the “National Collaboratory”—a laboratory
without walls, which this network will make possible.

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

The NREN and the other technology funded by S. 272 will also provide
enormous benefits to American education, at all levels. By most accounts, we
are facing a critical shortage of scientific and technical talent in the next ten years.
By connecting high schools to the NREN, students will be able to share ideas
with other high school students and with college students and professors
throughout the country. Already, some high school students are using the
NSFNET to access supercomputers, to sead electronic mail, and to get data and
information that just 18 not available at their schools. In this way, the network
can nurture and inspire the next generation of scientists.

Today, most students using computer networks are stdying science and
engineering, but there are more and more applications in other fields, too.
Economists, historians, and literature majors are all discovening the power of
networking. In the future, I think we will see computers and networks used to

8
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teach every subject from ki ﬂumgl\p:ndwllewrwmﬂyam.
where I was briefed on Project Athena, a mgctwinwmcon\pumm
networks into almost every course at MIT. nts use computers to play with
mehwsofphysicsincmnpuwrgndek,mmahphnedesimsinwmm

' mations.toimpwvedmrwrinngskius,mdtoleamfueignhn Many
ofmeideasbeingdevelopedathopctAMandinhunchedso other experi-
ments elsewhere could onc day help students and teachers throughout the
country.

The library community has been at the forefront in using computer and
networking technology in education. For years, they have electronic card
catalogues which allow students to wrack down books in seconds. Now they are
developing electronic text systems which will store books in electronic form.
When coupled to a national network like the NRE}, such a “Digital Library”
could be used by students and educators throughout the country, in underfunded
yrban schools and in isolated rural school districts, where good libraries are few
and far between.

I recently spoke to the American Library Association annual mecting in
Chicago and heard many librarians describe how the NREN could transform their

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

The wchnology developed for the NREN will pave the way for high-speed
networks to our homes. It will give each and everyone of us access to oceans of
electronic information, let us use tele-conferencing to talk face-to-face to anyone
anywhere, and deliver advanced, digital TV programming even more sophisti-
cawdandsmmingumdeDTVavaihblewgla{.Oﬂwroounuies.lapan.
Germany, and others, are spending billions of ins optical fiber to the home,
to take full advantage of this technology.

In conclusion, let me say that with this bill, I believe we can help shape the
fumandshapqitforﬂwb&@.ﬁisisaninkunmthournaﬁonal security

I was very glad to see the administration proposeahi h-performance computin
gng communications initiative, a program very similar to the one outlined in S.
72.

I intend t work closely with Dr, Bromley and others within the administra-
uon,asweuaswimmymlhaguesmConm.wsecmuwmndingneededto
implement this critically important program.

Before turning to Dr. Bromley, I would recognize now, Senator Pressler. 1
apologize for the length of my opening statement. But after 12 years, I have alot
to say about this topic. And I will now recognize my friend, the Senator from
South Dakota.

OPENING STATEMENT BY SENATOR PRESSLER

Senator PRESSLER, Thank you, Mr. Chairman.

‘And I think itis 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 supercom-
puter network.

Let me say that I am glad that the administration has come with the proposal
thisyear.lchallmgeduwadminimﬁontowmemmapmposal 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—cite a special interest that I have. And that is to be sure

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

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

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

But the point is that the rural and smaller town areas have something in
common with inner cities, in that all mt talk about the communications
revolution they are not talking about schools and rural America they are
talking about the largest universitics, the wealthiest suburbs, and so forth. We
cannot becomne a Nation of two or three communication systems.

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

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

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

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

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

Let me also say small 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
into the 1990’s, there 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 (0 a supercomputer.

I am also concemed, Mr. Chairman, with—in addition to this, and in this
subcommittee—I hope v/e look at this year what is happening in our schools in
math and science training. I think we are falling behind in science and mathe-
matics. Someone who is 15 or 18 years old and has not gotten the basics is out
of the system forever. Where our educational system works, is in the education

0



7

of foreigh nationals. I am told that over nalf of our graduate students in engineer-
ing are from abroad. Part of that is due to our pay structure. The thing to be is an
investment banker or a lawyer and move papers that result in no productivity but
the pay is pretty good. We have to think very hard about the impact, the long-term
impact of losing the math and science edge.

There are a whole series of other things. I was going t0 g0 into some of the
benefits of supercomputers. The Chairman has done that very aptly in his
statement. 1 have mentioned South Dakota State University's bio-tress
laboratories is developing strains of crops and livestock. With the supercomputer
network. the results of the research 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 cenier archives— the 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 the LANDSAT images for oil and
mineral exploration, land use pianning, map mak:ng, climate change monitoring,
crop assessments, and many other applications.

With the proposed network, any researcher could use the LANDSAT pictures
that are stored in South Dakota without having to leave his or her desk or
laboratory. This capability will become even more important when the EROS
data center is used later in this decade to archive the massive amounts of data for
the Earth Observing System, EOS, NASA's contribution to our multi-agency
global change research program. And I was proud to be on hand last summer
when we raised the NASA flag at the EROS data center in Sioux Falls.

The EOS satellites will be transmitting the data equivalent of the entire Library
of Congress every 5 days. I think that is really an amazing thing. To use this data
effectively, scientists will need ready access to the EROS Data Center database.

Mr. Chairman, [ also want to take this ime 0 commend President Bush for
his support for our multi-agency supercomputing initiative in its Fiscal Year 1992
fiscal year budget request. President Bush has allocated $638 million to a
supercomputer network and research effort. The Bush plan, which has the same
purposes as S. 272, is patterned after a program set forth in a 1989 report by the
White House Office of Science and Technology Policy. As I have mentioned, |
am pleased that Dr. Alan Bromley, the Director of that office is testifying togay.
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 10 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 10 begin
in this Congress a national commitment 10 supercomputing and a national
supergomputing network linking more than 1 million of our country’s computers
by 1996.

’ Mr. Chairman, I look forward to hearing from our distinguished panel of
witnesses on both S. 272 and supercomputing generally.

Senator GORE. Thank you, Senator Pressler. Senator Kasten.
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OPENING STATEMENT BY SENATOR KASTEN

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

Mr. Chairman, | want to congratulate you on holding this hearing on S. 272,
the High-Performance Computing Act of 1991. I am pleased to be an original
co-sponsor or this piece of legislarion that ] believe is necessary for America’s
continued sgbility to innovate and compete in the marketplace, and to make the
scientific advances to protect the health and well-being of our people and our
planet in the future.

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

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

Mr. Chairman, I am also pleased that though there are differences in emphasis,
the Administration recognizes the need for the kinds of pregrams that we are
supporting in S. 272. 1 believe that the legislative initiatives and other pressure
from the Congress has helped to assure the Administration’s attention to this
important area. We are close on the dollars, and not so far apart on the programs.

The future developments in the area of super-computing hardware, software,
and communications are critical to this country’s security—economically, en-
vironmentally, and militarily. I think it is important that an American company,
Cray Rescarch, Inc. is the current world leader in this ficld. They control some
60 percent of the world mazket, but are under severe competitive pressures,
primarily from the Japanese. Several smaller U.S. companies are also competing
in this area. I believe that our bill will help to keep American super-computer
companies healthy. It will also #3sure that American companies, researchers, and
others who use super-computers have the software, training and access so that
we are using their capabilities to the fullest.

We raust be sure that our funds help us to use toda{;s super-computers in their
most. efficient manner, and encourage the efforts of U.S. companies to develop,
produce, sell, and use, the next generation of massively-parallel computers which
wili be perhaps 1000 times as powerful as today 's super-computers. But we must
be careful in our efforts to encourage the development of new technology that
we do not put America’s current leadership position in jeopardy.

There is a concern that the Administration’s proposed program may be 100
focused on experimental systems, developing new architeciures based on mas-
sively-parallel approaches, to the exclusion of activities that would explicitly
builcr on current approaches and successes,

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

Both S. 272 and the Administraticn’s proposal look to develop the networks
that will be nec if there is to be broader access and utilization of the nation’s
super-computers. ugh the computing capacity of our super- computers is

o ‘ 2
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incredible, our communication systems are not up to the task of transmitting the
data between computers of to remote locations.

I am pleased that we have sucha distinguished greup of witnesses here today.
We welcome Dr. Bromlev Assistant to the President for Science and Technol-
ogy, and the Director of wie White House Office of Science and Technology
Policy (OSTP). And1look forward to the testimony of thoss on our second panel
as we explore the tremendous bencfits that would flow from this legislation, and
some of the problems that will be encountered along the way.

I will work to assure that America realizes the full upmmisc that super-
computers can offer in so many different areas of scientitic, educational, and
commercial endeavor.

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 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, ] know, your goal and your purpose. And I just want to say that I
am an anxious lieutenant on this team or in this area that we are going to do
something here. And it is more than just simply a hearing on a very important
subject. And we all will work together. And I lnok forward, Mr. Chairman, 10
working with you.

Unfortunately, 1 have another hearing that also started at 2:00.

Thank you, Mr. Chairman.

Senator GORE. And may I say, before you must depart, on a personai note, 1
deeply appreciate the key role that you have played in pushing this bipartisan
effort forward. And I want to say the same to Senator Pressler.

Indeed, this has been bipartisan from the very beginning. And you mentioned
the cooperative relationship between the committee and the administration. That
is a spirit we want to continue.

In fact, the OSTP plan which Senator Pressler mentioned coming outin 1989,
really came about because of legislation this committee 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 esulted in the OSTP plan 2 years ago.

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

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

[The statement and hill follow:]

OPENING STATEMENT BY THE CHAIRMAN

I am a cosponsor of S. 272, the High-Performance Camputing Act, because this is the kind of
far-sighted legislation that should be a priority here in the Senate. S. 272 addresses the long-term
economic, educational, and national security needs of this country. We cannot just focus on the
problems of today; we need to find solutions 1o the problems of *omorrow as well.

The bill we are considering today will accelerate the devel?nem of new technology and, just as
importantly, speed Wﬁuﬁm of that new technolegy. By creating a National Research and
Education Network . this bill will link our university labs to labs and factories in the pnivate
sectonomcycmmomeffeaivelyuudn research done by university researchers.

Todaylheﬂowdhfmdmismﬂyglohl; the results of research done at MIT now may be
applied in a laboratory somewhere rlse tomorrow. The NREN would help us take advaniage of that
research. If our best rescarch scientists are in constant, instantancous communication, through

13
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high-speed computer networks, with the engineers and product designers in American industry, we

have a huge competitive edge.

'I‘lw'l:ﬁlENlndh‘ -speed, commercial networks based on NREN technology will not develop
spontaneously. Federal leadership and Federal investment are needed to spur the private sector to
develop these networks. S. 272 provides for this spur. It is an important siep tcward exploiting the
full tial of fiber optics in our national telecommunications system.

¢ NREN and high-speed fiber optic nesworks are particularly important to states like South
Carolina. In South Carolina, we have man es and universities which lack the resources
available at other research universities. The nrvvidethem with access to facilities presently
available only at places like Caltech and Harvard. With the NREN, a researcher at the University of
South Carolina would have access to very fasiest available anywhere. A researcher
at Clemson would be able to connect to a radio telescope halfway across the country and collect data
and compare his or her results with colleagues sround the country.

The ayplications of the NREN in education are even more exciting. With access to the NREN and
the “Digital Libraries” of electronic information connected to it, at the smallest colleges in South
Carolina, and many high schoals, “*ndents would be able 10 access more information from: their
computer keyboard than they coulo find in their school libraries. The NREN would broaden the
horizons of students at calleges, two-year technical colleges, historically black colleges——a
every college in South Caolina.

This is 1m t legislation, and I look forward to working with Senator Gore and others on the

Commerce ittee on the bill.

14
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102p CONGRESS
1ST SESSION ° 272

To provide for a coordinated Federal research program te ensure continued
United States leadership in high-performance computing.

IN THE SENATE OF THE UNITED STATES

JANUARY 24 (legisiative day. JANUARY 3), 1991

Mr. GORE (for himself, Mr. HoLLiNgs, Mr. KesNepy, Mr. [RESSLER, Mr.
Forp, Mr. BREAUX, Mr. BINGAMAN, Mr. Roes. Mr. KEgry, Mr. KASTEN,
Mr GLENN. Mr. JEFrorps, Mr. KERsey, Mr. RED, Mr. DURENBERGER,
Mr. HaTFIELD. Mr. KoHL, Mr. CoNraD, and Mr. RIEGLE) introduced the
following bill: which was-read twice and referred to the Committee on Com-
merce. Science, and Transportation

A BILL

To provide for a coordinated Federal research program to
ensure continued United States leadership in high-perform-

ance computing.

1 Be it enacted by the Senate and House of Representa-

[ o]

tives of the United States of America in Congress assembled,

M)

SECTION 1. SHORT TITLE.

This Act may be cited as the ‘‘High-Performance com-

LI

puting Act of 1991"".

o)

SEC 2. FINDINGS AND PURPOSE.

-1

(a) The Congress finds the following:
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2

1 (1) Advances in computer science and technology

(3]

are vital to the Nation’s prosperity, national economic

3 security, and scientific advancement.

4 (2) The United States currently leads the world in
5 the development and use of high-performance comput-
6 ing for national security, industrial productivity, and
7 science and engineering, but that lead is being chal-
8 lenged by foreign competitors.

9 (3) Further research, improved computer research
10 networks, and more effective technology transfer from
11 government to industry are necessary for the United
12 States to fully reap the benefits of high-performance
13 computing.

14 (4) Several Federal agencies have ongoing high-
15 performance computing programs, but improved inter-
16 agency coordination, cooperation, and planning could
17 enhance the effectiveness of these programs.

18 (5) A 1989 report by the Office of Science and
19 Technology Policy outlining a research and develop-
20 ment strategy for high-performance computing provides
21 a framework for a multiagency high-performance com-
22 puting program.

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

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

821218 18
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1 performance computing and its applications. This requires

9 that the United States Government—

-3

L ®

10

11

13

(1) expand Federal support for research, develop-

ment, and application of high-performance computing

in order to—

S 212 18

(A) establish a high-capacity national re-
search and education computer network;

(B) expand the number of researchers, educa-
tors, and students with training in high-perform-
ance computing and access to high-performance
computing resources;

(C) develop an information infrastructure of
data bases, services, access mechanisms. and re-
search facilities which is available for use through
such a national network;

(D) stimulate research on software technolo-
gy,

(E) promote the more rapid development and
wider distribution of computer software tools and
applications software;

(F) accelerate the development of computer
systems and subsystems;

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

formance computing to Grand Challenges; and

17
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4
(H) invest in basic research and education;
and
(2) improve planning and coordination of Federal
research and development on high-performance com-
puting.
SEC. 3. DEFINITIONS.

As used in this Act, the term—

(1) “Director’’ means the Director of the Office of

Science and Technology Policy; and

(2) “Council” means the Federal Coordinating

Council for Science, Engineering, and Technology

chaired by the Director of the Office of Science and

Technology Policy.

SEC. 4. MISCELLANEOUS PROVISIONS.

(a) Except to the extent the appropriate Federal agency
or department head determines, the provisions of this Act
shall not apply to—

(1) programs or activities regarding computer sys-
tems that process classified information; or
(2) computer systems the function, operation, or

use of which are those delineated in paragraphs (1)

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

Code.

(b) Where appropriate, and in accordance with Federal

contracting law, Federal agencies and departments shall pro-

S 17218
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-1

10
11

12

14
15

15

5

cure prototvpe or earlv production models of new high-per-

formance computer systems and subsvstems to stimulate

hardware and software development.

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

The National Science and Technology Policy, Organiza-
tion, and Priorities Act of 1976 (42 U.8.C. 6601 et seq.) is
amended by adding at the end the following new title:

“TITLE VII-NATIONAL HIGH-PERFORMANCE
COMPUTING PROGRAM
““NATIONAL HIGH-PERFORMANCE COMPUTING PLAN

“SEc. 701. (a)(1) The President, through the Federal
(Coordinating Council for Science, Engineering, and Technol-
ogy (hereafter in this title referred to as the ‘Council’), shall,
in accordance with the provisions of this title—

“(A) develop and implement a National High-Per-
formance Computing Plan (hereafter in this title re-
ferred to as the ‘Plan’); and

“(B) provide for interagencv coordination of the
Federal high-performance computing program estab-
lished by this title.

The Plan shall contain recommendations for a five-year na-
tional effort and shall be submitted to the Congress within

one vear after the date of enactment of this title. The Plan

821218
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1 shall be resubmitted upon revision at least once every two

2 years thereafter.

3 “(2) The Plan shall—

4 ““(A) establish the goals and priorities for a Fed-
5 eral high-performance computing program for the fiscal
6 year in which the Plan (or revised Plan) is submitted
7 and the succeeding four fiscal years;

8 “(B) set forth the role of each Federal agency and
9 department in implementing the Plan; and

10 “(C) descrihe the levels of Federal funding for
11 each agency ani department and specific activities, in-
12 cluding education, research activities, hardware and
13 software development, establishment of a national giga-
14 bits-per-second computer network, to be known as the
15 National Research and Education Network, and acqui-
16 sition and operating expenses for computers and com-
17 puter networks. required to achieve the goals and pri-
18 orities established under subparagraph (A).

19 “(3) The Plan shall address, where appropnate, the rel-

20 evant programs and activities of the following Federal agen-

21 cies and departments:

22 ‘““(A) the National Science Foundation;

23 ‘“(B) the Department of Commerce, particularly

24 the National Institute of Standards and Technology,

25 the National Oceanic and Atmospheric Administration,
S22 18
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and the National Telecommunications and Information

Administration;

“(C) the National Aeronautics and Space Admin-
istration;

‘(D) the Department of Defense, particularly the
Defense Advanced Research Projects Agency;

“(E) the Department of Energy;

“(F) the Department of Health and Human Serv-
ices, particularly the National Institutes of Health and
the National Library of Medicine;

‘(@) the Department of Education;

“(H) the Department of Agriculture, particularly
the National Agricultural Library; and

“(I) such other agencies and departments as the
President or the Chairman of the Council considers ap-
propriate.

“(4) In addition, the Plan shall take into consideration
the present and planned activities of the Library of Congress,
as deemed appropriate by the Librarian of Congress.

“(5) The Plan shall identify how agencies and depart-
ments can collaborate to—

*(A) ensure interoperability among computer net-
works run by the agencies and departments;

“(B) increase software productivity, capability,

portability, and reliability;

821218
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1 “(C) expand efforts to improve, document, and
2 evaluate unclassified public-domain software developed
3 by federally funded researchers and other software, in-
4 cluding federally funded educational and training soft-
5 ware;
6 “(D) cooperaie, where appropriate, with industry
7 in development and exchange of software:
8 “(E) distribute software among the agencies and
9 departments;
10 “(F) distribute federally funded software to State
11 and local governments, industry, and universities:
12 “(G) accelerate the development of high perform-
13 ance computer systems, subsvstems, and associated
14 software:
15 “(H) provide the technical support and research
16 and development of high-performance computer soft-
17 ware and hardware needed to address grand challenges
18 in astrophysics, geophysics, engineering, materials, bio-
19 chemistry, plasma physics, weather and climate for-
20 casting, and other fields;
21 “(I) provide for educating and training additional
22 uncergraduate and graduate students in software engi-
23 neering, computer science, and computational science;
24 and
8 21218 p 2
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1 “(J) identify agency rules, regulations, policies
and practices which can be changed to sigmficantly im-
prove utilization of Federal high-performance comput-
ing and network facilities, and make recommendations

to such agencies for appropriate changes.

2
3
4
5
6 “(6) The Plan shall address the security requirements
7 and policies necessary to protect Federal research computer
8 networks and information resources accessible through Fed-
9 eral research computer networks. Agencies identified in the
10 Plan shall define and implement a security plan consistent

11 with the Plan.

12 ““(b) The Council shall—

13 “(1) serve as lead entity responsible for develop-
14 ment of the Plan and interagency coordination of the
15 program established under the Plan;

16 “(2) coordinate the high-performance computing
17 research and development activities of Federal agencies
18 and departments and report at least annually to the
19 President, through the Chairman of the Council, on
20 any recommended changes in agency or departmental
21 roles that are needed to better implement the Plan;

22 “(3) review, prior to the President’s submission to
23 the Congress of the annual budget estimate, each
2; agency and departmental budget estimate m the con-
25 text of the Plan and make the results of that review

:

23
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1 available to the appropriate elements of the Executive
2 Office of the President, particularly the Office of Man-
3 agement and Budget; and
4 ‘“(4) consult and coordinate with Federal agencies,
5 academic, State, industry, and other appropriate groups
6 conducting research on high-performance computing.

-1

“(¢) The Director of the Office of Science and Technolo-
8 gy Policy shall establish a High-Performance Computing Ad-
9 visory Panel consisting of prominent representatives from in-

10 dustry and academia who are specially qualified to provide

11 the Council with advice and information on high-performance

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

13 pendent assessment of—

14 (1) progress made in implementing the Plan;

15 ““(2) the need to revise the Plan;

16 “(3) the balance between the components of the
17 Plan;

18 “(4) whether the research and development
19 funded under the Plan is helping to maintain United
20 States leadership in computing technology; and

21 *“(5) other issues identified by the Director.

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

23 ment involved in high-performance computing shall, as part
24 of its annual request for appropnations to the Office of Man-

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

g2 18
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each element of its high-performance computing activities,
which—
“(A) specifies whether each such element (i) con-
tributes primarily to the implementation of the Plan or

Gi) contributes primarily to the achievement of other

objectives but aids Plan implementation in important

wavs; and
*(B) states the portion of its request for appro-
priations that is allocated to each such clement.

+(9) The Office of Management and Budget shall review
each such report in light of the goals, priorities, and agency
and departmental responsibilities set forth in the Plan, and
shall include, in the President’s annual budget estimate, a
statement of the portion of each appropriate agency or de-
partment's annual budget estimate that is allocated to each
element of such agenev or department’s high-performance
computing activities.

‘() As used in this section, the term ‘Grand Challenge’
means a fundamental problem in science and engineering,
with broad economic and scientific impact, whose solution
will require the application of high-performance computing

resources.

““ANNUAL REPORT
“Sgc. 702. The Chairman of the Council shall prepare
and submit to the President and the Congress, not later than

March 1 of each year, an annual report on the activities con-

% 272 18

~S
T



22

19

i

[

ducted pursuant to this title during the preceding fiscal vear,

2 ncluding—

3 “(1) a summary of the achievements of Federal
4 high-performance computing research and development
5 efforts during that preceding fiscal vear;

6 “A2) an analysis of the progress made toward

-1

achieving the goals and objectives of the Plan;
8 “(3) a copy and summary of the Plan and any

9 changes made in such Plan;

10 “(4) a summary of appropriate agency budgets for
11 high-performance computing activities for that preced-
12 ing fiscal year; and

13 “(5) any recommendatiors regarding additional
14 action or legislation which may be required to assist in
15 achieving the purposes of this title."”.

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

17 (a) In accordance with the Plan developed under section
18 701 of the National Science and Technology Policy, Organi-
19 zation and Prionties Act of 1976 (42 U.S.C. 6601 et seq.),
20 - as added by section 5 of this Act, the National Science Foun-
21 dation, in cooperation with the Department of Defense, the
22 Department of Energy, the Department of Commerce, the
23 National Aeronautics and Space Administration, and other
24 appropriate agencies, shall provide for the establishment of a

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

3 772 18 PB
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1 computer network by 1996, to be known as the National
9 Research and Education Network (hereinafter referred to as
3 the “Network’), which shall link government, industry, and
4 the education community.

5 (b) The Network shall provide users with appropriate
6 access to supercomputers, computer data bases, other re-
7 search facilities, and libraries.

8 (c) The Network shall—

9 (1) be developed in close cooperation with the
10 computer, telecommunications, and irformation indus-
11 tnes;

12 (2) be designed and developed with the advice of
13 potential users in government, industry, and the higher
14 education community;

15 (3) be established in a manner which fosters and
16 maintains competition and private sector investment in
17 high speed data networking within the telecommunica-
18 tions industry;

19 (4) be established in a manner which promotes re-
20 search and developme leading to deployment of com-
21 mercial data communications and telecommunications
22 standards;
23 (5) where technically feasible, have accounting
24 mechanisms which allow, where appropnate, users or
25 groups of users to be charged for their usage of the

s271218
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Network and copyrighted materials available over the
Network; and

(6) be phased into commercial operation as com-
mercial networks can meet the networking needs of

Amenrican researchers and educators.

(d) The Department of Defense, through the Defense
Advanced Research Projects Agencv, shall be lead agency
for research and development of advanced fiber optics tech-
nology, switches, and protocols needed to develop the Net-
work.

(e) Within the Federal Government, the National Sci-
ence Foundation shall have primary responsibility for con-
necting colleges, universities, and libraries to the Network.

(1) The Council, within one vear after the date of en-
actment of this Act and consistent with the Plan developed
under section 701 of the National Science and Technology
Policy, Organization, and Priorities Act of 1976 (42 U.S.C.
660" et seq.), as added by section 5 of this Act, shall—

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

Network;

(B) identifv the roles of Federal agencies and de-
partmerts implementing the Network;

(C) provide a mechanism to coordinate the activi-
ties of Federal agencies and departments in deploving

the Network;

5272 I8
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(D) oversee the operation and evolution of the
Network;

(E) manage the connections between computer
networks of Federal agencies and departments;

(F) develop conditions for access to the Network:

and

-~ T O e W N

() identify how existing and future computer net-

works of Federal agencies and departments could con-

=T ¥ ¢

tribute to the Network.

10 (2) The President shall report to Congress within one
11 year after the date of enactment of this Act on the implemen-
12 tation of this subsection.

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

14 the establishment of the Network—

15 (1) the national Institute of Standards and Tech-
16 nology shall adopt a common set of standards and
17 guidelines to provide interoperability, common user
18 interfaces to systems, and enhanced security for the
19 Network; and

20 (2) the National Science Foundation, the National
21 Aeronautics and Space Administration, the Department
22 of Energy, the Department of Defense, the Depart-
23 ment of Commerce, the Department of the Interior,
24 the Department of Agriculture, the Department of
25 Heaith and Human Services, and the Environmental

8 77218
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Proteciiou Agency are authorized to allow recipients of

2 Federal research grants to use grant moneys to pay for
3 computer networking expenses.
4 (h) Within one year after the date of enactment of this
5 Act, the Director, through the Council, shall report to the
6 Congress on—
7 (1) effective mechanisms for providing operating
8 funds for the maintenance and use of the Network, in-
9 cluding user fees, industry support, and continued Fed-
10 eral investment;
11 (2) plans far the eventual commercialization of the
12 Network;
13 (3) how commercial information service providers
14 could be charged for access to the Network;
15 (4) the technological feasibility of allowing com-
16 mercial information service providers to use the Net-
17 work and other federally funded research networks;
18 (6) how Network users could be charged for such
19 commercial information services;
20 (6) how to protect the copyrights of material dis-
21 tributed over the Network; and
22 (7) appropriate policies to ensure the security of
23 resources availabie on the Network and to protect the
24 privacy of users of networks.

S 271218
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1 SEC. 7. ROLE OF THE NATIONAL SCIENCE FOUNDATION.

2 (2) The National Science Foundation shall provide fund-
3 ing to enable researchers to access supercomputers. Prior to
4 deployment of the Network, the National Science Foundation
5 shall maintain, expand, and upgrade its existing computer
6 networks. Additional responsibilities may include promoting
7 development of information services and data bases available
8 over such computer networks; facilitation of the documenta-
9 tion, evaluation, and distribution of research software over
10 such computer networks; encouragement of continued devel-
11 opment of innovative software by industry; and promotion of
12 science and engineering education.
13 (b)(1) The National Science Foundation shall, in coop-
14 eration with other appropriate agencies and departments,
15 promote development of information services that could be
16 provided over the Network established under section 6.
17 These services shall include, but not be limited to, the provi-
18 sion of directories of users and services on computer net-
19 works, data bases of unclassified Federal scientific data,
20 training of users of data bases and networks, access to com-
91 mercial information services to researchers using the Net-
99 work, and technology to support computer-based collabora-
93 tion that allows researchers around the Nation to share infor-

94 mation and instrumentation.

25 (2) The Federal information services accessible over the
96 Network shall be provided in accordance with applicable law. )
21218 ’ y
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Appropriate protection shall be provided for copyright and

other intellectual property rights of information providers and
Network users, including appropriate mechanisms for fair re-
muneration of copyright holders for availability of and access
to their works over the Network.

(c)1) There are authorized to be appropriated to the
National Science Foundation for the purposes of this Act,
$46,000,000 for fiscal year 1992, $88,000,000 for fiscal year
1993, $145,000,000 for fiscal year 1994, $172,000,000 for
fiscal year 1995, and $199,000,000 for fiscal year 1996.

(2) Of the moneys authorized to be appropriated in sub-
section (c)(1), there is authorized for the research, develop-
ment, and support of the Network, in accordance with the
purposes of section 6, $15,000,000 for fiscal year 1992,
$25,000,000 for fiscal year 1993, $55,000,000 for fiscal year
1994, $50,000,000 for fiscal year 1995, and $50,000,000 for
fiscal year 1996.

(3) The amounts authorized to be appropriated under
this subsection are in addition to any amounts that may be
authorized to be appropriated under other laws.

SEC. 8. THE ROLE OF THE NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION.

(a) The National Aeronautics and Space Administration

shall continue to conduct basic and applied research in high-

performance computing, particularly in the field of computa-

S21218
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tional science, with emphasis on aeronautics and the process-
ing of remote sensing and space science data.

(b) There are authorized to be appropriated to the Na-
tional Aeronautics and Space Administration for the purposes
of this Act, $22,000,000 for fiscal yvear 1992, $45,000,000
for fiscal yesr 1993, $67,000,000 for fiscal year 1994,
$89,000,000 for fiscal vear 1995, and $115,000,00G for
fiscal vear 1996.

(¢c) The amounts authorized to be appropriated unde.
subsection (b) are in addition to any amounts that mav be
authorized to be appropriated under other laws.

SEC. 9. ROLE OF THE DEPARTMENT OF COMMERCE.

(a) The National Institute of Standards and Technology
<hah adopt standards and guiaelines, and develop measure-
ment techniques and test methods, for the interoperability of
high-performance computers in networks and for common
user interfaces to systems. In addition, the National Institute
of Standards and Technology shall be responsible for devel-
oping benchmark tests and standards for high performance
~omputers and software. Pursuant to the Computer Security
Act of 1987 (Public Law 100-235; 101 Stat. 1724), the Na-
tional Institute of Standards and Technology shall continue
to be responsible for adopting standards and guidelines
needed to assure the cost-effective security and privacy of

sensitive information in Federal computer systems.

821218
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(bX1) The Secretary of Commerce shall conduct a study

2 to—

3 (A) evaluate the impact of Federal procurement
4 regulations which require that contractors providing
5 software to the Federal Government share the rights
6 to proprietary software development tools that the con-
7 tractors used to develop the software; and

8 (B) determine whether such regulations discourage
9 development of improved software development tools
10 and techniques.

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

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

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

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

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

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

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

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

Dr. BROMLEY. Thank you, Mr. Chairman.

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

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

o
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have the formal testimony that I have provided to the committee included in the
record and simply abstract it.

Senator GORE. Without objection, that would be fine.

Dr. BROMLEY. Thank you, sir.

The President’s initiative included in the 1992 budget is described in detail in
the document that accompanies my testimony, the report *‘Grand Challenges:
High Performance Computing and Communications.”’ This is a report that was
prepared by a working group on high performance computing and communica-
tions under the Committee on Physical Mathematical, and Engineering Sciences,
one of seven umbrella committees that operate under the Federal Coordinating
Council for Science, Engineering, and Technology. 1 see, sir, that you already
have a copy of the report.

The goals of the high performance computing and communications initiative
are ones that we have shared for a long tume. My staff and I look forward to
working with you to realize these goals for the American people.

In the document that we have provided to you, we have attempted to illustrate
and symbolize the importance of this activity by setting forth a series of very
important scientific and societal problems whose solutions simply eludeus atthe
moment, but would become within reach with the kind of program that both of
us are talking about.

These include the questions of global climate change, mapping the human
genome, understanding the nature and helping in the fabrication of tailored
materials—an entirely new frontier—and problems that are directly applicable
to our national security, including—I believe you would agree, sir—both military
strength and economic strength. It also, of course, includes the design of ever
more sophisticated computers. Essentially the listis limited only by our imagina-
tion.

A great many of these topics are already partially underway. But there is a
tremendous frontier out there, promising qualitative as well as quantitative
changes in our capabilities and in the problems that we can address effectively.

The initiative that we present to you represents a full integration of component
programs in a number of Federal agencies. These agencies have been involved
for some time in high performance computing and in the design, development,
and utilization of their own agency computer networks. And as was noted earlier,
the initiative that the President has brought forward proposes a 30 percent
increase in the funding in Fiscal Year 1992 to support these activities.

I should at the outset state that it is our goal in OSTP that between the next 4
and 5 years the support for this activity will be doubled. But it is much more
important that we increase the speed, the memory capacity, and the data trans-
mission capacity of our systems by factors of between 100 and 1000. This is
certainly within technical reach.

I would now like, if I might, sir, to take a moment to trace the history of this
initiative, in which you have been, yourself, very heavily involved. It traces its
formative years back to the early 1980’s and before, and stems in part from the
recognition in a great many of our agencies, that to satisfy their mission needs
they required computing capacity far beyond anything that was then available.

As the science and the technology in these agencies improved, it became
rapidly obvious that the quantity of data and the number of databases that were
being developed made absolutely mandatory the need for more sophisticated
data- archiving, data-processing, and data retrieval. One of the points I would
make in passing is that there are now between 6,000 and 7,000 data bases in use
around the world. Almost without exception, these are not intercomparable or
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readable, and this is the beginning of a Tower of Babel that we can il afford.
That matter is one that we d work together to correct.

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

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

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

Commerce. .
The planning and implementation of the HPCC program, have been the result
of a remarkable degree of cooperation and enthusiastic ion. These

agencies have been quite prepared to readjust, realign, redesign their
programs in high-performance computing so that together they made parts of a
coordinated Federal whole.

I would like to pay tribute to the level of cooperation that we have enjoyed in
putting this program together. There is a level of mutual trust, cooperation, end
synergism 18 remarkable both inside and outside of Government. I would
also have to say that the success of this activity has depended in no small measure
on the input that we have received from the private sector. It has been crucially
important for us, in developing the program that we have brought before you, to
have it calibrated and tested against the real-world environment in which our
industries operate, because they, in the long-run, are the ones that we look 1o
implement this .

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

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

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

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

We have, in deveioping this program, set what I believe are ambitious
goals- -ambitious but realistic goals. As I mentioned, we seek a thousandfold
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improvement in useful computing capability. That takes ustoa trillion operations
per second. And the focus will be on developing the generic technologies that
will prove valuable not justin this sector, but in many different industrial sectors.

Where appropriate, we feel it very important that the development be per-
formed on a cost-shared basis with industry. Because we want 0 involve industry
as deeply as we can from the very beginning of this activity.

In software development, we clearly have a major challenge. Because our
software in this country—as in every other country—is now lagging behind the
developmentof hardware. And most 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. And, of course, as we
beth know, the high-performance software of today is not user friendly by the
wildest stretch of the imagination.

The National Research and Education Network is going to dramatically
expand and enhance the capabil't){hof the existing intercoanected computer
network referred to as INTERNET. The overall goal here isto achieve a 100-fold
increase in communication speed. We want to take this up to the level of gigabit
per second.

In addition, as you have noted many times, one of our major goals here is 10
develop a vastly greater number of on and off ramps to this information super-
highway. There are (00 many isolated institutions and areas in our country. I hope
that in the not-too-distant future our public will look on this network as com-
monplace and as littie-to-be- feared as the telephone system. That goal is quite
within our reach.

If we have such a network, a catalytic effect on just about every component
of our society: on our industries, both small and large—and I appreciate the
reference to small industries, because 1 believe that this could be one of the major
potential impacts, universities and research organizations, and pcrhags even
more important the elementary and secondary schools of the Nation, where the
real deficiencies in our educational system are most apparent.

Finally, I think that no plan is better than its execution. And the execution of
this initiative is going to depend very critically on the synergy that has been
developed among the agencies that are participating in it. What we have tried to
do is to develop the plans so that each agenc¥ does what it does best and does it
in a coherent way to amplify the effects of its sister agencies in this overall

gram.

And each of the agencies, as you well know, has natural constituencies and
historical strengths. As has been noted before, this initiative has the promise of
very high payback in economic terms and in social terms. As I indicated at the
outset, I find it very difficult to think of any other initiative that has the potential
of a higher payback to the American taxpayer.

The high-performance end of the computer market is relatively small, but its
influence far transcends it size. This is where the leading-edge technologies and
leading-edge applications are developed. A Federal investment in leading-edge
computer technology will speed the growth of the overall computer market and
can catalyze investments on the part of U.S. industry.

to be thought of as only a supercomputer initiative. It 1s much more important
than that. Supercomputers play arole, and a very important on¢, but by no means
the only role.

The initiative that we bring before you today also has the potential to be a
major contributor to meeting a number of other very important national needs—
national security, health, transportation, education, energy, environment—all of
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these are areas where the availability of a new generation of high-performance
information handling and information transfer will be essential. This dependence
will, in fact, only grow.

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

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

[ think also that the 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 home and office, in the Nation. And if
that happens, it will be because the private investments that make it possible have
been stimulated by the initiatives taken here.

Now, the legislative proposals pending before the Congress, I would suggest,
Senator, perhaps do not fully recognize the comprehensive inter-agency =ffort
that has been achieved through the years of collaboration that have led 10 this
particular activity, When I testified last year before the corresponding hearing, I
noted one concemn, and now I would simply reiterate that concern. In a field of
technology that is moving as rapidly as is the case here, as you illustrated with
the automotive analogy, I am somewhat concerned that by freezing the program
in legislation we may have given up some flexibility that we may want in order
to be able o adjust this program, and the agency participation, on an ongoing
basis.

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

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

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

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

[The statement and questions and answers follow:]
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STATEMRT OF D. ALLAN BROMIEY, DIRECIOR. OFFICE OF SCIENCE AND
TECHNOLOCY POLICY

Mr. Chairman and members of the Committee:

Thank vou for giving me the opportunity, as Director of the Office of Science and
Technology Policy, 10 discuss with you the critically important issue of high
performance computing and communications.

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

History of the Initiative

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

In 1982 a FCCSET committee examined the status of supercomputing in the United
States and reviewed the role of the federal government in the development of this
technology, In 1985 this committee recommended government action necessary to
retain technological supremacy in the development and use of supercomputers in the
United States. Subsequent planning resuited in a series of workshops conducted in
1987 and in a set of reports that set forth a research and development strategy.

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

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

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

given program.

Description of the Initiative

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

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

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

40
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The National Research and Education Network (NREN) would dramatically expand
and enhance the capabilities of the existing interconnected computer ratworks called
the Internet. The overall goal is to achieve 3 hundredfold increase in communications
speed (to levels of gigabits per second). In addition, the number of "on-ramps® and
*off-ramps" to the network would be greatly expanded, bringing the potential of high
performance computing to homes, offices, classrooms, and factories. Such a network
could have the kind of catalytic effect on our society, companies, and universities that
the telephone system has had during the twentieth century. A new meaning will be
given to communication, involving not just the transfer of knowledge but a full
sharing of resources and capabilities that no single site possesses.

Finally, the HPCC {nitiative will add significantly to the nation’s science and
technology infrastructure through its impacts on education and basic research. It is
my personal view that the successful implementation of this program will lay the
foundation for chauges in education at all levels, including the precollege level.

Of course, no plan is better than its execution, and the execution of the HPCC
initiative will rely heavily on the synergy that has been carefully cultivated among the
participating agencies. This synergy has been fostered by allowing each agency to do
what it does best in the way that it does best. Each of the four founding agencies
has national constituencies and historical strengths. DARPA, for example, will lead in
fostering the development of breakthrough system technologies, as it has done in the
nast for time-sharing, network operating systems, and RISC architecture. DOE,
through its historical ties with the national laboratories, has always led in the
development and use of HPCC technologies and is applying them on the cutting-edge
of scientific problems. NASA will continue to pursué a new wave of space-related and
aeronautics problems, such as computational aerodynamics, as well as its strength in
the collection, modeling, simulating, and archiving of space-based environmental data.
And NSF’s close ties with the academic community gives it a special expertise in both
education and in the coordination and use of NREN.

Expected Retumms of the Initiative

The high performance computing and communications initiative represents a major
strategic investment for the nation with both economic and social returms. 1
personally believe that few technology initiatives have the potential to have a greater
impact on the ways we Jive and work than does the high performance computing and
communications initiative.

The high-performance end of the computer market is relatively small, but its influence
far transcends its size. The high end is where leading-edge technologies and
applications are developed. Recent history indicates that these developments difTuse
so quickly throughout the overall market that *superminis® and *superworkstations’
are no longer contradictions in terms. A federal investment in the leading-edge
computing technology will speed the growth of the overall computer market and may
catalyze investments on the part of U.S. industry. At the same time, supercomputers
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are not the only important hardware component; we shall not forget the importance of
the smalier, more widely distributed units and their role in the overall system.

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

HPCC is also critical for the nation’s scientiflc infrastructure. The electronic
computer was born as 2 scientific tool, and its early development was driven by
scientific needs. Business applications sovn came to dominate its development, but
recently there has been a renewed focus on computers as an instrument in science.
Indeed, "computational science,® which incorporates modeling, simulation and data
rendition, is adding a third dimension to experimentation and theory as modes of
scientific investigation. In fleld after field of ‘undamental and applied sciences,
problems intractable for either theory or experimentation are being successfully
attacked with the aid of high speed computation.

Diffusion of the Initiative’s Benefits

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

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

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

Similarly, some predict that NREN will lead to the establishment of a truly national
high speed network that connects essentially every home and every office. If that
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happens, it will be because private investments are stimulated by government
leadership. Far from suppressing or displacing the focus of a free market, the HPCC
Initiative will strengthen them by providing the impetus for vigorous private action.

Congressional Initiatives in High Performance Computing
and Communications '

The breadth and balance of the high performance computing and communications
inltiative are critical to its success. The four components of the program are
carefully balanced, and maintaining this balance is the most important priority in the
program. For example, powerful computers without adequate software, networking,
and capable people would not result in successful applications. A program that
created only high performance networks would not satisfy the need for greater
computing performance to take advantage of the networks and solve important

probl. ms.

Similarly, the Administration’s initiative relies on substantial participation by industry
and government laboratories to overcome barriers to technology transfer. Cooperative
government, industry, and university activities will yield the maximum benefits derived
from moving new technologies from basic discoveries to the marketplace.

The legisliative proposals pending before the Congress, though well intended, do not
fully recognize the comprehensive interagency effort brought about through years of
collaboration. For example, S. 272 only specifies the program for two of the four
major agencies included in the high performance computing and communications
initiative. In addition, S. 272 incorrectly specifies the roles of the agencies; many of
the requirements of the legisiation have, in fact, already been accomplished; and the
agencies have moved on to further scientific and technical challenges. The legislation,
in effect, may detract from the existing programs by limiting the activities of the
agencies and by causing an unintended revision of complex relationships forged
between the agencies. For these reasons, 1 strongly believe that FCCSET activities
should not be codified in law,

I am .oncerned that legislative action not limit the fexibility of what is by nature an
extremely dynamic process. When research plans are developed to implement
interagency programs, those p'ans are inevitably dynamic, just as the research efforts
they describe are dynamic and evolving. If research plans are codified in law, it
suggests that the research is static. This is particularly a concern with high
performance computing and communications, where the pace of technological change
is dramatic. As an example of a fast-moving research opportunity, 1 might mention a
joint Los Alamos National Laboratory/DARPA effort that successfully applied an
innovative massively parallel Connection Machine Computer system to a nuclear
weapons safety code to gain new and valuable insights into the safety of the nuclear
weapons inventory. Another example occurred in the last year at the National
Library of Medicine’s National Center for Biotechnology Information, where
researchers developed a new fast algorithm for sequence similarity searches of protein
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and nuocleic acid databases. This was very helpful in the identification of a gene
causing von Rocklinghausen’s neurofibromatosis. This is a major breakthrough in
the understanding of this bewildering disorder that affects about 1 in 3,000 people.
On the networking front, significant achievements have also been made. For example,
the NSFNET has increased in speed a thousandfold (from 56 kilobits per second to
45 megabits per second) since 1988.

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

program.

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

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

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

Several legislative vehicles, in addition to S. 272, have been introduced that seek to
endorse and advance the Administration’s initiative. 1 welcome the Congress’s interest
and intentions in high performance computing and communications. | am confident
that by working together we can have a significant impact on the nation’s future
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through these efforts, and | welcome suggestions from Congress to improve the
current initiative.

I might suggest that hearings to receive the views of all the various communities
involved with this proposal and a positive endorsement of this program by Congress
would be of great assistance in advancing high performance computing and
communications in this country. Positive action on the requested appropriations will
ensure that this extensive interagency program can g0 forward.

Mr. Chairman and members of the committee, let me conclude by saying that 1 look
forward to working cooperatively with you on this initiative. We share the same
goals, and 1 am confident that we can reach a consensus on how best to achieve
them.

QUESTIONS OF SENATOR KASTEN AND THE ANSWERS THERETO

Q: Based on the fact that the U.S. has the leadership position in the area of High Performance
Camfuung and Computational science, why does the Administration's initiative seem Lo stress the
development of experimental architectural a es, such as the massivelyparallel compuiers,
rather than building on the existing capabilitics to solve today's problems?

A: ’lhisismimpotumquution.om:umbu simulated & gmndealohhmking'l‘he issue is
whether we should advance the frontiers of computer technology, or whether we should concentrate
on the mainstream of existing computer technology. I personally think we should do both and achieve
a proper balance Computer technologies are advancing so rapidly that the frontiers are not far away
from the mainsiream. Many believe that, far from being an exotic novelty, massively panallel
gchilecturc is & breakthrough concept that will impact the entire computer industry in the very near

tre.

For some problems in defense, basic research, and industry, cven today’s immaturc parallel
computers have overtaken conventional lug:xganpuwn, s that architecture is clearly not an exotic
novelty. The invesument strategy of the H initisiive is the same as that used to aitain today's
leadership position in supercomputing

Furthermore, the developments that are made to improve the performance of sequential computer
sysiems are often used in new parallel computer designs. However, many new questions arise in the
consideration of novel architecres that would not be addressed if development only involved
building on the existing capabilitics. It is also clear that Sequential computers have their limitaisons
so parallel Systems must be developed to provide the computational rates demanded by advanced
scientific computing problems.

(): What is the relative importance of computational science in other words, using our capabilities
10 solve the problems of the national and the world versus computer science experiments which look
1o develop new computers and better performance?

A: Historically, their relative importance has fluctusted In the early days of computers, advances
in computer development were driven by scientific needs which are typically computationally
intensive In the more recent past, business and design needs have increased in 1 ce in
influencing computer development, and with these came an emphasis on usability. Both penods
have been important to the development of computed There is now & renew of interest in
computationally intensive problems, which requires greater emphasis on com| tional science
Modelling of the physical world, in one respect or another, is a major reason for this. Furthenmore,
real applications need tobe considered in the development of new architectures in order for designers
10 make the inevitsble tradeoffs that occur in developing new gystemns. With advances in computer
modelling come m;:itmmu of speed that cannat be satisfied by existing equipment, and thus the

ush for higher and higher speeds. Even 50, fully forty percent of the funds requested for the HPCC
iﬁﬁaﬁvc are focused on computational science, using the real problems of sciertists and engineers
in the Grand Challenge. fields to push the state of the art in both hardware and software

Thus, computer science and computational science arc highly synergistic subjects. The renewec
interest in the later should he welcomed by both communities.

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. 1 thought it wa:
very well put. And 1, 100, look forward to the private investment which will b
stimulated by this initiative and the passage of this bill. In fact, I know you an
aware that IBM, MCl and the Merit consortium recently created AN, a not-for
profit venture designed solely to quickly expand and proliferate thR network
building upon the Federal backbone network.

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

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

[ also agreed with your emphasis on the level of cooperation that is so
necessary to making this successful. And, I could not agree more when you say
do not freeze it. We are interested in passing this and getting it moving,
authorizing it for the number of years necessary to complete 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 beu-r.

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

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

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

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

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

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

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

Dr. BROMLEY. I would devoutly hope not, Mr. Chairman. I have spoken
with——

Senator GORE. You would hope we would not sce more in- fighting,

Dr. BROMLEY. No more in-ﬁght[i;f.

Senator GORE. Okay, I just wanted to clarify that.

Dr. BROMLEY. That is important.

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

Senator GORE. Well, that is good news. And I welcome that assessment. And,
along with you, I devoutly hope that it is the case. And I believe that it is.

Now, 1 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 1S spent.

And I take it that your basic position is you like the legislation. But your basic
position is that you would like to recommend that the Congress appropriate all
of the money that you have requested, but to give you no formal instructons on
how to spend it. Is that besically—-

Dr. BROMLEY. I would phrase it somewhat differently, sir.

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

Senator GORE. Well, we look forward (0 working with you too, Doctor.

Does the administration’s initiative represent more than just a 1-year commit-
ment? Do you have a commitment from OMB for the entire 5-year program or
just for the first year?

Dr. BROMLEY. We have held, as you understand, detailed discussions with
not only the agencies but with OMB. And the program that is before you in the
1992 budget is the one that we agreed on with OMB based on a S-year plan. But
you also understand, sir, that the OMB, in its normal activities, focuses on so
particular year, so we will go back and have to make our case again in the
following year. Butl am convinced from our activities this year that there is full
recognition that what we are talking about is ar. important initiative, aPresidenual
initiative. And we are talking about a 5-year program to achieve whatis invelved.

So, although I cannot guarantee to you anything about the years beyonu this,
my best judgment, and that of my colleagues, is that this administration is fully
committed to this as a very important Presidential initiative.

Senator GORE. Of course, things change, and budgets change, pressures build,
lips §et read, circumstances alter. But formally, you have a commitment forl

ear

Dr. BROMLEY. That is correct, Sir.

Senator GORE. And you look forward 0 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 10
move this forward expeditiously.

Senator GORE. Well, I think that is a very important signal to send out. Iam
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

propriated and not authorized.

But I do not want my efforts to make that point obscure the very clear signal
that you are sending to the private sector, to all of the agencies involved. This is
going to happen. This is going to happen. And everybody needs to get with the
program and make certain that it does happen.

[ just have a couple more questions before deferring to my colleagues. [ 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 as it has for
the past 2 years, the budget also included a coordinated and integrated U.S.
Global Change Research program involving nine different agencies.

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

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

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

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

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

In education and mathematics, I think that the impact probably is going to be
greater in the long run than even on global change. This is not yet as obvious.
But the fact that impresses me enormously is that with a single fiber optic going
into a classroom, every student in that classroom can have self-paced, individual-
ized instruction in any subject—repetition where repetition is necessary, positive
reinforcement where that has been earned. I cannot think of anything that will
improve the quality of our education—particularly at the elementary and secon-
dary school levels, where our greatest weakness now lies—more than the
introduction of this kind of technology into the education field. In the long-run,
I think the impact imay be even 1 reater there, although it will take a little longer
to bring it into place.

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

The telephone company decided years ago that seven numbers were the most
we could remember, then they added three. Aad yet, when we seg a trillion bits
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of data arrayed in 8 mosaic pattern where each has a meaning in context related
10 all of the others, we can comprehend them all almost instantaneously.

What the new supercomputers allow us to do is to configure daia 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 bits which are necessary (0 make
up the particular pattern that we are Jooking for in order to understand the problem
that we are trying to solve.

In any event, I will come to ques ions later. Let me recognize Senator Pressler.

Senator PRESSLER. Thank you very much.

Dr. Bromley, I am fascinated with pages 26 and 27 of the report which show
all the agencies that have to be coordinated that are involved in the program, and
the agency responsibilities. Itis amazing to me how many agencies are involved
here-—and I am sure they are all filled with highly trained scientists and highly
trained people.

When | was in the Army in Vietnam, I wasatone 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 in administration in coordinating all these le 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 number one problem
is information transfer.

Senator PRESSLER. The number one problem?

Dr. BROMLEY. Yes, because there are, as you say, a veIy 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, an . that they are
really part of a coherent program. So we are devoting a very large amount of our
activity to trying to make sure that this is the case.

And I must say that I want to pay tribute to the people who have been involved,
u;lreople who pre this document, because they have managed what is
really a remarkable feat. They have brought about a fusion of what started out as
separate programs in each of the agencies you sce listed on these pages, sir. And
these folk have spent many long hours sitting and looking at each program and
asking how it fits as part of a national program, and then adjusting wherever the
overlap, the duplication, the gaps were 10 make it actually fit We already have
developed a level of personal communication among the members of the com-
munity involved in all these agencies that I think will serve us extraordinarily
well in the years ahead.

Senator PRESSLER. Now, as ] understand the general difference—and I am not
advocating either one here necessarily, because last year in one of my statements
I called on the administration o come forward with a plan.

As | understand, the basic difference is that these various agencies, we would
depend on you to coordinate them as you saw fit; whereas, you feel the Gore-
Pressler-Kasten, et cetera, bill would codify too much the relationships in the
HPCC program regarding all these agencies. Is that a general statement?

Dr. BROMLEY. I would have to modify that just a little if I might, sir, becavse
we in OSTP do not force anybody in any agency to do anything. When we are
successful, we persuade them that they have the opportunity to become part of a
much larger entity, a national program. And so to that extent, everyone here
already is involved. The responsibility is the agency’s, but if the coordination
fails, then the blame is ultimately mine.
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Senator PRESSLER. But basically, these are all administration-appointed—
well, they are all—the heads of all these agencies are appointed by the President,
usually with the advice and consent of the Senate. So therefore, the White House
could order them to do something.

Dr. BROMLEY. In principle, yes.

There is a famous quote that springs to mind, sir. I can summon spirits from
the vast deep, but will they come.

Senator PRESSLER. Well, I know back from my days as a second licutenant in
the Army listening in on meetings, to get the atiention of an assistant secretary
was hard on some of these things. If you could do that, you could accomplish
something, but there is great competition.

Dr. BROMLEY. May I add one word of clarification, sir? One of the important
things that perhaps I should have emphasized is that this has been a concen
within the administration and within my office. To address that concem, 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 activities. As aresult, once
the FCCSET group makes a decision, that decision will stick from there on in
becz}ww it has been made by the senior officer of the agency involved. And that
is a key part.

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

“enator PRESSLER, I am glad to hear that, because that is really key. From the
pcint of view (;t"rublic administration, many of these activities require the input
cf 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 ns, as a practical matter, is that you start having these decisions
made- -you have assistant secretaries battling it out, so to , for turf.

And 1 am glad to hear that the administration has gotten the very top people
involved on this. I think that is key, and I hope you are able to continue that level
of interest. And I just point that out because I am fascinated with all these agencies
here. This chart is an amazing Washington chart, and to make all this work
together with these hi.[;llr:ly skilled people who donot submit to traditional
administrative discipline quite as much as some others is have a big job.

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

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

And under those circumstances, it would seem to me that we would function
much as we do at the present time. Small schools, for example, or people who
wanted access to this utility would make application as part of th¢ir normal
process of receiving support for their research activities to an appropria eagency.
Just 2s we now provide part of grants and contracts to support the use of
telephones, copying machines, and whatnot, we would also be more than happy
to include 1n that list of necessary tools the charges that might be levied by those
public utilities for access to the computer net.
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Senator PRESSLER. Now, as you know, we have EPSCoR legislation to ensure
that the smaller institutions are not unfairly left out when Federal research grants
are made. What steps can be taken to ensure that the computer research and
development called for here in S. 272 and your proposal will include small
institutions? Or 10 put it more specifically, how can we be sure an EPSCOR-
prolfessog working on deep drilling at the South Dakota School of Mines will be
included?

Dr. BROMLEY. Well, I think perhags the first and most imponant answer that
I can give to that is simply 10 tell you that this is the President’s wish transmitted
directly to me. If this is going t0 be his initiative, he wants it to be broadly
available to institutions large and small, both in the educational and in the
industrial sector. I look on that as an instruction, and we will do everything we
possibly can to make sure it happens. Frankly, I do not think that we will achieve
anything like the potential of this system unless we do just what you suggest.

Senator PRESSLER. Thank you.

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

OPENING STATEMENT BY SENATOR ROBB

Senator ROBB. Thank you, Mr. Chairman. I am pleased to join you and Senator
Pressler and other of our colleagues on -his commiltee again as a cosponsor of
this legislation, and I am delighted to have a chance to be with Dr. Bromley again.
We have coconspired in previous inc amations on other scientific projects, and it
is always a pleasure to werk with him.

I did have a very brief statement.

Mister Chairman, thank you for scheduling this hearing on S. 272, the
High-Performance Computing Act of 1991. You have assembled an impressive
field of witnesses, subject matter experts who, hopefully, will be patient with the
non-scientists on the commitiee.

Last week I had the pleasure of meeting four Virginia high school seniors who
were among the forty national finalists in the 50th annual Westinghouse Science
Talent Search competition. Although they were not among the top ten finalists,
they did receive $1,000 scholarships and recognition from President Bush as the
nation’s future leaders in science.

Three of these students are seniors at Thomas Jefferson High School for
Science and Technology, one of seven Virginia high schools which specialize in
math and science. Some might argue that these kids had an unfair advaniage.
Three years ago, Thomas Jefferson High won a supercompute: ‘n the “Super-
quest” competition. One of the students—Venkataramana Sadananda -used
computer simulation of the onset of heart attacks to establish conditions under
which heart beats become abnormal. She believes that techniques used in her
study offer powerful new tools for understanding the mechanics of complex
cardiac rhythms.

These kids are exceptional—but they are kids. Jud Berkey, also using com-
puter simulation and the principles of fluid dynamics., chose a project on the
physics of baseball.

I support the objectives of the High-Performance Computing Act, especially
those which will make the potential of high performance computing accessible
to all homes, businesses, researchers, nd educators - not just to those who can
afford the $20 million price tag.

I just tell you, Mr. Chairman, I was struck when you made mention of the fact
that you would like to find 2 way to be able to let a child at home tune in to the
Library of Congress. I could not help but think about last night when I came home
to find my daughter sitting at her computer, somewhat desperate. She had just
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lost about an hour’s worth of work that she had done on her own PC. It had
gobbled 1t up, and she was looking for some recourse to higher authority, which
I was unable to provide at the time.

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

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

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

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

Senator GORE. Even so, Dr. 3romley, it might be good to have that on the
record.

Dr. BROMLEY. It is not bad.

Senator GORE. It might be good to look at I do not want to interrupt Senator
Robb’s question, but those are intriguing numbers. I mean, we can deal with a

range.

genator ROBB. That is right. Regrettably, very Iittle justification is frequently
required around this institution. If you want to believe, you do believe.

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

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

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

Mr. Cnairman, I thank you for not only again sponsoring the legislation, but
for another 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. As a Governor
you took a leading role in stimulating high-tech research and development in
your State, and I am glad you are doing the same as a Senator. I appreciate your
support.

g enator ROBB. Mr. Chairman, if I could, let me just say that before the
economy soured a little bit just south of the Potomac, 1 had some proposals 10
use our Center of Innovative Technology to house a supercomputer, but given
the costs involved and recognizing the fact that there weren’t the available
expendable dollars we weren't able to fush it very hard.

I actually made a presentation on this bill and the purposes of it 10 an
appropriations subcommittee that was taking a look atit, and I hope at some point
that we may be able 10 get back in as a part of this computer highway that you
hope to create.

Senator GORE. Well, thank you again 1or your early and vigorous support. |
wanted to follow up on the figur : that you had Dr. Bromley comment on, and I
accept the caveats on why models like these are not reliable. But the numbers are
quite significant, and they include ¢.timates not only related to GNP, but also
reductions in the deficit. So your suggestion about the offset there I know was in
jest, partly in jest anyway, but this—

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

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

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

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

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

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

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

Senator GORE. Well, I am a big fan of massive parallelism, as you know,
because you and [ 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 justific2tion for the initiative is research and development.
Frankly, I was a little bi. surprised that more attention was not given 1o the
educational applications of this technology. There are hundreds if not thousands
of ways that a national computer network can help students in rolleges, high
schools, junior highs, and even elementary schools.

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

Was this an unintentional oversight, or does the administration intend to focus
almost exclusively on research? And how would you personally like 0 sce
cxistin% networks and the NREN used to improve the American educational
system?

Dr. BROMLEY. | am in complete agreement with you, Senator. And the fact
that this does not appear in this particular report reflects my earlier comment that
this is the first year, and the first attempt was done under immense time pressure.
It essentially built on activities in which the agencies are currently involved.

No one in the group that developed this initiative questions for a moment the
tremendous importance that it will have for education. And I think I can promise
you that when you see the report of this group next year, you will see a much
greater expansion of areas like education. They are not included this year
because, as i say, we were working to get this report to you, and there was a
natural tendency to build on those familiar areas in which the agencies are
currently involved.
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Senator GORE. So you would not object if in our authorization this year we
included the educational components?

Dr. BROMLEY. I believe that education is going to be a very important part of
this initiative, sir.

Senator ROBB. The tough questions have got to Stop.

Senator GORE. Yes, ] know, I know. [ am going to relent soon, Doctor.

All right. Is it okay if we move on now? We have had you here a long time,
Dr. Bromley, Dr. Wong. You have our admiration for the job you are doing, and
m may get tired of me bragging on the good work you do in so many areas.

ybe it makes up for the few——

Dr. BROMLEY. I never tire of that, Senator.

Senator GORE. Maybe it will make up fer the few places where we disagree.
But thank you so much for your leadership in this area in particular. It has been
a joy to work with you publicly and privately, to get 1o know you better and, in
the process, help mutually to move this matter along. And we look forward to
continuing that working relationship.

Dr. BROMLEY. I would welcome the opportunity to wurk with you, sir.

Senator GORE. Thank you very much, and thank you, Di. Wong. We will now
call our panel. We heve five more witnesses in a panel, and then we will conclude
the heanng.

First, Dr. Donald Langenberg, Chancellor of the Universitg of Maryland
System; Dr. Melvin Kalos, Director of the Comell National Supercomputer
Facility in Ithaca, NY; Mr. Tracey Gray, Vice President of Marketing for
Government Systems with U.S. Sprint; Dr. David Nagel, Vice President of
Advanced Technology with Apple Computer, Inc.; Dr. John Wold, Executive
Director of the Lilly Research Laboratory, Eli Lilly & Company in Indianapolis,
who is accompanied by Dr. Riaz Abdulla, Head of Supercomputer Applications
and Molecular Design with Eli Lilly.

Without objection, the full prepared statements of all our witnesses will be
included in the record. We invite you to summarize what you have to present 10
the subcommittee today.

Dr. Langenberg, we will begin with you. I would like to thank all of you for
coming. I know that some ol you have traveled great distances. We really
appreciate the time and effort you have put into making the hearing today a useful
and productive one, and we will hear all of you before going to questions. Dr
Langenberg, please begin.

STATEMENT OF DONALD LANGENBERG, CHANCELLOR OF THE
UNIVERSITY OF MARYLAND SYSTEM

Dr. LANGENBERG. Thank you, Mr. Cl»airman. 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 ai. 2 Conduct
of Research: The User’s View. I will come back to that subtitle in a bit.

I would like to make just a few points related to the work of that panel and
the issues before you in S. 272. The panel found that there exist significant
technical, financial, behavioral, and infrastructural impediments to the
widespread use of information technology in research. And though the panel’s
charge was confined to research, 1 believe the same impediments exist with
respect to education.

We made three main recommendations and a host of sub-recommendations.
S. 272 responds to most of them, and responds very well. One of the panel’s
principal recommendations was that, and I quote, “The institutions supporting
the nation's researchers, led by the Federal Government, should develop an
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inwmor‘:mctcd national information technology network for use by all qualified
researchers.” .

The National Research and Education Network responds directly to the need
reflected in this recommendation, and also, I believe, to the very important
collateral need of the education sector. In my judgment, NREN, if that is the
correct pronunciation, will revolutionize both resezrch and education, though, of
course, in a evolutionary way.

My third point is that when cne thinks of what NREN might do for education,
one thinks first of the education of scientists and engineers, and then pe: haps 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 p.-* of
the challenge we face is the creation of an entirely new kind of institutional
infrastructure for managing the new information technology, led and supported
by a new breed of information professionals. These may bear some resemblance
to librarians or to computer scientists or to publishers. And whatever they might
be, we need to create schools for training them and institutions within which they
can function. And that means educational and institutional innovation of a kind
that S. 272 appears well designed to foster.

My fourth point is that the most important words in the title of our panel report
reflect the panel’s most important observation. And those words are “the user’s
view.” In simple terms, the panel concluded that the development of information
technology and its applications in the conduct of 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 informa-
tion technology, both current and prospective, not by information specialists,
information scientists, information technologists, or local, national and interna-
tional policymakers.

It may not invariably be true that the customer is always right, but institutions
that create technology or make policy without a clear understanding and ap-
preciation of the real needs of their clients and constituents risk making serious
and expensive blunders. S. 272 calls for the advice of users in the development
of a national research and education network, and I especially applaud this
provision.

My fifth point is a very strongly held view. In my preface to our panel’s report
I wrote, and I quote, “‘1 share with many researchers strong belief that much of
the power of science (whether practiced by scientists, engineers, or clinical
researchers) derives from the steadfast commitment to free and unfettered
communication of information and knowledge.” This principle has been part of
the ethos of the global research community for centuries, and has served it and
the rest of humanity well.

If asked to disull one key insight from my service on this panel I would
respond with the assertion that information technology is of truly enormous
importance to the research community, and hence to all humanity, precisely
because it has the potential to enhance communication of information and
knowledge within that community by orders of magnitude. We can only now
dimly perceive what the consequences of that fact may be.

That there is a revolution occurring in the creation and dissemination of
information, knowledge, and ultimately, understanding, is clear to me. It is also
clear to me that it is critically important to maintain our commitment to free and
unfettered communication as we explore the uses of information technology in
the conduct of research.
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What I asserted there about research, I would assert now about education. And
if I am right, then by far the most profoundly important consequence of the
creation of NREN will not be the expedition of research or the improvement of
next year's balance of trade. It will be the fundamental democratization of all the
world’s knowledge. And this means placing the accumulated 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 2 moment. I grew up in a small town on the Great Plains, and in that wown
was a Camnegie lil -ary, one of hundreds Andrew Carnegie endowed across the
Nation. That modest building and the equally modest collection of books that it
housed opened the world to me, and I have been grateful to that Pittsburgh steel
maker ever since.

What if I had had direct personal access to the Library of Congress, the British
Museum, the Louvre, and the Deutsches Museum all in the course of a summer
afternoon in North Dakota? Just imagine. Now, my point here is that there is an
overriding public interest in NREN and in the rest of the provisions of S.272,an
interest that transcends research and its industrial applications or issues of
governance and the iimetable for commercialization. I truly believe we have an
opportunity here for an Amezican achievement of truly Jeffersonian proportions.
Let’s not blow it.

Finally, for my sixth point, I note with approval that S. 272 identifies the
National Science Foundation as the lead agency for the development of NREN
The choice is wise, I think, NSF has a demonstrated capacity to manage large,
complex, technical operations. Unlike other S&T agencies, NSF’s focus is not
on soMme mission, but on its users, that is to say, its client science and engincering
communities.

And perhaps most important, alone among Federal agencies NSF bears
responsibility for the support of research across the full spectrur of science and
engineering disciplines and for the training of those who perform the research
and for the general education in science and technology of everybody else.

Now, Mr. Chairman, you wil! have gathered that I have a considerable
enthusiasm for S. 272; I do. urge you and your colleagues to enact it into law.

Thank you.

Senator GORE. Thank you very much. We certainly appreciate your forceful
statement and the way you delivered it.

Dr. Kalos, from Correll, welcome. Swing that microphone around there so
we can hear you. Thank you very much for coming.

STATEMENT OF DR, MALVIN H. KALOS, DIRECTOR, CORNELL
THEORY CENTER

Dr. KALOS. I am sitting on the end to give me ready access o the computer
terminal, because I am going to demonstrate some videos.

Senator GORE. Very good.

Dr. KALOS. Mr. Chairman, itisa privilegetobe invited to commenton S. 272,
the High Performance Computing Act of 1991; however, being asked to follow
Drégdromley and others makes me feel like the man who survived the Johnstown
Flood.

The Comell Theory Center, which is dedicated to the advancement and
exploitation of high-performance computing and networking for science, en-
gineering, and industrial productivity, is one of the National Science Foundation
Supercomputer Centers. We are part of the transformation of our science and
engineering culture brought about by the advent and adoption of high-perfor-
mance computing and communications in our technological society.
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Senator Gore, Senator Pressler, Senator Robb, and the other cosponsors of
this bill, and the President, understand the deep and positive implications for our
future. Dr. Bromley has done essential work in translating these ideas into
effective policy. FCCSET for the first time has unified the Federal approach to
high-gerfonnance computing. Theirs isa well-designed, well-integrated program
that shows good balance between the need to exploit advancing supercomputing
technology, the need for very high-performance networking, and the need to
bring these new tools to the widest possible community through research and
education.

The aim of fundamental science is to connect all our knowledge in a seamless
web of quantitative understanding. This is now harder to do, because we probe
into more and more complex phenomena that defy analysis by the mathematical
tools we have. 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, the science of
materials, astrophysics, are very good examples.

Computation is also an essential tool in experimental science. The most
advanced instruments, optical and radio telescopes, particle accelerators, and
computers themselves, are studied, designed, optimized, and verified with the
help of computer simulation. Data collection is automated. The reduction to
comprehensible data sets involves enormous computations in some cases. The
exchange of large data sets will require very heavy use of high-capacity data
networks.

An impontant step in modem science, I believe, was the creation by the
Congress and the National Science Foundation of the National Supercomputer
Centers. That was the mark of the entry by the mainstream of American research
into this new era of computational science. The entire scientific and engineering
community of the Nation has the opportunity to exploit these new tools. Students
and young scientists, always the very heart of any important scientific change,
are now involved. They will carry the message to the rest of our society and to
the future.

I would like also to comment that the present program includes attention to
education. The NSF program, supercomputer include for example at Comell the
Superquest program which is bringing knowledge and training of supercomput-
ing to high schools around the Country.

I will show some videos showing significant scientific advances made pos-
sible by supercomputing, and 1 would like to comment to Senator Pressler, in
particular, that some of the advances that I have in my written testimony are those
that come from small schools. So these centers provide this power to large
institutions and small, primarily research institutions, primarily undergraduate
institutions; this is a very important balance.

Another vital role of computational science is that of permitting quantitative
connections among different disciplines. Every one of the large problems that
confront our society, and to whose solutions we expect science to contribute, is
in some sense a multidisciplinary problem. Issues of the environment and
medicine, to cite only two, involve many sciences working together; chemistry,
physics, engineering, fluid flow, biology, the science of materials.

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

To exploit these new machines, a major retooling 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-performance
computing and communications program will offer us an essential opportunity
to bridge the gap between today’s high-performance vector machines and
tomorrow’s highly parallel systems.

I have emphasized how science and its application to societal problems
involve the national scientific community. Bringing to bear this transformation
of computational science in the most complete and positive way requires that its
techniques and strategies be learned, used, and shared by the widest possible
group of researchers and educators. All of these are necessary, and the ap-
propriate level and balance among them is essential. The High Performance
Computing Act of 1991 is a vital siep in that direction.

And now I will move to the screen and 1 am going to show three videos with
dit_2rent scientific themes, and each has a different theme w0 bear on the
application of science to industry or medicine.

(First videotape shown.]

The first one shows the investigation, which involves some important algo-
rithmic advance by Mike Teeter, who is a professor of physics at Comnell and an
engineering fellow at Coming Glass.

We are going to see a model, first a simple ball and stick model, of a quartz
crystal. Then, the silicon and oxygen atoms will be dressed in fields that represcnt
the electron ficlds at various densities. There are three of them, and the lowest
level of electron density is shown in blue.

Now we see the blue level only, and we see the ramified electron field that
permeates the entire crystal and gives it its structure. The importance of this for
Coming is that understanding the physics of quartz means understand the physics
of glass, and this was translated into making better optical fibers, an imponant
competitive advantage for Coming.

(Second videotape shown.]

The next movie is going to show something you have talked about. Senator
Gore. It shows the composition of a set of data representing a sedimentary oil
field in the Gulf of Mexico assembled by a team of 19 organizations, 11
petroleum companies and 8 academic institutions.

We see a 30 by 10 mile area of the floor of the Gulf of Mexico. The grecn
zones show places where oil or gas has been seen. This is a set of salt domcs.
They are 6 miles high under the ocean. And what we are going t¢ see-—well, now
we see sand and shale zones. But more important, we are going to see paticrns
of heat-flow throughout these salt domes. The patiemns of heat-flow are correlated
with the presence of petroleum. ‘

Now, this is simtgg the assembling for the first time of disparate data frem all
of the partners in this. Assembling it, producing this video, has presented new
insights for the geologists. They think they understand better than ever before
how to improve the recovery of petroleum from existing sources worldwide.
They are also going on to do serious, very heavy computational modeling (o ry
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 of what they mean when they say that
computational science has now joined inductive reasoning and deductive reason-
ing as a third new branch of knowledge creation.
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Dr. KALOS. Absolutely. Yes. Incidently, these 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.] .

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 buiit up, reduced to a form
understandable by the computer. The location of the tumor is indicated. Incident-
ly, this is the retina, which is so distorted by the tumor that it is tom away from
its usual position in the eye. A data set is being sliced off and assembled into a
three-dimensional data set that the computer can understand.

And we see in animation how this is done. We see the retina there, the distorted
retina. And here a computer-usable model has been assembled. We see the tumor
in three dimensions as it rotates. Now the model is used in a mathematical way
to understand how the illumination by high-intensity ultrasound would affect that
tumor. We see the simuli.tion of the effects of heating by a focused, high-intensity
ultrasound beam.

You see, of course, the high temperature at the center of the focus. In therapy,
that focus would be steered around the tumor and would literally cook it into
oblivion.

Thank you.

[The statement follows:]
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STATEMENT OF DR. MALVIN H. KALOS, DIRECTOR, CORNEIL THEORY CENTER

Mr. Chairman, it is a privilege to be invited to comment on the "High Performance Computing
Act of 1991" in the company of such a distinguished group of representatives of government.
industry, and acaderua.

{ am Malvin H. Kalos, Director of the Cornell Theory Center, and a professor of physics at
Cornell University. The Theory Center is an interdisciplinary research unit of Cornell
University, dedicated to the advancemnent and exploitation of high performance computing and
networking for science, engineering, and industrial productivity. As you know, the Theory
Center is one of the National Supercomputer Centers supported by the National Science
Foundation. The Center also receives support from the State of New York, and from inciustry.

My career spans 40 years of work with computers as a tool in physics and engineenng. [ have
worked in universities, industry, and as a consultant to the Los Alamos, Livermore, and Qak
Ridge national laboratories in research devoted to the application of high performance
computing to further their missions.

We are witnessing a profound transformation of our scientific and engineering cultures brought
about by the advent and adoption of high-performance computing and communications as part
of our technological society. The changes, some of which we see now, some of which we easily
surmise, and some of which we can only guess at, have had and will continue to have wide-
reaching benefits. Our economic well-being and the quality of our lives will be immeasurably
improved. 1 salute the foresight and leadership of the authors and cosponsors of this Bill, and
the Administration. Senator Gore, Senator Hollings, Congressman Brown, and the President all
understand the deep and positive implications for our future. We are also grateful for the
support of Congressmen Boehlert and McHugh whose backing of our efforts at Cormell and for
the entire program has been very strong.

The Director of the Office of Science and Technology Policy, Dr. Bromley, has done essential
work in translating the ideas into effective policy. The Federal Coordinating Council for
Science, Engineering, and Technology (FCCSET) has, for the first time, brought unity into the
Federal approach to high-parformance computing. This is a well designed, well integrated
program that shows good balance between the need to exploit advancing supercomputing
technology, the need for very high performance networking, and the need to bring these new
tools to the widest possible community through research and education.

1 will begin with scme historical and philosophical remarks about science, using the history of
physics, which [ know best. Science is not a dry collection of disconnectcd facts, however
interesting. The essence of science is the dynamic network of interconnections between facts. For
a scientist, making a connection never perceived before can be the highlight of a career; the
more distant the connection, the more it is valued. Our aim is to connect all we know in 3
seamnless web of understanding. Historically, the greatest contribution of the greatest sientists
have been such connections: Newton's between the fall of an apple and the motion of the Moon
and planets; Maxwell's between the phenomena of electricity, magnetism, and the propagation
of light; Einstein's leap of understanding connecting quanta of light and the photoelectnc
effect. These connections must be, to the greatest extent possible, mathematical and
quantitative, not merely verbal or qualitative. Making these connections in a quantitative way
remains at the heart of pure science today, but it has become harder as we try to probe into more
and more complex phenomena, phenomena that cannot be analyzed by the mathematical tools
at our disposal. There are many important examples in science that shed light on this
paradigm.

Chemistry is one of our most important sciences, one that contributes enormously to our grasp of
the physical world and one whose applications lie at the core of our understanding of materials
we use, wear, and eat, and of our health. The fundamental understanding of chemistr- lies in
quantum mechanics and electricity, well understood since the 1930s. Yet the translation of that
scientific understanding into quantitative knowledge ab .ut chemicai materials and processes--
polymers, chemical catalysis, drugs both harmful and healing, is very far from complete.
Quite properly, chemistry is still largely an experimental science. But the power of modern
supercomputers is transforming the face of chemistry at every level. We are coming to
understand how electrons rooperate to bind atoms into molecules, molecules into larger
structures, and to elucidate their structural, dynamic, and biological effects. However,
extraordinary numerical precision, which can only be attained by very powerful
supercomputers, is required for this vital work.
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Many other areas of science involve this kind of systematic connection among different
phenomena at different scales of length or energy, including biology and medicine, the physics
of materials, and astrophysics.

The role of computation in linking disparate scientific fields is not a contemporary
development. The early evolution of modern computers was dominated in the 1940s and "50s by
John von Neumann, who was also a great mathematician. He designed computers so that the
very difficult questions that underlie such scientific and engineering problems as fluid flow
could be explored and understood. Only later was it recognized that computers were also
important business tools. The essential role of computers in science and engineering were well
appreciated by many groups in the United States, including the national laboratories, and
their use contributed very much to the development of nuclear weapons, fusion technology, and
the design of aircraft.

The use of computers in academic science and engineering evolved more slowly, partly because of
the failure of many to see the possibilities, partly because the policies of the Federal
government at the time discouraged scientists from participating fully. My own career wag
impacted negatively by these policies. It was the leadership of a few scientists, notably Dr.
Kenneth Wilson, who created the modern climate of respect for the accomplishments and
possibilities of computational science in the future of cur country. The constructive contributions
of the Congress and the National Science Foundation in creating the National Supercomputer
Centers are noteworthy. That creation was, in a profound sense, the mark of the entry by the
mainstream of American research into the era of computational science at the heart of science

and engineering.

It is also important to note that computational science is now an essential tool in experimental
science as it is currently practised. The most advanced scientific instruments, optical and radio
telescopes, particle accelerators, and computers themselves are studied, designed, optimized,
and verified with computer simulation. Data collection is usually automated with the help of
computers, and the reduction to comprehensible data sets and pictures may involve enormous
computations. Exchange of large data sets and the cooperative work in understanding them
will require very large computations and very heavy use of future high capacity data networks.
Finally, in many cases, even reduced data are incomprehensible except when studied in the
light of complex theories that can be understood only by simulation.

Now the entire scientific and engineering community of the country has the opportunity to
exploit these new tools. Many researchers are. Important new scientific discoveries are being
made. New ideas and connections are seen everywhere. More important, students and young
scientists, who are always the very heart of any important scientific change, are invoived.
They are coming to understand the techniques, the promise, and the limitations of
computational science. Their knowledge and its applications are the most important products
of our efforts, and they will carry the message to the rest of our sodety and to the futu~e it is
they who will have the most direc: impact upon industry in the United States.

The science made possible throughout the nation by the resources of the Theory Center spans all
scales of length and energy from the galactic through the planetary through the earth's crust,
the behavior of man-made siructures, of materials at the microscopic level, to the physics of
elementary particles. From anothes perspective, it spans the traditional disciplines of
physics, chemistry, mathematics, biology, medicine, all fields of engineering, and agriculture
and veterinary medicine.

Although I describe research at or made possible by the Theory Center, the other National
Centers, at San Diego, Champaign-Urbana, and at Pittsburgh, can easily list an equally
impressive set of accomplishments in pure and multidisciplinary science.

It is perhaps unfair to cite a few at the expense of 50 many others, but the work of Stuart
Shapiro and Saul Teukolsky on fluids and fields in general relativity is outstanding and has
been recognized by a significant prize, the Forefronts of Large-Scale Computation Award.
Their research comprises both the development of mathematical and numerical methods for
the exploration of astrophysical and cosmological phenomena and the use of these methods to
develop quantitative understanding of the formation of black holes and the characteristics of
gravitational radiation.
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john Dawson of UCLA uses the Theory Center resources to study the unexpected results of the
Active Magnetic Particle Tracer Explorer experiments. In these, barium and lithium were
injected into the earth’s magnetosphere, creating, in effect, an artificial comet. The
observations contradicted existing theories and simulations. Dawson and Ross Bollens
constructed a hybrid theory and simulation that models the observed effect.

Henry Krakauer of the College of William and Mary uses a modern "density functional” theory
of electronic structurc to examine the nature of the electron-phonon interaction, known to be
responsible for low-temperature superconductivity. The aim is to determine its role in high-
temnperature superconductivity. Work like this is being carried out throughout the world and
will require the fastest paraliel supercomputers of the future. Having them available to
American researchers, including those who are not at major research universities, gives them
and American industry a competitive edge.

The research of Harold Scheraga snd his group at Cornell into the three-dimensional scructure

of proteins shows an equally broad range of activity: the investigation of the fundamental

interactions of the amino acid units with each other and with solvent atoms, the basic

computational techniques needed to find the optimal structure, and the biochemistry of
ns. This is research that is perticularly well suited to highly parallel computing, and

will require, in the long run, the full

use of future teraflops machines.

Understanding the properties of the earth's crist is the subject of the research of Larry Brown
and the Consortium for Continentai Reflection Profiling (COCORP). This national group uses
the supercomputers to reduce, display, and interpret the huge data set that is gathered by
seismic prbing (to 30%m or more) of the continental crust.

[ cited earlier the fundamental importance of scientific computing in enabling the connections
among different phenomena within scientific disciplines. Even more important is its role in
permitting quantitative connections among different disciplines, that is, in supporting
multidisciplinary research. Every one of the large problems that confront our society, and to
whose solutions we expect science to contribute, is in some sense a multidisciplinary problem.
For example, issues of the environment involve many sciences — chemistry, physics,
engineering, fluid flow, biology, and materials.

Medicine is equally demanding in its call upon diverse science. As we have indicated,
biochemistry and its relations to chemistry and physics plays a central role in medicine. But
other areas are important as well. As part of my oral presentation, | will show a video of a
supercomputing study of the uses of ultrasound in the treatment of eye tumors. The building of
modern ic devices uses many resources of computation, from the reduction of CAT scans
to the computational optimization of the mechanical properties of the devices. Understanding
blood flow in the heart requires a mastery of fluid dynamics of viscous media plus the

knowledge of the elastic properties of the heart and its valves.

Bringing the knowledge from these fields together to make quantitative predictions about the
effects of some technological or regulatory proposal is a difficult undertaking, one that 1s
utterly impossible without the use of computational modeling on high-performance computers.
Computational modeling is the indispensable natural language of quantitative
multidisciplinary research.

An outstanding example of such work is that by Greg McRae of Camnegie Mellon University. He
uses supercomputers and supercomputer-bned Jisualization to explain from basic chemistry,
fluid mechanics, meteorology. and engineering the scientific effect that underlie the
development of air pollution in the Los Angeles Basin, and the probable effects of fuel changes
and regulatory procedures His results have been used tc influence regulatory policy
constructively.

The Global Basins Research Network (GBRN), a consortium directed by Larry Cathles of the
Geology Department of Comell University and by Roger Anderson of Columbia University's
Lamont-Dougherty Laboratory and which includes eight academic and 11 industrial partners,
has as its goal the multidisciplinary understanding of the chemical, physical, and mechanical

that occur in a sedimentary basin such as the one in the Gulf of Mexico below
Louisiana. They have assembled a composite database of the observations of the basin and are
using computational modeling to explain the data. But simply the collection and display in a

—
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coherent visual way has led to now and deeper understarding of the geology. The outcome of
thus understanding is very likely to improve oil recovery world-vride. [ will also show a video
clip of a visualization of the data set that was prepared jointly by the Theory Center and the
GBRN.

It is important to note that this research covers a wide range of partners, geographically
dispersed, and the that the medium of information exchange is usually visual. High-
performance networking is essential 1o the GBRN and to similar scientific enterprises.

Another important development is the establishment at Cornell of the Xerox Desigr Research
Institute, with the participation of the Theory Center, the Computer Science Department, and
the School of Engineering. Directed by Gregory Zack of Xerox, and involving researchers from
Xerox centers nationwide, the aim of the Institute, quite simply, is to improve Xerox's ability to
bring better products more quickly to market. The techniques are those of computational and
computer science. A vital aspect of the research is the development of methods whereby the
geographically separate centers can effectively collaborate. Again, high-performance

networking is key.

As our reach extends, the necessary partners required to carry out important collaborative
research will rarely be found at one institution or even in one part of the country. Essential
experimental devices or data bases may exist anywhere. Rapid, concurrent access is essential,
and at higher demands in bandwidth. The NREN is necessary for the full growth and
exploitation of the scientific, technological, and educational implications of computational
science. The GBRN and Xerox examples indicate how the greatest potential is for industrial
use.

The supercomputing community will soon find itself at a major crossroads — where the increases
in performance needed for the fulfillment of our scientific mandate will demand parallel
architectures. To exploit these new machines, a major re-tocling of software and algorithms
will have to take place. This is not a trivial undertaking, yet it must be started very soon if we
are to make progress on the Grand Challenge problems in the mid-1990s.

The High-Performance Computing and Communications program will offer us an essential
opportunity to bridge the gap between today's high performance vector machines and
tomorrow's highly parallel systems.

I have emphasized how science and its application to societal problems are communal
activities, activities that involve, more or less directly, the entire scientific community.
Bringing to bear the transformation made possible by computational science in the most
complete and positive way requires thai its techniques and strategies be learned, used, and
shared by the widest possible group of researchers and educators. That means advancing the
art, acquiring the best and most powerful tools of hardware, software, and algorithms, and
coupling the community in the tightest possible ways.

The "High-Performance Computing Act of 19917 is a vital step in that direction.

Senator GORE. Boy, that was really impressive. Well, we will save our
questions, but thank you so much for your presentation. Very impressive.
Our third witness on this panel is Mr. Tracey Gray, vice president for
marketing with the Government Systems Division of US Sprint. Mr. Gray, thank
you so much for joining us today, and please proceed.

STATEMENT OF TRACEY GRAY, VICE PRESIDENT OF
MARKETING, GOVERNMENT SYSTEMS DIVISION, US SPRINT
COMMUNICATIONS CO.

Mr. GRAY. Thank you, Mr. Chairman, and Members of the subcommittee.
Now, these are two tough acts to follow, and I do not even have my video o
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 and
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to the many users of academiaand industry in this country, the kind of capabiliues
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 participati".g in the objectives of this legislation and initiative, and
how we believe that we can bring some of those objectives to bear.

I would like to depart just briefly, though, to remind everybody of the power
of the private sector 1o 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 think
that is what this bill is all about.

I would like to remind everybody here that just about 6 years ago, this country
saw one of the most significant economic realignments in the industry that we
have ever had. That was the divestiture of AT&T. US Sprint was an outgrowth
of that.

US Sprint today has a network that is just a little under 4 years old. It is a fully
deployed, fiber-optic network that ranscends 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-
$ facsimile, exatronic 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 neiwork. Bear in mind, again, this is a network
slightly over 3 years old. We have well over $3.5 billion invested in this network.

We support this bill from the standpoint that it provides the seed money, the
initial stimuli that we tink is necessary to develop the next level of applications
and to bring about the incentives in the private sector to make the nextstep, which
could be a quantum leap, in the deployment and the investment of technology
that will support the multi-gigabit transmission paths that are necessary 10
achieve the objectives you are talking about.

We are very hearened to hear and see the recognition of the importance of
the communications link, the superhighway network. We believe that the Na-
tional Research Education Network objectives can be achieved with this initia-
tive, with this measure.

1 would like to bring two issues tothe fore that, to give us, if not some concem,
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 thal the funding
and the development and the participation is broad enough to encourage and 10
support the users of something other than supercomputers and the users who may
only have to rely on multi-gigabit networks.

A reason for believing this, and promoting this, is we know from experience
that the cost benefits and the likelihood of seeing timely development, “imely
deployment, of the types of technology you are talking about is very depcendent
upon 2 broad base of users. The more fully cost can be ailocated and distributed

ong many users, the better off everybody will be, and the faster and the more
timely development of these technologies will take in the private sector.
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I think an example I would like to cite where we have had the technology, we
have had the capability for some time, and yet we have not seen the full benefits
and the full optimization of the technology and the applications in the area of
integrated services digital networks, this thing called iSDN.

Cerntainly the technology and the capability is there, but the a?plicauons are
not. And Dr. Bromley spoke eloquently about the need for software and the
development of basic applications to drive and to take advantage of the technol-
ogy of that type.

So we encourage the planners and the architects of this legislation to ensure
that there is a broad participation in the academic, educational, and industrial
community, beyond those that just rely on supercomputers. Secondly, we en-
courage and we will do all we can through our participation to ensure that the
development of the network itself is a development and a plan that will permit
the utilization of public networks to support these services and to support the
capabilities.

We do not believe that it requires a private network development or applica-
tion to support your objectives. We do believe, and our expenence tells us, that
the maximum cost benefits, the long-term interest of the users of a network can
be found with shared network applications. We have seen time and again the
problems that develop with private networks, where you have a group of users
stranded with a set technology.

We also believe that public services and the commercialization of these
applications and products will ensure that the Government, the need for the
infusion of Government money, will cease over time, will minimize over time.

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

[The statement follows:]

STATEMENT OF TRACEY GRAY VICE, PRESIDENT OF MARKETING, GOVERN-
MENT SYSTEMS DIVISION, US SPRINT COMMUNICATIONS COMPANY

Thank you, Mr. Chairman anJd members of the Subcommittee. [ am Tracey Gray, Vice President
of Marketing for the Government Systems Division at US Sprint. | a iate this opportunity o
speak with you on 5.272, the High Performance Computing Act of 1991,

As you know, US Sprint is the third lflu.rﬁut inlerexchange telecommunications carrier in the
United States today—cm! the only all fiber, fully digital network. US Sprint serves 90% of the Fortune
500 U.S. companies with voice, data, and video services, and we offer telecommunications services
to 183 countries around the world.

My division, the Government Systems Division, is proud to serve over 500,000 govemment
employees at 35 agencies under the 2000 contract. In addition to FTS 2000, we are responsible
for all business relations and opportunities with the federal government. This includes evaluating and
assessing the risks and opportunities with emerging technologies and applications in telecommunica-
tions network solutions.

NREN APPLICATIONS

I would like 10 talk with you today aboat the National Research and Education Networks
(NREN)—one component of the High Performance Computing initiative. Mr. Chairman, the opera-
tive word in that sentence is Network. High performance networking should share equal billing with
high performance computing.

l.FSc Sprint does not build supercomputers, we do not maintain or operate an information
infrastructure of independent databases; we do not develop ind?mdem computer software tools or
train supercomputer hardware or software engineers. US Sprint does interexchange provide telecom-
munications services—based on state-of-the-art, fiber technology and advanced network architec-
tures. Fiber technology will be the network infrastructure that mﬁ:om the computing hardw are
necessary 1o solve the Grand Challenges. This fewre network platform will allow researchers to
establish National Collaboratories among our nation's laboratonies and university research centers
that will solve the Grand Challenge lems such as global warming, the identification of new
superconduction materials, and the mysteries of cancer causing genes.
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While the Grand Chalienge problems certainly require our attention, US Sprint appreciates the
Commitiee’s understanding that industry related problems exist that can benefit from the application
of high performance computing. This Committee’s 1990 report on S. 1067 rightly noted that a
supercomputer model helped lgou.r g design an 737 airplane that was 30% more efficdent. The
ﬁnﬂcmn industry benefited when Arco used a Cray supercomputer to increase ail production at its

dhoe Bay field, resulting in a two billion dollar profit for the comrny. An Alcoa supercomputer
model reduced the amount of aluminum needed for its soda cans by 10%, resulting in transportaton
and production savings. Mr. Gore, your January 24 statement noted thai Ford's engineers can simulate
automobile crash tests using supercomputers for a fraction of the cost of conducting real life
experiments. Esch of these industry applications of supercomputing benefits the American consumer
and the national interest through greater efficiencies, higher quality products, increased cost savings,
and improved productivily.

But let's not focus solely on supcroomputers and connecting supercomputers. Other research and
cngineering applications require high speed networking, and by bringing other applications on to this
network, we can increase scale economies that could justify investments in mult-gigabit nctworks.

For example, medical doctors are confronting a problem where technology produces greater
disgnostic capability, yet there are fewer expents to interpret the data. The solution is teleradiology—
the process of digilizing and transmiting medical images to distant Jocations—which allows the
nation’s top radiologists to access key medical imaging from virtuaily anywhere in the United States
in seconds. Today, US Sprint’s network can transmit diagnostic quality images in approximately 37
seconds using multiple 56 kilobit per second lines. The same image would take upto an hour and a
half to transmit over a traditional analog network using 9600 bits per second.

Tomormow's techndog will allow real time full motion imaging and require bandwidths
substantially greater than 45 megabits per second, the highest s avalable today. A radiologist
al & distant location will be able to watch feruses move and heans beat, and provide immediate
diagnostic feedback. High ?ecd networks are required for real-time image transfers because video
compression greater than 2.3:1 is destructive to the image's clarity.

Medical imaging is one of many high performance networking a lications. Computer Aided
Design/Manufactunng (CAD/CAM) is another. American industry vl remain strong, If they have
{he best communication ool to completz their work. Interactive CA. /CAM will allow industry 10
work more quickly and efficiently, allowing widely dispersed engineers to participate in the design
process without exchanging roomfuls of paper.

NREN TECHNOLOGY

The question posed by the legisla_on, however, is how supercompulers can be made accessible
1o more users. And the answer is the development of supernetworks with multi-gigabit capacity—or
NREN.

US Sprint is working with devclopments that would suppont the NREN objecuves. We are
developing plans fora broadband test bed akin to those established under the leadership of the National
Science Foundation (NSF), the Defense Advanced Research Projeas Agency (DARPA), and the
Corporation for National Research Initiatives (CNRI). US Sprint is a pariner in a Midwest coalition
that is working with DARPA to develop a network concept plan for a terrestrial, fly-over imaging
application for the Department of the Amy's Future Batile Lab. Theterrestrial, fly-over project would
take satellite picures and convert them into computer-developed, “three dimcnsiom?" landscapes
that would allow the user o “fly over” or “walk through"” the terrain. Generals could “sec” a battlefield
without sending out scouts!

Additionally, US Sprint has recently become an international vendor for NSFNET, providing
links to research networks in France and Sweden, and we now serve on NSF's Federal Networking
Advisory Commitiee to the Federal Networking Council.

Although many advances are being made towards the development of the systems necessary for
gigabit networks, many hurdles remain, The fundamental bailding block required for gigabat networks
exists today. Fiber optic cables with ample bandwidth to support multi-gigabitand higher transmission
speeds Criss-Cross our country. US Sprint’s all fiber opuc network operates today with backbone
speeds of 1.7 Gbps. We are currently testing 2.4 Gbps optic equipment in our labs for installation on
our high capacily roules next ycars. Our transmission eguégncm vendors are developing the next
generation of optic systems with transmission speeds of 9.6Gbps.

Switching platforms also continue to advance with cell relay technology. Many believe that cell
relay switching best supports the bandwidth-on danand services essential to high speed networks.
Small, non-standard cell relay switches capable of switching traffic at 150 Mbps are on the markel
today. International standards for cell relay are advancing rapidly, with many projected for compleuon
by 1992. Nonetheless, difficult network design problems remain in cell relay technology such as
wraffic congestion and routing. American researchers are working toward solutions to these problems.

To schieve the NREN goals, compatible telecommunications and computer standards must be
written for the signaling, operation, administration, and management of high speed networks. These
network support systems are as important 1o the implementation of the NREN as the transmission and
switching systems. The development of standards for these support systems requires careful con-
sideration and must parallel the evolution of gigabit technologies.
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US SPRINT POSITION

M. Chaimnan, US Sprint fully supports the intent of the High Performance Computing initistve.
V/e are convinced that without govemment sec maney, supercomputer networking will be slow to
mature. Let me share two relsted thoughts with you, however, about the legislation and the
implementation of the legislation pertaining to network applications and t the Commitiee’s initent to
phase the NREN into commercial operation.

First, with respect to network applications, 10 speed the development of high speed networks, US
Sprint recommends broudmingﬁee scope of the legislation to include a vanety of high speed
networking applications. I have briefly described two applications, not requiring supescompaters, that
would serve pressing, existing needs. Providing funds for applications research could stimulate many
more ideas within the research community. Each these application idess could suppon a new group
of users, further extending the benefits of high speed networking to society. With applications as the
driver, high speed networks will grow in scale and ubiquity throughout the country.

My second point, and one that I think is a concem to the Commutiee as W' tothe phasc-in
to commercial operation, one of the objectives to realized by the network. ough the bill includes
language that the NREN be “phased into commercial operation as commercial networks can meet (o
naworking needs of American researchiers and educators,” there is no path given the current
development of NSFNET - that gets us from here to there.

In fact, the government is creating & private—a dedicated —elecommunicatons infrastructure
that parallels the commercial, public networks operating in the U.S. loday. Rather than duplicate
commercial facilities with a govermment owned and operated telecommunications system, we suggest
that the NREN be established through public network services—where the govemments networking
requirements are combined with the public's requirements in the development of commercial
networks. Otherwise, it is not clear how we will ever “phase” from a dedicated U.S. government
network 1o commercial networks.

With a public network service, industry would develop, own, and operate the facilities to provide
gigabit capability nd offer that caﬁability as a service to the Government and other industry uses. In
this environment, users are not obligated to full time, dedicated service, but are oriented to a preferred,
bandwidth-on-demand scenario. A public, high speed network service would be position much like
today's public, long distance or virtual private networking services. Users only pay when they use
the service.

By evolving NREN as public network service, the government also takes advantage of existing
network platforms. US Sprint, for example, offers a fully deployed, ubiquitous, network service. We
fully integrate today s telecommunications requirements combing voice, data and video services with
a single network platform. US Sprint integrates the management, NREN can only duplicate public
network features like these at tremendous cost. By leveraging the existing infrastructure of public
networks, the govemment can realize the development of a more robust NREN, sooner, and at less
cost.

RECOMMENDATIONS

In short, Mr. Chairman, US Sprint recommends that the High Performance Computing Act of
1991 address two issues.

First, the bill should authorize the funding of academic rescarch for applications requiring high
speed network capacity in addition 1o connecting il?crmnpulcn. As noted above, sophisticated
medical imaging requires higher :ﬂwd neiworks. Similar applications that require high speed
networking should be funded under this initiative, US Sprint believe that funding this type of research
will stimulate additional high speed network applications further justifying the development of the
network.

Second, the Committee should ensure that the design of the NREN does not lead to a government
owned and operated network. NREN should be developed to share the gigabit capacity of existing
public networks and enjoy the advantages that public network operators bring to their commercials
custome.s. NREN could well operate as a virtual private network on an sxisting public network, but
it should not optrate as a sperate nEIWGTK.

Mr. Chairman, US Sprint sees the NREN developing more fully, more economically, ané more
quickly if it were to be developed as a shared, or ﬁm:ne\work.

We appreciate the opportunity to address the ittee, [ will be happy to answer any quesuons
that you may have.

ank you, Mr. Chairman

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, if you will, which we have gained from our dialogue with your
company and others, have been invauable in shaping this legislation. We really
appreciate your statement here today as well.
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Next, Dr. David Nagel, vice president for advanced technology with Apple
Computer. You are invited to proceed at this time. Welcome.

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

Dr. NAGEL. Thank you, Mr. Chairman. 1 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 subcommitiee on a favorite topic of high-performance computing
and networking.

In the fall of 1989, the 11 largest computer systems companies in the U.S.
formed the Computer Systems Policy Project to address what we felt were some
fundamental problems facing our industry. It was a measure of the importance
of this activity that the CSPP is an association of the chief executives of our
companies; the CEOQ’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 tcchnolodgics 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 prognosis for U.S.
industry performance into the future.

While by almost any measure, our industry is still the strongest in the world,
our lead appears to be diminishing rapidly by almost all of the measures that we
examined. In 1983, for example, U.S. companies held an 83 percent share in the
world market of computer systems, including software. Between 1983 and 1989,
our share of the world market declined by more than 20 percent, from 83 percent
to about 61 percent. During the same period, Japan's share rose from 8 percent
t0 22 percent and our European colleagues’ share grew from 10 percent to 15

ent.
perICWore troubling, the cumputer systems industry went from a significantly
positive contribution to the U.S. trade balance all throughout the 1980’s o a
position in 1990 where our imports almost exactly balance our exports. While
the U.S. ratio of computer exports (o imports moved steadily downward over the
last decade, Japan even more dramatically increased its export-import ratio from
about 2 in 1980 to more than 6 at the end of the 1980’s.

While these findings are clearly troubling to us, the members of CSPP
recognize that the primary burden for staying competitive in the global

marketplace rests squarely with our own industry. So we began with an intemnal
assessment. We examined our own investment levels and competitive positions
in the key technologies which we think are critical to success. We identified, for
exarnple, 16 critical pre-competitive generic technologies, and concluded that
the U.S. sull leads the world in half of these. And most of these are software
intensive.

We also concluded that the U.S., once leading the remainder, now lags the
world in several critical technologies, and is losing a lead in the remainder. And
most of these, and in contrast to the technologies for which we hold a lead, the
h% technologies are mostly ital-intensive ones. We also believe that,
without further positive action, the S. position will erode further in all of these
16 technology areas over the next few years.

The compuler sysiems 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
nmdmdmyotbamwialsecu.mdmmma%paoemmmseovu
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the amount we spent in 1988, a period when many other industrial sectors were
reducing their R&D spending.

In contrast to the level of investment in private industry, the U.S. Government
only invested about 2 percent of its R& D portfolio in generic technologies related
to our industry.

Taken as a whole, we conclude that the Federal R&D budget in computing is
not today focused or managed in ways that are needed to preserve and enhance
our economic competitiveness, given the rapid pace of innovation and the R&D
practices of other countries. In short, we believe the Federal R&D has not been
as helpful 1o 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 thes: pre-competitive gencric
technologies, and will help us meet very stff international competition.

We believe that the Government and industry must work together, and jointly
must take the following first steps to improve the effectiveness of the spending
in the U.S. First, we think that there should be an improvement in the mechanisms
within OMB for reviewing the Federal R&D spending program. In many cases,
these have become so complex, it is very difficult to actally figure out what is
being spent.

Number two, we need to increase the industry input, we believe, in setting
Federal R&D priorities and to better manage the Federal R&D budget. Number
three, we think industry should work with the Federal labs and with Government
agencies to improve, *o set Federal laboratory priorities and improve the return
on the national investment made in these labs.

And fourth, we look forward to working with the Government in implement-
ing high-performance computing industries, including a national network
capability of bringing the benefits of computing to every institution, household,
business. and school in the Nation.

We have created three CEQ-level working groups to address our industry’s
participation in the Federal R&D priority setting. And we are looking here at
structural and legal impediments of which there appear to be a variety. We are
increasing the degree of interaction between industry and the programs in the
Federal labs. And finally, we are looking at ways in which we can better
participate in implementing the high-performance computing and communica-
tion initiatives.

We fully support and recommend full funding for the national high-perfor-
mance computing and communication programs, including a National Research
and Education Network. We recognize and applaud the pioneering role that this
subcommittee and its chairman have played in recognizing the importance of the
development of a national information infrastructure and an effective, high-per-
formance computing program.

We believe this efforts are critical in providing the research infrastructure in
maintaining our Nation’s leadership in basic computer and information research.
The CSFP believes that the high-performance computing and communication
initiatives will be instrumental achievement of the national education in work
force training goals.

Now, much has been written and said about the benefits of high-speed
networking at the institutional level, of higner education levels. While we agree
with and support these uses, high-speed netw. orks will allow the rate of scientific
anug en%lineen'ng progress a major grand challenge problems to accelerate sig-
nificantly. .
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But we also believe the benefits of high-speed networking and high-perfor-
mance computing should ultimately find their way beyond institutions and
become available to the rest of us. And I am echoing this, both what my
colleagues have already said and what have been said by the senators.

[ would like to briefly touch on some other benefits of what we believe are a
truly universal high-speed network, benefits that will eventually impact a much
larger number of our citizens,

Actually, we are beginning to see the precursors of the benefits of networking
and distributive computing, even with the overly complex low-speed network
systems currently in place in the U.S. Apple Computer, for example, in a project
called Apple Global Education, or AGE, has made our own internal slow-speed
electronic mail system available so that school children all over the world can
communicate and exchange ideas.

For example, recently on Earth Day, 12 schools from around the world
collaborated and prepared and produced local newspapers that featured environ-
mental issues using this network. On other networks, we have begun to sce a
variety of education applications develop. We have seen collaborations between
teachers in the preparation of educational materials. We have seen collaborations
between students conducting scientfic 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 (o 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 ot
electronic information delivery, even with the very slow speed networks avail-
able today.

With the arrival of data exchange capabilities like those that will be provided
by the NREN, capabilities that will allow graphics and images to be transmitted
as easily as text, we should see an explosion in new uses of high-speed network-
ing and education, uses which we think will fundamentally transform the whole
process of education.

Teachers and studen's who are in remote, rural areas—in some €ases, remote
urban areas—far from major libraries and universities, will have access O
information and expertise every bit the same as their counterparts in the most
favored settings. Physical separation will no longer matter when on-line video
conferencing and other high-speed network supported applications are available
to every school in the U.S.

We believe also that U.s. business will benefit from high-speed networking.
Apple, for example, has greatly benefited from our own internal electronic mail
system, as have many other companies; in our €ase, an information exchange
system called Apple i ink. Using Apple Link, individual contributors exchange
ideas and documents with one another, with their managers, and with the
executives of the organization. From time to time, they exchange insults with
one another.

Some of the fundamental administrative activities within Apple, activities that
were used to generate large piles of paper, now are done almost entirely
electronically. The advanced technology group which I head uses a video
conferencing network to tie together our four separate physical labs in the U.S.
Without this systzm, it is clear we would allhave to do agreatdeal more traveling
and generate waste along a variety of dimensions.
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Finally, Apple uses high-performance computing to great advantage both in
the development of technology for products and in the development of products
themselves. Over the past year, for example, we have used our Cray to develop
advanced algorithms for data compression, high-performance graphics, and
speech recognition, among other applications.

Once we prove to our satisfaction that these algorithms work on our Cray, we
can design special circuits, again using the Cray, which makes Cray levels
performance for specialized applications available on our advanced personal
computers at a tiny fraction of the cost of a supercomputer.

So high-performance computing helps us both in the product sense and in the
technology sense.

In conclusion, we recognize that improving U.S. technology policy is a
long-term process, cannot be addressed by any one organization, any single set
of recommendations or any given piece of legislation. Improvement of U.S.
technology is, nonetheless, an essential process that will require the cooperative
R&D investments and partnership of both the private sector and the Government.
We believe that improving U.S. technology requires a long-term commitment
and a series of changes by both industry and Govemn.. 1t over time. Whether as
independent CEQ’s or as an industry, the members of CSPP are committed and
will remain involved in this process.

Thank you very much.

[The statement follows:]

STATEMENT OF DAVID C. NAGEL, PH.D., VICE PRESIDENT, ADVANCED TECHNOLGY,
APPLE COMPUTER, INC., ON BEHALF OF THE COMPUTER SYSTEMS POLICY
PROJECT (CSPP)

Apple Computer, Inc. and the other members of the Computer Systems Policy Project (CSPP)
are very apprecative for the opportunity to appear oefore this Subcommuttee on the issue of high
performance computing. As several of us have said in previous appearances before this subcommitiee,
the health of the U.S. computer industry is inextricably tied to the future health of the nation as 2
global economic power. Although the U.S. has been for decades preeminent in both the deveiopment
of the most advanced computer technology in the world and in the capture of the largest share of the
global computing systems market, that leadership is being steadily eroded by our global competitors.

In purcly economic terms, the U.S. computer systems industry plays a vital role in the U.S.
economy. In 1989, for example, our industry exported more than $22B in computer equipment alone,
or more than 6% of total U.S. exports that year our industry employs almost 600,000 workers in the
U.S. When we look beyond the immediate economic picture and mto the future, few would argue
with the belief that the health of the computer systems industry will serve as a bellwether to the overall
health and leadership of the U.S. as a global econamic and industrial power. It is difficult to think of
significant technical advances over the past two decades in any segment of the economy that have
not relied on computer systems. The computer systems industry is clearly a building block for other
industries. Computer systems products are necessary and critical components of virtually all modem
manufacturing and service industrics and development and operation of most of the sophisticated
weapons systems in the U.S. arsenal would be impossible without computer systems and electronic

com s.

E the fall of 1989, the eleven largest computer s companies in the U.S. formed the Computer
Systems Policy Project to address technology and trade policy from the computer systems industry
perspective. As a reflection of the seriousness with which the industry views the future of computer
technology inthe U.S., the CSPPis an association of the Chicf Executives of Apple, Hewlett-Packard,
Compag, Cray, IBM, Control Data, Digital Equipment, NCR, Sun Microsystems, Tandem and Unisys.
One of the major goals in forming the CSPP was to provide the industry and policy makers in
Washington, D.C. the data and perspective necessary 10 the development of effective, long-range
Eliciel both in the development of technology and in the improvement of our trade position globally.

ch of the member ccmpanies - including the CEO’s, Chief Technologists, and supporting staff -
has made a significant commitment to this project over the past year and a half.

CSPP began its study more than a year ago with an intemal look at the health of our industry
including: an assessment of the technologies that are critical to computer sysiems; an assessment of
how the United States is doing with these technologies compared to our foreign competitors; and a
prognosis for U.S. industry perfformance into the future. In summary, the results of this initial analysis
were mixed. While the U.S. computer systems industry suill today is the strongest in the world (both
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in terms of technology leadership and overall market share), our lead is dirunishing rapidly by almost
all the measures we examined. In sddition, leading indicators of future health provide little cause for
optimic..

In 1983, U.S. companies held a 83% share of the world market of computer sysiems (including
software). Between 1983 and 1989, our share of the worldwide market declined from 83% to 61%.
During this same period, Japan's share rosc from 8% to 22% and Eun?)e‘s share grew from 10% 10
15%. Figure 1 shows a similar decline in our share of the world market for computer hardware. Here
the U.S. went from supplying well more than half of the world's supply of computer equipment to
supplying less than our primary competitors, the Europeans and Japanese. More troubling, the
computer systems industry went from a significantly positive contribution to the U.S. trade balance
all throughout the 1980's 1o a position in 1990 where our imponts almcst exacily balance our exports
(Figure 2). We note that while the U.S ratio of exports to imports moved steadi downward over the
past decade, Japan even more dramatically has increased its export/import ratio from around 2 in1980
10 more than 6 at the end of the 1980°s. Finally, in the category of leading indicators, the U.S. is failing
significantly in the competition for camputer sysiems patents. Whereas in 1978, the U.S. received
over 60% of all computer sysiems patents, by 1988 we were being granted new U.S. patents only at
the rate of 40% of the toial. In the aggregate, Japanese industry was awarded nearly as many patents
in the U.S. as were domestic manufacturers. Figure 3 illustrates these trends.

While these findings are clearly troubling, the members of CSPP recognize thatthe primary burden
for staying competitive in the global marketplace rests nc\uarely with U.S. industry. Thus, to begin
our intemnal assessment, we examined our own investment cvels and competitive positions in the key
technologies critical to success in our highly competitive and highly technical business. We identified,
for example, 16 critical pre-competitive genenic lcctmolgf'u. and after significant analysis by the
chief technologists of the CSPP, concluded that the U.S. still leads the world 1n half of these (data-base
systems; processor architectre; human interface; visualization; operating systems; sofiware en-
gineering; application technology). Seven of the eight 1echnologies for which the U.S. has a lead
worldwide are software intensive. We concluded also that the U.S. lags the world in several cntical
technologies (displays; hard copy wechnrlogy; manufacturing technology: semiconductor fabrication;
electronic packaging). For the remainuer (networks and communication; storage, microelectronics;
ﬁbempdcsgn once solid lead is diminishing. In contrast to the technologies for which the U.S. holds
a lead, the lagging technologies are mostly capital-intensive.

The chie l:inologim of the CSPP also concluded that the prognosis for leadership in these
technologies over the next five years is that, without positive actian, the U.S. position will erode
further in all 16 technology arcas. Itis with this perspective (.2t the CSPP began taking a closer look
at what might be done to mitigate these negative trends.

The CSPP supplemented its technology assessment with a review of the role of government
investment in R&D in the U.S. and other countries (Figures 4 through 9). We came to some
fundamental conclusions. First, the overall level of R&D spending in the U.S. at $135B in 1989 is
substantial by any measure, greater than Japan and the European Community by significant margins
(Fig.S). The overall investment is split almost evenly between industry ($70B) and govemnment (86S.
8B). The compuler sysiems industry spends 21% of pnvate sector &D, or about 10% of the total
national investment in R&D’ (Fig. 6a). The investment of the computer industry in | 989 - more than
$18B - is more than that nf any other industrial sector and represents a 26% increase over the amount
we spent in 1988, during a period when other industrial sectors were reducing their R&D spending.
In contrast to the level of investment of private industry, the U.S. govemment only invested about
2% of its R&D portfolio in generic technologies related dimctg to the computer industry (Fig. 6b).
If we look at the electronics indusiry as a whole, about 30% of private R&D was spent by the
electronics industry while thegovemment invested only 6% of its R&D budget in electronics research.
In general, the ratio of private lo govemment R&D spending secms out of proportion relauve to other
industrial sectors (e.g. aerospace, health care, e1c.).

While we found that government spending on R&D has increased significantly in absolute levels
over the past 25 years, dense-related spending has consumed s greater and greater share, increasing
from & historical share of 50% toa high of 70% in 1987. It has remained at about the level of two-thirds
of all government R&D spending since that time (Fig. 7). By contrast, the Japanese government
allocates only 4% of its R&D budgetto defense research (Fig. 8). Selecied European countries spend
an average of 30% of theirgovemment rescarch budgets on defense. Among our principal compeutors,
only the government of France spends a greater percentage of its GNP on total R&D than does the
U.S. govemnment (Vig. 9).

In our initial “Critical Technologies Report”, the CSPP identified R&D as one of the most
significant factors in determining the success of the industry’s performance in IS of 16 cnucal
technologies. [tis therefore not surprising that the computer systems industry performs 21% of private
sector R&D and 10% of the total national R&D effort. We recognize that this investment is our
lifeblood. Computer industry spending on RA&D has increased at a much faster rate than government
spending over the last two decades, a practice that has been required to keep pace with rapidly
changing commercial demands and increasing levels of intemnational competition.

How should the government and industry R&D investmenis be split to maximize the benefits to
U.S. industry and the U.S. economy? First, investment in generic, pre-competitive technologies such
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as electronics, materials and information technologies is imporant because these are the building
blocks for advancements in the computer industry. Our assessment of the existing Federal research
effort reveals that the federal R& D investment is contributing disproportionately little to these generic,
pre-competitive technology developments. The federal R&D budget is not focused in ways needed
10 enhance and preserve our economic competitivencss given the rapid pace of innovation and the
Ré&D practices by othes countries.

e acknowledge that the degrees of success of the various European (ESPRIT, BRITE, EURAM)
and Japanese (5th Generation Computer Project, Super-Sigma Project, an advanced telecommunica-
tions research institute, etc.) research projects are not necessarily direciy related to the absolute
amount of govemnment spending. Rather, we believe that the relative success of the Japanese projects
(as reflected in the competitive position of Japanese industry) illusites the benefits of close
cooperation between the private blic sectors and of well- managed, focused effons for advanced
technology projects. Moreover, while in the past, defense R&D was a major source of technological
advancement in the U.S. and the computer industry in particular benefited from defense research
dollars, we believe that today, because of heightened demand for improved commercial products and
the accelerating pace of global competition, the private sector is now the pnmary catalyst for
innovation.

We have concluded from these analyses that while the total amount of federal R&D spending is
probably adequate, it needs to be managed more effectively if the U.S. computer industry is to be
made able to compete in the technology arcas essential to our future economic health. In shorn, we
believe that federal R&D is not as helpful to the computer industry as it might be.

Based on the data and on the strength of our analyses, CSPPhas outlined an initial set of tec'mology

licy recommendations. We believe that these recommendations provide a strategy for better
ocusing the federal R& D investment in pre-competitive, generic technologies and that will help the
U.S. meet intemational competitive challenges by increasing industry involvement in federal R&D
priority seuing. We believe that by working together, industry and government can improve the
nation’s retum on the total R&D investment and can help to meet the intemational challenges to this
country 's technological strength.

RECOMMENDATIONS POR IMPROVEMENT

We believe that the retum on public and private investments in R&D can be improved by
coordinating research priority setting and by allocating federal research dollars tomore closely reflect
the private sector's role in developing the general t logies that are key to the nation's economic
growth. Increased investment in microclectronics, information technologies, and materials will
provide a solid foundation for advancements not only in computer systems but also in aerospace,
medical, energy, environmental and virtually every other area of research impontant to the future of
our society.

The CSPP believes that government and industry jointly must take the following first sieps to
improve the effectiveness of R&D spending in the U.S.:

Improve the mechanisms within OMB for reviewing federal R&D spending;
Increase industry input in setting federal R&D priorities to better manage the federal R&D
budget;

8Work with industry to set federal laboratory priorities to improve the retum on the national R&D
investment; and

Implement the High Performance Computing Initiative, including a national network capable of
brin ing the benefits of computing o every institution, household, and school in the nauon.

8‘5 P has established three CEO-level working groups to develop specific plans that will improve
the economic return on the national R&D investment by:

Improving the industry participation in the federal R&D priority setting and the federal R&D
budget review process;

Increasing the degree and effectiveness of interaction between industry and the federal
laboratories; and

gsy imglemem the High Perfoninance Ca:gming and Communications Initiative.

PP CEQ’s, chief technologists, and staff are actively working on development of plans that
address these three issues. Once completed, we intend to make the results of these investigations
available to policy makers, including members of this Subcommitice.

IMPROVING THE R&D BUDGET REVIEW PROCESS

CSPP believes that the Administration and Congress must develop a better sense of how its $76B
investment is R&D is being spent. To make the distribution of funds more understandable, we urge
the Congress snd the Administration 10 develop s comprehensive summary of the federal R& D budget
- budget crosscuts - including summaries of agency initiatives related to development of generic
technologies. We are pleased that OMB is providing budget summaries in several key areas, including
high performance computing, the subject of this bill, and is considering the development of similar
'm?ormndon for other important research areas such as materials.

We believe that by providing industry perspectives, the effectiveness arid usefulness of these
budget summaries can be improved. Once such summaries are available, siratzgies can be more casily
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developed with industry participation to bolsterinvestments inneeded arcas orto shift priorities where
necessary. This should be done on an ong ing basis. We understand that industry participation in such
activities may be problematic because of ethical, regulatory, and legal impediments and have
established a CEO-level working group to identify these impediments and to develop recommenda-

tions for advisory mechanisms that are consisient with legal and other requirements and that provide
the greatest opporunity for industry participation.

INCREASING INTERACTIONS BETWEEN INDUSTRY AND THE NATIONAL LABS

The Federal government épends billioas each year on R&D in federal labs, three-fifths of which
goes 1o defense programs. SPP believes that much of that R&D, properly focused, could be
substantially more useful to the computer industry than itis today. We believe that the nation's retum
on the federal lab investment can be enhanced by increasing private sector in into lab acuviues
and by shifting some labs’ research riorities to include genenc technologies that have commercial
Fotmtinl. CSPP has established a CEO-level workinﬁ roup 1o recommend ways to improve the

ederal laboratories’ contributions to the national D effort, including developing funding
mechanisms for joint industry-lab projects of interest 10 the private sector; by identifying potential
and current laboratory research projects and areas that could benefit the computer industry; and by
identifying research areas that lend themselves tobudget crosscut analysis. The results of this analysis
and recommendations will be issued later this year.

IMP} EMENT THE HIGH PERPORMANCE COMPUTING AND COMMUNICATIONS INTTIATIVE

Finally, CSPP fully supﬁu and recommends fully funding a national high performance com-
puting and communication D program, including implementing, in conjunction with academia
and the private sector, a national research and education network. Thus the CSPP strangly supports
the goals of S. 272 as well asthe Administration’s High Performance Computing and Communications
(HPCC) Initiative. We believe that these efforts are critical 1o provide the research infrastructure
required to maintain our nation's leadership in basic research and 1o expand our ca bility to perform
the applied research which leads to commercialization of technology. The CSPE'believes that the
HPCC will be instrumental in achievement of national education and work force training goals, an
achievement that will be important increasingly to the economic and social health of our nation.

CSPP will support this effort through a long-term project to identify possible future applications
of a network that will enhance the quality of life and economic competitiveness of the nation. We
believe that computer and networking technology can help to solve problems and to realize oppor-
wnities in U.S. homes, factories, universitics, workplaces, and classrooms. We have established a
CEO working group to identify innovative network spplications, the technological advances needed
to accomplish them, and the best ways to describe the applications benefits to the public.

We are working, as well, to acquaint ourselves with the HPCC budget crosscut and with specific
agency plans for research and development. Once we complete this survey, we will examine the
relevance to the computer industry of research being ucted as part of the initiative. Later this
year, CSPP will provide recommendations to improve federal spending under the initiative.

Although we have not yet completed our analyses, CSPP belicves that creation of the NREN is
an important first siep toward realization of what some have termed a national information infrastruc-

services-related, the potential user base of such a national infrastructure is immense. We believe that
{he existence of such an infrastructure would allow the U.S. service economy, including the education
component, Lo operste significantly more efficiently than today. We imagine that users of the national
information network will have access lo immense digital libraries and databascs and that this access
will transform both education and commerce. We believe too that health care will be transformed by
the existence of a national digital information network. Vast databases encampassing the basic
biological sciences (molecularbiology, biochemistry, genetics) and applied medicel applications such
as diagnostic and treatment data 1T be needed eventually to improve both the quality and efficiency
of the U.S. health care delivery system.

We recognize and applsud the pioneering role that this subcornmittee and its Chairman, Senator
Gore, have played in long recognizing the imporlance of the development of a national information
infrastructure, a research and education network, and an effective high performance computing
program. The achievement of a true national information infrastructure is an undertaking of very
significant complexity. The interir achievemnent of development of an NREN will allow solutions to
be developed to important technical, policy, economic, regulatory, and social problems, solutions that
will point the way toward a true national information infrastructure for the nation.

SPRCIFIC COMMENTS ABOUT 8. 272

In Section 5 of the bill, we especially the provision for a National Hi Performance
Comwﬁn;ﬂmmddnmui:hmemoh PelfommCanpmm;vam consisting

of prominent .ves from industry and academia. These provisions are in keeping with both
mmmmwmuumumcswmwmmﬁmnam
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Advisory Panel as needed. We applaud as well the Section 5 provision requiring the Panel to provide
the FCCSET with an independent assessment of whether the research and development funded under
the High Performance Computing Plan is helping to maintain United States leadership in computing
technology.

In Section 6 of the bill, FCCSET is charged with development of the “goals, strategy, and
priorities” for an NREN. While we support this provision as an impontant first step, we believe that
some atiention should be given as the program progresses to issues which surround development of
atrue national information infrastructure. Forexample, agencies could be directed to perform analyses
that would identify impediments, regulatory or otherwise, toward achievement of a true national
information infrastructure and conduct other studies or research thet will lead to solutions to these
imchimmu as experience is gained in the develosmem ad :‘rnu'on of NREN. Again, CSPP would
welcome the rtunity to contribute to such analyses and otherwise support the achievement of the
goals of the High Performance Computing Act of 1991

CONCLUSIONS

CSPP recognizes that improving U.S. technology policy is a long- term process that cannot be
addressed by any one organization, any single set of recommendations, or any given piece of
legislation. Improvement of U.S. technology 1s, nonetheless, an essential process that will require
cooperaiive R&D investments and the partnership of the private sector and the government. Improving
U.S. technology requires a long-term commitment and a series of changes by industry and government
ovcr time. Whether as independent CEQO’s or as an industry, the members of the CSPP are commined
to and will remain involved in this process. CSPP believes that the high performance coinputing and
communication program will constitute an important comerstone by improving the harvest of federal
R&D investments in computing and other pre- competitive technologies and by enhancing the
competitiveness of the U.S. in the increasingly comp-=utive global econormy.
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. CsPP TOTAL R&D SPENDIN' ' - UNITED STATES

The oversll tevel of RAD spending iIn the Unlied States is substantial -~ abowut $135 biion (1089) a year, spit
aimost evenly between industry e government. in 1989, the U.S. private sector spert $70 billlon on RAD,
while the ledenal govemmant's investment was $85.8 billon.
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CSPP_ .. U.S. CORPORATE R&D BY INDUSTRY (1969)

In 1989, the U.S. slectronics industry invested more in RAD than any other singie ndustrisl sector - $18
billon, which oulpaced overall corporsde RAD spending increasss.
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CSPP U.S. FEDERAL GOVERNMENT R&D FUNDING TREND
(DEFENSE VERSUS NON-DEFENSE)

While U.S. govemment spending on RAD has increased significantly in absolute levels over the last 25
ysass, delense R&D (lnrgely developmont) has shifted from a historical share of 50% ol 1lal RAD

spending 10 & high of about 70% in 1987, It has remained al sbout two-thirds of federsl RAD spending
since then.
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CSPP ~ TOTAL GOVERNMENT R&D SPENDING (1979-1989)

Among our principal compatitors, only the govemnmaent of France spends a greater parcentage of
its GNP on total RAD (defense and civillan) than the U.S. govemment.
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Senator GORE. Thank you, Dr. Nagel, and my thanks to the member com-
panies of CSPP for the input they have provided throughout this project. Ang
please convey my personal gratitude to John Sculley for his personal support and
encouragement of this legislation as it has gone along.

Dr. NAGEL. I will be happy to do just that. Thank you.

Senator GORE. I have many questions, as I know Senator Pressler does. But
we have one more witness, and it is one we have been looking forward to hearing.
Dr. John Wold, executive director with the Lilly Research Lab at Eli Lilly. And
you are accompanied, Dr. Wold, by Dr. Riaz Abdulla, head of supercomputer
applications and molecular design at Lilly. Dr. Wold, please proceed.

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

Dr. WoLD. Thank you, Mr. Chairman. Eli Lilly and Company is a global
corporation based in Indianapolis, Indiana, that applies advanccment in science
to basic human needs, health care, and nutrition. We compete in the pharmaceuti-
cal, medical devices, diagnostic product, and animal health products industries.

My responsibilitics at Lilly include the company’s high- performance com-
puting program. And with me, as you just alluded to, is my colleague, Dr. Riaz
Abdulla, who manages this program on a da2y-to-day basis, and is himself a
practicing supercomputer user.

I would be pleased to have this opportunity to present my company’s views
about the importance of a national commitment to high-performance computing
and to a high-capacity network. I am sure that this subcommitiee has heard—it
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will hear much more in the future—about the underlying technology required 10
suppont the evolution of supercomputers and high-capacity networks.

It is important that you share computer technologists’ excitement about their
visions of supercomputing systems. But I think it is also important that you share
the visions of a research-based institution like ours which have motivated us 10
invest in supercomputers.

Long-term success in the research-based pharmaceutical industry depends on
one factor: innovation. We must discover and develop cost-effective new
products that improve the quality of life and offer economic benefits to patients,
payors and society as a whole.

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

An unprecedented wave of mergers, acquisitions, joint ventures, has ed 1o
fewer, larger competitors. Compeution in the research-based pharmaceutical
industry will only become more challenging during the 1990’s and beyond.
Consequently, my company, Lilly, has evalvated many opportunities to reinforce
its capacity (o innovate, 10 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 Universit; of
Ilinois, the NCSA. The NCSA ha. prepared a video segment that describes our
involvement in their program. If we can run the video, I will conclude my remarks
after the video.

[Video shown.]

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

gl‘hese mathematical descriptions are based on equations involving bil'ions of
numbers. Conventional computers take days or weeks to perform these calcula-
tions, but supercomputers can do this work in minutes or hours and permit
previously impossible calculations.

Graphic representations of the data serve as a new communications medium,
a new language for scientists. Teams of scientists can share the same visualized
image of how a specific chemical agent would likely affect the receptor in
question. They can quickly evaluate the probable effects of modifications in a
chemical. They can focus the painfully slow efforts required o synthesizc and
test new agents on those compounds that appear to have the greatest potential.

Our experience 1o date suggests three interrelated advantages of high-perfor-
mance computing 10 our industry. These systems will speed up the identificat >n
of promisin(g“dmg 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- gencrated graphic simulations help scientists with diverse
academic training to share the same vision of crucial data.
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And thirdly, these systems will encourage truly visionary exploration. Now,
SLT crcomputers are motivating our scientists to ask “what if” more boldly than
ever before in helping them to quickly consider many possible answers to their
questions.

I want tO stress that supercomputing is only a tool. But it is a very powerful
scientific tool, a tool that will become all the more powerful with networking
capabilities. A high- capacity network will greatly facilitate the dynamic col-
1aboration among scientists at different locations and often different institutions.
The network will help us optimize scarce scientific talent during a period when
we are almost certain to experience major shortfalls in availability of highly
trained scientists.

Finally, a high-capacity network will help scientists raise questions that they
could never seniously 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, (o our industry, and to the medical professional- and patients
we serve. And we believe that high-performance compuiting 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 Compr:ting
Act of 1991 and thank you for this opportunity to share our thoughts with the
committee.

[The siatement follows:]

STATEMENT OF JOHN S. WOLD, PH.D., EXECUTIVE DIRECTOR, LILLY RESEARCH
LABORATORIES, ELI LILLY AND COMPANY

I am John S. Wold, an executive director of Lilly Research Laboratories, the research-and-
development divisian of Eli Lilly and Company. Lilly is a global corporation, based in Indianapolis,
Indiana, that applies advances in the life sciences, electronics, and matenals sciences 1o basic human
needs—health care and putrition. We compete in the pharmaceutical, medical-devices, diagnostic-
products, and animal-health-products industries.

My responsibilities at Lilly include the company’s npemnﬁx:lﬁ:g program. With me is my
colleague, Dr. Riaz Abdulls—whom you just saw on videotape. Riaz manages this program on a
day-t0-day basis. I'm indeed plcased to have this opportunity .t;rresmt my company’s views about
the importance of a national commitment to puting and to a supercomputing network.

I'm sure that this subconmitiee has d will hear much more——about the underlying
technology required to support the evolution of supercomputers and supercomputing networks. It's
impenant, 1 believe, that you share computing technologists’ excitement about their visions of
supercomputing systems, algorithms, and networks. But [ believe it is just as important for you to
share the visions that motivate research-oriented insiitutions, like Lilly, to invest in supercomputers
and to encourage their scientists and engincers 10 use these systems. It's important for you 1o hear
supcrcomputer users S.272.

Todsy, I'll try 10 articulate two levels of aspirations we at Lilly have for our supercomputing
program: First, we belicve that Lilly scientists will use these powerful new research tools to address
fundamental research questions. Answers to these questions will help us develop more-sclecuve,
more-specific rugs with greater efficacy and fewer nde effects. These new medicines will represent
important new "roducts for our company and support high quality, cost-effective health care for tens
of millions of pr ople. Second, we believe that Lilly scientists will use these powerful new research
toolswe. ihe range of fundamental questions they can explore. They may even use these sysiems
to devise entirely new ways of condu.ting rezcarch programs that probe the staggering complexaty
- mipercomputing oluti digm shift" in the devel

act, represents a revo'ution. a new wave. a “paradigm shift” in the deve
rnemdmodemlachology.lnth.;yunlhud.sdulisuuullymp;ua}minstimﬁonswillgz
this extraordinary research tool 1o do things that we simply cannat anticipate today. For instance, it's
unlikely th‘:‘pm of molecular L.ology foresaw the applications of recombinant DNA technology
that have unfolded in the past 15 years or so.

Let’s move, however, from the general to the specific. I'd like 10 discuss supercomputing in the

emwxlolonemmpngdeumnmnkmc. o _

The investment by Eli Lilly and Company of millions of dollars in supercomputing sysiems and
training was & very basic business decision. We believe that this technology will help us effectively
pursue our company s mission and meet its goais in m ever-more challenging environment. Today,
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I'll focus on our pharmaceutical business. But many of the following points are also relevant to our
other businesses.

Long-term success in the research-based pharmaceutical industry depends on one factor: innova-
tion. We must discover and develop new products that address patients’ unmet needs. We must
discover and develop cost-cffective new products that offer economic benefits to patients, payors,
and socicty as a whale. Whenever possible, we must market innovative new products before our
comlpn;titon do.

ovation has never come easy in this industry. The diseases that afflict our species represent
some of the most daunting of all scientific mysteries. Consequently, phamaceutical l{?D has
traditionally been a high- nisk... complex... time-consuming. and costly entespnse.

How risky is pharmaceuical R&D? Scientists generally evaluate thousands of compounds to
identify one that is sufficiently promising 1o merit development. Of every five drug candidates that
begin development, only ane ultimately proves sufficiently safe and effective to warrant marketing.

The risk does not end there, however. A recent study by Professor Henry Grabowski, of Duke
University, showed that only 3 of 1O new pharmaceutical products introduced in the United States
during the 1970s actoally gencrated any profits for the companies that developed them.

How complex is pharmaceutical R&D? Consider just some of the hurdles involved in the
cvaluation of each m::l';:bmmwcal product that enters the development process: We must
complete scores of wests that probe potential safety and efficacy. We must manage global
clinical tesis of safety and efficacy that involve thousands ?;iﬂ'um" in a dozen or more countnes.
We must formulate ¢ forms of each product that best deliver the active ingredients to patients.
We must develop high-quality, cost-effective, environmentally sound manufacturing processes for
compounds that are often very complex chemical entitics. We must re mountaing of research
data for submission to regulatory suthorities in countries around the wo d. For instance, one of our
recent submissions 10 the U.S. Food and Drug Administration involved 900,000 pages of data
assembled in well over 1,000 valumes.

How time-consurning are these complex R&D programs? Let's go siep by siep. It usually takes
several years o establisha discovery-research progmmin w’ ‘ch scientists begin toidentify promising
compounds. It typically takes from 5 10 8 years fur us tocon _xct all the tesis required 1o evaluate each
drug candidate. Then 1t takes another 3 to 4 years for regulatory authorities to consider a new drug
application and spprove the marketing of the new product.

Consider this exsmple. The Lilly product Prozac represents an important new treatment for
patients suffering from major depressive disorder. Ahhouﬁ we introduced Prozacto the U.S. medical
community in 1988, this imnovative product came from a research program that began in the
mid-1960s. The bottom line is that discovery-research programs often take a total of two decades or
more to yield new products.

How costly are these long, complicated R&D programs? Last year, a Tufts University group
estimated that the discovery and development of a new pharmaceutical product during the 1980s
required an investment of some $231 nullicn 2a 1987 U.S. dollars.

That number is increasing rapidly. One rcason is the ever-more meticulous safety testing of drug
candidates in humans. In the mid-1970s, for instance, clinical trials of the Lilly oral antibiotic Ceclor®
involved 1,400 patients. But recent clinical studies of our oral-antibiotic can-idate Lorabid®
encompassed 10,000 paticnts. Clinical-trial costs constitute the largest portion of total drug-develop-
ment expenses—and they have cted in recent years.

At Lilly, we believe that it will take $40C million to develop each of our current drug candidates.
And those costs donot include the expenses required to build manufacturing facilities—expenses that
can climb well into nine figures for hard-to-manufacture products.

Phammaceutical R&D has became a 1,big science. “ The R&D programs that yield new drugs need
the same kinds of technical, management, and financial commitment required to develop the most
imposing high techmology products—including nﬁr'wmputen themselves.

I want to mention another dimension of our iness environment. The research-based phar-
maceutical industry is unusually competiti* ¢ and cosmopolitan. Historically, no single company has
held more than S percent of the global market. Based on sales, the 10 or 12 top-ranking companie:
are very tightly clusiered, cxm{?md with most industries. These companies are based in France,
Germany, gwimrhnd, and the United Kingdom, as well as in the United States.

1 would like to note thst many of our competitors abroad are mammoth technology-based
corporations, such as Bayer, CIBA-GEIGY, Hoechst, Hoffman- La Roche, Imperial Chemical
Industries, and Sandoz. are truly formidable firms with sugerb technical resources. Their
pharmaceutical operations represent relatively small portions of their total sales. By contrast, U.S.
pharmaceutical compaies are, for the most part, smaller companies that have focused their resources
on human-health-care innovation.

In this compeditive industry, the United States has an excellent record of innovation. For instance,
nearly half of the 60 new medicines that won global acceptance between 1975 and 1986 were
discovered by U.S.- based scientists. In addition, the pharmaceutical industry has consistently made
positive contributions i this nation’s trade balmnce. Over the past half decade, however, the
research-based pha. 1aceutical industry has experi nced major changes. The rapid escalationof R&D

costs has helped precipilat: major structural chay, zes in a sector of the global economy where the
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United States is an established ieader. An unprecedented wave of mergers, acquusitions, and joint
ventures has led to fewer, larger competitors. In several cases, foreign companies have assumed
control of U.S. firms.

Competition in the rescarch-based pharmaceutical industry will only become more challenging
during the 1990s and beyond. Consequently, Lilly has evaluated many opportunities to reintorce its

capacity to innovate—to reinforce its ity to compete. Supercomputing is a case in point: We
beE't:ve thai these powerful systems will our scientists pursue inno‘\,::tim We belicvept;)ul these
systems will help us

Now, let’s move from business 1o scieace. Scientists have long been frustrated in their efforns to
address the fundamental ions of pharmaceutical R&D. Only recently have we been able to begin
probing these questions. We've begun 10 thex.. not through experimentation but through the
computational science of molecular modeling. Prominent among these scientific priorities are the

following: The qumtiu;ive repmm#.ﬁon of mﬂ;h between ;"—ug cmdidaltes and drug targets,
especially receptors and enzymes. The process by w i uge molecules that are fun-
damental to life-—are “folded™ into distinct configurations m natural biological processes. The
properties that enable catalysis 10 facilitate essential chemical reactions required to produce phar-
maceutical roducu

Today, i'd like to discuss the firs: of these challenges. I'll cancentrate on the interaction of drug
candidates with receptors.

As you know, normal biological processes—ithe beating of the heart, the clotting of blood, the
processing of information by the brain—involve complex biochemical chain reactions, sometimes
referred to as “cascades.”

Let me give you an exgsﬂe. During these chain reactions, natural substances in the body cause
certain substances in the body to produce other molecules, which, in tum, cause either the next
biochemical step in the cascade or a specific response by an organ or tissue—a movement, & thought,
the secretion of a hormone.

Over the years, scientists have found that disease often occurs when there is either too much or
too little of a key molecule in one of these biological cascades. Asaresult, research groups are studying
these chain reactions, which are fundamental 1o life itself.

The natural substances involved in these processes link with, or bind o, large molecules, called
receptors, which are located on the surfaces of cells. We often use this analogy: a natural substance
fits into a mccﬂ)mr. much like a key fits into a lock. Many scientists at Lilly-—at all research-based
pharmaceutical companies-—are focusing their studies on involved in a host of diseases,
ranging from depression and anxiety to heart auack and stroke. Their goal is to better understand thesc
locks and then to design and to synthesize chemical keys that fit into them.

In some cases, we want 1o design chemical agents that activate the receptor and stimulate s
biochemical event. Compounds called agonist serve as keys that open the locks. In other cases, we
wani 1o synthesize chemical agents that block the receptor and stop a natural substance from binding
to the receptor. These compounds, called antagonists, prevent the biological locks from working.

Unfortunately, this drug-design process is fraught with problems Mostimponantly, receptors are
not typical locks. They are complex proteins composed of thousands of atoms. Moreover, they are in
constant, high-speed motion within the body's natural aqueous environment.

This brings us to one of the most prormising applications of supercomputing technology. Mathe-
maticians can formulate tons that describe virtually snything we expenieice or imagine: the
sofi-drink can on your desk or the motion of the liquid i that can as you gently swir it duning a
telephone conversation. Each can be expressed in numbers.

Of course, those examples are relatively simple. But scientists can also develop equations that
describe the remarkable complexity of meteorological phenomonena... geclogical formations.. .and
key molecules involved in the body’s nawmral processes. In recent years, they have developed
mathenatical models describing the realistic motion—the bending, rotation, and vibration—of
chemical bonds in large molecules, such as receptors. These models are emerging as important 1ools
for scientists probing how potential drug candidates would likely affect the target receptors.

These mathematical descriptions are based on equations involving billions of numbers. Conven-
tional computerstake days, weeks, or even longerto perform related calculations. But supercomputers
do this work in fractions of a second. A second computer then translates the results into graphic
representations on a terminal screen.

These graphic representations can serve as a new communications medium—and new “lan-
guage"—for scientists. Teams of scientists can share the same visualized image of how - specific
chemical agent would likely affect the receptor in question. They can quickly evaluate the probable
effects of modifications in the chemical. They can generate entirely new idess—and analyze them,
They can focus the painfully slow efforts required to synthesize and test compounds on those agents
that appear to have genuine potential.

Supercomputers enable scientists 1o see what no one else has seen. Historically, technical
breakthroughs that have dramatically expanded the range of human perception—from carlytelescopes
and microscopes to modem cyclotrons and electron microscopes—have enabled the research com-
munity to make landmark discoveries, develop revolutionary inventions, and pioneer new acadernic
disciplines. We have every reason to believe supercomputing can do the same.
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Now, let’s retum to the Lilly expenence. Sevenl years ago, the interest in supercomputing began
to grow at Lilly Research Laboratorics. We considered s number of ways to evaluate this research
wol. Obviously, supercomputers don’t do mnything by themselves. They would only be relevant to
our missior: and our goals if Lilly scientists actively and creatively embraced them. We had to see
whether our biologists, chemists, and phamacologists could really apply those graphic repre-
sentations of and enzymes to real drug-discovery problems.

In January 1988, we took the first step: Lilly became an industrial partier in the National Center
for Supucomputi'l;? Applications (NCSA) at the University of Illinois. This opportunity toleam about
supercomputing afforded us by interacting with the NCSA proved 10 be an essential element in our
supcrcomputing decision. Many of our scientists were indeed interested in leaming how to usc
supercomputers. Many of them quickly began to apply the systems to thar work.

In April 1990, our supercomputing program took a great step forward with the installation of
Cray 25-2/128 sysiem at our central laboratories in Indianapolis. Lilly scientists are using the system
at a far greater rate than we expected. In the meantime, we've maintained our relationship with the
?'CSA 1o ensure maximum suppon for our program and 1o keep 2breast of new developments in the

1eld.

Our experience to date suggests three interrelated advam&gu of supercomputing that we believe
will make Lilly even more competitive in the years ahead. We believe u)esmswm will speed up
the identification of promising drug candidates. Supercomputing will enable Lilly scientists to design
new drug candidates that they otherwise would not have even considered. Supercomputing may well
cut days, weeks, even months from the ovenall process required to identify novel compounds. We
believe these systems will foster great collaboration among scientists from various disciplines who
are involved in pharmaceutical R&D. Productive research in our industry increasingly depends on
tcamwork. Supercomputer-generated graphic simulstions help scientists with diverse academic
training to share the same vision of crucial data Again, these visual images become a commaon
language for scientists with different academic training.

Moreover, supercomputing will make these muludisciplinary research efforts more spontaneous,
energetic, and intense. In the past, our research was a step-by-step process in which long periods often
separated the formulation of ideas from expenments required to test those ideas. But supercomputing
helps teams of scientists integrate their ideas and tests into a dynamic, interactive process. These
systems facilitate the communication, creativity, and decision making that are critical to productive
R&D programs. We believe these sysicms will encourage truly visionary exploration. A spint of
unfettered inquiry drives scientific progress. In the past, however, scientists were unable to test many
novel ideas becausc they didn’t have sufficient computing pow :r. Now, supercomputers are motivat-

ing our scientists to ask “what if?” more boldly than ever before—and to help them quickly consider
many possible answers to their questions.

[i's especially interesting to watch scientists actually get familiar with supercomputing. As you
know, good scientists arc among the most independent people in any society. They respect goo
theories. But they demand empincal data to support the theories. In six months, I've seen some pretr;
tough-minded chemists move from skepticism to genuine enthusiasm for these systems. Moreover,
we clearly see that many of the ve&zﬁghum young Ph.D.s coming out of graduate school are very
enthusiastic about this technology. Our supercampuung capabilities have become a recruiting magnet.

[ want to stress that supercamputing is only one of a number of powerful new technologies that
research-based pharmaceutical companies are lying to their drug-discovery programs. But it'sa
very powerful scientific tool—a tool that ill become all the more powerful with networking
capabilities. A supercomputer network will greatly facilitate the dynamic collaboration among
scientists at different locations—ofien different institutions. Lilly scientists are working with research
groups 8t universities and high technology companies around the world. A national supercomguter
network would greatly enhance the effectivencss of joint efforts with our colleagues at the University
of Michigan or the University of Washington at Seatle, for example. A supercomputer network will
help us optimize scarce scientific talent during a period when we're aimost centainic experience major
chortfalls in the availability of Ph.D.-level scientists. 1 would go so far as 1o suggest that the
visualization capabiiities of supercomputing may actually help attract more of the best and the
brightest into the sciences—his st s tme when key industries in the U.S. economy desperately need
such talent. Finully, I can’t overemphasize that a supercomputing network will help scienusts ask
questions whose answers they could never seriously pursue before. Tens of thousands of our best
thinkers will find applications for this technology that will totally outstrip any predictions that we
venture today. Supercomputing represents a revolution... a new wave... a paradigm shift in the
development of modem technology.

In conclusion, I want 10 stress two points. We believe that supercomputers and a national
supercomputing network are im 10 our company, to our industry, and to the medical profes-
sionals and patients we serve. We believe that supercomputing will play a crucial role in many
technology-based industries and in the growth of national economies that depend on these industries.
Again, we strongly recommend the enactment of S. 272.

Thank you.

i
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Senator GORE. Thank you very much.

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

Senator PRESSLER. Thank you very much, Mr. Chairman. I just want to ask
one question of the panel, if I may. And that is, is the current fiber-optic
infrastructure sufficient to handle supercomputer network envisaged in S. 272 or
envisaged in the administration’s proposal?

I do not think it is. But the question is how do we get the fiber-optic
infrastructure? How do we accomplish that? Some people say we let the
telephone companies, the regional (clephone companies into cable TV, and they
will do it, so they say. Others say we require the cable TV companies to start
laying fiber optics rather than copper.

And I guess a second question to that, and might be addressed to Mr. Gray, is
what type of user or consumer demand needs to occur before private companies
like yours will begin to connect homes and small businesses with fiber optics to
the supercomputer network?

So, in other words, the underlying quesiion, and some of you want to think
about it a little bit more, but I think that is a »asic question. I am working on that
in the communications subcommittee anc some other legislation that is related
to this. How do we get the fiber-optic infrastructure to support this?

Mr. GRAY. I will try a first shot at some of that. It certainly will not be all
inclusive. But certainly we as a carrier, as well as our competitors, the more
evident it becomes to us and the greater the probability there is for applications
of the type that we are talking about here, and a large user base to be established.

And frankly, that is what I see this initiative really precipitating. It becomes
a coalescing force to bring those things together. We as individual members of
the industry cannot bring all that together; we cannot get the computer industry,
the users, academia, we cannot pull them together.

What you are proposing here does begin to coalesce those forces and bring
some focus, and at least provide some, some perspective on our part that this
could happer, 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 dependenton them to extending the capabilities of our network to their users.
And more and more competitive forces are at work there, because we do have
optic.ss other than the exchange carriers to get to our customers.

So there are fairly powerful marketing influences that can drive this, providing
there is a, the infrastructure provided by the Government to fund and seed some
of this, and provide the stimuli to make those things happen.

Dr. NAGEL. It may well be that the, that the political regulatory and problems
of that category far outweigh the difficulties of getting the technical infrastructure
in place. I think even from the limited look we have taken at this so far, the
technical problems are very minimal relative to the problems that we have just
talked about, getting people together to work on something like this.

Dr. ABDULLA. Senator Pressler, as a user, I would like to very directly state
that the answer to your first question is no, the existing infrastructure is not
sufficient. And what the proposals that we have heard today really tell us about
is a paradigm shift.

You are talking about the difference between a teleprinter and a telephone. It
is going to completely change the way we do things.

Senator PRESSLER. I think we have got a big job to get that fiber-optic
infrastructure built somehow. It is like wiring the Nation, and we have o find a
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way to do it. The big telephone companies say they can do it, but they will only
do it if we let them get in the cable TV business, stuff like that.

We have to find a way, and then we have to find a way that everybody has
access 10 use, it is kind of like a gas pipeline; peoplc 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 really
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, in the end, pass.

I do believe that the measures included in this legislation will result in the
unleashing of forces which will inevitably lead to the wiring of the Nation. In
fact, the fiber-optic capacity which is already in place is adequate for the long
distance links, provided we make available the new switches, the new software,
and the new algorithms, which will upgrade the capacity of the existing fibers
without requiring the placement of new fibers in the ground or on the poles.

Leaving aside the software, switches, and algorithms, the inadequacy of the
fiber network itself is mainly in what iscalled the last mile, from the last switching
station to the home. It is for that reason that I have supported the entry of the
telcos into the cable market.

But let us assume that that does not happen in the near term. I believe very
deeply thatonce the backbone network is in place, we will witness the emergence
of a new generation of information services, a new generation of ways o
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 incentaves to encourage people to provide
that last mile. There will also be the ongoing efforts of ANS, just to name one,
which is a not-for-profit corporation, one of several that will be active in rapidly
expanding the reach of the backbone network.

Tust as the interstate highway system led to initiatives by States and cities and
even private turnpike authorities to connect 1o the interstate highway system with
new, four-lane limited-access roads that were not part of the federal system, as
it was initially designed. So this backbone network will quickly, in some cases
even simultaneously, lead to the completion of access links, which will themsel-
ves encourage access links.

Tust as arteries and capillaries are related on down, I think there will be a
growing network, a growing network, with lines going to more and more people.

What we have now is a chicken-and-egg problem. The market place is not
perceiving the demand for these new information services because the network
is not there to deliver them. The market is not perceiving the demand for the
network to deliver them because the new services are not yet there. Once that
chicken-and-egg conundrum is overcome, then we will have a new system of
supply and we will be in a new reality. The demand for these new services, 1
think, \\lr(ill drive the forces that will encourage the market to complete the national
network.

§9
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Now, [ believe that is a realistic vision. But just in case, I also support the
entry of telcos into CATV, and I will look forward to working or. any other
proposals that people have to address that.

Dr. LANGENBERG. Mr. Chairman, I might be able to provide some support for
that view on a relatively small scale, There is a generic type of community that
tends to run from 20,000, perhaps to 40,000 ion, that contains an unusual-
ly high proportion of serious users of computing facilities. It is called a university.

And one after another over the past decade or so, I have watched universities
all across the country, provide fiber-optic backbones for themselves. There is a
very complex kind of drive for that effort, but it is partly demand, it is partly
based on leadership of university officials who can see the future coming and
who want to be prepared to hook into it, once it is here, as a part of maintaining
that institution’s competitive edge. And it is partly push, partly pull, but it does
work.

Senator GORE. To use another example, the state of Tennessee Public Service
Commission has already embarked on a very ambitious plan to provide high-per-
formance networking to virtually the entire State in anticipation of the comple-
tion of the backbone network.

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

But let me say that we have a report on supercomputing in industry whi:h the
subcommittee requested from the U.S. General Accounting Office. We will
include this for the record.

We also have staiements for the record from the American Library Associa-
tion, the Computer Research Association, the Association of Research Libraries,
and other associations that have also provided statements for the record and they
will be included.

In general, these statements are extremely supportive of the iegisiation.

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 instituiions. I was
thinking of the supply and demand forces that will be unleashed when I heard
your statement ihere, and I wanted to refer back to that.

Dr. Kalos, I enjoyed the videos that you showed there. How many industrial
partners use the Comell facility?

Dr. KALOS. We have about 15 industrial partners.

Senator GORE. Are they concentrated in a few industries?

Dr. KALOS. No, they span many industries. I should also mention that our
major industrial partner is IBM, which is a well-known manufacturer of com-
puters of all kinds.

Senator GORE. I have heard of them.

Dr. KALOS. And when IBM decided to reenter the high- performance com-
puting arena, they did it in partnership with Cornell University. We have been
pioneers with IBM in conceiving, testing, shaking down certain aspects of their
supercomputing, and especially their parallel computing effort. That is a partner-
ship that will continue as IBM enters the highly parallel computing arena

Senator GORE. Now, I understand that Cornell runs a program called Super-
quest?to give high school students access t> <upercomputers. How does that
work?

Dr. KALOS. Well, we min a national competition; we announce to schools
around the Nation that this program is available. Teams at high schools submit
ideas for scientific investigation that requires supercomputing For itsaccomplish-
ment. The proposals are evaluated by a group of independent reviewers, and the
winners come to Cornell. Their prize is 3 weeks in Ithaca where they are provided

40
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with pizza, softball, and access to high-performance computing, among other
essential parts of life.

The winners are chosen on the basis of the merit and creativity of the research,
Some have made videos. I myself had the privilege of introducing the two
winners in Gainesville, Florida, and each gave a talk about research thai 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 my own area,
which is stochastic simulation. I found thatextremely interesting. So I was a little
overwhelmed by the quality of these students. And this program continues, and
in fact is being broadened this year with the participation of other state and
national centers.

Senator GORE. Am [ 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, 1 think that there are a number of issues; perhaps our
colleagues from Lillﬂ could speak better to this. I think first of all, the role of
computational modeling in science is a relatively new development. The recog-
nition by scientists is complementary to what they have learned——

Senator GORE. Inductive and deductive reasoning.

Dr. 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 relatively new. In addition, of course, new techniques have
to be leamed.

First of all, the basic techniques of mathematical representation of the
problems at hand, the translation of that into correct and efficicnt computer
algorithms, the realization and testing on computers of all kinds, and the realiza-
tion and testing especially on supercomputers.

So these are a number of new challenges that scientists face everywhere, and
I think that, as the applications grow throughout the country, as our young
scientists are trained in computational science almost as a matter of course, that
industry will very naturally take this up.

Senator GORE. Dr. Wold.

Dr. 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 leap of faith to get
involved even to that level; we had not even considered at that time purchasig
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, in every case, exceeded our
expectations; in fact, it exceeded our ability to plan for it.

So once the tool was there, the utilization just increased dramatically. The key
1§ to get that first opportunity into any researcher’s hands to see what can be done.

Senator GORE. Do you work with Larry Smart at Champaign- Urbana?

Dr. WOLD. We certainly do, yes.

Senator GORE. Now, geographically, you are about, what, 50 to 100 miles
from there?

Dr. WoLbD. It is about 120 miles, yes.

Senator GORE. 120 miles. Do you have to go to his center sull? 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 120 miles many times.

1
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Dr. ABDULLA. Senator Gore, we have, and continue to have an important
program at the National Center for Supercomputing Applications. When we
started off, obviously our people had to go to the center where they learned all
of the different kinds of technologies that Larry Smart had over there. There was
a tremendous commitment to new hardware, to work stations, to networks, to
software, and to new algorithms.

We have educational programs that are ongoing, even to this day. We call
them FOCUS. So we expose, in very tight-knit workshops, our staff to the latest
in supercomputing technology. Our staff goes through training sessions, and
returns to an environment which is very similar tc the NCSA.

And if you remember Jack Warlton's talk in Washington, DC, when he talked
about the stages of change, one of the things he said was that until somebody
establishes a gatepost, there is not going to be any diffusion.

So we are at that state now; we have established gate posts. And people are
saying, ‘“if it works for one scientist, let us try it with our problem.’’ And then
the method diffuses, until finally you bring about a complete revolution in the
way you do things. So it is a process.

Senator GORE. In parallel.

Dr. ABDULLA. Yes. It is a process rather than an event. And it is happening
because of all of these infrastructure- related items that we talked about.

Senator GORE. Am | 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 that what, nne of the things
that you will find is that the use of high-performance computing in industry is
jointly, is really a function of how competitive the industry is, or how competitive
the people in the industry are.,

And one of the things that we know about the Japanese is that they are very,
very competitive, and effectively so. So I think even in the U.S., you will find
those industries which are the most competitive, and are, you know, frantically
searching for ways of getting a sustainable competitive advantage, will be using
advanced techniques like supercomputers and high-performance computing
networks and so forth, because they will give that advantage and they will, you
know, make that initial threshold jump to get over the diffic **’es.

Scnator GORE. I think the testimony of a witness from Cray 1ast 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 2a 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.

ey are currently purchasing advanced technological switching capability
that would support multi-gigabit networks and this kind of thing, and have every
evidence they will be deploying this technology and is capable of, within the next
210 3 years.

Senator GORE. Well, there is no question about that. We have by most
estimates about an 18-month lead over the Japanese in network technology. But
if we choose not to ex{)loit it, we will lose it in about 18 months because they are
not standing still at all.

Dr. NAGEL. | would like to make, if 1 migkt, just one more comment on this
business of networking, going beyond just institutional support. I think one of
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the sometimes unappreciated CONsequences of setting a goal that we are going (0
move beyond sophisticated users, as Dr. Langenberg mentioned you find in the
universities, to people that are not necessary sophisticated in the use of network-
ing and computers, is that it will force us to make them easier to use, and therefore
the Larriers to use in industry and in education and everywhere else, will be, you
know, reduced greatly.

And that is really one of the, you know, it is still a fairly arcane business 0
use high-performance computing and to use our Internet and the various range
of networks that we have available in this country.

Senator GORE. But that is improving because the user interfaces are becoming
a lot friendlier and the costs are coming down dramatically. One estimate given
(o the subcommittee was thata supercomputer Which costs between $10 million
and $20 million today will almost certainly with 5 years be in the $400,000 to
$500,000 range.

If that is the case, then, and if simultaneously the ease of use improves
dramatically, we will see a sudden sharpening of this conflict between data
processing capability, on the one hand, and our ability asanation 10 communicate
over our existing communications lines, the visualization of information and
pacll;rag&sa?f d?ata that we need toconvey in order to communicate with each other.

. 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 the Comell Theory Center, which they call the Xerox Design
Research Institute.

That is a very broad-based program which is concemned with what it takes 10
bring better products more quickly to market. It concems simulation and model-
ing on the supercomputers, but much more than that. For example, one of the
issues is the product history and how onc learns from previous products how 10
design better ones.

Another issue is that Xerox, like many other companies, is spread all over the
country. And for people in Parc, in Palo Alw, to collaborate with people in
Webster, near Rochester, to collaborate with people in their laboratory in
Tarrytown, New York, and design better products that are more manufacturable,
that are more maintainable requires a collaboration at great length.

results of supercomputer calculations, but the results of many other ideas and
records. 1 consider that also imporant, and 1 believe that the present bill will
contribute to productivity very much.

Senator GORE. In what Bill Wulf again has called a “co-laborator ?.”

Dr. KALOS. Exactly.

Senator GORE. And I might justnote for the record, while we are talking about
industry, that until quite recently, Toyota had more supercomputers than Ford,
GM and Chrysler combined.

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

Dr. WoLD. I certainly wish I could. '3ut our business is a very long-term
business in terms of research. It takes 10 years after the discovery. The super-
computer impacts the discovery phase of research, so if and when we have a
compound, a new drug that can be linked to the supercomputer, it will be a
number of years in the future.

I feel, however, that when that day does come, we probably will notremember
or notice that it was discovered by the supercomputer, that computational
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sciences will have been woven into the fabric of research such that it will no
longer be remarkable.

enator GORE. I have a number of questions which I may have to ask for the
record because we are running out of tme. 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 | was saying earlier.

We want the technology developed under this bill put to use by commercial
network providers so that every office and home will have access to the infor-
mation resources available on the NREN, It is my view that this is a unique
challenge, namely, adding to fiber already in place new switches and software
and algorithms which will vastly upgrade the capacity of the fiber.

And since other fiber not dedicated to this national network is also there, the
discovery of the new switches, et cetera, will present the possibility of making
them quickly available for private fiber, so that the network can be very, very
quickly expanded. It will also serve as a sort of national demonstration project,
showing what is possible with a national gigabit network, and proving that a
commercial market exists for such services.

One thing that might clearly hinder development of commercial, high-speed
networks would be if the federal government ran the NREN in a way that
competed directly with the private sector, and set up an unnecessary conflict.

S. 272 states clearly that the NREN and I am quoting here from the bill, “wil!
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, thatis not, not totally clear to us. The objectives as articulated
in the legislation are clear; what is a little unclear at the moment is how we, how
ihat path will evolve and how that plan will play itself out.

And the point I raise is that we would like to feel certain we have a role to
play in our participation to ensure that the initial plan on the road map that is
ultimately put in place and followed will assure some evolution or some, at least
not exclude public network opportunities to support and provide those services.

Senator GORE. Well, I 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 I or cross very T.
I want you to know that that is clearly our intention and that is the way it is going
to happen.

NSF seems now to be able to let the private sector provide networking services
when that makes sense. They have contracted with your company, with com-
panies like MCI and ANS and regional networks to run NSFNET. Do you think
that NSF is presently taking the right approach?

Mr. GRAY. From what we see and what our experience has been, yes.

Senator GORE. Okay. Well, at least we have a model to work with. It may
need refinement; it may need modification. But we have the intent, we have the
model, we have the working relationship with the companies involved. So that
is a good place to start.

Suppose we did not pass S. 272. Suppose the money was not aporopriated.
Suppose there was no “ederal leadership in gigabit networking. How long would
it take for the private sector to start providing gigabit networking services on its
own?

Mr. GRAY. Well, I could only specalate on that. I would certainly think it is
in the 5-year time frame or beyond. And I think the more serious issue is whether
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or not the process would optimize the capability. I think what you are suggestng
therc would Probably create a scenario where there would be test bids developed
or individua! applications develop one by one, and directed and designed and
participated in by a variety of participants.

And while you were setting down, you would probably have a piecework of
applications and standards, and you would have a number of potential network
services out there that could possibly never inter-operate with one another. I think
that is the bigger danger over ume.

Senator GORE. Can you estimate what the U.S. would lose if we do not build
a gigabit network? Or if we do not have one, that can be used in a coherent
fashion?

Mr. GRAY. It would be kind of hard to estimate something like that. I would
not even want to take a stab at that after the kind of figures that Dr. Bromley
threw around.

Senator GORE. Yeah. We could just say, maybe we could just agree that it
would be a lot. I really wish that we had more time to explore cach of these
questions with follow-ups.

I want to express my gratitude to Chairman Hollings of the full comt tittee
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 commitiee in saying that—most, if not all, because it passed
unanimousiy last ime—in saying that we are going 1o move expeditiously and
get this done. We appreciate your help today. Thank you.

[Whereupon, at 5:05 p.m., the hearing was adjourned.]
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ADDITIONAL ARTICLES, LETTERS, AND STATEMENTS

STATEMENT OF JACK L. BROCK, JR., DIRECTOR, GOVERNMENT INFORMATION AND
FINANCIALMANAGEMENT ISSUES, INFORMATION MANAGEMENT AND TECHNOL
OGY DIVISION,GAO

Messrs. Chairman and Members of the Committee and Subcommittee: | am pleased to submit
this statement for the record, as part of the Committee's hearing on the ed High Performance
Computing Act of 1991. The information contained in this siatement refiects the work that GAO has
conducted o date on its review of how industries are using supercomputers 1o improve productivity,
reduce costs, and develop new products. At your request, this work has focused on four specific
industries-oil, acrospace, automobile, and pharmaceutical/chemical —and was limited 1o determining
how these industries \ ze supercomputers and to citing 1oported benefits.

We developed this material through an extensive review of published documents and through
interviews with knowledgeable representatives within the selected industries. In some cases our
access 10 proprietary information was ~stricted. Since this statement for the record reports on work
stillin pm?ms. itmay not fully characienze industry use of supercomputers, or the full bepefits likely
to accrue from such use.

BACKGROUND

A supercomputer, by its most basic definition, is the most powerful computer available a1 a given
time. While the term superccmputer does not refer to s panicul,r design or type of computer, the
basic design philosophy emphasizes vector or parallel processing,’ aimed at achievin high levels of
calculation very rapidly. Current supercomputers, ranging in cost from $ 1 million to 530 million, are
capable of pcrformini hundreds of millions or even billions of calculations each second. Computa-
tions requiring many hours or days on more conventional computers may be accomplished in a few
munutes or seconds on a supercomputer.

The unigue computational power of supercomputers makes it possible to find solutions to critical
scientific and engineering problems that cannot be dealt with satisfactorily by theoretical, analytical,
or experimental means. Scientists and engineers in many fields-including aemspace, petroleum
exploration, automobile design and testing, chemistry, materials science, and electronics—emphasize
the value of supercomnputers in solving complex problems. Much of this work centers around scientific
visualization, atechnique allowing rescarchers to plot masses of raw data in three dimensions to create
visual images of objects or systems under study. This enables rescarchers 1o model abstract data,
allowing them to “see,, and thus comprehend more readily what the data reveal.

While still reletively limited in use, the number of supercomnputers has risen dramatically over
the last decade. Ir. the early 1980s, most of the 20 to 30 supercomputers in existence were operated
by government ngcns:ies for such purpuses as weapons research and weather modeling, Today about
280 supercomputers “are in use worldwide. Government (including defense-related industry)remains
the largest user, although private industry has been the fasiest growing user segment for the past few
years and is projected to remain so.

The in..:stries we are examining enjoy a reputation for using supercomputers to solve complex
problems for which solutions might otherwise be unatainable. Additionally, they represent the largest
group of supercomputer users. Over one-half of the 280 supercomputers in operation are being used
for oil exploration; acrospace modeling, testing, and development; automotive testing and design;
and chemical and pharmaceutical applications.

THE OIL INDUSTRY

The oil industry uses supercomputers 10 better determine the location of oil reservoirs and o
maximize the recovery of oil from those reservoirs. Such applications have become increasingly
important because of the low probability of discovering large oil fields in the continental United
States. New oil fields are often small, hard to find, and located in harsh environments making
exploration and production difficult. The oil industry uses two key supercomputer applications,
seismic data ptoceuhelg and reservoir simulation, 1o aid in oil explomtion and production. Thesz
applications have saved money and increased oil production.

! Vector processing providex the capability of opersting on arrays, or vectars, of information simultaneously.
With parallel processing, muitiple parts of a p&t;ﬁmn areexccuted concunrenily. Massively panallel supercomputers
are currently defined as those having over 1,000 processors.

2 This figure includes only high-end supercomputers such as those manufactured by Cray Research, Inc.
Including Intemational Business Machines (IBM) mainframes with vector facilities would about double this number.
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Seismic data processing increases the ility of detenmining where oil reservoirs are located
by analyzing large volumes of seismic data * and producing two- and three dimensional images of
subsurface geology. Through the swdy of these imgea. geologists can better undemsiand the
characteristics of the area, and determine the probability of cil being preseat. More accurately locaung
oil reservoirs is important because the average cost of drilling a well 13 estimated at about $S. 5 million
and can reach as high as $50 million. Under the best of circumstances, most test wells do not result
in enough oil to make drilling cost-effective. Thus, avoiding drilling one dry well can save millions
ofdoﬂm.mhhmw'ummmenmm' with us said that
supercomputer use in seismic dats processing the number of dry wells drilled by about 10
percent, at a savings of hundreds of millions of dollars over the last 5 years.

Reservoir simulation is used to increase the amount of oil that can be extracted from s reservoir.
Petroleum mservoirs are accumulations of oil, water, and gas within the pores of rocks, located up to
several miles beneath the eanth’s surface. Reservoir modeling predicas the flow of fluids in a reservoir
30 geologists can better determine how oil should be extracted. Atlantic Richfield and Company
(ARCO) representatives estimate that reservoir simulation used for the oil field at Prudhoe%?y.
Ahlka}the Il.':rgen in production in the United States—has resulted in increased oil production worth
billions of dollars.

THE AEROSPACE INDUSTRY

Engineers and researchers also use supercomputers to design, develop, and test acrospace vehicles
and relsted equipment. In particular, computational fluid dynamics, which is dependent upon
supercomputing, cnables enganeers to simulate the flow of air and fluid around proposed design shapes
and then modify designs accordingly. The simulations performed using this spplication are valuable
in climinatir . some of the tradinonal wind tunnel tests used in evalusting the acrodynamics of
airplanes. Wiud umnels are expensive to build and maintain, require costly construction of physical
models, and cannot reliably detect cenain airflow phenomena. Supercomputer-based design has thus
resulted in significant time and cost savings, as well as better designs, for the acrospace industry.

Lockheed Ae used computational fluid dynamics on a supercomputer 10 develop a
computer model of the Advanced Tactical Fighter for the U.S. Air Force. By using this approach,
Lockheed was able to display a full-vehicle computer model of the fighter after spproximately 5 hours
of supercomputer processing time. This approach allowed Lockheed to reduce the amount of
wind-unnel testing by 80 hours, resulting in savings of about half a million dollars.

The Boeing Aircraft Company used a Cray 15-2000 supercomputer to redesign the 17-year old
737-200 sircraft in the early 1980s. Aiming to create a more fuel-efficient plane, Boeing decided to
make the body design er and ?hce the engines with larger but more efficient models. To
determine the :ppﬂﬂuu p t of these n2w engines, Boeing used the supercomputer to simulate
a wind-tunnel test. The results of this simulation—which were much more detailed than would have
been available from an actual wind-tunnel test—allowed the engineers 1o solve the engine placement
problem and create a mc. ~ fuel-efficient aircraft.

THE AUTOMOBILE INDUSTRY

Automobile manufacturers have bzen using supercomputers increasingly since 1985 as a design
tool to make cars safer, lighter, more economical, and better built. Further, the use of supercomputers
has allowed the automobile industry to achieve ihese design improvements at significant savings.

One supercomputer application receiving increasing intcrest is automobile crash-simulation. To
meet federally mandated crash- worthiness requirements, the automobile industry crashes large
numbers of pmp'olg?e vehicles headon at 30 miles per hour into rigid barriers. Vehicles for such
tests can cost from $225,000 o $750,000 each. Crash simulation using supercomputers provides more

ise engineering information, however, than is typically available from actually crashing vehicles.
addition, using supercomputers 1o perform this type of structural analysis reduces the number of
actual crash tests required by 20 to 30 percent, saving the compemies millions of dollars each year.
Simulations such as this were not ical priortothe development of vectcr supercomputing because
of the volume and complexity of data involved.

Autonobile companies credit supercomputers with improving automobile design in other ways
as well. For example, sler Corporation engineers use linear analysis and weight optimization
software on 8 Cray X-MP supercomputer to improve the design of its vehicles. The resulting
designs—which, according to 8 Chrysler representative, would not have been practical without a
supercomputer—will allow Chrysler to achieve an annual reduction of about $3 million in the cost
of raw materials for manufacmring its sutomobiles. In addition, one sutomobile’s body was made 1¢
percent more rigid (which will improve ride and handling) and 11 percent lighter (which will improve
fuel efficiency). According to the Chrysler representative, this is typical of improvements that are
being achieved through the use of its supercomputer.

3 Seiamic data are gathered by using sound-recarding devices to measure the speed at which vibrations tavel
through the earth.
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THE CHEMICAL AND PHARMACEUTICAL INDUSTRIES

Supercamputers play 8 growing role in the chemical and pharmaceutical industries, although their
use is still in its infancy. From computer-assisted molscular design 10 synthetic materials research,
companies in these fields increasingly ::ll on supercomputers 1o study cntical design parameters and
more quickly and nccmn:iy interpret and refine experimental results. Industry representative told us
that, as a result, the use supercamputing *ill result in new discoveries that may not have been
possible otherwise.

The pharmaceutical industry is beginning to use supercomputers as a research tool in developing
new drugs. Development of a new drug may require up to 30, compounds being synthesized and
screencd, at a cost of sbout $5,000 per synthesis. As such, up to $150 million, before clinical testing
and other costs, may be invested in discovering a new drug, according to an E.L du Pont de Nemours
and Company representative. Scientists can now eliminate some of this testing by using simulation
on a supercomputer. The supercomputer analyzes and interprets complex data obtained from ex-

imental measurements. Then, vsing workstations, scientisis can construct three dimensionasl
models of the large, complex human proteins and enzymes on the computer screen and rotate these
images 10 gain clues regarding biological activity and reactions to various potential drugs.

Computer simulations are also being used in the chemical industry to replace or enhance more
uaditional laboratory measurements. Du Pont 13 currently working to develop replacements for
chlorofluorocarbons, compounds used as coolwnts for refrigerators and air conditioners, and as
cleansing agents for electronic equipment. These compounds are generally thought to contribute 10
the ozone depletion of the atmosphere a.d are being phased out. Du Pont is designing 8 new process
to produce substitute compounds in a safe and cost ective manner. These substitutes will be more
reactive in the atmosphere and subject to faster decomposition. Du Pont is using a supercomputer 10
calculate the thermodynamic dats needed for developing the process. These calculations can be
completed by the supercomputer in a matter of days, at an approximate cost of $2,000 to $5,000.
Previously, such tests—using experimental measurements conducted in a laboratory—would require
up to 3 months to conduct, at a cost of about $50,000. Both the cost and time required would
substantially limit the amount of testing done.

BARRIERS TO GREATER USB OP SUPERCCMPUTERS

These examples demaonstrate the significant advantages interms of cost savings, product improve-
ments, and competitive opportunity that can be realized through supercomputer use. However, such
use is still concentrated in only & few industries. Owur industry contacts identified significant,
interrelated barriers that individually or collectively, limit more widespread use of supercomputers.

Cost. Supercomputers arc expensive. A supercomputer’s cost of between $1 million and $30
million does not include the cost of software development, maintenance, or trained staff.

Cultural resistance. Simulation on supcrcomputers can not only reduce the physical testing,
measurement, and experimentation, but can provide information that cannot otherwise be atlained.
For many scientists and managens this represents a dramatic break with past training, experience,
genenally acocpted methods, or common doctrine. For some, such a major shift in research methodol-
ogy is difficult 10 accept. These new methods are simply resisted or ignored.

Lack of application software. Sug:mnwmn can be difficult to use. For many industry spplica-
tions, reliable software hat not yet developzd. This is particularly true for massively paratiel
SUpPEICOMpPULErs.

Lack of trained scientists in supercompuung. Between 1970 and 1985, university students and
rofessors performed little of their research on supercomputers. For 15 years, industry hired students
rom universities who did not bring supercomputing skills and attitudes into their jobs. Now, as a

result, many high-level scientists, engineers, and managers in industry have little or no knowledge of
supercomputing.

In conclusion, our work to date suggests that the use of supercomputers has made substantial
contributions in key U.S. industries. While our statement has referred to benefits related to cost
reduction and time savings, we believe that supercomputers will increasingly be uscd io gain
substantive competitive advantage. Supercomputcrs offe: the potential—still largely untapped—io
develop new and better products more quickly. This potential is just beginning to be explored, as are
ways around the bamiers that prevent supercomputers from being more fully exploited.

STATEMENT OF THE COMPUTING RESEARCH ASSOCIATION

The Computing Research Association (CRA) is pleased to submit this written statement for the
record in suppont of S. 272, the High Performance Computing Act of 1991.

The membership of the CRA is composed of P~granting academic departments, a3 well as
industrial laboratories, that engage in basic and applied research in computer science, computer
enginecri;ncg. and computational science. Most major research Departments in the U.S. and Canada
are members.
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First, the CRA would like to thank Senator Gore and this Subcommitiee for the strong interest
and support he has demonstrated overthegm for both computing research and research computing.
Through authorizations, particilarly to NSF, and through a series of bills of whicn S. 272 is the latest,
he has continued to focus attendon on what we consider to be a critical “enabling technology.” CRA
strongly supports S. 272, particularly its recognition that basic research and human resource develcy-
ment musit accompany the more focused technology and infrastructure development.

THE CRITICAL IMPORT ANCE OF HIGH PERPORMANCE COMPUTING

Our suppont for this legislation and related initiatives is predicated on a set of observations which
we believe 10 be widely shared within the research community, government and industry.

L. Advanced computing and communications technologies are 1o longer just interesting new tools
for some limited class of users, but are converging together to form a necessary digital information
infrastructure that will he basic to our society-throughout areas such as science and engineering,
N ieh pertormouncs o ey s mmderpn moch o scicace aad from medical

i OfMAance Com sysiems mu science an ineering: from medi
imaging, 1o serospace design, to the development of less environmentally toxic chemicals and
industrial processes. High performance computer systems lie atihe heart of large research instruments
such as accelerators and telescopes, controlli ir operation, analyzing their performance, and
directing the flow of expenmental data that the instruments produce. ~g~scale data base technology
is needed to store and ize the massive amounts of scientific information that comes from modemn
research instruments. Sumulations allow us tom in the computer experiments that otherwise would
be too expenrive, dz.ngerous, ime consuming, or even impossible. Indeed, computation is joining
experimentation ar.d mathe:natical malysis as & basic new paradigm for how science is doue.

Many next gene ation -+ puter/cominunication systems that provide necessary govemnment
services-air control, 1 nancial managemer.t and tax administration, law enforcement, and the delivery
of social benefits sucl as health care and social security- will be enormously complex and will require
new genentions of aivanced technology to design, implement, and openate with efficiency, '::}ety,
and reliability.

Inforrnax?on technology has become central o industrial growth. As an R&D tool, it underpins
innovation in the -called “high tech” industrial sectors. It provides manufacturing forms with powerful
new tools for design and production; and it has become basic to the operations of many information-
rich service sectors such as banding and transportation.

2. U.S. industry is facing increasingly international competition for information technology
products and services.

There are many reasons offered for this threat to traditional U.S. leadership in computers and
communication. Surely, it must in part stem from the strong economic growth and technical
sophisticstion of our competitors. It may also stem, in pan from some softening of support for
research computing and computer science and engineering, a softening that was dramatically pointed
out in the “lax" report published in 1983, that in the establishment of the Advanced Scientific
Computing Program at NSF in the mid-1980°s. And, we would also suggest that, to maintain our
competitive edge, we must depart a bit from “busircss as usual” in Federal support for R& D in certain
critical technologies.

3. Maintaining U.S. leadership in computing will require a8 major, coordinated Federal program,
such as that represented by S. 272, that balances t logical development and infrastructure
building with the isite basic research and human resource development

Advances in high performance computing in the U.S. has always benefitted from a three-way
associstion between industrial developers, research and engineering users, and basic computer
researchers. [ eading-edge users are always pushing the state of the an, demanding beuer sysiems and
firding ways to get more out of the systems they have in hand. Industry attempts to create more
capable systems in response to these demands.

Basic researchers in computer science and engineering explore the frontiers of computation, trying
to better understand the fundamental computational nature of complex processes.

4. Basic Research is an important prerequusite to achieving the goals of any high performance
camputing sirategy. )

Although they appear in different forms in different plans, three basic objectives underlie all high

omance ininstives-(1) advancing the performance state of the arnt in leading-edge computer
systems, (2) developing new and more effective applications of high perfformance computing to
science and engineering, and (3) building a network based information infrastructure for the research
and education community. Each of these goals poses fundamental research questions.

Most computer researchers think that to realize substantially increased computing power in the
future will ire developing scalable, highly- paralle] systems. To achieve this, we will nced
research in such areas as components, packaging, and scaling concepts; computer-aided design and
prototyping tools; performance measurement and benchmarking, and the development and testing of
prototype Fystems. ) ) ) .

Many large-scale computer users are naturally concemned that a shift to radically different machine
architectures will cause them problems, since their current programs are highly ned to existing
machines. Some, for that reason, argue for continued enhancement of performance along more
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traditonal lines. Unfortunately, most computer expens, including those in industry, see s high degree
of panallelism in some form as the only feasible direction for design. Research that improves ouf
understanding of how to use new pnrnl!el architectures will be crucial to bringing these users onto
new generutions of camputers with as litle disruption as possibie.

Important as basic research is, the CRA fecls that it should be directly referenced in the legislation.
For example, in sectionS, pary(S) basic research should be explicitly identified as an area for agency
collsboration. Section 7, the “Role of the National Science Foundation,” should also explicitly identfy
basic research as a key responsibility.

To develop new spplications software for research will require advances in generic software for
tasks such as program parallelization, data management, visualization, and performance optimizaton.
Advances in slgorithms for specific numerical tasks also will be required.

The infrastructure, based on the ﬁﬂil natwork will also include a wide vanety of computers,
data bases, software and services. Building the network, itself, will require basic research in data
communicatons ad switching systems. More research will be needed on the applications software
that will reside in the network ad support the research collaboration that will take place overit.

Finally, new and fundamental research questions snd opportunities in such areas as complexity
theory, programming languages, algorithms, uman-machine interface, and artificial intelligence will
be raised by the extraordinanly complex sysiems we will be building.

S. Benefits of the basic research effort will reach far beyond the immediate goals of advancing
high-performance computer technology and solving “Grand Challenge” research questions.

The history of computers shows that advances at the high-performance end of computer design
begin very quicKly to influence the main-frame and, even, the lower end machines. We can expect
that, as we leam how to build and use highly parallel processors, main-frames, desk-top workstauons
and even personal computers will begin to incorporate these concepis.

Similarly, software techniques find their way from the research lab into an increasingly broad
range of applications in industry and government.

6. Development of human resources will be a critical aspect of any high-performance computing
legislation.

Although the graduate educational system is producing computer scientists and engineers. (U.S.
and Canadian Universities graduated new PhD’s last year according 1o our survey), there is a
serious shortage of people trained 1o explore she uses of high- performance computing in solving
“Grand-Challenge” problems. Professor John Ruce, a computer scientist from Purdue University and
amember of our board, discussed computational science education in the January issue of Computing
Rescarch News. He described the problem as follows:

“Too often the computing knowledge of highly trained engineers and scientists working on
[computational science and enginecring (CES))] projects is at the college sophomore, or lower, level.
Too often, we have highly tramed computer scientists whose knowledge about engineening and
sciences is at the college sophomore, or lower, level.”

To address this problem, new computational science and enginecring programs have been { omed,
put they are by and large, at the beginning stage. We will need to increase the number and level both
of scientists and engineers trained in computer science and engineering and of computer scientists
and engineers trained to expiore the decp research questions raised by “Grand Challenge" scientific
and engineering problems.

OTHER ISSUES

mCRA would like 1o comment on two other issues that have been raised during debate over this
bill.
First, some have questioned whether the National Science Foundation (NSF) is the appropriate
lead agency for the management of the NREN and, in particular, have suggested the Department of
Energy, a mission-directed science sgency asa candidate. The CRA has suated frequently its concem
that a narrowly focused mission agency, however technically capable, would neither be appropriate
nor effective as a lead agency for the NREN. The network will be required to serve an increasingly
broad, open-ended community of users. The basic mission of the NSF, with its broad charter for the
support of U.S. science and education, would seem 1o offer the closest match of existing Federal
agencies between legislative mandate and the needs of NREN, Furthermore, NSF's track record in
developing NSFnet, the precursor to the next-generation NREN, has been excellent

Itis true that the N envisioned in the legislation will present far more complex set of technical
and management problems. It will need to serve 8 much more diverse user constituency; and the
government will need to work closely with the private sector communication and information industry
to assure that commercialization and privatization of NREN services takes place as quicKly as
feasible. Congress will need 1o exercise careful ovensight to assure that the |E° ty
legislation are met. Nonetheless, in CRA's view, NSF seems to be far and away
of the agencies currently 'gmicipating in the HPCC to serve as lead for NREN.

Secondly, CRA feels that legislation in this arca is highly desirable. Of course, we strongly endorse
the administradon’s HPCC budget proposal and call for the Congress to appropriate the requested
funds. However, legisiation would build the program directly and legislatively into the panticipating
agencies' missions. Although somein the exec aive branch have argued against legislation, citing the
need for flexibility, we see nothing in S. 272 that would be unnecessarily restrictive. Funthermore,
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we see that legislation could prevent future agency retraction, redirection, and inappropriate shifting
among what we regard as cntically important balances of basic research, human resource develop-
ment, and the other more applied of the plan.

Furthermore, the HPCC and this legislation represent an important new step in the evolution of
U.S. saence and technology policy, particularly with regard 10 computing. CRA believes that
legislation would express legislative as well as executive branch commitment to the program. This
expression wonld send an important message, both to the political leadership in the Federsl govern-
ment and to industrial and academic organizations and state governments who will also be asked o
participate in and su this effor.

In conclusion, CRA would like 10 point out that remarkable advances in computer science and
engineering are in large pan responsible for the fact that we can even dream about addressing the
“Grand Challenge” problems of canputational science. The research involvement of computer
scientists and engineers, as well as the development of s new generation of computational scientists,
will be required to achieve the short-term goals of ths legislation. Equally important, an increased
investment in basic research and human resources in computing is essential 1o maIntaining our nauon's
competitive edge and providing the foundation for the next round of advances.

In short, a high-performance computing imtiative, such as established by S. 272, is a critical
investment in the nation's future. The window of opponunit{hfor this investment, in terms of the
nation's ability 10 maintain its leadership, is closing rapidly. The Computing Research Association
strongly supports this legislation. The staff and officers of CRA would be pleased 1o assist the
commiliee In any WAy appropriale an it proceeds with the development and passage of this bill.

STATEMENT OF DR. KENNETH M. KING, PRESIDENT, EDUCOM

It is a pleasure for me 10 respond to your invitation 1o submit materials for the Record. I represent
EDUCOM, an association of over six hundred American colieges and universities working on the
goals of creating & national information technology infrastructure and using information technology
10 improve intellectual productivity and teaching -.1d learning. I also represent the Partnership for the
National Research and Education Network, a of associations, organizations and rations
which are supporting the creation of a National Research and Education Network N). The
Partnership recently forwarded to the Committee an NREN Policy Framework statement and I am
enclosing a copy of that document with my testimony.

The bill before you, S. 272, reflects mare than five years of study by your committee suaff, by a
number of federal agencies, and by exiemal advisory groups such as the Natonal Academy of
Sciences. All of these studies have validated the urgent need for an advanced comnuter network 10
support scientific research, education, and commerce, and in addition have identified the need for a
coordinated high performance computing research program that reaches beyond the NREN toinclude
software and hardware development and related educational and human resources elements.

The creation of the NREN 15 an ambitious undertaking. It requires high technology, some of which
is not yet developed. 8 nationwide operationzl infrastructure of advanced communications facilities;
and 8 wocking pannership of many organizations and individuals from government, education and
industry. The ultimate aim of the NREN is to pave the way for the electronic national information
infrastructure which will form the communications base for our economy in the 21st Century.
EDUCOM has been active in addmw the many issues involved in crestion of the NREN for several
years, commencing ‘with testimony before the House Science, Space and Techmlﬁy committee in
1987. Since 1988, we have sponsored an annual National NET Conference here in Washington, to be
held on March 21-22 this year, which brings together experts from public and private sector
organizations who are working on the network. Many important technical and operational aspects of
the NREN have already been demonstrated and proven in the network we have today known as
NSENET. In fact, the NSFNET currently connects more than five hundred research and education
sites, embracing more than a million individuals, and continucs to grow. The success of NSFNET has
encouraged Dr. Bromley and the Federal Network Council to identify it as the “Interim NREN™ in
their recent High Performance Computing and Communications Program announcement.

In my summary statement, [ would like to focus on a short number of critical issues which I believe
should be dealt with in the ing legislation.

Stable Funding. The Administration has proposed funding for the NREN for FY92 in the amount
of $92 million, distributed among a number of agency budgets. This level of funding is consistent
with previous agency planning, and with the cost experi ained with NSFNET. Additional funds
would be helpful, but 1t is essential that at least this level of lgmdm g be assured in order 1o guarantee
that the critical federal role of catalyzing university and private sector contributions to the NREN is
realized.

Effective Public/Private Sector Partnership. The rapid progress that has been made in the last
several years toward 8 national network is in large measure the result of cooperative efforts between
and among a large number of groups, including federal agencies, umiversities, regional and state
networks, and private sector computer and communications companies. It is estimated that invest-
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ments by higher education and industry in NSFNET over the last four years have exceeded federal
expenditures by nearly len times. This bill makes no explicit provision for a continuation of these
partnership roles, nor does it require the Executive B 10 give universitics, libraries and indus.ry
an effective voice in the development and management of the NREN. Our recommendation is that
section 6 of the bill be amended to establish a National Network Council, with participation from the
several constituencies involved with the NREN, and that the policy recommendations of the Cour.cil
should be binding with respect to management of the NREN, within the Limits of its authonzing and
appropriations legislation.

N Use by Libraries. In the long run, the value of the NREN will be measured in the
contributions 1o research and education made possible by network access to information resources.
Our nation’s libraries have a cnitical role to play in the NREN, both as providers of electronic
information and as access points for their users. E UCOM, along with the Association of Research
Libraries and CAUSE, recently formed the Coalition for Networked Information (CNI). The Coali-
tion, which has more than onc hundred and twenty library, university, govemment and incustry
members, has a special focus on the provision of electronic information resources on the NREN . Thus
organization is addressing the full range of issues - from securing information resources on the
network to protection of c?ynghl - through the work of its committces and task forces.

Commercial Services. An important role of the NREN is to leverage the creativity and energy of
the research, education and library communities o define and demonstirate new network based
information services, many of which may have commercial potentialand can be picked up and
supported by private firms as part of creating the national information technology h?nsuucmre. In
order to facilitate this, NREN policy should enable the millions of infoimation intensive users on the
Interim NREN and the gigabit I&KEN 10 access a variety of information services and networks,
including those operated within the private sectof.

In developing the NREN, it will be important not 1o creaie excessive expectations. The NREN
should provide selected access that proves feasibility and leads 1o the creation of a commercial
infrastructure that can support universal access. The plan which has been developed by Dr. Bromley
and his staff is an excellent one. It provides that over the next three to five years, the NREN will be
extended 1o reach one 1o two thousand research, education and library sites, and that the performance
of the network for rescarch applications wiil be upgraded to support dats and image transfers at gigabnt
speeds. If we focus on these goals, and work our wa through a multitude of technical mrgs)endoml
issuesin the s3, then the success of the will fully support its extension to broader uses in

the years to follow.
COMMENTS SUBMITTED POR THE RECORD

The comments which follow are keyed to the questions posed in the charter for the High
Performance Computing bill.

SCOPB AND POCUS OF S.272.

Does the administrative framework established by the bill for planning, implementing and
monitorir}?g the various pans of the high performance computing program constitute the most effectve
spproach

As discussed in the hearing charter, the legislative initiatives in HPC and a related effort planned
by the Administration share many common goals and features, having developed in parallel since a
1986 congressionally mandated study on advanced computer networks. It is highly desirable that the
minor differences between the two approaches be eliminated during the current legislative process in
order o ensure that all parties involved in development of the - federal agencies, colleges and
universities, ibrarics and private sector companies - may have a common understanding of program
goals, objectives and funding.

The scope of the NREN has expanded substantially since the original OSTP report in 1987. In

icular, there is amuch greater awareness now of the potential uses of the network in teaching and
leamning at all levels, and of the value of libraries as both providers of information as well as sources
of access to the network for their users. The members of the Partnership for the NREN believe that
the Congress should adopt a broad set of principles to guide the development of the NREN, rather
than a detailed and prescriptive list of legislative directives. Based onthe experiences of a wide variety
of university, library and industry users of NSFNET over the last several years, 8 proposed NREN
Policy Framework was developed by the Partnership and forwarded 1o this and other relevant
Congressional committees in January, 1991. A copy of the statement and its covering letter listing
the members of the Partnership is appended. Although the purposes of the NREN outlined in the
Policy Framework sre genenally consistert with Section 2, Findings and Purpose, of $.272, there are
differences. Most notable is the lack of any mention of the rmership roles of libraries or colleges
and universities in carrying out the purposes of the NREN. Nor does this section contain any mention
of the value of the NREN to teaching and leaming beyond narrowly defined research and scientific

goals.
ISSURS RELATED TO NREN.

(1) What should the management structure of the NREN be in order to adequatzly represent the
interests of federal agencies, regional networks, neawork users and the communications and computer
industries? '
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The general strategy that has guided the development of NSFNET, now renamed the Interim
NREN, hasbeentoe user access to the network while simultaneously upgrading its performance
using currently available commercial technology and preparing for gigabit speeds later in the 1990°s,
This strategy has been successful only because of a unique approach to network management in which
major commercial entities - MCI and IBM; a major state network - MERIT; and dozens of regional,
state and campus networks havmmad to schieve both goals simultaneously.

The key tothe success of the will be the development of a d:stributed management structure
which deals with problems and issues as close to the network user as possible. Some of that structure
is in place today, but much remains to be done. The principal challenges include: (s) ensuring federal
support for a fifty state backbone which provides high quality access 1o regional and state networks;
(b) strengthening and broadening the service offerings and sccess points of the state and regional
networks; (c) upgrading and expanding the local networks at campus sites, government laboratories,
libraries, and pnvate research locations; and (d) facilitating the connection of the computers which
will provide database and supercomputing applications for network users.

$.272, reflecting its legisiative ongins over three years ago, has a narrow federal focus. This should
be expanded to include all of the partnership interests which will be necessary for the fully developed
NREN. Specifically, s National Network Council, with the power to set network policy and operating
guidelines, should be included in the markup of S. 272. The membership of the Councal should reflect
the broad interests of network developers, providers, managers and users. The Congress may wish to
consider, either now or at a later date, whether the im of the NREN to national goals in
research and education justifies the creation of a special entity to oversee the network, as described
in the NREN Policy Framework. (2) What are the barricrs (technical, financal, markets, political)
with respect to the transition to commercial network services? Are special management stratcgics
required for NREN to achieve commercializaton?

Section 6 (c) (6) of S. 272 provides that “[The NREN shall] be phased into commercial operation
as commercial networks can meet the needs of American researchers and educators.” This provision
of the bill has been misinterpreted as implying that the Interim NREN and the inital gigabit NREN
do not have a commercial component. All of the transmission facilities for the Interim NREN and the
regional and state networks which are & part of the Interim NREN are commercially provided. Nearly
all of the packet switches and network software in use in the Interim NREN today are commercial
products. Well over half, mghea'lnpl as much as three quarters of the federal state and local funds
expended on the Interim NREN and related research and education networks are paid to private sector
firms through standard procurement processes. The existence of his section of $.272 is traceable to
the predominantly federal character of research networks which were developed in the 1970's. The
intent of the legislative language is to ensure that technology developed for the NREN can be shared
with and incorporated into the sdvanced communications networks for the 21st Century which are
currenily under development by private sector firms. This is no longer a serious concern. The Intenm
NREN is based on readily available commercial technology, and a majority of the NRFN research
projects being conducied by DARPA and NSF are using commercial fiber optic transmission
facilities. Over the past decade, and especially since telephane industry deregulation, there has been
a sca change in attitudes toward advanced communications technology among leading commercial
firms. Today, large investments are being made in broadband transmission facliues, with many

igabit fiber optic links already in operation. On a worldwide besis, computer and communicatons
%mm are developing and adapting their products 10 create large scale networks capable of instan-
taneous iransmission of voice, data and images. The planning and engineenng of the NREN can
assume that such high performanc: commercial faciities will be an integrel pan of the network
structure.

The working partnership among govermment, industry and education which has been established
in the building of NSFNET is added evidence that advanced network technology developed for the
NREN will find its way into commercial products and services rapidly and effectively.

(3) Given the nature of R&D and the long lead time required to achieve commercially applicable
communications and camputer standards, how might the products of NREN relaied R&D become
future protocol standards? What management strategies are n%tﬁmd to make it happen?

The extremely rapid progress expenenced in building NSFNET over the last several years is a
result in significant measure of the rative approach to standards development which prevails in
the Intemet community of which ml' is a part. Under the guidance of the Intemet Activities
Board, a large number of technical experts from industry, higher education, and govemment
laboratories have worked together 10 extend the packet switched network protocols known as TCP/IP.
No Intemez standard is adopted until an implementation of it has been demonstrated under actual
network openating conditions, New standards have been developed and put into use in as short a time
as six months, and many sre ccapleted within a year. The techniques used within the Internet are
now being adopted in other standards bodies, and the Intemet standards are being brought into
alignment with complementary international efforts such as the ISO packet standards.

It is essential that the standards approach now used for the Iniemnet be adapted and adopted for
the NREN. The pertinent language in Section 9 of S. 272 does not sccomplish this and should be
amended to make explicit nrovision for the authority of the Intemet Activities Board, or a comparzble
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successor organization, 1o set standards for the NREN provided that they continue to be developed
on a cooperative basis among the NREN parucipating organizations as they are today.

STATEMENT OF THE ASSOCIATION OF RESEARCH LIBRARIES

The Association of Research Libranies is a non-profit Association of 119 research libranes in
North America. The membership of ARL is actively involved in the provision of informauon
resources - including those that are unique, o the research and education commuruties of North
America. Research libraries also are key participants in numerous experiments and ptlot programs
that demonstrate the utility of high capacity networks for the exchange and use of informaton. ARL
supporns the passage of legislauon that will promote the development and use of expanded networking
capacities and capabilitics to advance education and rescarch.

The need for a high-speed computer communications neiwork is a reflection of 8 number of
changes underway in the academic and library communities. Three of these changes include the need
to connect researchers with facilities such as supcrcompuicrs, databeses, and library resources, the
changing manner in which scholars and rescarchers communicate; and finally, the abulity of these
researchers 10 manipulate snd combine large data sets or files in new ways only possible through
connecting users with high-speed, high-capacity networks. @PARAS8 = The NREN, the vision of the
next generation network designed to support the work of the education and research communiues -
must refica the caanges noted above as well as those effors already underway that address the new
uses of information, while a1 the same time, address the national goals of improving our Nation’s
productivity and intemsional compentive position. To realize these goals and to build upon exisung
efforts, ARL with othv.rs in the education community suppont the inclusion of the following points in
NREN legislation. These points build upon existing successful federal, state, and local programs that
facilitate access to information resources.

NREN authorizing legislation should provide for:

Recogaition of education in its broadest sensc 4s  reason for development of the NREN;

Eligibility of all types of libranes to link to the NREN as resource providers and as access points
for users,

A voice for involved constituencics, including libranes, 1n development of network policy and
technical standards.

NREN legislation should authorize support for:

High capacity network connections with all 50 sates;

A percentage of network development funds should be allocated for educauon and traming;

Direct connections to the NREN for at least 200 key Libranes and library

organizations and dial-up access for multi-type libraries within each state o those key

libraries. Prime candidates for direct cornections include:

The three national librarics (Library of Congrzss, National Agricultural Library, National Library
of Medicine) and other federal agency libranies and

information centers,

51 regional depository libn.ries (gencrally one pes state) which have a responsibility 10 provide
free public access to all publications (including in electronic formats) of U.S. govemment agencies,

1 state library agencics (or their designated resource libraries or library networks) which have
responsibility for state-wide library development and which administer federal funds;

Libraries in geographic areas which have a scarcity of NREN connecuons,

Libraries with specialized or unique resources of pational or imtemational sigruficance,

Library networks and bibliographic utilities which act on behalf of J:oranes.

The National Science Foundation, through its various programs, including science educauon,
should provide for:

The inclusion of libraries both within and outside of higher education and clementary/secondary
education as part of the research and educstion suppoft structure,

Education and training in network usc at all levels of education;

Experimentation and demonstrations in network applications.

The information infrastructure of the United States is & complex conglomeration of public and
private neiworks, institutions, information resources, and users from educational, research, livrary,
and industrial communities with extensive ties to international neiworks and infrastructures. Research
libraries and the resources that they acquire, organize, maintain, and/or provide access 1o, are critical
clements of this infrastructure. In support of their mission to advance scholarship and research, these
same libraries have been at the forefront of the technological revolution that has made this robust and
evolving information infrastructure possible.

One of the most exciting and unanticipated resuits of the NSFNET has been the explosive growth
of the network as a communications link. The enhsnced connectivity permits scholars and researchers
to communicate in new and different ways and samulates innovation. Approximately one quarter of
the use of NSFNET is for E-mail, one quarter for file exchange, 20% for interactive applications, and
30% for associated services. It is this later category that is growing at an extraordinary rate and
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includes new and innovative Library uses of networks. This growth rate demonstrates the value that
researchers place on access wo library and information resources in support of education and research.
The following cxamples demonstrate the types of activities underway in academic and research
libraries that uulize networks.

In the past year, the number of library online catalogs available on the Intemet has jumped from
thinty to over 160, including those in Canada, Australia, Germany, Mexico, New Zealand, Israel, and
the United Kingdom. A single point of access to 100 enline public access catalogs is possible today
through a midwestern university. Access to resources identified in online public access catalogs are
of increasing imponance to researchers as they can access a greatly expanded amay of information
resources and in 8 more tmely and efficient fashion. Needed mnformation-can be located at another
institution, and depending upon the nature and format of the information, downloaded directly, and/or
requested via interlibrary loan. Over ume, this practice will likely change io the researcher obtaining
the information directly online versus “ordering the information online.” Typical use of an online
catalog at a major research institution is that of LIAS at the Pennsylvama State University Library -
there are approximately 33,000 scarches cach day of the LIAS system.

The Nauonal Agnicuitural Library, NAL, is supporting a project with the North Carolina State
University Libraties to- provide Intemnet-based document dehvery for library matenals. Scann -
images of documents generate machine readsble texts which are transmitted via the NSFNET/Internc
1o libraries, researchers work stations, and agriculwral research extension offices. Images of docu-
ments can be delivered directly to the researchers computer, placed on diskette, or printed. This
program will be extended to the enti-e landgrant community of over 100 institutions as well as to
other federal agencies and to the intemational agncultural research cormmunity .

Another example of new library services that are possible with the use of the informaton
technologies and networks, that meet a growing demand in the research community, and represent a
network growth area are the licensing of commercial jounal databases by libraries. Four of the last
five years of the National Library of Medicine's MEDLINE database is accessible to the University
of California community and there are approxima.2ly 50,000 searches of the system each week. There
arc numerous benefits to researchers and libraries including enhanced access to joumnal literature,
there are lower costs to the library than from use of commercial sysiems, and the lower cosis
encourages greater use of the files by researchers thus promoting innovation. As other research
libranes mount files, sinilar use patrems have occurred.

Although Internet access 1o proprictary files is not permitted, there are other services available
such as UNCOVER that are more widely accessible. UNCOVER is a database with the tables of
contents for approximately 10,000 multi-disciplinary joumnals developed by the Colorado Alliance of
Research Libraries. The increasing demand for UNCOVER demonstrates the need for such services
in the academic community and one that is available at a low cost for those institutions unable to
locully mount proprictary files.

One area of networked services forecast 1o present new opportunities for dissemination and
exchange of information in the scholarly and research communities and where a significant amount
of experimentation and “rethinking" is anticipated, is in electronic publishing. Publishing electron:-
cally is in its infancy. Today, there are ten referced journals on the Intemet and it is anticipated that
there will be many times this number in a short while. These joumals, available via the Intemnet, range
from Postmodemn Culture, (North Carolina State Univerrity) to N~ Honzons in Adult Educauon,
‘Syracuse University) to PSYCOLOQUY, (American Psychological Association and Princeton
University).

The nature and format of the electronic joumal is evolving. To some, th= electronic journal is a
substitute to the “printed” journal. There are an increasing number of “paper-replicating electronic
joumnals” and the growing number of titles on CD-ROM and the rapid rate of acceptance of this format,
1s a testament to the value of the electronic format. [t is anticipated that many of the paper publishers
will offer an electronic version of their journals via intermediaries such as DIALOG and CARL as
the use of and capabilities of nctworks expand. This model also presents new disseminauon choices
to government agencies. The Nauonal Agricultural Library has begun to negotiate agreements with
scholarly societies for the optical scanning of agricultural titles and information.

Another view of the electronic ‘;ourml is one more of process, than product. Information or an
ideais disseminated onmthe network foropen critique, comment, dialog, and exchange. In this instance,
publishing is an ongoing, interactive, non-static function, and one that encourages creativity, connec-
tivity, and interacuvity. Researchers experimenting in this camp are referred 10 as “skywnters” cr
“trailblazers.” In fact, publishing in this arena takes on a new meaning due o the network’s
capabilities. The use of multi-med:a including sound, text, and graphics, the significantly expanded
collaborative nature of the scholarly exchange not possible with a printed scholarly publication, and
finally, the potential for a continuously changing information source, dishnguishes this electronic
joumal from its counterpar, the paper-replicating electronic journal. Ax online publishing program
on the Genome Project at the Welch Library at Johns Hopkins University is an example of this type
of electronic publishing. Text s mounted on a database, accessed by geneticists, students, and cnitics
who respond directly via electronic mail to the author. In this case, a computerized textbook is the
end result but one which constantly changes to reflect new advances in the field. Funding from the
National Library of Medicine has supported this project.
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A final area where electronic publishing activities are underway is in the scademic publishing
community. Two examples of activities include efforts in the high energy physics and mathematics

communities, A it database in high encrgy physics has been maintained for fiftzen years by a
university research facility with approximately riuts added each week to the database of over
200,000 article citations. Instant Math Preprints ,anew initiative that will maintain a scarchable

daiabase of abstracts, will permit electronic file transfer of the full text of preprints. The project will
be sccessible via ten universities and “e-math,” the American Mathematical Society’s electronic
service. The value 1o the research community of timely and effective exchange of research results
will be enormoaus.

There are two predominant reasons that pilot projects and experiments such as these have been

sible, have flourished, and been successful. First, a high value has been placed and a significant
investment has been made in carefully constructed cooperative programs in the library community to
advance research through the sharing of resources. The creation and support of bibiiographic utiliuies
such as the Research Libraries Information Network (RLIN) and the Online Computer Library Center
(OCLC) has resulted in access by scholans to enumous databases of bibliographic records and
information. Cocperative programs have been supported and encouraged by federal programs such
as the Library Services and Construction Act of 1961 and the Higher Education Act of 1965. The
Higher Education Act and in particular Title H-C and Tite I1-D programs have emphasized the sharing
of resources between all types of libranies and users, and provided needed funds for suppont of
technological innovatians and developments. These programs have also promoted equality of access
to information, ensuring that those collecions housed in major research institutions, be broadly
accessible.

The second reascon tha libranes have succeeded in advancing the exchange of informaton
resources is the cffective use of technologies to promote access. Most, if not all of these cooperative
programa, are dependent upon networks in part, as the means 10 identify and share informaton
resources. What will be required as more resources become available through the: Internet will be the
development of network directories. These directories will assist users in leaming of what resources
are available and how to access them. Provision of these electronic resources and the development
of the ensuing access 1ools such as directories are already presenung many challenges 1o library and
information science professionals and will requirs continuing attention if the is to succeed.

As a consequence, the needed infrastructure to connect a diversity of users to a wide srmay of
information resources is in d)hce today. Networks interconnecting information resources and users
throughout all parts of the United States and intemationally, have been operational and effective for
a number of years. A key factor that will permit the NREN to be a success is thst much of the
infrastructure is already in place. There are networks that interconnect academic institutions—public
and private, industrial users, and state consortiums, that include library networks and that do not
distinguish between rural and urban, academnic and K-12. The NREN vision must continue to

¢ and demand enhanced interconnectivity between all users and all types of institutions.

As gress conziders how 10 best design the NREN to meet the needs of the research and
academic communities, it will be important more than ever 10 include the goals and objectives of
ongoing programs. In a time when there are 1,000 books published intemationally As Congress
considers how to best design the NREN to meet the needs of the research and academnic communues,
it will be important more than ever to include the goals and objectives of ongoing programs. In a uime
when there are 1,000 books published internationally each day, 9,600 different journals are published
annually in the United States, the total of all pnnted knowledge is doubling every eight year,
electronic information is just beginming to be exploited, and financial and funding resources are
shrinking, it is critical that the research and education communities with continued federal suppon,
strive for increased connectivity between all types of librariet and users. This connectvity will result
in improved productivity and & strengthening of U.S. position in the intemational marketplace.

S. 272 should provide the neccssary framework to schicve this enhanced connectivity. S. 272
should build upon existing programs and ideatify new means to permit informaton resources to be
broadly available 1o the education znd research communities. Ensuring connectivity through muitiple
types of libraries, throughout the United States, is a critical component to several existing statutes
and should be included in NREN legisletion. By so doing, the legislation would leverage existing
federal, state, and local programs.

As libraries and users ahke employ information technologies to acctes information resources, new
opportunities and icstions will develop that exploi® the wealth of information and knowledge
available in research libraries. Network applications todsy primarily focus on the provision of access
10 resources such as books, joumals, and onhine files. Elecironic publishing ventures are just
beginning. In the years ahead, scholars and researchers will be able to access and use those rescarch
matenials and collections generally unaccessible but of extreme research value including photographs,
satellitc data, archival data, vi- cos and movies, sound recordings, slides of paintings and other
arufacts, and more. Access to and manipulation of these information resources advances scholarship
and research, and scholars will expect a network with the capacity and capabilities to achieve effective
access. Clearly, to be successful, effective, and of use 10 the academic and research communities, the
NREN must be designed to nurture and accommodate both the current as well as future yet unknown
uses of these valuable informauon resources.
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STATEMENT OF DR. JOHN PATRICK CRECINE, PRESIDENT, GEORGIA INSTITUTE
OF TECHNOLOGY

Mr. Chairman, it is an honor to be asked to testify to this joint heanng on S.R. 272, The High
Performance Computing Aat of 1991.

I am John P. Cieane, President of the Georgia Institute of Technology. Georgia Tech is a major
technological university, with an enroliment of approximately 12,000 students, located in Atlanta,
Georgia. Georgia Tech is one of the nation’s leading research universities, having conducted over
$175 million in sponsored research during the past year, aimostall in the areas of science, enginecenng
and technology.

I would like to thank this committee, and especially Senator Gore, for their continued strong
support of computing-related research. [ think the commutiee’s focus on compuung in the context of
national compettiveness is an appropnate one, and one that leads to the anuapauon of cntical
technologies. Georgia Tech suongly supports S.R. 272, and eagerly awats possible parucipation in
translating its objectives into reality.

Georgia Tech, as a major technological university, has placed a high priority on compuung and
related facilities. This may be best demonstrated by the creation in 1989 of the College oi Compuung,
the nation’s first college devoted entirely to computing. Both within the College of Computing, and
throughout the rest of the Institute, there is a deep and comprehensive involvement with leading-edge
computational science and engineering. For this reason, the actiites proposed under the High
Performance Computing Initisuve are eagerly awaited.

The special importance of creating a high-performance computing network like NREN is 1ts
impact not only on computing rescarch itself, but its creation of a basic “digital infrastructure™ for
the nation. Communications, both simplie - like a phane dial tone - and complicated - like HDS - will
be dependent on digital networks. Communications makes it possible for the first tme to conduct
research and advance scientific frontiers from afar, combining the parts of experimental setups from
around the country instzad of expensively reproducing them in many locations. Equally impontant 10
utilizing this network capability is the complemenung pants of the hugh performance computing
initiative. Thus, the technology of & digital network like NREN lies at the hean of most future research
effons in science and engineenng.

Specifically, the impact of this legislation or technologically-onented educational Insututions
like Georgia Tech will be multidimensional. would like 10 focus my remarks today on three arcas:
engineening education, computer science, and technological applications.

Engincering, and engineering education, :s Georgia Tech's “core business,” and stands to benefit
greatly from thus initiative in high performance computing. As the role of computing has grown, up-to
date computing facilities are nolonger aluxury, but a necessary, integral pant in engineenng education
and research. lgor example, at the graduate level, we must have the computational facilities that will
enable us Lo train our students in computer-based science and engineering techniques, skills industry
expects our students to have. The connectivity inthe network already allows our students to use ramote
facilities such as telescopes and high -energy research facilities without the cost and capacity
constraints inherent in those sites. However, an imtiative such as this expands exponentially the
opporturuties available to them, What NREN does is shift the focus from physically having a
high-powered and expensive computational device such as a supercomputer 10 access 1o one of these
devices. In the end, this makes for amuch more productive and cost-cffecuve environment for creaung
and disseminating knowledge.

The new capabilities given us by the high perfformance computing initiative have impressive
spin-off cifecis as well. As more swdents, professors and researchers gain access to advance
compuung, [ predict we will see an impressive array of off shoot, but related, architectures and systems
that will take full advantage of the capabilities of this network. Once again, this is an issue of national
compeutiveness, an area where this initiative gives our universities and rescarch laboratones the tools
with which to compete.

Just as enginecring has been traditionally important to Georgia Tech, we are taking a lcadership
position in computing with the creation of our College of Computing. This College of Computing,
while not representing the entire spectrum of computing at Georgia Tech, was created as a top- level
organizauon to emphasize computing, and speed the integrauon of computer science and other
disciplines. In many respects, this organization parallels the objecuves of this high performance
computing initiative and NREN. Simply put, high performance computing is a top prionty, one in
which we have invested in and focused on, and is a patural area for a umversity like Georgia Tech to
concentrate in.

I see a very positive dual flow between the high performance initiative and our computer science
operations. First, many of the areas we are focusing on, specifically management of large scientific
databases and distributed operatng systems for highly parallel machines, are topics imporiant to the
success of the HPC initiative, and we hope to be able to contnibute our expertise in these areas toward
making the initiative a success. We are also forming a Visualization, Graphics and Usability (VGU)
lab under prominent national leadership to develop better lechniques for visualizing sciemific data,
an cntical component of this proposed network. But we also envision that the project will benefit
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computing at Georgia Tech by adding 10 our own knowledge and expertise, and should aid not only
Georgia Teck but many other universities nationwide.

The HPCT will have a major positive affect on many arcas of basic computer science research,
even in ways that are not dircctly related o high peformance computing. For example, the
visualization advances [ just talked about have applicability to low-performance computing, and work
in user irterfaces for all types of computers could be sided by work done through the high performance
project.

The third ar~a where [ feel the High Performance Computing Aa of 1991 will have a critical
impact is in the development of new technological applications. Georgia Tech is not an “ivory tower”
- we solve some very spplied problems, ar.d focus on transfernng the echnology developed in our
laboratones o the mark:

I believe we are on the threshold of » revolution in telecommunications, a merging of the
traditi anal telecommunications industr 7 with the computer and broadcast industries, with the common
denommmtor of a digital network ticang them all together. This act developments such a network (anc
the functions that support and depend on the network), propelling universities into an integrated
communications envirenmeni that is a natural test bed for future communications systems. Other
countrics have been furthenng this concept, but development in the United States has been hampered
by the regulaiory environment and hurdles imposed by previous paradigms. In this vision, we should
view NREN not 30 much as a way to link scholars or transfer data, but as an expenmental tool in
itself. The networi: is then a test of its own capabilities, that is, a test of the capabilities of 2 digital
network, its speed, volume, and capacity for accommodating different signals. Its success impacts
not only the educationnl community, but demaonstrates this new model for telecommunications and
firmly establishes a United States lesd in these technologies.

In the end, the issue becomes one of educati competitiveness. Without the resources,
opportunives and challenges network -based computing opens up for our engineers, we would quickly
be non-competitive not only nationally, but internationally. This initiative lays important groundwork
forthe U.S. to reguin the minative in high-performance computing and o increase our edge in network
iechnologies.

In clonng, I would like o0 especially express my support for the administration’s multi-year
approach 0 this project. If we are 10 undentake a project of this magnitude, a five-year commitment
on the part of the government makes it much casier and more efficient 1o both plan for and attract
talent to this project. Georgia Tech is especially supportive of the roles of NSF, NASA and DARPA
in administering this project. Givea their prior leadership and track record in running projects of this
scope, it makes eminent good sensc for this triad to lead an iniuative as significant as this one.

This is a remarkable opportuniry, and L, as President of Georgia Tech, stand ready, as do many of
my collzagucs in universities around the country, to assist in any way possible o make this vision 2
reality.
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Statement
of the
Amernican Library Association
to the

Subcommittee on Science, Technology. and Space
Sanate Committee on Commerce, Science, and Transportation

for the heanng rerord of March 5, 1991
an

S 272 . The High-Performance Computing Act of 1991

The National Research and Education Network, which S. 272 would create, could
revolutionize the conduct of research, education, and information transter., As parnt of the
infrastructure supporting education and rasearch, hibranes are already stakeholders in the
evolution to a networked society. For this reason, the American Library Association, a
nonprofit educational argamzation of more than 53,000 hbranans, educators, information
scientists, and library trustees and friends of libraries, endorsed in January 1990 and again
in January 1991 the concept of a National Research and Education Network.

ALA s latest resowution, a copy of whichas attached, identified elements which should be
incorporated in legisiation to create the NREN, a high-capacity electronic highway of
interconnected networks linking business, industry, government, and the education and library
communitigs. ALA alsc joined with 19 other education, litrary, and computing organizations
and associations in a Partnership for the National Research and Education Network. On
January 25, 1991, the Partnership orgamizations recommended a policy framework for the
NREN which elso identified elements to be incorporated in NREN legislation.

Within that framework, ALA recommends the following additions to the pending NREN
ieqislavion to facilitate the provision of the nformation resources users will expect on the
network, to provide appropniate and widely dispersed points of user access, and 10 levetage
the federal investment.

NREN authorizing legistation should prowvide for:

A. Reccgniticn of education in its broadest sense as a reason for development of the
NREN;

B. Ehgibihity of all types of hbranes to hink to the NREN as resource providers ano as
access ponts for users; and

[

A vowce tor involved constituencies, inciuding Lbranes, in development of notwork
pohcy and techimcal standards.
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NREN legisiation should authnrize *upport for:

A. Highcapacity network connections with all 50 states;

B.

C.

A percentage of network development funds allocated for education and training; and

Diract connections to the NREN for at least 200 key libranas and library organizations
and dial-up access for multtype libraries within each state to those key libranas.
Prime candidates (some of which are already ccnnaected to the Internet) for direct
connection to the NREN include:

* The twee national libraries (Library of Congress, National Agricultural Library,
National Library of Medicine) and other {edaral agency librariex and information
centers;

» Fifty-one regional depository libraries {generally one per statel which have a
rasponsibility to provide free public access to all publications (including in electrorc
formats) of U.S. government agencies:

* Fifty-one state library agencias (or ther designated resource libranes or iibrary
networks) which have responsibility for statewide library development and which
administer federal funds;

» Libraries in geographic areas which have a scarcity of NREN connactions;

s Libranes with speciaized or unigue resources ot national or international
sgmficance; and

* Library networks and bibliographic utihties which act on behalf of hibranes.

Tha National Science Foundetion. through its various programs. inclfuding science
education, should provide for:

A,

8.

C.

The inclusion of libraries both within and outside of higher education and
elementary and secondary educaticn as part of the research and education
sUpPOrt structure;

Education and training in network use at all levels of education; and

Expenmentation and demonstrations in natwork : plications.

ALA enthusiastically supports development of an NREN with strong library involvement
for several reasons.

1.

The NREN has the potential to revolutionize the conduct of research, education, and

information transfor. As bas:: literacy becomes mora of a probiem in the United States, the
skills needed to be truly literate grow more soptusticated. ALA calls this higher set of skills
“information kteracy” —knowing how 1o learn, knowing how to find and use information,
knowing how knowledge is organized. Libranes play a rcie in developing thase skills, beginning
with encouraging preschoot children to read.
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Libraries as community institutions and as part of educational institutions introduce
users to technology. Many preschoolers and :heir grandparents have used a personal
computer for the first time at a public librarv. Librarias are using technology. not ony to
organize their in-house collections, but to share knowledge of those collections with users of
other libraries, and to provide users with access to other library resources, distant databzses.
and actual documents. Libraries have begun a historic shift from providing access primarily
to the hooks on the shelves to providing access to the needed information wherever it may
be located. The NREN is the vehicle librarians need to accelerate this trend.

In Michigan, a pilot program called M-Link has made librarians at a group of
community libraries fuil, mainstream information providers. Since 1988, M-Link has enabled
hibraries in Alpena, Bay County, Hancock, Battie Creek, Farmington, Grand Rapids. and Lapeer
to have access to the extensive rasources of tha University of Michigan Library via the state's
MERIT network. The varied requests of dentists, bankers, city manugers, small business
people, community arts organizations, and a range of other users are transmitted to the
University's librarians via telephone, fax, or computer and modem. Information can be faxed
quickly to the local libraries from the University. Access to a fully developed NREN would
incraase by several magnitudes both the amount and types of information available and the
etficiancy of such library interconnections. Eventually, the NREN coutd stmulate the type of
natwork that would be avsilable to ali these people directly.

School tibraries also need electronic access to distant resources for students and
teachers. In information-age schools linked to a fully developed NREN, teachers would work
consistently with librarians, medic resource pecple, and instructional designers 1o provide
interactive student learning projects. Use of multiple sources of information helps students
devalop the critical thinking skills needed by employers and needed to function in a dermocrat:c
sociaty. This vision of an information-age school builds on today’s groundwork. For instance,
the New York State Library is providing dial-up access for school systems ta link the resources
of the state library (a major research resource) and more than 50 public, reference, and
research library systems across the state. The schools had a demonstrated need for improve
access for research and other difficult-to-locate materials for students, faculty, aad
administrators.

2. Current Internet users want library-ike services, and libraries have rusponded with
averything from online catalogs to electronic journals. As universities and colleges became
connected to the Internet, the campus library’s online catalog was one of the first information
resources faculty and students demanded to have available over the same network. Some 200
hbrary online catalogs are aiready accessible \hrough the Internet. Academic library users
increasingly need full text databases and multimedia and personalized information resources
in an environment in which the meter is rot ticking by the minute logged. the citation
downioaded, or the statistic retrieved. A telecommunications vehicle such as the NREN can
help equalize the availability of research resources for schclars in all types, sizes, and locations
of higher education institutions.

Libranes will be iovked to for many of the information resources expected to be made
available over the network, and librarians have much to contribute to the daunting task of
organizing the increasing volumes of electronic information. The Colorado Alliance of Research
Libraries, a consortium of multitype libraries, not only lists what books are available in member
hibraries, but its CARL/Uncover database includes tables of contents from thousands of
journals in thase libraries. Libraries are also pioneering in the developmant of slactronic
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journals. Ot the ten scholarly refereed electronic journals now m operation or 1n the pianning
stages, several are sponsored by unwversity libianes or library organizations.

3. Librarias provide access points for users without an institutional base. Many industrial
and independent researchers do not have an institutional connection to the internet, All such
researchers and scholars are legitmate users ot at least one public nbrary. The NREN
legisiaton as introduced does not reflect current use of the networks, much less the tfull
potential for support of research and education. Because access 1o Internet résources is
necessary to this goal, many hbraries outside acade ne without access to academic networks
have developed creative, if sometumes awkward, ways to fill the gap. A number of high
schools have guest accounts at universities, but only a tfew have managed to get dvect
connections. CARL, the Colorado Alhance of Research Libranes, reaches library users
regardiess of the type of ibrary they are using or thewr point of access. The development of
community computer systems such as the Cleveland Froe-net s another example of providing
network access to a larger commumity of hbrary users. Several Cleveland area pubiic,
academic. and spacial libranes are information providers on the Free-net as well.

Most of the companias in California hugh technology centers either began as or sull
have fewer than 50 employeas. For these companies, there i1s no major research facility or
corporate library. The local pubhc libranies provide strong support as research resources for
such comnpanies. The Califcrma State Library has encouraged and supported such develop-
ment, for example, through grants to projects hke the Sihcon Valigy information Center in the
San Jose Public Library. Library access to the NREN would improve hbrarnies’ ability 10 serve
tha needs of small business.

Support of research and education needs in rural areas could also be aided through
hbrary access to the NREN. Even without such access, hbraries are mowving to provide
nformation electronically throughout their states, often through state networks An example
s the North Carolina Information Network. NCIN, through an agreement between the State
Library and the University of North Carolina’s Educational Computing Service, provides infor-
mation access to almost 400 libranies in every part of the state— from university and corporate
Lbraries in the Research Triangle Park. to rural mountain and coastal public hbranes, to raiitary
base libraries. Using federal Library Services and Construction Act tunds, the State Library
provides the local equipment needed al the packet nodes to permit access to the system
{called LINCNET) to these local libranes.

The information needs of rural people and communities are just as sophisticated and
important as the needs of the people in urban areas. Because the North Carclina network 15
available in rural libraries, small businesses in these communities have access for the tirst tirme
to a state database of all contracts for goods, services, and construction being put out for bid
by the state —just one example of network contribution to economic deveiopment. The key
to the network’s growing success is the installaton of basic computer and telecom-
munications hardware in the libraries, access to higher spged data telecommunications, and
the database searching skills of the hbrarians.

4. Withlibraries and their networks, the support structure to make good use of the NREN
already exists. Librarians have been involved in using computers and telecommunications to
solve information problems since the 1960s when the hbrary community automated
vanabie-length and complex records - a task which was not being done by the comgyuter field
at the time. Libranans pioneered in the developmant of standards $o0 that thousands ot
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Ibrarias could all use the same bibliographic databases, unlike e-mail systems today which
each require a different mode of address. The library profession has a strong public service
onentation and a cooperative spint; its codes of behavior fit well with that of the academic
research community.

Libraries have organized networks to share resources, pool purchasing power, and
make tha most efficient use ct telecommunications capacity and techrical expartise.
1Jpgrading of tachnological equipment and technological retraining are recognized hbrary
requirements, although the resources to follow through are often inadequate. The retraining
extends to library users as well. Librarians are familiar with the phenomenon of the home
computer or VCR purchaser who can word process or play a tape. but is all thumbs when it
comes to higher functions not used every day. Computer systems, networks, and databases
~an seem formidable to the novice and are often not user-friendly. Expert help at the hibrary
is essential for many users.

5. NREN development should build on existing federal investments in the sharing of
library and information resources and the dissemination of government information. The
internet/NREN networks are in some cases not technically compatible with current iibrary
networking arrangements. However, the government or university database or indwidual
expert most appropriata t¢ an inquiry may well be availabie only via the Internet/NREN.
Access to spacitic information resourcas and the potential inkage to scarce human resources
's one reason why most librarians are tikely to need at least some access to the NREN.

As the Internet/NREN is used by vartous federal agencies, it becomes alogical vehicle
for the dissemination of federal government databases. The Governinent Printing Office.
through its Depository Library Program, has begun providing access to government
information in electronic formats, including online databases. A unified government
information infrastructure accessible through depository libraries would enable all sectors of
society to use effectively the extensive data that is collected and disseminated by the federal
aovernment. Disseminating time-sensitive documents electronically would allow all citizens,
small businesses. and nonprofit groups to have real-time access to government information
through an existing organized system of depository libraries. The 51 regional libranes
{generally one in each state, many of which are university and other libraries already
connected to the Internet) could provide the original nodes for such a system. Together with
major hbraries capabl: of providing such support, these libraries could provide access for
smaliar libraries and selective depositories within their states or regions through dial-up
facilities or local a;ea networks.

The hbrary community has been assisted and encouraged in its networking efforts by
the tederal government beginning in the 19€0s, and more recently by state support also, in
ways that track well with the NREN model. Tne federai government spends in the neighbor-
hood of $200 million per year on programs which promote and support interibrary cooperation
and resource sharing and library applications of new technology. These programs range from
the Library Services and Construction Act, the Higher Education Act title Il, the Depositary
Library Program, the hbrary postal rate, and the Medical Library Assistance Act to programs
of the three national libranies —the Library of Congrizss, the National Agricultural Library, and
the Mationa!l Library of Medicing.

If academic libraries continue their migration to the internet/NREN as the network of
choice both on campus and for communication with other academic institutions, it will not be
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iong before academic libraries and public hbranies tind themselvss unabie to taik to one
another electronically. This result wili be totally at odds with the goais of every major
legislative vehicle through which the federal government assists hbranes. In addition. it makes
no sense, given the intimate connection of public hbranes to the support structure for research
and education. While putlic hibranes have long been recognized as engines of hifelong learning,
the connection is much more direct 1n Many Cases, ranging from the magniicent research
resources of a New York Public Library to the strong support for distance learming provided
ty many gublic libranes i Western states.

Interhbrary loan and reference referral patterns also show that every kind of hbrary
supports every other’s mission. The academic. public, school, state, national, and specialized
ibranes of the nation constitute a loose but highly interconnected system. A network whicn
supports research and education, or even research alone, cannot accomphsh the job without
ncluding this multitype System of libranes in planning, policy formulaton, and smpiementation.

& The NREN's higher speeds will enable the sharing of full text and nontextual library
any archival resources. Libranes will increasingly need the higher capacity of the NREN to
exploit fully ibrary special collections and archives. The high data rates avaitable over the fully
developed NREN will make possible the transrmssion of /mages of journal arucles, patents.
spund and wideo chps, photos, artwork, manuscnpts, large files from sateliite data collection
archives, engineening and architectural design, and medical 1mage databases. Work has
already begun at the national libranes and elsewhere: examples include the Library of

Congress Amencan Memory project and the Natonal Agricultural Library text digiizing projedt

7 Libraries provide a useful laboratory for exploration of what services and what use-
interfaces might stimulate a mass marketplace. One purpose cf the NREN Lills since the
beginming has been to promote eventual privatization of the network. Libraries have aiready
demonstrated the feasibibty and marketability of databases in the CD-ROM format. Libranes
also conwvinced proprietors and distributors to accommodate the mounting on ipcal campus
systems of heavily used databases. Libranes can serve as middie- tolow-erd network use test
meds in their role as intermediaries between the publc and 115 ntormation requiements

2  Public, school, and college libraries are appropriate institutions to bridge the growing
gap between the information poor and the information rich. While we pursug intormation
wteracy for all the population, we can make realistic progress through appropniate pubhc
service institutions such ashibranes. However, while anincrease in commercial services wouls
re welcome, any transition to privatization should not come at the expense of inw-caost
~ommumnications for ecducation and hbranes. Ongoing efforts such as federal hbrary and
education legislation, preferential postal! rates for educational and hibrary use. and federai and
state supported hbrary and educaton networks provide ample precedent tor contnued
congressional attention 1o open and inexpensive access.

in conclusion, «he NREN legistation would be strengthened in reaching the potential of the
setwork, 1n ALA's view, with the addition of the elements we have enumerated above. Qur
recommendations represent recognition of the substantial investment hibranes have aiready
made n the internet and n the provision of resources available over it, authonzation of
modest and affordable near-term steps to build on that base tor kbrary imvolvement in the
“JREN_ and establishment of a framework for compatible etferts thoough other federa
‘sqistation, and state and local hbrary efforts.
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