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ABSTRACT
This collection of statements focuses on Title 2 of

S. 1067, which calls for the National Science Foundation to establish
a National Research and Education Network (NREN) by 1996. This is one
of several titles in a bill to provide for a coordinated federal
research program to ensure continued U.S. leadership in high
performance computing. The network proposed in Title 2 will link
government, industry, and higher education; be developed in close
cooperation with the computer and telecommunications industry; and be
designed and developed with the advice of potential users in
government, industry, and higher education. A total of 24
representatives of these three groups presented testimony and
prepared statements at the bearings: (1) James H. Billington; (2)
John Seely Brown; (3) James H. Clark; (4) A. Gray Collins, Jr.; (5)

Craig Fields; (6) John N. Fischer; (7) 0. Gene Gabbard; (8) Sheryl L.
Handler; (9) Robert E. Kahn; (10) Richard T. Liebhaber; (11) Robert
W. Lucky; (12) Daniel S. Masys; (13) Dav4l Nagel; (14) Ted Nelson;
(15) J. William Poduska, Sr.; (16) Ray Reddy; (17) John A. Rollwagen;
(18) Roger Schwantes; (19) Jacob T. Schwartz; (20) Karl-Heinz A.
Winkler; (21) Irving Wladawaky; (22) Richard T. Wood; (23) William
Wulf; and (24) Joe Wyatt. This report includes opening statements by
Senators Gore and Pressler, the text of S. 1067, a transcript of
questions addressed to the witnesses together with their responses,
the prepared statements from the witnesses, and additional statements
from the Association of American Publishers and Robert Kerry, U.S.
Senator from Nebraska. (DB)
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NATIONAL HIGH-PERFORMANCE COMPUTER
TECHNOLOGY ACT OF 1989

WEDNESDAY, JUNE 21, 1989

U.S. SENATE,
COMMITTEE ON COMMERCE, SCIENCE, AND TRANSPORTATION,

SUBCOMMITTEE ON SCIENCE, TECHNOLOGY, AND SPACE,
Washington, DC

The subcommittee met, pursuant to notice, at 2 p.m., in room
SR-253, Russell Senate Office Building, Hon. Albert Gore, Jr.
(chairman of the subcommittee) presiding.

Staff members assigned to these hearings: Mike Nelson, profes-
sional staff member and Fiona Branton, minority staff counsel.

OPENING STATEMENT BY SENATOR GORE

Senator GORE. The Subcommittee will come to order. I want to
apologize to our witnesses, our guests and my colleagues for being
a few minutes late. I was held up unavoidably at the Capitol and I
do apologize.

But I have really been looking forward to this hearing and to
other discussions later today and this evening. I am excited
about the possibilities we will be discussing here and I look forward
to the testimony 'very much.

We are going to examine today the enormous benefits supercom-
puting and computer networking can provide to American re-
searchers, to American students, to American business, to the
whole country. We will hear about how these new technologies can
also greatly improve the U.S. competitiveness and about the Feder-
al Government's proper role in promoting them.

Supercomputers will be in the 1990s what machine tools were in
the 1970s and 1980s. I also like the analogy that has become a
cliche, that supercomputers will be the steam engines of the Infor-
mation Age.

During the last 20 years, new improved computerized machine
tools have enabled workers to produce more and more quickly with
less waste throughout the manufacturing sector, so although the
machine tool industry represents a very small fraction of GNP, it
is critical to the country's competitiveness, since its products
impact hundreds of other induotries and improve productivity
throughout the economy.

In a similar way, with even more powerful effects, new wIper-
computers are improving productivity and profits in many Ameri-
can companies. Mechanical engineers use supercomputer models to

(1)
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design automobile parts that are more reliable, durable and easier
to make.

Supercomputers are improving manufacturing on the shop floor
and the quality of the car in your garage. Aeronautical engineers
are using supercomputers instead of wind tunnels to test new air-
craft designs, and this is often ten times cheaper and ten times
faster than using a conventional wind tunnel.

Also, as this Committee knows, supercomputer models will be es-
sential for developing NASA's national aerosface plane, because no
wind tunnel on earth operates at the speeds at which NASP will
fly.

There are many other uses that I will discuss in my prepared
statement and I am not going to deliver all of this, particularly
since we have got a little bit of a late start.

On May 18th, I introduced S. 1067, the National High Perform-
ance Computer Technology Act. It is a comprehensive bill aimed at
enhancing the development and use of all aspects of advanced com-
puting. It includes titles on computer hardware, software, network-
ing and basic research and education.

Now, I do not think we can focus just on the hardware and our
witnesses will tell us why it is important to look at all of the other
aspects of computing, like software and education, and we do need
a balanced approach.

Another analogy that I frequently draw is between the network
we are talking about here and the interstate highway system. We
need an interstate highway system of information. Superhighways.
This bill will make it possible.

We are going to have hearings on the other titles of the bill next
month, but today we are going to focus on Title 2, the title that
deals with comp,iter networking.

The bill calls for the National Science Foundation to establish by
1996 a National Research and Education Network capable of trans-
mitting 3 billion bits of data every second. That is equivalent to
100,000 single space typewritten pages every second. That is the
Encyclopaedia Britannica in a single second.

That sounds like a lot of information, and it is, but in the future
scientists will have to handle even larger flows of data. We are r ow
on the sixth or seventh generation of supercomputers, but we are
only on the second generation of networks and we need to pay
careful attention to the benefits the country can gain from moving
forward rapidly toward the kind of information superhighway net-
work that the bill envisions.

I want to just serve notice that this is going to be an extremely
high priority for our Subcommittee and I am pleased at all of the
support that has emerged for it.

Let me recognize my colleagues for any statements they might
want to make. Senator Bryan?

Senator BRYAN. No, thank you.
[The bill follows:]

r.'
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S. 1067
To provide for a coordinated Federal research program to ensure continued

United States leadership in high-performance et:imputing.

IN THE SENATE OF THE UNITED STATES

idiot 18 (legislative day, JANUARY 3), 1989

Mr. GORR (for himself and Mr. JEFFORDS) introduced the following bill; which

was read twice and referred to the Committee on Commerce, 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 !louse of Representa-

2 fives of the United States of America in Congress assembled,

3 SECTION 1. This Act may be cited as the "National

4 High-Performance Computer Technology Act of 1989".

5 SEC. 2. (a) Congress finds and declares the following:

6 (1) Advances in computer science and technology

7 are vital to the Nation's prosperity, national security,

8 and scientific advancement.

9
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1 (2) The United States currently leads the world in

2 development and use of high-performance computer

3 technology for national security, industrial productivity,

4 and science and engineering, but that lead is being

5 challenged by foreign competitors.

6 (3) Further research and improved computer re-

7 search networks are necessary to maintain United

8 States leadership in the field of high-performance com-

9 puting.

10 (b) It is the purpose of Congress in this Act to ensure

11 the continued leadership of the United States in high-per-

12 formance computer technology. This requires that the United

13 States Government-

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

15 ment, and application of high-performance computing

16 technology in order to-

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

18 search and education computer network;

19 (B) develop an information infrastructure of

20 data bases, services, and knowledge banks which

21 is available for access over such a national net-

22 work;

23 (C) promote the ritore rapid development and

24 wider distribution of computer software;

I 0
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3

4

5

5

3

(D) stimulate research on artificial intelli-

gence;

(E) accelerate the development of computer

systems; and

(F) invest in basic research and education;

6 and

7 (2) improve planning and coordination of Federal

8 research and development on high-performance com-

9 puting.

10 TITLE INATIONAL H1GH-PERFORMANCE

11 COMPUTER TECHNOLOGY PROGRAM

12 SEC. 101. The National Science and Technology Poliey,

13 Organization, and Priorities Act of 1976 (42 U.S.C. 6601 et

14 seq.) is amended by adding at the end the following new title:

15 "TITLE VINATIONAL HIGH-PERFORMANCE

16 COMPUTER TECHNOLOGY PROGRAM

17 "FINDINGS

18 "SEc. 601. (a) Congress finds and declares the follow-

19 ing:

20 "(1) In order to strengthen America's computer

21 industry and to assist the entire manufacturing sector,

92 the Federal Government must provide leadership in the

23 development and application of high-performance com-

24 putcr technology. In particular, the Federal Govern-

25 me% should support the development of a high-capac-

i
.,
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1 ity, national research and education network; facilitate

9 the development of software for research, educaticn,

3 and industrial applications; continue to fund basic re-

4 search; and provide for the training of computer scien-

5 tins and computational scientists.

6 "(2) Several Federal agencies have ongoing high-

7 performance computer technology programs. Improved

8 interagency coordination, cooperation, and planning

9 could enhance the effectiveness of these programs.

10 "(3) A recent report by the Office of Science and

11 Technology Poiicy outlining a research and develop-

12 ment strategy for high-performance computing provides

13 a framework for a multiagency computer technology

14 program.

15 "NATIONAL HIGH-FERFORMANCE COMPUTER TECHNOLOGY

16 PLAN

17 "SEc. 602.(a)(1) The President, through the Federal

18 Coordinating Council for Science, Engineering, and Technol-

19 ogy (hereafter in this title referred to as the '1 Jncil), shall

20 develop and implement a National High-Performance Com-

21 puter Technology Plan (hereafter in this title referred to as

22 the 'Plan') in accordance with the provisions, findings, and

23 purpose of this Act. Consistent with the responsibilities set

94 forth under subsection (c) of this section, the Plan shall con-

25 tain recommendations for a five-year national effort, to be

26 submitted to Congress within one year after the date of en-

I
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1 actment of this title and to be revised at least once eve,y two

2 years thereafter.

3 "(2) The Plan shall--

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

5 al high-performance computer technology program for

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

7 submitted and the succeeding four fiscal years;

8 "(13) set forth the role of eacsi Federal agency and

9 department in implementing the Plan;

10 "(C) describe t'lle levels of Federal funding and

11 specific activities, including education, research activi-

12 ties, hardware and software developmer.:, and acquisi-

13 tion and operating expenses for computers and comput-

14 er networks, required to achieve such goals and prior-

15 ities; and

16 "(D) consider and use, as appropriate, reports and

17 studies conducted by Federal agencies and depart-

18 ments, the National Research Council, or other

19 entities.

20 "(3) The Plan shall address, where appropriate, the ral-

21 evant programs and activities of the following Federa: agen-

22 cies and departrmats-

23 "(A) the National Science Foundation;

24 "(B) the Department of Commerce, particularly

25 the 'Tational Institute of Standards and Technology

1 3
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1 and the National Oceanic and Atmospheric Administra-

2 tion;

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

4 istration;

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

6 Defense Advanced Research Projects Agency, the

7 Office of Naval Research, and, as appropriate, the

8 National Security Agency;

9 "(E) the Department of Energy;

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

11 ices, particularly the National Institutes Of Health; and

12 "(G) such other agencies and departments as the

13 President or the Chairman of the Council considers

14 appropriate.

15 "(b) The Council shall-

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

17 ment and implementation of the Plan;

18 "(2) coordinate the high-performance computing

19 research and development activities of Federal agencies

20 and departments and report at least annually to the

21 President, through the Chairman of the Council, on

22 any recommended changes in agency or departmental

23 roles that are needed to better implement the Plan;

24 "(3) prior to the President's submission to Con-

25 gress of the annual budget estimate, review each

1 ,3
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1 agency' and departmental budget estimate in the con-

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

3 available to each agency and department and to the

4 appropriate elements of the Executive Office of the

5 President, particularly the Office of Management and

6 Budget;

7 "(4) work with Federal agencies, with the Nation-

8 al Research Council and with academic, State, and

9 other groups conducting research on high-performance

10 computing; and

11 "(5) consult with actual and potential users of

12 such research by establishing an advisory board, which

13 shall include representatives from universities and

14 industry.

15 "(c)(1) The Plan shall take into consideration, but not be

16 limited to, the following missions and responsibilities of agen-

17 cies and departments:

18 "(A) The National Science Foundation shall con-

19 tinue to be responsible for basic research in all areas of

20 computer science, materials science, and computational

21 science. The Foundation shall continue to solicit grant

22 proposals and award grants by merit review for re-

23 search in universities, nonprofit research institutions,

24 and industry. The National Science Foundation shall

25 also be responsible for providing researchers with

115
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1 access to supercomputeis and providing for the estab-

2 lishment, by 1996, of a three-gigabit-per-second na-

3 tional computer network, as required by section 201 of

4 the National High-Performance Computer Technology

5 Act of 1989. Additional responsibilities include devel-

6 opment of an information infrastructure of services,

7 data bases, and knowledge banks connected to such

8 computer network; facilitation of the validation of soft-

9 ware and distribution of that software over such corn-

10 puter network; and promotion of science and engineer-

11 ing education.

12 "(B) The National Institute of Standards and

13 Technology shall be responsible for ensuring interoper-

14 ability between computer networks run by different

15 agencies of the Fede' al Government and for establish-

16 ing, in conjunction with industry, benchmark tests and

17 standards for high-performance computers and soft-

18 ware. Pursuant to the Computer Security Act of 1987

19 (Public Law 100-235; 100 Stat. 1724), the National

20 Institute of Standards and Tech Angry shall continue to

21 be responsible for developing standards and guidelines

22 for Federal computer systems, including standar& and

23 guidelines needed to assure the cost-effective security

24 and privacy of sensitive information in Federal com-

25 puter systems.

I C
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1 "(C) The National Oceanic and Atmospheric Ad-

2 ministration shall continue to observe, collect, commu-

3 nicate, analyze, process, provide, and disseminate data

4 about the Earth, its oceans, atmosphere, and space en-

5 vironment. It shall improve the duality and accessibil-

6 ity of the environments; data stored at the four Nation-

7 al Oceanic and Atmospheric Administration data cen-

8 ters. In addition, the National Oceanic and htmospher-

9 ic Administration shall perform research and develop

10 technology to support its data handling role.

11 "(D) The National Aeronautics and Space Admin-

12 istration shall continue to conduct basic and applied re-

13 search in high-performance computing, particularly in

14 the field of computational science, with emphasis on

15 aeronautical applications and remote sensing data

16 processing.

17 "(E) The Department of Defense, through the

18 Defense Advanced Research Projects Agency, the

19 Office of Naval Research, and other agencies, shall

20 continue to conduct basic and applied research in high-

21 performance computing, particularly in computer

22 networking, semiconductor technology, and large-scale

23 parallel processors. Pursuant to the Stevenson-Wydler

24 Technology Innovation Act of 1980 (15 U.S.C. 3701

25 et seq.), the Department shall ensure that i! Ilassified

1 1
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1 computer technology research is readily available to

2 American industry. The National Security Agency,

3 pursuant to the Computer Security Act of 1987 (Public

4 Law 100-235; 100 Stat. 1724), shall continue to pro-

5 vide, where appropriate, technical advice and assist-

6 ance to the National Institute of Standards and Tech-

7 nology for the development of standards and guidelines

8 needed to assure the cost-effective security and privacy

9 of sensitive information in Federal computer systems.

"(F) The Department of Energy and its national

laboratories shall continue to conduct basic and applied

research in high-performance computing, particularly in

software development and multiprocessor supercom-

puters. Pursuant to the Stevenson-Wydler Technology

Innovatioh Act of 1980 (15 U.S.C. 3701 et seq.), and

ether appropriate statutes. the Department of Energy

shall ensure that unclassified computer technology re-

search is readily available to American industry.

"(2) The Plan shall facilitate collaboration among agcn-

10

11

12

13

14

15

16

17

18

19

20 cies and departments with respect to-

21 "(A) ensuring interoperability among computer

22 networks run by the agencies and departments;

23 "(B) increasing software productivity, capability,

24 and reliability;

25 "(C) promoting interoperability of software;

18
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1 "(D) distributing software among the agencies and

2 departments; and

3 "(E) distributing federally funded, unclassified

4 software to industry and universities.

5 "(d)(1) Each Federal agency and department involved in

6 high-performance computing shall, as part of its annual re-

7 quest for appropriations to the Office of Management and

8 Budget, submit a report identifying each element of its high-

9 performance computing activities, which-

10 "(A) specifies whether each such element (i) con-

11 tributes primarily to the implementation of the Plan or

12 (ii) contributes primarily to the achievement of other

13 objectives but aids Plan implementation in important

14 ways; and

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

16 priations that is allocated to each such element.

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

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

19 and departmental responsibilities set forth in the Plan, and

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

21 statement of the portion of each agency or department's

22 annual bAget estimate that is allocated to each element of

23 such ager cy or department's high-performance computing ac-

24 tivities. The OVice of W.nagement and Budget shall ensure

25 that a copy of tl,P President's annual budget estimate is

1 9
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1 transmitted to the Chairman of the Council at the same time

2 as such budget estimate is submitted to Congress.

3 "ANNUAL REPORT

4 "Sec. 603. The Chairman of the Council shall prepare

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

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

7 ducted pursuant to this title during the preceding fiscal year,

8 including-

9 "(1) a summary of the achievements of Federal

10 high-performance computing research and development

11 efforts during that preceding fiscal year;

12 "(2) an analysis of the progress niade toward

13 achieving the goals and objectives of the Plan;

14 "(3) a copy or summary of the Pian and any

15 changes made in such Plan;

16 "(4) a summary of agency budgets for high-

17 performance computing activities for that preceding

18 fiscal year; and

19 "(5) any recommendations regarding additional

20 action or legislation which may be required to assist in

21 achieving the purposes of this title.".

22 TITLE IINATIONAL RESEARCH AND

23 EDUCATION NETWORK

24 Sec. 201. (a) The National Science Foundation shall, in

'25 cooperation with the Department of Defense, the Department

26 of Energy, the Department of Commerce, the National Aero-

20
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1 nautics and Space Administration, and other appropriate

2 agencies, provide for the establishment of a national three-

3 gigabit-per-second research and education computer network

4 by 1996, to be known as the National Research and Educa-

5 tion Network, which shall-

6 (1) link government, industry, and the higher edu-

7 cation community;

8 (2) be developed in close cooperation with the

9 computer and telecommunications industry;

(3) be designed and developed with the E.dvice of

potential users in government, industry, and the higher

oducation community;

(4) have accounting mechanisms which allow

users or groups of users to be charged for their usage

of the network, where appropriate; and

(5) be plinzed out when commercial networks can

10

11

12

13

14

15

16

17 meet the netwo:king needs of American researchers.

18

19

20

21

22

23

24

25

SEC. 202. In addition to other agency activities associ-

ated with the establishment of the National Research and

Education Network, the following actions shall be taken:

(1) The Federal Coordinating Council for Science,

Engineering, and Technology shall

(A) establish a National Network Advisory

Committee to provide technical and policy advice

from all thc interests involved in the Network

21.
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1 program, including (i) researchers from university,

2 industry, and Federal laboratories who will use

3 the Network; (ii) university and college educators;

4 (iii) librarians involved in electronic data storage

5 and retrieval; (iv) industrial organizations that de-

6 velop and provide relevant technology and serv-

7 ices; (v) managers of regional computer networks;

8 and (vi) experts in networking and computer sci-

9 ence who can provide technical guidance;

10 (B) submit to Congress, within one year after

11 the date of enactment of this Act, a report de-

12 scribing and evaluating effective mechanisms for

13 providing operating funds for the long-term main-

14 tenance and use of the Network, including user

15 fees, industry support, and continued Federal

16 investment; and

17 (C) allow recipients of Federal research

18 grarts to use grant moneys to pay for com-

19 putef networking and other telecommunications

20 expenses.

21 (2) The Department of Defense, through the De-

22 fense Advanced Research Projects Agency, shall be re-

23 sponsible for research and development of advanced

24 fiber optics technology, switches, and protocols needed

9 eTh
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1 to develop a gigabit computer network essential for the

2 Network.

3 (3) The National Institute of Standards and Tech-

4 nology shall develop, in cooperation with the National

5 Security Agency and other relevent agencies, a

6 common set of standards to provide interoperability,

7 common user interfaces to systems, and enhanced secu-

rity for the Network.

(4) The National Telecommunications and Infor-

mation Administration shall determine to what extent

current Federal telecommunications laws and regula-

tions hinder or facilitate private industry participation

in the data transmission field. Within one year after

the date of enactment of this Act, the Administration

shall report such determination to the Congress.

SEC. 203. In addition to such sums as may be author-

ized to be appropriated to the National Science Foundation

by other law, there are authorized to be appropriated to the

National Science Foundation for the research, development,

and implementation of the National Research and Education

Network, in accordance with the purposes of this title,

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22 $50,000,000 for fiscal year 1990, $50,000,000 for fiscal year

23 1991, $100,000,000 for fiscal year 1992, $100,000,000 for

24 fiscal year 1993, and $100,000,000 for fiscal year 1994.
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1 TITLE HINATIONAL INFORMATION

2 INFRASTRUCTURE

3 Sec. 301. The National Science Foundation shall co-

4 ordinate, in close cooperation with the Department of Corn-

5 merce (in particular the National Oceanic and Atmospheric

6 Administration, tne National Institute of Standards and

7 Technology, and the Bureau of the Census), the Department

8 of Defense, the National Aeronautics and Space Administra-

9 tion, and other relevant agencies, the development of a na-

10 tional science and technology information infrastructure of

11 data b9.QPs and knowledge banks accessible through the Na-

12 tional Research and Education Network referred to in title II

13 of th.s Act. The infrastructure shall include, but not be

14 limittd to-

15 (1) a directory of network users;

16 (2) provision for access to unclassified Federal sci-

17 entific data bases, including weather data, census data,

18 economic data, and remote sensing satellite data;

19 (3) rapid prototyping of computer chips and other

20 devices using centralized facilities connected to the

21 network;

22 (4) data bases and knowledge banks for use hy ar-

93 tificial intelligence programs; and

94 (51 provision for international collaboration among

9 researchers.
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1 TITLE rv-SOFTWARE

2 SEC. 401. (a) The Office of Science and Technology

3 Policy, as indicated in the National High-Performance Com-

4 puter Technology Plan (hereinafter referred to as the "Plan")

5 developed and implemented under title VI of the National

6 Science and Technology Policy, Organization, and Priorities

7 Act of 1976, as added by section 101 of this Ant, shall over-

8 see the cooperative efforts of Federal departments and agen-

9 cies in the research and development of high-performance

10 computer software, including projects focused on astrophys-

11 ics, engineering, materials, biochemistry, plasma physics, and

12 weather and climate forecasting.

13 (b) The National Science Foundation shall establish

14 clearinghouses to validate and distribute unclassified software

15 developed by federally funded researchers and other software

16 in the public domain, including federally funded educational

17 and training software. Such clearinghouses shall--

18 (1) maintain libraries of programs;

19 (2) provide funding to researchers to improve and

20 maintain software they have developed;

21 (3) help researchers locate the software they need;

22 (4) make software available through the National

23 Research and Education Network; and

24 (5) promote commercialization of software where

25 possible.

25



20

-
18

1 (c)(1) The National Science Foundation shall place spc-

2 dal emphasis on the development of artifkia! intelligence and

3 shall establish join. research programs among government,

4 industry, and the higher education community to develop ar-

5 tificial intelligence applications.

6 (2) for purposes of this section, the term "artificial intel-

7 ligence" means software and hardware which can be used for

8 computer systems that learn, exi:ibit knowledge of them-

9 selves and their environment, make logical inferences, display

10 creativity, or mimic other aspects of human intelligence, and

11 such term includes expert systems, neural networks, natural

12 language processing programs, translation programs, and

13 higher level programming languages.

14 (d) The National Institute of Standards and Technology

15 shall develop standards for software programs purchased or

16 developed by the Federal Government that promote develop-

17 meat of interoperable software systems that can be used on

18 different computer systems with different operating systems.

19 (e) Procurement regulations at the Defense Department

90 and other departments or agencies shall be changed so that

91 contractors providing software to the Federal Government no

29 longer are required to forfeit the proprietary software devel-

93 opment tools thai they used to develop the software.

24 SEC. 402. There are authnrized to be appropriated to

95 the Office of Science and Technology Policy for distribution

I) C
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1 to the National Science Foundation, the Department of De-

2 fense, the Department of Energy, the National Aeronautics

3 and Space Administration, and other relevant agencies for

4 computer software research and development, in accordance

5 with the purposes of this title, $50,000,000 for fiscal year

6 1990, $100,000,000 for fiscal year 1991, $150,000,000 for

7 fiscal year 1992, $200,000,000 for fiscal year 1993, and

8 $250,000,000 for fiscal year 1994.

9 TITLE VCOMPUTER SYSTEMS

10 SEC. 501. The National Science Foundation shall

11 ensure that the national supercomputer centers in the United

12 States continue to have tne most advanced, commercially

13 available supercomputers produced by United States manu-

14 facturers.

15 SEC. 502. Where appropriate, Feder..1 agencies shall

16 procure prototype or early production models of new high-

17 performance computer systems and subsystems to stimulate

18 hardware and software development in the American high-

19 performance computer industry. Particular emphasis shall be

20 given to promoting development of advanced display technol-

21 egy, alternative computer architectures, advanced peripheral

22 storage devices, and very-high-speed communication links.

23 SEC. 503. Within sixty days following the date oi enact-

24 ment of this Act, the Secretary of Commerce shall review

25 export controls that hinder the development of foreign mar-
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1 kets for United States manufacturers of supercomputers and

2 other high-performance computer technology, and report to

3 the Congress the results of such review.

4 SEC. 504. There are authorized to be appropriated to

5 the Office of Science and Technology Policy, for distribution

6 to appropriate agencies and departments as specified in the

7 Plan, for research in computational science and engineering,

8 $30,000,000 for fiscal year 1990, $60,000,000 for fiscal year

9 1991, $90,000,000 for fiscal year 1992, $120,000,000 for

10 fiscal year 1993, and $150,000,000 for fiscal year 1994.

11 TITLE VIBASIC RESEARCH AND EDUCATION

12 SEC. 601. The Office of Science and Technology Policy

13 shall, in cooperation with relevant departments and

14 agencies--

15 (1) support basic research on computer technolo-

16 gy, including research on advanced semiconductor chip

17 designs, new materials for chips, improved chip fabrics-

18 tion techniques, photonics, and superconducting corn-

19 puters;

20 (2) create technology transfer mechanisms to

21 ensure that the results of basic research are readily

22 available to United State_ industry;

23 (3) promote basic research in computer science,

24 computational science, electhcal engineering, and ma-

25 tr rial science; and

2 8
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1 (4) educate and train more researchers in com-

2 puter science and computational science.

3 SEC. 602. To expand its traditional role in supporting

4 basic research in universities and colleges, and in training

5 scientists and engineers in computer science, computational

6 science, and electrical engineering, there are authorized to

7 be appropriated to the National Science Foundation,

8 $10,000,000 for fiscal year 1990, $20,000,000 for fiscal year

9 1991, $30,000,000 for fiscal year 1992, $40,000,000 for

10 fiscal year 1993, and $50,000,000 for fiscal year 1994.

o
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Senator GORE. Very good.
Let us call the first panel up here now. John Rollwagen, Chair-

man and Chief Executive Officer of Cray Research, Incorporated,
based in Minneapolis and Dr. Sheryl Handler, who is President of
Thinking Machines Corporation in Cambridge, Massachusetts.

I might say to start what is already well-known and that is that
Cray is the leading supercomputer company in the country and in
the world ...Ind Thinking Machines Corporation is in my view the
leading massively parallel computer company in the world. A dif-
ferent approach, and each machine does different things extremely
well.

Without objection, your prepared statements will also be includ-
ed in the record.

In introducing you, I want to say a word of thanks. Both of you
cancelled your schedules in May to come and help with another
similar event and both of you have juggled your schedules to be
here today. I know you are both extremely busy CEOs and we are
very happy that you are here today.

Mr. Rollwagen, we will start with you.

STATEMENT OF JOHN A. ROLLWAGEN, CHAIRMAN AND CHIEF
EXECUTIVE OFFICER, CRAY RESEARCH, INC.

Mr. ROLLWAGEN. Thank you, Senator, and I want to express my
xatitude, really, for having an opportunity to speak to your Sub-
committee about this issue. I want to compliment both you and
your staff and the Subcommittee generally for taking up this topic.

Obviously, I have a special interest, but I thoroughly believe this
is important for the country as a whole and a very significant issue
and very appropriate for you to deal with.

Senator GORE. Could I ask you to move that? It is kind of a
funny mike. If you could move it closer.

Mr. ROLLWAGEN. In proceeding, as you indicated I have prepared
a statement and I will not bore you with reading that, but I would
like to make a few comments.

Before I do I would like to indicate as well that I am pleased to
be able to speak both as CEO of Cray Research and as a represent-
ative of the American Electronics Association. We have had some
discussions within the AEA itself and my statement can be inter-
preted as coming from that association as well.

What i would like to do in taking advantage of my time is give
you just a brief background of the supercomputer business from
our perspective, bringing it up to the historical point we are today.

I also brought a videotape which I think might help illustrate
some of the points that you were talking about, Senator, as regards
to the power of the systems and what they mean for scientists and
engineers today and particularly in the future.

Tnen I will say just a couple of things about why we support the
particular bill that has been introduced from Cray Research's
standpoint.

The first point I want to make is that the supercomputer indus-
try is a home-grown industry. It started in the United States and it
is still dominated by United States suppliers. However, the charac-
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ter of the industry has changed considerably in the time since it
first originated.

It is hard to put a specific pinpoint on that date, but at least in
our terms our company started in the early 1970s, developed and
delivered its first system in the mid-1970s. At that time we could
identify precisely 86 potential customers in the whole world for
this technology.

While that was enough to start a company, it certainly was not
enough to generate the kind of interest that supercomputers have
today and we would not be having any Committee hearings in the
Senate of the United States to talk about a market confined to 86
potential customers.

Something has happened in the meantime that has changed the
character of the business. First of all, just in terms of the current
activity in the industry, rather than 86 potential customers, just
our company has about 170 customers of those original 86, and we
are talking probably to another four or five hundred companies
ourselves, not to count the activity that Sheryl is involved in and
the other companies that are in this business.

So we are at least an order of magnitude beyond where we
thought the business would be in the early days and that is very
exciting and very gratifying for us.

But even that is not enough to justify or warrant the kind of at-
tention that supercomputers are generating, because I have the
feeling that today we are as much on the threshold of this business
as we were in the middle 1970s. It was exciting then. It is even
more exciting now.

The reason I feel that way is that the technology has led us into
a new world from a couple of different perspectives. First of all, the
computers themselves have gotten powerful enough that the simu-
lations they perform, which is what they are used for, is to simu-
late physical phenomena, are much more realistic and much more
accessible than they used to be in the past.

We can do simulations now in three dimensions instead of two
dimensions and as a result the simulations themselves are more in-
formative, more realistic, more useful.

Secondly, there have been other devices and capabilities, compli-
mentary capabilities, developed particularly in the area of work
stations, with graphics capability that allow researchers to deal
with these machines in the form of pictures rather than numbers
and equations exclusively.

This means now for the first time that scientists and engineers
can use this technology in terms that are intuitively comfortable. It
is not necessary to be a sophisticated mathematician or a sophisti-
cated computer scientist to get the advantage of computer simula-
tion in doing engineering and scientific research.

Now, all of this still may sound rather, almost mundane or inter-
esting but kind of techy. To put it into the final perspective I want
to quote something that Paul Gray, who is the President of MIT,
told me. He said it and I have heard it elsewhere as well.

In talking to me a year or two ago, he said, John, you may not
understand what is happening as a result of the technology that
you people and others like you are delivering.
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He said, this is a very fundamental change in how science is pur-
sued. In fact, nothing like this has happened in 300 years. The sci-
entific method as we know it today really was born in the 1600s
with the mathematics of Descartes and the empirical observations
of Newton, of course, and the proverbial apple that landed on his
head. Those are the two basic paths to scientific discovery that
have been used since that time and the numerical simulation rep-
resents a whole, new third path towards scientific discovery.

Now, if that is true, that is a very, very fundamental change in
how engineering and science is done and it certainly warrants the
interest of the Senate of the United States and in fact any country,
any organization that has an interest in participating in the devel-
opment of science world-wide. So again, I think you are on the
right track and it is something that is very important to pursue.

I think I can give you a little more substance to what I am
saying if I show you that tape right now, and I wonder if I could
ask you to tip that screen just a little bit this way because I have
to kind of watch what is happening and this does not have a narra-
tion. We are kind of primitive in our PR but at least you will get
the idea what these pictures are.

The first one is a weather application that was developed at the
National Center for Atmospheric Research. It will show you, as you
see, a map of the world laid out in front of you. In the red are high
pressure areas. Blue is low pressure and green shows the jet
stream, and this is at a point three and a half miles above the
earth.

Now if you think about it, that is a pretty monumental thing to
be able to picture and this is all the product of equations and nu-
merical analysis that is being done on the computer and that
allows the atmospheric scientists to study, for example, the green-
house effect and a lot of the work on that was done at NCAR.

This is a fascinating one done by Dr. Gregory McKay at Carne-
gie-Mellon and this shows the Los Angeles Basin with the base case
on top, which is what really happens every day in Los Angeles.

You are going to see some red begin to appear in the basin and
that represents primarily ozone, but other chemical pollutants en-
gulfing the area and we all know that happens in Los Angeles.

He was able to run simulations successfully on one of our sys-
tems that showed if we could convert from gasoline to methanol in
engines, automobile and truck engines and so forth in the Los An-
geles Basin, that in effect the problem could literally be solved.

This is having a major impact on policy decisions in that area
and it took literally hundreds of hours of computer time to come
up with the' simulation. I know that President Bush when he was
Vice PresLient was made aware of this and got ver j excited about
it in his responsibilities for the EPA.

The next one is even more fascinating, I think. It shows a torna-
do but we will have to wait a minute until we get there. Now this
looks like a cartoon but it is not. This is the output of a program to
simulate the activity of a tornado, presumably in Kansas or some
place as you can see by the field. Pretty sooi that cloud will come
to life, as you can see, and start moving.

As I say, it looks kind of like a cartoon, but no artist drew this
picture. This is the output from the computer as it simulatesand
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you can see the tornado forming right thereas it simulates how
tornadoes actually work and progress and move over the landscape.

Now, one of the fascinating things about this is that it illustrates
the point I was saying about communicating with pictures instead
of number= and equations. If the computer printout for this pro-
grain were just printed, it would be three-and-a-half feet thick, and
try to make sense out of a three-and-a-half foot computer printout,
rather than that picture.

This, as you can probably tell, is an F-16oh, it is written on
thereand it shows how the air flow works over an F-16 and it is
a direct illustration of what you were talking about, Senator, with
the use of numerical simulation instead of wind tunnels, and in
fact it illustrates how this is even better than the wind tunnel be-
cause the wind tunnels do not draw those pretty lines.

It is very hard to interpret the data from the wind tunnel. This
is similar, only this is the National Aerospace plane, or one version
of it, and in this case what you are going to see it is going to be
flying at mach 25 and white is high stress and black is low stress. I
guess the black is not showing up very well. But that has great sig-
nificance for the designers of that plane and to be able to deal with
that output.

The next one is another aerospace application. There is a real
problem if you want a jet plane to take off vertically in terms of,
where does the exhaust go after . ;tits the ground and that has to
be engineered very carefully so -s not to come back into the intake
into the engine, which would be disastrous for the plane and the
pilot.

These look very straightforward, these lines and so forth, but the
underlying physics and the equations to run that are very complex
and require the power of a supercomputer.

The next two are particularly fun. They are from the automotive
industry. The first one will show you a con, iecting rod. The two de-
signs are the same here, but in this case the computer was given
the assignment of reducing the weight of the connecting rod and
maintaining its physical integrity.

As you see, it is changing shape and it is illustrating where the
stresses are again with the colors, but take my word for itor take
the Cray's word for itthe one on top has all the strength of the
one on the bottom, and based again on the simulation of the phys-
ics involved, and it would make an obvious difference in the cost of
that particular part.

Even more impressive than that is the next simulation which we
have actually talked about quite a bit, which is a car crash. Now,
this is the thing and I want you to watch this. It is a real Volks-
wagen Polo being crashed into a real wall and just watch what
happens. We have all seen these kinds of films. Particularly watch
it bounce back right there, which evidently is a very siguificant
thing in automobile engineering.

Here is the computer version of the same thing and this was
used to decide whether to get one of our computers, and the thing
that they were looking for is, did it bounce back? If it did not
bounce back, then the simulation was not real. Thank God, it
bounced back.
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We did not know that in advance. They did not just program
that in. But you can see how it is very similar. For practical pur-
poses, identical to the real thing and yet running this on a comput-
er means that you can change the design instantly and experiment
with it. The only problem is, that simulation took 11 hours to run
on a Cray, so even the Cray computers are not fast enough.

I will show you this last one just for fun, but it also makes a
point. I do not know if you saw the movie 2010, but this is a picture
of Jupiter that was used in the movie 2010, and with the spot and
everything.

What is interesting about this is that that is a huge picture on a
movie screen with great resolution because the Cray was able to
draw the picture. But it was not an artist's rendition which was
then animated on the computer. That part wasthere is no hole in
Jupiter like that. We disavowed that part of it. But that is a little
bit of Hollywo,g.i. You can turn it off now, if you will.

The point I want to make is, if you saw that picture on a screen
you saw perfectly high resolution, or a perfect picture of Jupiter,
but the picture was created by simulation of the atmosphere on Ju-
piter.

We have those equations at the jet propulsion laboratories and
the producer of the movie got them and ran them on the Cray and
so that is a weather forecast for Jupiter, and there is every reason
to believe that that is an accurate weather forecast and therefore
an accurate representation of Jupiter

Because the picture is high resolution, that may be the most real
picture of Jupiter that we have ever produced, including satellite
fly-bys, because the resolution of those pictures are not high. So
this may be a more accuratea more real, if I can put it that
waypicture of Jupiter than a real picture of Jupiter, which is a
little strange to think about.

That is basically what the business that we are in now, is provid-
ing that kind of simulation and making it available, literally. If it
is true, if this is a third route to science, if these are real simula-
tions, if this is a meaningful way to do science and engineering, it
is my contention that in the 1990s every single engineer and scien-
tist in the developed world will use a supercomputer of one kind of
another almost everyday in his or her work.

So we are not talking about 86 potential customers, or even 860
potential customers. We are literally talking about millions, per-
haps, of potential customers using this in their daily work.

Now, a lot of things have to happ-::-. for us to realize that poten-
tial. Certainly the computers have to be available and the software
has to be available to run the computers, but we have to be able to
deliver that capability to the scientists and engineers in a form
that is useful and easy for them to use.

That is where I think this bill comes in, in many different ways.
As the Senator said, we are talking about the title that has to do
with the network that is key for delivering this capability across
the country to the hands of scientists and engineers all over this
country and to do it effectively we need wide band width. We need
a high capacity piping system.

But also, that is not even good enough. What we need is a col-
laborative effort among universities, industries, government labora-
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tories, to share the knowledge that we are developing on how to
create these simulations and how to use them and that is a key
part of this bill as well.

We need to emphasize the educationscientific educationof
our new scientists and engineers to know how to use these, both to
know how to program them for the computer scientists, perhaps,
and to know how to use them if you are just a regular engineer or
scientist, effectively, and that is dealt with in this bill.

I think it is a very exciting opportunity we have to take an im-
portant step forward and to recognizethis is my final statemtnt
to recognize that it is critical for us, because we are dealing in a
world-wide competitive struggle to develop U.S. technology and to
maintain ourselves at the forefront, not just of the supercomputer
business and what that means, but for all of industry, really, that
has anything to do with physical phenomena, any kinds of products
and services that are built on science and engineering technology
of any kind. This is a critical tool to make ai'ailable to those
people.

SoI could go on for hours. I will not. I commend you on your
interest and wou',: be happy to answer any questions later that
you might have.

[The statement followsl
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STI.TEMENT OF JOHN A. ROLLWAGEN
CHAIRMAN ANL1 CHIEF EXECUTIVE OFFICER

CRAY RESEARCH. INC.

also on beltalf of

THE AMERICAN ELECTRONICS ASSOCIATION
Good morning, Mr. Chairman. I thank you for the opportUnity to
testify before your subcommittee on the networking portion of

your "High Performance CompWer Technology Act of 1989." Let e
:ust say that Cray Research, Inc. appreciates the leadership you
are giving tO this very crucial Industry and its technology base.
My testimony today will also reflect the views on High-

Performance Comput1n4 of the Acerican Electronics Association
'AEA) of which Cray Research is an active member. The AEA is the
largest %ational trade group representing electronics and
information technology companies. AEA membership includes 3500
companies and 48 maur universities as associate members.

The national focus and discussions on your Bill will contribute
to a broader understanding of the overall benefits to be derived
tram computational science. Specifically, it will accelerate the
use nf supercomputers in the pursuit of higher quality science
and technologY and will motivate the behavioral shift on a
national basis to a computational approach to solving science and
technology problems. We believe that this shift will put the
United States cn a new technology curve altogether and return
greater benefits.

We at Cray Research, Inc. are very supportive of this
legislation. It addresses several trends that we see an
important, if not cricial, for the U.S. to increase the distance
between our supercomputer industry and that of Japan. First, all
sectors of the U.S. infrastructure must work together in a more
collaborative fashion. Traditionally, programmatic efforts dealt
with one sector or another: rarely did legislation deal with this
critical cultural change to intersect collaborative efforts.
While the U.S. has the largest R&D expenditure in the world -- at
last count $132 Billion-- we vork hard to separate our policies
and funding activities based upon basic or applied research,
advanced development, etc. Even further, we have separated our
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policies and our support differently for the university, private

and defense sectors. This has resulted in a distortion of

resources allocated for R&D important to the commercial sector

and to overall competitiveness in world markets. In the past

when global Competitors were more evenly matched in terms of size

and resources, and when company resources were the only resources

in the private sector, these distinctions apparently had little

impact. we, in the U.S. have had a phobia of an emotionally

laden term known as "industrial planning" which has been

translated to mean anything relating to government support for

non-DoD supported industry. This has been true even when there

has been clear evidence that structural differences between our

infrastructure and other trading blocs would have long-term

deleterious effects for U.S. economic security and soc too,

national security. This legislation addresses this crucial naed

to break down these artificial barriers in order to be able to

"communicate" across sectors. A "clear channel" is necessary to

speed the transformation of Important results, paid for by our

R&D dollars from any one of the sectors, to industrial relevance.

Japan has tremendous strength and well-established effectiveness

in this very basic requirement of rapid, clear and effective

technology transfer.

Second, the industries and the macroeconomic policies that

support the supercomputer industry are significantly different

between the U.S. and Japanese countries. There is no value

judgment here: the structures are just different. In the U.S.

e have our anti-trust mentality and we espouse small is

beautiful." In Japan, it appears that the notion of critical

mass required to effect market-share oriented trade policies are

de rigueur. That is, there are signiricaLtly less companies

competing for the same market dollar and therefore, there is more

market dollar available to fund enhanced R&D. In order to

leverage the larger U.S. Investments in R&D necessary to minim)ze

2
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the negative impacts due to mere structural differences, the

technology base developed within any of the sectors must be able

to complement or leverage the technology investments of the

others.

This legislation appears to directly .ddress this critical issue,

Industrial participation is explicitly described. The model and

experience our country derives from the implementation of this

legislation will have benefit beyond the supercomputing industry.

Using the technology investments in a manner that is indifferent

to which sector developed the technology will begin to balance

this structural disproportality between the supercomputing
industry of the U.S. and that of Japan. Just by way of

reference, Hitachi's revenue for 1988 was $23.9 Billion, NEC's
was $18.9 Billion and fujitst.'s was $15 Billion, based upon a
conversion rate of 130 yen/dollar.

Today, the U.S. has well-established leadership in advanced

technology in the following areas: successful implementation of
new architectures that exploit massive numbers of processors in
parallel: significant software technology necessary to exploit
high levels of parallelism; a deep bed of experience in
algorithms necessary to address the leading-edge problems of
science and engineering crucial to the economic and national

security health of the nation: and a well-proven and successful
vectorization capability. The Japanese have yet to deliver a
multi-processor supercomputer. They have identified software as
a crucial capability to acquire. They send significant numbers
of researchers to study at our universities as well as to NASA
and NIH to learn the computational methods necessary to fuel

high-tech applications that can affect the competitive posture of
whole industries. Continued and more aggressive investments in

these technology areas by the U.S. will be significant to
enabling "break-away" achievements for the supercomputing
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industry. The new thrust described in the legislation of

including industry and focusing on industrial needs and issues

will help nsure that the U.S. supercomputing industry can

continue its leadership in the global marketplace. This

legislation focuses on software as well as networking. These two

technology areas of the Bill, in our opinion, will have the most

direct impact on the s.zpercomputer industry and on the high-tech

industries that can leverage supercomputing Into a globally

significant competitive edge.

The supercomputing industry will benefit from this legislation

because it will provide res2archers better access to

supercomputers and superccmputing technology, such as that

available from the NSF Supercomputing Centers. A decade ago, few

people would have pred.cted the impact that supercomputers would

have on our lives. Today, researchers around the world are

applying supercomputer power to the solution of diverse and

complex problems. With )ust one supercomputer system, users ctn

solve a wide variety of problems. For example, in the aerospace

field, supercomputers are being used to design engines, to

analyze structural responses to stress, to design electronics

system and to simulate wind-tunnel testing. Other application

areas include: weather and atmospheric modeling, seismic

processing for oil exploration. pharmaceutical and chemical,

image processing, finance electronics and nuclear power. Though

the 'spact of superoczputers has been phenomenal in the last

decade, it Is clear that the changes have only just begun.

It sriould be noted that this initiative will help educate more

students and industry researchers about computational science in

our nation's colleges and universities. For some time, the

United States research community has been concerned about the

education and training of America's current and future scientific

and technical work force. Enhanced science and engineering

4
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education definitely must be consitlerod as part of any long term

foundation that must be laid in order for the United States to

saintain its technological world leadership. This Bill is a

specific measure that will improve the training of our scientific

and technical work force and expand the supply of highly-trained

scientists, engineers and technicians by providing more

supercomputer access to individuals in the academic areas. Also,

industries that depend on leading e,';e R&D will benefit by having

greater access to those state-of-the-art supercomputing tools in

addition to having greater access to the researchers frog

universities and the national laboratories who are working on
related research.

It is clear that the supercomputer highway will quickly catapult
U.S.-based researchers into new levels of productivity and

creativity by providing not only sore accessibilite but also more
timely results. It will also ensure that the coLputational

apt.roach will move quickly to take its place along side of

experimentation and theory in the pursuit of new heights of
science and technology. This will provide for greater rates of

innovation - the only true offensive weapon in our economic race
for global industrial leadership and continued national security

The National Research and Education Network (NREN) is the key to
cd2vessing this problem by providing greater access to
supercomputers by varios industries. your analogy to an

"information super highway" is very apt. We also believe that
the ultimate benefits will be beyond what we can envision at this
point in ties, as we begin to shape the beginning of our effort.
What is clear is that the network is a crucial nabling function.
Furthermore, the NREN builds on investaents already aade by the
United States Government, where benefits have clearly been
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achieved: ARPANET, MFENET, NASANET, SURANET, etc. It has been

wonderful, indeed, to watch the networking activities at local

levels, even on university campuses, as researchers seek out

fellow researchers and distributed computational resources

important tc-solving their research prcblems are brought to bea-

on specific areas of investigations. This has no doubt been a

strong contributor to the continueu excellence cf our university

system.

Our government has acted as a catalyst in releaslng all this

grassroots energy: NSF has already "built" the network backbone

for NSFNET: NASA has built effective networks to U.A% industry;

universities have built "routes" into supercomputing centers as

well as into the national laboratories to allow researchers to

access state-of-the-arts tools of RE,D and to communicate with the

resources available throughout the country. It now seems

appropriate in this stair-step c.ocess that the government would

e-tablish an enabling framework to allow all these diverse and

4ewhat uncoordinated grass-root activities to work in a more

effective coherent and productive manner. This enabling

framework is the NREN. By adding significant capacity as

envisioned by your Bill, some of the barriers to solving problems

remotely will begin to be addressed. Today, I understand that

some researchers choose between taking their data on an airplane

to a supercomputer center or submitting the data at their local

work station. If the research requires a large bandwith to

handle tho problem data, the airplane is many times the most

realistic option. Many leading edge problems of science and

engineering in fact require not only many computer cycles in

order to obtain the quality of science envisioned, but also are

characterized by huge quantities of data. Weather forecasting is

an example where huge quantities of data need to be computed in a

timely fashion. Forecasting the weather for the next several

days, assessing the influence of the constant Lnterplay between

6
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the atmosphere and the oceans on the coning winter weather, and
predicting the climate consequences ca increasing carbon dioxide
in the atmosphere, all depend upon the lighting speed and large
memories of today's supercomputers. Obviously, if one has to
take data by-plane to the computing center, much of the
spontaneity that ve intuitively associate with creativity and
achieving higher levels of science ix lest.

The proposed legislation moves the U.S. closer to our goal of
becoming better at "ccmsercialization of the results of our R&D"

through better technology transfer and dissemination. The
National Network Advisory Committee identified in the Bill,

consisting of representatives from all sectors, should ensure
more effective collaboration among researchers no matter vhat
sector they represent. The transfer of technology among these
sectors should Nlso be accelerated. Having the Advisory
Committee undertake deliberations of difficult issues vill ensure
that workable policies emerge, further ensuring the success of
the Act. Although we recognize that the nation faces real
budgetary constraints, we would like this Coamittee to consider
having a window of time - say 2 yaars - during vhich researchers
from all sectors would have "free" access to networks, This
should be coorcinated with access to low conr supercomputing
resources in either the national laboratories or the NsF '.enters.
The U.S. is very much at the beginning to what amounts to a
culture change --in the jargon today -- a "paradigm shift" to
computational science. In order to accelerate ts shift -

necessary to reap the benefits anticipated by the Dill - all
barriers between sectors should Le removed in so far as is
practical. Fees for access and supercomputer use represent very
real barriers and will vork against the goals of the Act.

From the perspective of a vendor that sells supercomputers
throughout the world, ve have witnessed an interesting scenario
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occurring in the way supercomputers are being used in other

countries, when compared to the way they are used in the United

States. Japan, even perhaps more than the U.S., sees

supercomputers as an essential tool of R&D. Japan has a larger

industrial and university commitment to supercomputing than we do

and they apply their supercomputing technology primarily to

enhance the competitiveness of their commercial induqtries. Of

course, we believe that supercomputers are important to the

competitiveness of a broad range of U.S. industries. However,

Japan has significantly more supercomputers in application areas

which could be termed "competitively embattled" than the U.S.

Japan uses more supercomputers in automotive, chem/pharm/biotech,

construction, and electronics. The U.S. uses more supercomputers

in aerospace, petroleum, and research, traditional areas of the

U.S. strength. Take the automotive industry for example. The

U.S. big three car makers have all purchased Cray machines.

However, most of these machines are our smaller and therefore

less powerful supercomputers. On the other hand, our European

and Japanese automotive customers have stepped up their purchases

of Cray's larger multiple Central Processing Units (CPU) and

therefore more powerful systems. These computers can be used to

cl,asign almost every component in a car as well as be used for

simulated car crashes and thereby avoid building multiple

prototypes. Of the 15 Crays used by the automotive industry,

three are in Detroit, compared with seven in Europe and five in

Japan. Honda, Toyota and Mitsubishi have one each. Nissan's two

are so powerful that they outperform our nation's big three

combined. The message here is simple - our competitors around

the world recognize the advantage they can receive by greater

access to supercomputers and make this a priority in their R&D

efforts. In a recently completed study performed under the

Japanese technology assessment program (JTECH), on computer

integrated manufacturing for Japan's semiconductor industry, it

was noted that Japanese companies routinely use supercomputers
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and that supercomputers are seen as necessary tools of R&D.

There are 9 supercomputers in use in Japan in the electronics

industry compared to 3 in use in the U.S.

I might also-add a thought at this point about the NSF

Supercomputing Centers. While we are very excited about the

NREN, it seems that additional specific attention should be given

the NSF Supercomputing Centers. It would seem that increasing

the capacity of the networks into the Centers will also

significantly increase the requirements of the Centers to support
their increasing base of users. The NSF Supercomputer Centers

have played a unique role in the cultural shift to computational
methods and support for them should be expanded to ensure their
contilved role as leading edge technology centers. The Centers

provide state-of-the-art supercomputing facilities; they are a

research repository for our largest problems -- setting the pace

for other Centers established by the states and elsewhere. These
Centers have been successful in disseminating supercomputing

technology into a broad rser community. Also, new "programs"

that will allow these Centers to continue to "set the pace" in
such arerm as visualization, broader training, novel national
grand challenges, etc. would ensure that the goals of the Act are
effectively and aggressively realized. At any rate, it would be

our hope that the implementation and funding of the Bill would
provide recognition that the upgrade schedule for the Centers
could change due to an anticipated increase in the number of new
researchers ane that special activities, such as training and
support, might be necessary and should be put in place
proactively.

In addition to the network, Cray Research believes that the other
high payoff area of the Bill is software. This includes software
tools for debugging compilers that are better at detecting

parallelism from code; parallel algorithms; and the development
of new application codes for leading edge science and
engineering. We believe that the benefits from an intense focus
in the software area will have high payback to a broad range of
researchers. We would be glad to explore this and other areas of
the Bill in tore detail at another time.

Thank you again for this opporturity to testify.
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Senator GORE. Thank you very much. We will hold questions
until Dr. Handler has spoken.

Dr. Sheryl Handler is the CEO of Thinking Machines Corpora-
tion in Cambridge, Massachusetts. Thank you for being here.

Please proceed.

STATEMENT OF SHERYL L. HANDLER, PRESIDENT, THINKING
MACHINES CORP.

Dr. HANDLER. Thank you.
Today I would like to talk about the supercomputer industry

from a slightly different point of view, both because our technology
is different, but also I think our perspective is different. I would
like to talk about why the country that leads the world in high per-
formance computing will also lead the world as the high perform-
ance economy.

We are in an age of economic, not military, confrontation, and
high performance computing is the essential ingredient in leader-
ship in both business and science. And that is my key point today,
that the supercomputer industry is important in its own right, but
it is an enabling technology that will have a very significant
impact in business and in science in a much larger way than in the
past.

Leadership in the supercomputing industry takes two forms.
First, it means leadership in the manufacturing and sales of super-
computers worldwide, but it also means leadership in supercom-
puter usage and software in the United States. And the proposed
National Network will provide an important boost to software de-
velopment and utilization in America.

Today I would like to talk first about the importance of super-
computing to the economy. Then I would like to talk about our cur-
rent lead in a new wave of supercornputing. And then I would like
to describe how we can capitalize on this lead in this new technolo-
gY.Also, I have a cold, so let me know if you cannot hear me. I will
try to speak louder.

First, the importance of supercomputing. There has been a lot of
publicity lately about the strategic importance of supercomputers,
and it is all true. Those with access to the biggest superoomputers
achieve the deepest understanding.

Two hundred years ago Napoleon said that God is on the side of
the largest army. Today, he would just as accurately say that God
is on the side of the largest supercomputers. They are that impor-
tant.

Supercomputers solve the biggest and the hardest problems.
First, they help us to make use of our largest data bases. We have
spent years accumulating data and now find that it is very hard to
have access to it. With today's new supercomputers, we find this
wealth of data usable in a practical form for the first time.

These new supercomputers find, in effect, the needle in the hay-
stack. They can access a single document from amongst millions.
For example, physicians could search the entire National Institute
of Health medical data base looking for rare disease diagnoses and
treatment protocols, or businesses could search and pinpoint statis-
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tical and demographic data necessary to support new product deci-
sions and changes in customer demand. Scientists could find the re-
sults of experiments done halfway around the world. The existence
of a National Network will assure that the benefits of America's
growing data bases are available to all.

Now, supercomputers can also do the reverse. They can see the
forest through the trees. They can spot trends in millions of pieces
of data, and this capability is really vital to businesses as they com-
pete on an expanded worldwide basis.

Now, just to underscore the importance of data bases, I would
like to remind you that when an aerospace company delivers a
jumbo jet, the documentation it delivers weighs more than the air-
plane.

Senator GORE. Is that true?
Dr. HANDLER. That is what one of our customers has told us, and

we believe our customers. That is a lot of documentation, I know.
The second way supercomputers contribute is by helping scien-

tists to understand nature. It is hard to understand an ocean be-
cause it is too big. It is hard to understand a molecule because it is
too small. It is hard to understand nuclear physics because it is too
fast, and it is hard to understand the greenhouse effect because it
is too slow.

Supercomputers break these harriers to understanding and, in
effect, they shrink oceans, they zoom in on molecules, they slow
down physics, and they fast-forward climates. And clearly, a scien-
tist who can see natural phenomena at the right size and at the
right speed learns more than one that is faced with a blur.

Now, how will the Nationr.l Network help to make these benefits
more available throughout Jur economy? It will do it by making su-
percomputer access independent of supercomputer ownership.

Anyone anywhere in America who needs access to data bases or
needs to simulate an event could potentially do it over the pro-
posed network. The network is particularly important now because
the world of supercomputing is in the midst of a transition. Until
recently, supercomputers have been very expensive and, therefore,
relatively few have used them. Now that state of things is chang-
ing, and therein lies the biggest opportunity for America.

The new wave of computing that is emerging is many times more
powerful and is also 'ess expensive. What is this new wave? It is
known as parallelism. The highest performance version of parallel-
ism is called massively parallel supercomputing, and the concept is
very simple. If you have a problem that has millions of pieces of
data, the fastest way to compute it, the way nature does, is to com-
pute all the data at once. This is true for both business and scien-
tific applications.

America is ahead in this new form of computing. That is because
America, through DARPA, took the risk five years ago to try new
approaches, and it paid off. We have built anid begun using these
machines, and we are way ahead of the foreign competition.

Massively parallel computing enables us to achieve performances
of more than a billion operations per second, a gigaflop, at prices
starting in the hundreds of thousands of dollars. This makes super-
computing affordable by those who now buy minicomputers and
mainframes. So for the first time in the history of computing, mas-
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sive parallelism is enabling us to continue to build computers that
are increasingly faster and simultaneously bring the price down.

In the past 50 years new markets have emerged by bringing the
price down firstmainframes to work stations, work stations to
PCsbut in each case, the power of the computer was reduced. But
now we can build machines that are ever faster and also bring the
price down.

More powerful. supercomputers means that bigger and tougher
problems will be solved. Cheaper machines mean that more users
will be able to harness the power of supercomputers. So, in sum,
more will be done and by more people. This is very American, but
the question is, will America take the next step.

I would like to turn to the future. America is the unequivocal
leader in parallel supercomputing. We know how to experiment
and innovate, but are we going to capitalize on our investment by
building a dominant market position both here and abroad. Or, like
high definition TV, are we going to let our technology slip away to
others who see the economic potential and make a commitment to
it?

What is the reason this might happen? The reason is that we are
faced with a double transition. One transition is that we must now
adjust to a highly competitive environment. America is used to
having a virtual monopoly on supercomputing, but that has ended.
And the other transition is that we must move from traditional su-
percomputing exclusively to having traditional supercomputers and
parallel processing.

The good news is that while we are battling it out with foreign
competition in one area of the industry, we are leaping aheqd in
another. The bad news is that Europe and Japan are not far
behind.

Many countries recognized the potential of parallel computers
very early. Even before the United States, Japan and Europe had
large government prograns to build these new machines. Ameri-
can innovation prevailed nevertheless, and we got to the goal first.
But the foreign appetite is very strong and sophisticated, and they
are determined to be major players in this field.

We, on the other hand, are so used to being the leader in super-
computing that we do not have the sense of urgency about using
new parallel supercomputers that other countries do. As an exam-
ple, many of our leading supercomputer centers have not commit-
ted to new architectures because they are waiting for the software
to mature. By the time this happens, we will find ourselves buying
the hardware overseas from those who set out to win.

The Federal Government must make it clear that we cannot,
cling to traditional supercomputer technologies while others adopt
the newer wave of parallel processing in order to leapfrog us. We
should not abandon our traditional supercomputers, but we must
embrace this new wave while it is emerging. The proposed Nation-
al Network will help America tu adopt this new technology faster
by making it available over the net.

In order for America to solidify its lead in parallel supercomput-
ing, we must do two things better than we have in the past: We
must get American users onto the new technology very quickly and
broadly. We must export overseas with great gusto.
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We make the following recommendations:
First, the Federal Government should move quickly to install the

3-gigabit National Research and Education Network. It is a vital
component of the infra-structure of an Information Society. The in-
formation age will not be here until you can access the Library of
Congress from your desk.

Second, as a matter of policy, the Federal Government should
assure that the new parallel computers are installed on the Net-
work a. zc:,ri as they are available. The Newoii, should serve to
foster American innovation.

Third, 'he Federal Government should provide priority access on
Network to users who commit to write new software. As new soft-
ware is written, it should be made available to other users over the
Network.

I think, in summary, I would like to point out that supercom-
puters, once again, are used to solve the biggest problems and the
hardest problems. Our country cannot afford to lose its competitive
edge in high performance computing. Either we learn to take
quicker ahd better advantage of our new supercomputers, or they
will not be built in the United States any longer. It is that simple.

This country must be the first to have every scientist, every bu-
sinessperson, every student using supercomputers. The National
Network is a major step toward this goal. If we do this, we will do
better science, we will operate our businesses with more informa-
ion, and we will make better products. And this is what it will

take to be the high performance economy of the 1990s and beyond.
Thank you.
Senator GORE. Thank you very much. Thank you both for excel-

lent statements.
Before I start the questions, I want to note the arrival of our

ranking Republican.
Senator Pressler, did you have any comments?
Senator PRESSLER. I would just say that in establishing a national

high speed computer network, we have to make sure that the small
schools and schools in the rural states are not left out, obviously.
Today, access to computer networks is limited by location or fund-
ing. Faculty from smaller schools and rural states such as I repre-
sentand in part you do, Mr. Chairmanneed to be able to use
our Nation's unique research resources such as superct,mputers
and weather data bases and so forth. This will enhance the schools'
research and education programs and contributes to the Nation's
knowledge base.

A computer network across the United States obviously has
great potential, and I am happy to join in supporting this effort.
And I hope that the Bush Administration makes a clear statement
of support, which they have to some extent.

Senator GORE. I am going to suggest that we follow the five-
minute rule in this hearing, because we are blessed with very good
attendance, which I think is great. But I am going to start by
trying to keep within five minutes myself here.

On the question of the access to rural areas and smaller universi-
ties, I do share that concern. The limiting factor today isand we
will hear from other witnesses later on this point, and they can
correct my impression if it is wrongthe real limiting factor is the
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availability of the electronics, the switches, the software that
enable UP to use the fiber optic cables that are already in place.

The opening up of the long distance telephone market to compe-
tition meant that MCI and Sprint and a dozen smaller, mually re-
gional companies laid lots of cable with huge redundancies in their
inherent capacity. The development of the switches, the software,
the electronics for the National Network will make it possible for
that same technology to quickly be used on existing fiber optic
cables in South Dakota, and in other parts of Tennessee, and in
Mississippi, and in Virginia, and in Nevada.

Havel covered everybody here?
In any event, I think that that is a problem that will be taken

care of.
Mr. Rollwagen, can you give some specific examples in dollar

terms of how supercomputers have made a business more profita-
ble, more productive, or more competitive? Do you have a specific
example that we can think about?

Mr. ROLLWAGEN. Well, there are several. One that comes to mind
when I am asked that question always is an early one. One of the
first users in the petroleum industry was ARCO that got one of our
systems. It may even have been in the 1970s or the early 1980s.
And within six months of having the system, they figured out by
simulating that oil reservoir in Prudhoe Bay, they figured out how
to get 2 percent more oil out of the ground than they could have if
they had not been able to simulate the reservoir and the various
methods of extracting oil. And 2 percent does not sound like much,
but that is on a base of at least $100 billion, so there is a $2 billion
benefit that accrued to ARCO at the time. And I remember trying
to negotiate 2 percent of their 2 percent, and they said forget it; we
have already bought the machine for $12 million.

There is also a caseand the numbers are not coming to mind;
maybe somebody here from the Cray staff has got itbut there is a
case within the Materiel Air Command in the Air Force of being
able to forecast the weather more accurately, which they do now
with one of our systems. And they save literally millions of dollars
a year in fuel costs, simply in fuel cost of moving material around
for the Air Force.

I know that Grumman, when they designed the latest version of
their Gulfstream plane, came up with a new wing in a record
amount of time. I am not sure what the total economic benefit was.
I know that Boeingmaybe you have noticed on the initial, or on
the new 737 of Boeing, their new version of it, it has an engine
with an odd shape in the front. It has a triangular opening on the
engine rather than a round one. And the placement of that engine
and the design of the engine was revolutionary enough that they
could not have justified that without having simulated it first on a
Cray. They could not have gone through all the process of the phys-
ical experiments, but they were satisfied with the simulation such
that they went ahead and built the plane, and lo and behold, it pro-
duced something like a 30 percent fuel savings in that design. So
there is story after story.

Senator GORE. Well, you can elaborate for the record. We would
welcome you doing that.
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Now, the reason we saw so many pictures in your demonstration
has to do not so much with the way the computer naturally pre-
sents the information as with the human mind, correct? I mean,
the reason you use pictures is because that is the way the human
mind can best absorb lots and lots of data, is that right?

Mr. ROLLWAGEN. That is correct. One way to think of itand it
is a technical term, but I think it has some significance if you are
familiar with itthere is a tremendous impedance mismatch be-
tween us and machines, between us and computers. We do not
think in the same tei ins, so to speak, except maybe Sheryl; she is
working on that.

In any case, between our computer and human beings t: Le is
quite an impedance mismatch. Then switching to pictures matches
that impedance. Again, that is the form in which we think and
which we can absorb massive amounts of data.

Remember that one, the thunderstorm example. We could all
absorb and understand, comprehend what was going on there. I
defy any of us to reaa three and a half pages of computer output
and make any sense of it whatsoever.

Senator GORE. If you try to analyze the human mind in the
terms used to describe computers, you might say the human mind
haF a low bit rate, if you try to absorb information bit by bit by bit,
but very high resolution. If we see a mosaic or a pattern or a pic-
ture, we can instantly absorb lots of data just by seeing how the
different bits of information relate to each other.

And supercomputers offer, for the first time, the ability to orga-
nize and present massive quantities of data, not just as rows and
rows of numbers, but in a form that makes it possible for us to un-
derstand what is going on.

Mr. ROLLWAGEN. And then the interesting thing i. laving ab-
sorbed all of that, it immediately stimulates our own creativity.
Oh, I had not realized that. I did not think of it that way. Now I
want to do it this way And it creates a demand for 10 times or 100
times as much information in return.

Senator GORE. And that is also the reason why Paul Gray at MIT
says it is a new basic branch of knowledge, in addition to inductive
reasoning and deductive reasoning. Either you think of a theory
and go out and test it in the real world, or you go out in the real
world and you encounter facts, and you try to resolve them into a
thcory that explains them.

But supercomputing, for the first time, allows us to simulate al-
ternative realities with such detail that we can test out what works
and what does not and go about exploring the world around us in a
very, very different way.

Dr. Handler, the leading machines now, both the massive paral-
lel computers and the more traditional machinesalthough it is
hard to use the word "traditional" with respect to Craythey all
cost a lot of money now. What would a top of the line machine cost
today?

Dr. HANDLER. Our most expensive---our largest machine, which
is also the most expensiveis in the order of $6 million or $7 mil-
lion.

Senator GORE. And Mr. Rollwagen?
Mr. ROLLWAGEN. About $25 million for the top of the line.
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Senator GORE. And they do different things, of course, in differ-
ent ways. But in both cases is it fair to predict that within five
years the cost will be coming down dramatically?

Mr. ROLLWAGEN. Let me. if I may, talk about what has happened
in the last perhaps 10 or 12 years. The first machine we sold in
1976excuse me, 1977was sold for $8.8 million, called a Cray I. I
have on my desk at home a new personal computer that happens
to be from Apple that has a larger memory, and it has almost as
much computational power, believe it or not, as that Cray I, and I
am convinced that within the next couple of years I will be able to
have such a machine for perhaps $8,000. So a factor of 1,000 to one
in performance and in reduction in price, or 1,000 to one in reduc-
tion in price. At the same time we are delivering machines now
that are measured in hundreds of times the performance of the
Cray I, and we will clearly also develop a machine in the early
1990's at a thousand times the performance of the Cray I And we
see no end in sight.

Senate GORE. Dr. Handler.
Dr HANDLER. I think we see the direction going both ways

more expensive and less expensive at the same time. And it is not
far off into the future that we will be able to build computers, su-
percomputers that are as big as utility plants and wilt cost hun-
dreds of millions of dollars. And that same technology in smaller
pieces will provide even more supercomputing power than we have
today, right on your desk. So that they will h" going both direc-
tions, and that is part of the breakthrough, that computingwe
are going to have vastly more computing power, and we are going
to need to learn how to use it; and if we do not, someone else will.

Senate GORE. I have not stayed within the ilve minutes. I just
want to clarify the point I am trying to make w ith those questions.

Supercomputers are generally defined as the most powerful, best,
fastest computers available at any given time, but machines that
are capabl ! of transmitting data usefully and productively at the
rate of a billion bits per second, which now costs $10 million to $20
million, $7 million to $20 million, will very soon be in the hundreds
of thousands of dollars range, and then even lower in price Yet, we
do not have the network capacity to allow American businesses,
American reseat,ners to talk with each other and communicate
with each other as this development takes place. If we do create
that capacity, then the synergy. the mutually reinforcing produc-
tivity that can take place all over this country. will be absolutely
phenomenal, in my view.

But, again, I have gone overtime, and I apologize.
Senator Bryan.
Senator BRYAN. Thank you very much, Mr. Chairman. I think all

of us in the Congress have been inundated this session with con-
cerns about maintaining our competitiveness as a nation. There's
been testimony before this subcommittee on the latest technology
and on proposals for space technology.

A few years ago as governor many of us were importuned by the
exciting prospect of the Superconducting Supercollider, and yet I
think we all recognize that although we would like to have all of
these things, that it unfortunately becomes the responsibility of the
Congress to prioritize, to make some choices.

5 1



46

Let me ask you to be as objective as you can be. of the scientific
options that we would all like to pursue, how do you rank super-
computing in terms of importance to our nation and to our future
ability to compete in the global marketplace?

Dr. HANDLER. I think the important issue is that we don't have
to make a choice in one sense, and we have to make a very careful
choice in another.

The whole idea of supercomputing technology is it is an enabling
technology that allows work to be done better in virtually every
field, and that will become clearer over the next five years as more
supercomputers are able to be used because they are more afford-
able.

The strength of America has always been in its diversity of ap-
proaches and for us to select one science that should get attention
over another, I do not think anyone is smart enough to do that.

What America can do is provide the tools that let the aggressive
and talented people in science and business exploit those tools as
best they can. And I think it is very important to encourage and
stimulate and provide incentives to get as much software developed
for supercomputers.

If that's done, then in one fell swoop you will be helping very
many fields of science, and you will also be helping the supercom-
puter industry, but not directly.

By stimulating software to be developed, you help the developers
of supercomputers, but more importantly you help the users of su-
percomputers. If we do not do that, we will find that Europe and
Japan will beat us.

Mr. ROLLWAGEN. If I may, I would add briefly to that because I
agree with everything Sheryl said.

The additional comment I would make is that it is true that su-
percomputers and this technology act as a catalyst in all kinds of
fields, probably every technical field, and furthermore it touches as
opposed to the supercollider, for example, which is tremendously
valuable, I think, in a rather narrow area of physics which is very
important but still rather narrow.

This particular technology touches all fields of science, and fur-
thermore, it touches all segments of society that are dealing with
science, whether they are government laboratories or universities
or businesses and particularly in the context that you are talking
about in international competitiveness, it is in that business area
where we can have the greatest impact.

I do not think it is a coincidence, for instznce, as a small exam-
ple in the automobile industry we have 16 of our systems installed.
Only three of them are in thk. country. The rest are overseas and
perhaps the more aggressive work is being done overseas, especial-
ly in Japan, and that shows up in the relative performance of the
companies involved in that industry. And so it has gotten an awful-
ly broad base to work from.

Senator BRYAN. That is an excellent lead-in to the next question
I have. I am informed that in this country a majority of the super-
computers are owned by the government, the federal government,
primarily. In Japan it is just the reverse, the majority is owned by
the private sector as opposed to the public sector.
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If I am correct in that information, what conclusions can we
draw from that?

Mr. ROLLWAGEN. Well, I think, first of all, I beliave you are cor-
rect. I am not as familiar with the gross data as I am with our own
information and certainly based upon our information, that is abso-
lutely correct although I must say in the United States now in
terms of units, the induztrial sector is sort of catching up with the
government.

I think it reflects the fact that high on our national priorities is
national security, particularly military national security, which
has been a major driver for this and why there is so much activity
on the government side.

On the Japanese side there's a tremendous priority on industrial
and economic development and competitiveness and, therefore, an
encourarment for the companies to get involved.

There s one other factor, though, v hich I think is the key one,
....nd that has to do with macroecmoir ic factors such that the cost
of capital in Japan is perhaps five times less than it is here in the
United States, and these are expEnsive devices still and involve a
lot of expense to support them.

And when you apply a 15 percent sort of threshold level, cost of
capital to making an investment like this, it is very, very difficult
to justify in advance. If you're applying a 2 or 3 percent cost of cap-
ital, you can be a lot more patient. You can take some chances and
experiment, tnd I think that may be the key factor.

Senator BPYAN. Dr. Handler, would you agree?
Dr. HAND-ER. Absolutely. I wou d even mention that one of the

very large companies in Japan that has been speaking to us has
been talking about wanting to make a very large financial commit-
ment in this area. I asked the question how can you rationalize
doing this. It was a very large commitment.

They responded that they had not made a profit in 15, 20 years,
and were proud of it. And I said what? And they said, we have
grabbed a big piece of the market share and that is more important
to us.

And so it is true that Japanese companies can afford to invest
heavily in supercomputers because they are not raked over the
coals if they make an investment that does not pay off immediate-
ly.

And so it is hard to compare the U.S. government and corporate
customer balance here versus overseas.

The issue is who can make the investment for the future, and in
this cruntry the government has always played the role of stimu-
lating that kind of commitment.

Senator BRYAN. One last question before the light goes on. I un-
derstand the advantage uf being able to share all of this massive
amount of information that is generated and the need for linkage
over a network.

What is not clear to nit as a layman is why isn't that occurring
in the absence of the piece of legislation that our chairman has
sponsored here. What is it out there that is an impediment, a disin-
centive, if you will? Why isn't it happening without the kind of ini-
tiatives that the chairman and other members of the committee
are working on?
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Mr. ROLLWAGEN. If I may, from my perspective, first, because we
observed this, it is happening to a limited degree within specific or-
ganizations that companies and government laboratories have, in
fact, set up high band with networks to use a resource that they
own and make it available to their people.

They are able to justify that because they are large and they
have the financial resources to do so, and they have been very suc-
cessful and we can point that out.

The problem is, and I think Sheryl made this point earlier quite
well, our country is based or a different program, kind of, a differ-
ent way of doing things where smaller is better, organizations are
smaller, they are diverse, they are spread out, and no one of them
has the resource to put in the infrastructure by itself.

And I think also when Senator Gore alluded to the interstate
highway system, it is the same thing. What trucking company
could afford to put up an interstate highway system, .iici yet they
all obviously benefit from it. I think that is the problem, a chicken
and egg problem.

Senator BRYAN. Thank you very much, Mr. Chairman.
Senator GORE. Very good.
Senator Lott.
Senator Low. Thank you, Mr. Chairman, and thank you for your

testimony. I thought it was very fascinating, and this whole field is
fascinating, and I think to us as members of the Senate and to the
American people, but we still have a very small understanding
about what we are really talking about. You did a magnificent job
of putting it in a very understandable language. And. Dr. Handler,
I appreciated your comments, too.

I would like to pursue the question th4t you were just answering,
referring to the legislation, and I do not mean to be putting this
legislation dowa, because I think it may be somethir.g I would want
to support and would want to do, but I have questio-s along the
lines of why, why are :, ou not doing it yourselves, and i eally should
not this burde.,, of networking really be in your industry, in the
private sector? After all, you are inal_ing Fome pretty good money
now. And I think you already responded to that question, and so I
will not pursue it further unless you want to respond further at
this time.

Mr. ROLLWAGEN. No, and I will say that we are certainly pre-
paredcan I say it this wayto do our part? Obviously it serves us
well, and we want to contribute to that effort, but to do it alone, we
cannot, speaking as a company.

Senator Low. Keep in mind that when the government does
things like this, whether it is a superhighway system or other
areas, we do not always do it very well, and there are certain prob-
lems or controls that come along with it that you would not have
necessarily to deal with if you did it in the private sector.

Well, the next question in that regard is security. Are there not
certain problems in the area of sensitive information or security
breaches that maybe we would not be able to control in this
networking system?

Dr. HANDLER. There are networks in existence now. This is a net-
work that would simply make more people able to use the network
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and it would be faster, so I do not think it changes the security
iss ues.

They exist now. They are being dealt with. It is a serious issue,
but it is a solvable issue.

Mr. ROLLWAGEN. I agree, and we already handle a lot of sensitive
data, and there are safeguards that have to be put in place, and no
system is perfect. There are going to bethere are going to be
problems, no question about it.

Senator Low. My last question is one of management. Who
would manage this network" How would we set that up to make
sure that we are nveting the necessary requirements of facilities
and services?

Senator GORE. Would the Senator yield on that? They may not
be comfortable answering that because it is really a question di-
rected at the legislation.

They are in favor of the network but may not be prepared to say
who is going to manage it. Under the legislation that is pending it
would be managed by NSF, which has had experience with the
NSFNET.

The witnesses may have thoughts they wish to share on that, but
I would just say also that we plan other hearings on the security
question. I agree with the witness' statement, but I think as far as
control under the legislation, it is NSF.

Senator Low. Well, I think it would be in your interest to take a
look at the management, who that would be and how it would
work, and to make sure that it is done properly. You may not be
familiar with the specific legislation, but in general terms if you
were setting it up, do you have any thoughts on what should be
included in the management?

Mr. ROLLWAGEN. We would want to be a part of that pi ocess, of
course, of deciding how it is to be managed.

We are very comfortable with the National Science Foundation.
They already manage a large networknot of this capacity, and
our systems are used to that network, and we realize they have the
technical capabilities and the skills to deal with it, and we do not
feel excluded from the process. We feel that we are consulted and
can contribute to that effort.

Senator Low. Maybe I should ask you a more Llasic and elemen-
tal question. What would you, Cray, expect to get and to benefit
from a network like this?

Mr. ROLLWAGEN. The primary benefit to us is additional users,
additional people having access to the products that we make and
the technology that we provide, and obviously there is economic
benefit to that becaL3e presumably there would be more computers
installed and purchased and so on, but that is really not it. I mean,
that is important. I do not want to deny that, but let me put it this
way.

At Cray Research now we conside t. our largest single technical
resource. It is not Seymour Cray, it is not our engineers and scien-
tists. It is not %Jur laboratories.

It is our customers, the 170 or so people that are telling us every
day how they are trying to use our machines where they are run-
ning into trouble, what kinds of things we need to work on. That is
our biggest technical asset, and the software that they developed to
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overcome some of those problems. That would be the primary bene-
fit that would accrue to us that greater understanding of our own
technology that comes from its practical use by scientists and engi-
neers all over.

Dr. HANDLER. I would like to just add to that the number of
people that are using supercomputers today are countable in the
thousands, and that has to be in the millions if this country is
really going to exploit this technology in an aggressive way. From
our perspective, it is not clear to us whether we will sell fewer or
more machines with the network. We could argue it both ways.

The reason we are interested in it is exactly what John said. It
will clearly enable more people to use the most powerful supercom-
puters. It will not be that all Jf a sudden everybody is on it, and
then that is the end of the problem. It will increasingly bring more
and more people onto the supercomputer usage range. And that is
so important that we are less concerned about whether we are
going to sell either fewer or more mach;.nes.

Senator Lo Tr. Thank you very much, Mr. Chairman.
Senator GORE. Thank you very much.
Senator Robb.
Senator ROBB. Thank you, Mr. Chairman. I am fascinated by the

potential implications for what supercomputers can do for today
and for tomorrow. In addition to enis legislation the government
should be thinking about preparing for the potential revolution in
virtually everything we do. Beyond the jurisdiction of this commit-
tee, beyond science generally, we have to be prepared to meet the
needs of the lat 20th-early 2Ist century and recognize the impact
that supercomputers and everything linked to the exponential
growth of technology and information will have.

Are there things that government ought to be doing in preparing
for this revolution that go beyond the limited question that we are
examining today? It seems to me that the governments of nations
that prepare best for this revolution are going to be assisting the
private sector to be much better positioned to be competitive in
this global marketplace that we are talking about, where we go
beyond that thousand customers and we really do have millions of
individoals and cornpanie.s using :i4upercomputers.

Dr. HALNDLER. I do not 1:J.1;w if you can tell, but John and I are
sitting here ready to pounce.

You have asked the magic question. The world is goinb to change
and is America going to be in the position of leadership as we are
changing? And that is the critical question.

I cannot stress enough that 1 think the network is a very impor-
tant thing to do, but more important even is to raise as a national-
ly visible issue that America must be the leader in high perform-
ance computing. I think that having that goal clearly articulated is
very important.

It is not a widely held goal here. It is understood and known in
the supercomputer industry, but not beyond, and that is different
than in Asia and in Europe. People there more commonly talk
about needing to be, the ieader, to leap ahead and become the high
performance computing leader.
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So, having the goal is important. And I think it is also important
to recognize the structure of how America works best, which is all
this diversity and to figure out how we can fuel that.

And as we know, in Japan these monolithic organizations that
are very vertical and horizontal have the ability within their orga-
nizations to be both manufacturers and users and sort of the whole
gamut of roles that are necessary, whether its subcomponents.

We do not have that here in singular organizations, and we
should not. So, what we should do to take advantage of our
strengths is to provide incentives and in particular I think tax in-
centives would be a very powerful catalyst if America provided a
tax credit for all the companies and individuals that buy software
for this new generation of supercomputing, you would see so much
software developed so quickly that the industry would just blossom.

And this would not be a direct benefit to the supercomputer in-
dustry. It would be a direct benefit to the users of supercomputers.
And if we encourage and provide that kind of leverage for the
users that enables them to take a risk to go out and be the first
users, the first exploiters, then we will do this on a massive scale,
and I think it will be hard for anyone to compete with that.

Mr. ROLLWAGEN. If I may, Senator, I would even put it inI
agree complete with what Sheryl said, and I would put it in even
broader terms. I think the world is changing. I think the world has
already changed in some very fundamental ways and, in fact, I
think the terms of trade have changed, or at least the objects of
trade have changed, and there is no question about this in my
mind in the nineties and in the next century that we are dealing in
the information age, and we are trading knowledge, and this
changes the rules of the game, and it is very difficult, it is very
challenging for government to deal with that.

For example, a simple example, if we are dealing in knowledge
and I will take the simplest caseif I have knowledge that I am
going to trade, that I am going to sell, I can sell it to you for
money. And it is interesting because after I sell you my knowledge,
I have your money and I also have my knowledge because I cannot
exactly erase my mind.

And that sounds like a good deal for me, because I wind up with
both. But you know what? You have my knowledge and you have
your knowledge, and that is worth a heck of a lot more than any
amount of money that you paid me.

And so what we are talking about is entering a realm where we
are not i1 s. an exchange or bartering economy. We are in a sharing
economy, and the only way to make it is to create value through
the creation of new knowledge and new understanding of the uni-
verse, sc Lo speak.

And the best way to increase my undetstanding of the universe
is to trade everything I know for everything yr,u know. And I wind
up having your knowledge and my knowledge, and that gives me
another lead forward in my understanding of the universe.

But it also shuffles the deck, andso we are starting from the
same place over and over and over again. And if we are going to be
competitive in the long run, we have to be prepared to do that, and
have the confidence to live by our wits.
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Senator Ross. Are there any structural elements of society
today, either in government or in the private sector structure, that
are inhibiting our ability to move rapidly toward that long-term or
short-term objective? Is this growth really going to occur at the
rate that everyone seems to predict that it will?

Mr. ROLLWAGEN. I will give you one specific case and maybe it is
too small, and I am sure Sheryl can jump on that, too. There is a
whole question of technology transfer ranging from the FSX to the
getting of export licenses for instance, in our technology, and there
is a great tendency because it is important, valuable technology to
keep it to ourselves and not to share it or perhaps to take that
technology and sell it for money or market share. Both of those I
think are the wrong answer, and we have demonstrated that clear-
ly time after time.

I think what we have to become is more expansive. There are na-
tional security issues involved with exchanging technology that are
very important and need to be dealt with, but in that case I think
we do tend to slow ourselves down in our own development of
knowledge by being too restrictive in those areas.

Dr. HANDLER. Could I comment on that because that is such an
important issue to us and it is probably the single biggest thwart to
our expanding as rapidly as we could overseas. We do have a very
aggressive and adventurous new technology, there has been some
concern about whethAr this should be exploited.

Now, the interesting thing is foreign countries are developing
hardware that is very similar to ours. It is very easy once we have
a product on the market tofor someone else not only to copy it,
but to do it better. We have seen this happen over and over again.

Holding our hardware back does not really protect America.
There has been a lot of thought about having us demand something
back from foreign countries when they buy our hardware so that
they give us something in return.

And I think the point that John is makingand if he is not,
please correct mebut this is certainly a point I am makingis
that when we sell our hardware overseas without any barriers, we
get access to customers and learn how they are using the machine.
We use that to develop our next generation machines. There is
nothing that is more important to our future than being the most
knowledgeable, having the deepest understanding of how our prod-
ucts are being used so we can fold that back into successive genera-
tions.

If we only have U.S. customer user information and do riot use
foreign user information, we are going to fail. We do not have to
ask anything back in exchange for selling our machines. All we
have to do is get our products in the hands of customers overseas
and learn from them.

We work closely with customers, most computer companies do. I
think supercomputer companies do even more than others because
we often deliver support people with the product. They live at the
customer's site. Every one of our computers is delivered in a box,
and there is also a person who is not in the box.

So, getting our machines blanketed everywhere so that Japan
and Europe develop their software on John's and our technology on
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our hardware, that is what we need to do, and we cannot do it fast
enough.

Our companies want to do it fast, but there are barriers to it.
Senator ROBB. Thank you. I could go on. I have exceeded both my

five minutes and the jurisdiction of this committee, but I appreci-
ate your an: wer.

Senator GORE. You would be surprised about the latest interpre-
tations ofjurisdiction.

Let me just interject one comment, because you and I have had
discussions over the years on government's role, and I think one of
the things that there has historically been agreement on in the
United States between people on all points of the political spec-
trum or the ideological spectrum is on infrastructure because it
lifts the ability of everybody to compete and be productive without
picking winners or losers per se. Would both of you agree that this
network is thethis is a dangerous question because I do not know
the answerbut would both of you agree that the creation of this
nationwide network is the single most important thing we could do
to boost the productive use of computing capacity in the United
States?

Mr. ROLLWAGEN I will answer the question yes, but let me
modify it. It is perhaps the single most important thing we could
do. And it is clearly a necessary condition, but I am not sure it is
sufficient. I think that the rest of the accoutrements need to come
with it in terms of the software, the education and training. By
itself, it will not do it.

Dr. Fil ilLER. That is precisely my point. I think the difference
between the highway network and the computer network is that.
on a highway, people can go out and see for themselves what the
opportunities are.

On a computer network, it is much more abstract. And so we
have to do other things We have to put the infrastructure in place,
and we have to provide other incentives so that the computer net-
work is used productively, and not primarily for E-mail.

Senatoi GORE. I apologize to Senator Pressler for interjecting
that question.

Senator PRESSLER. That is all right.
Senator GORE. Please go ahead.
Senator PRESSLER. My question might be directed to the Chair-

man, or to our witnesses.
I note that the bill would tie together universitie,, and databases.

There is one database I am very interested in, and that is the
EROS Data Center near Sioux Falls, South Dakota, which archives
the LANDSAT pit .ures, and it will soon have a NASA flag flying
th,..re, because the warming of the earth issue, the pictures of the
earthwe have an antenna there now that is capable of taking pic-
tures down from a spot in Mars, and some of the foreign satellites.
Pictur.es of the earth, basically.

And with the current interest in the warming of the earth, and
the various studies that are going on, these archives will become
like the library at Alexandria, as my colleague has said.

But can these be processed in supercomputers, and what will be
the advantage to the EROS Data Center to be a part of this net-
work?
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Dr. HANDLER. Yes. In fact, it is my understanding that only 10
percent of the LANDSAT photos that are in existence have been
even looked athave been analyzed. And so, here we have 90 per-
cent of the results of our efforts are being ignored. And, in fact,
supercomputers can do just that. We could have all of those in com-
puter readable form that would enable anyone that has the sophis-
tication to see the forest through the irees.

It is interesting that we spend many millions of dollars studying
about the greenhouse effect, and the o cone problems. In fact, you
can look at those photos and start to we those problems a decade
earlier, rather than commissioning all those millions of dollars in
studies after the fact.

Senator PRFSSLER. Yes. That is music to my ears, because you are
exactly right. We have the pictures in Sioux Falls, South Dakota,
that nobody is looking at.

Dr. HANDLER. Exactly.
Senator PRESSLER. And we will send them to anybody. But now,

how could supercomputers fit into this process?
Dr. HANDLER. Well, in particular
Senator PRESSLER. Will we need more people at Sioux Falls to do

the work?
Mr. ROLLWAGEN. Of course, Senator. Yes.
You do, and I think Larry Smarr from the University of Illinois,

the professor there that runs the supercomputer center, has a nice
way of saying it. He says, "We invest millions, hundreds of millions
of dollars in steel, iron and steel, and very, veiy little in silicon."
And it is the silicon that provides the intelligence to the iron and
steel, to the satellites, to the data-gathering systems that we have.

The fact is, the supercomputer, whether it is from Sheiyl's com-
pany or mine, can, in fact, comprehend, if I can put it that way,
the data that you have there.

The Senator was talking about the encyclopedia every second.
Those pictures contain, actually, much more data, and much infor-
mation than that. It can be transmitted to a system. The system
can call that data, can detect patterns, can then display those pat-
terns for a human being to analyze, so the human being does not
have to go through all of the data. It may still be that no human
looks at more than 10 percent of the pictures, but he is going to
look at the right 10 percent.

Senator GORE. Would the Senator yield on this point?
Senator PRESSLER. Of course.
Senator GORE. Part of the legislation also calls for a national dig-

ital library initiative to develop infrastructure that could make it
easier to get useful information that could then be transmitted
across the network.

Just to use the example that you cite. If the network was in
place, if the switches and the software were quickly developed,
then I could see an atlas company, the National Geographic, or
whatever, making regular use of digitized pictures from LAND-
SAT, sent from Sioux Falls over that network.

We could create a photographically correct globe of the world
with supercomputers supplying the available topographic informa-
tion at the same time, and create with the cheap materials, a pho-
tographically, topographically, correct globe of the world that
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would allow students to be their own satellite photographers with
magnifying glasses. Actually, I have asked NASA if they would be
interested in this, and they are.

Without supercomputers, that would be an unthinkably difficult
task. But since all the information at Sioux Falls is stored in digi-
tal formwith this kind of infrastructure, we could make the data
available for that application very, very quickly. And there are
many other applications that we cannot even imagine.

Dr. HANDLER. Can I just address two points of that? One is the
ability to have access and see patterns in amounts of data that are
just too large to fathom.

And the other is d.ing it in real time. And an example of why
that is importanta question was asked earlier about whether Jap-
anese companies, or the government buys more supercomputers.
And John had an approximate answer, but he was not sure, be-
cause he only had his own data.

If we had the network and huge supercomputers available, and
the Library of Congress were on linewhich will happen some day,
we could havewhile we were sitting here, asked an English ques-
tion, using normal language, saying exactly the question that the
Senator asked, and you would have your answer.

Now, the reason that is important is, getting your answer now
while you are thinking about it makes a difference. If you get that
answer a week later, when John looks it up and sends it to you,
you might not even read it.

But being able to get what you want when you want it, whether
you are a scientist doing experiments, or a businessman making a
decision, or a legislator trying to make good policy, having access
to information in a timely way is the difference between being the
leader, or being a follower.

Mr. ROLLWAGEN. I bet they think we are real people sitting here,
instead of simulations, right?

Senator PRESSLER. Well, I think it is--
Senator GORE. A ve..y depressing problem to consider.
Senator PRESSLER. I Will just conclude by saying that I think it is

a very exciting thing that as we enter the process of making appro-
priations for studies of improving our environment, and anticipat-
ing what is happening, and the warming of the earth, and so forth,
not necessarily whether it is at Sioux Falls or not, but wherever it
is, it is important that these databases are in a computer some-
place where somebody can access them quickly.

And I am told that we have a lot of information available that
could be computerized, but that it takes so long to process it, and it
is so clumsy to get at it.

And I am wondering, Mr. Chairman, if staff could prepare a, sort
of a one-page paper in this area. Some of these pictures that are
going to be used in the EOS Program, in the study of the earth
that we are launching, and which NASA is going to conduct ..uw
would that tie inhow would the databases be available to the
common citizens through the supercomputers? Maybe that has al-
ready been done.

Senator GORE. We will jointly instruct the staff to do that, and
let me go one step further and suggest that you and I jointly pre-
pare a Pressler Amendment that specifically addresses the need for
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improving access tc the extremely valuable digitized data at Sioux
Falls to make it readily available as part of this network.

I believe that is imminently in the national interest, and we will
certainly do so.

Incidentally, on the Mission to Earth Program, the single biggest
challenge by far is not orbiting the satellites, or building the in-
struments, or anything elseit is handling the data flows that are
going to be coming down from earth to orbit, which will be many,
many, many orders of magnitude, larger than anything we have
dealt with before in the earth sciences.

Did you want to comment?
Dr. HANDLER. I just want tojust remember, when you buy a

jumbo jet, you really are buying more paper weight than the metal
weight. That is very significant. Our society is changing, and if we
do not have access to this information in a very powerful way, and
before others do, then we will lose our lead in so many different
areas.

Senator GORE. IS it true that your machines can, when applied to
satellite observations, detect the growing of leaves?

Dr. HANDLER. There is no reason they could not.
Senator GORE. I was told by Danny Hillis. Is he here with you?
Dr. HANDLER. Is that what he told you? Well, then it must be

true.
Senator PRESSLER. The pictures do. You can tell exactly what

stage the crop is in, if there is a drougilt, if there are bugs in it, the
whole thing.

Senator GORE. Well, we have kept you allcan I ask just one
other question? I talked about this information infrastructure in
terms of the network digital librariesare there any other items
that you would recommend be a part of that infrastructure?

Mr. ROLLWAGEN. I do not know if this counts, but one of the fas-
cinating things to me is that there are two reasons to sort of cen-
tralize computer powerhave it in a single place with a powerful
compu'.?r. Gne is access to data, which you are talking LJ3scut. And
the other is access to massive amount of computation.

And what is fascinating in both cases to me is that if it is cen-
t:ally loratedif people are accessing it on the network, then sud-
denly they are working together. They are cooperating on the same
experiment.

I do not know if that fits in the same category, but n person in
California can be working instantaneously with a pe..on in New
York--

Senator GORE. Right. They are in what they call a co-laboratory.
Mr. ROLLWAGEN. Exactly. And as I say, I do not know if that is

database sharing, but it is certainly knowledg sharing and it is ac-
celerating the whole process.

Dr. HANDLER. I would like to make another comment. When I
talk about supercomputers in the U.S., I have to often explain
what they are. When I talk about supercomputers overseas, I less
often have to do that.

And a typical thing that I often hear is, a physicist will tell me, I
am a physicist, I do not want to have to learn to use computers.
And I find that less true overseas.
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The sign:ficance of that is, we have got to do one of two things.
Either we have got to change the minds of our business people and
scientists, and make them programmers, which I do not think we
should do, and do not think we could do. Or, we have got to provide

an incentivelots of incentives to getting software written, so that
the users will use these machines.

Overseas, peopc SCK!IIII to be less concerned about having to learn
how to be technically lophisticated in programming. And we have

to do something to corve,ssate with that here.
Senator GORE. Wei r ith this network, we will see the equiva-

lent of interchanges, wl-1,.e..ct software designers can cluster and
download their products into the network with very ready access to

a nationwide, continent-sized market.
We have keot you all too long, and there are no discourtesies in-

tended to our other witnesses. They are extremely distinguished,
and we better move on.

Thank you all. Thank you both very much for getting us off to

such a good start.
Dr. HANDLER. Thank you.
Mr. ROLLWAGEN. Thank you.
Senator GORE. Dr. Craig Fields, please come to the witness table.

Dr. William Wulf, please join Dr. Fields. Together you two make

up our second panel. And sc. I will extend a word of thanks to the
members of our third panel, who are going to be called on to dem-

onstrate a little more patience, but thank you all very much.

Dr. Fields, of course, is the Director of the Defense Advanced Re-

search Projects Agency, based in Arlington. He is well known to
this committee, and well respected by this committee.

Dr. William Wulf, likewise, is well known to the committee and

respected. He is the Assistant Director for Computer and Informa-
tion Science and Engineering at the National Science Foundation.

Without objection, your prepared remarks will be included in full
in the record. We invite you to proceed as you see fit.

Dr. Fields, we are going to start with you. I want to thank you
both for being here, and we wilt get underway with your statement

first, Dr. Fields.

STATEMENT OF DR. CRAIG FIELDS, DIRECTOR, DEFENSE
ADVANCED RESEARCH PROJECTS AC;ENCY

Dr. FIELDS. Senator, thank you very much. I wanted to start by
discussing a little bit about the role of the government ii evelop-

ment of advanced computing in this country.
You are suggesting in your bill a rather active role for the gov-

ernmenta more active role, and people will always question, is
that a sensible thing, is that a good thing?

One way to approach it is not from a base of speculation, but
from a base of history. So I thought I would look backward for just

a couple of minutes.
I am going to do this in a rather egocentric manner, because that

is where my knowledge base is. I hope you will not mind.
DARPA began in the field of computing in 1961. And at that

time, we gave our very first contracts to develop some new-fangled,

crazy idea called timesharing, which I am sure you have heard of,
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and has taken off. And since then we have been investing rather
heavily to distinguish the way we invest from the way the National
Science Foundation invests.

While we support universities and national labs and companies,
really most of it is investment in industry, and mostly it is an in-
vestment that is aimed at developing an industrial base of products
in which the Defense Department and others can buy thin -s.

And so we are concerned about research. We ere concerned
about basic research. But to me the mark of success is when, at the
end of our program, you can buy some new productsome new
thing. And it is also worth noting that about 60 percent of our con-
tracts in this area go to side adventures, and other small business-
es.

Now, ;n operating in this way, what has happened? Well, I al-
ready mentioned timesharing. I could talk about computer graph-
ics. I could talk about the ARPANET and the INTERNET multi-
processor supercomputers, like the connection machine.

In fact, going back to the 1960s, to ILIAC IV, which some people
might claim is one of the earlier supercomputers.

The whole field of audiovisual intelligence, modern computer op-
erating systems, multex, Berkley unix, the multex operating
system, a lot of office automation technology, like local area net-
works, and major active text editors, work stations, the mouse on
your MacIntosh, the computer language, ADA, new microprocessor
designs like refinement of risk, microprocessors, the so-called list
machine, and so on.

I could go on at great length with this list, and it is a much
longer list. The fact is, the government has played a very, very
powerful and important role in the development and support of the
computer industry in this country.

Unless you think I am a biased witness, and I am, I refer to you
a book by Kenneth Flam of the Brookings Institute, called Creating
the Computer, in which he documents in, I think, a very nice
manner, the strong role that the government has played in this
whole area.

We can all have our own speculations and notions as to why the
government has been so successful in aiding the computer indus-
try. And I will just put mine on the table.

Namely, that in the computer industry, we have a situation
where the barrier that you have to overcome between an idea and
a product, between an idea and success, does not require the mas-
sive capital investment that you need in other industries.

If you have an idea in the semiconductor industry, you may have
to invest $.5 billion, or $1 billion before the first thing comes out of
your factory. That is not the case in the software. It is not the case
in com puters.

And so this is an industry where, at least to date, the fact that
we have had higher interest rates, has not hurt as much as it hurts
us in some other industries which are very capital intensive. I am
not sure that is going to continue, and I am not sure it is going to
continue because, in fact, this industry rests or. a base, and the
base is the semiconductor ii.dustry.

To the extent that semiconductor industry in the United States
is eroded, and we have become increasingly dependent ou foreign-
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owned sources for those semiconductors. The enjoyments of the
past may not extend into the future.

Now, with that said as background, then I think, ratheron sub-
stantial proof that government's involvement in the computer in-
dustry has been tremendously beneficial to the country, let me sit),
a bit about the future.

I am investing about $.25 billion a year of my agency's money in
computer technology, information processing technology, because I
cannot think of any other single thing that is more important. To
do it is absolutely critical for defense, and of course, defense is
where we are centered.

Our investment now is really in three areas, although there are
small investments in lots of areas. One is in high-performance com-
puting. Not only the computers and the architecture, but the un-
derlying microelectronics, the software and operating systems, and
so on.

Secondly, its in the area of computer networking. And, in par-
ticular, very high performance, on robust networks. It is pretty
easy to get high performance on reliable networks, or high, reli-
able, low performance networks. Getting both is not so easy.

And, thirdly, is the area of artificial intelligence. Two of those
areas are central to your bill.

I am as dedicated as I can be to assuring that in those three
areas, the United States is number one in the world. And our in-
vestment is really aimed at that, and we are continuously doing
things about it.

I do not know if you saw the press /4:lease that the Defense De-
partment put out on the 5th of June about our latest endeavors, in
which we talk about our working relationship with the Department
of Commerce, to assure that anti-dumping is enforced diligently,
and intellectual property rights are respected. Something that is in
their purview, working with them, dealing on the Committee on
Foreign Investment in the United States.

We are starting a joint activity with Cray. You already know
about our investment in Thinking Machines Corporation.

I am working with the Department of Energy in Lawrence Liver-
more Laboratory to try to transfer software that is applicable to
the supercomputer business out of our university labs. And a varie-
ty of other things. So this is a continuing investment and a con-
tinuing endeavor.

Two of our projects have pithy names. One is called the Teraop
Project, and as you can guess from the name, the goal is to make a
base of technology and some actual machines that are going to
allow you to do a trillion operations per second.

I am a little sorry we started that now, because it is seeming
easier than it once did. Really, we should have started a Petaop
project, 10 to the 15th operations per second.

Senator GORE. Well, how do you spell that?
Dr. FIELDS. P-E-T-A-O-P, because 1,000 times a Teraop is really a

challenge. The Teraop is seeming to be within our grasp.
Senator GORE. I knew that.
Dr. FIELDS. And the other project is our gigabit networking

project. And there, of course, we are talking about networks that
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can deal with a billion bytes per second or two, or three billion
bytes per second.

The rationale for the Defense Department in being involved in
this technology development is so well established that it does not
need review. And despite your flexible views of jurisdiction of com-
mittees, I do not think you really want to go into it in detail here.

But our needs in anti-submarine warfare, and an analysis of data
of varioui sorts, intelligence data, means that we absolutely have
to have these machines. It is not optional.

Senator GORE. May I interject a brief comment there. I am a
member of the Armed Services Subcommittee on Defense Industry
and Technology, chaired by Senator Jeff Bingaman. I might say that
he is personally quite familiar with the initiative that we have un-
derway here, and I have been working with him to enact measures
in the defense bill, which are complementary to this effort, and di-
rectly address some of the matters that vou discussed. Some of
them, of course, are highly classified, but we are going on that
track as well.

Dr. FIELDS. Yes, I know, and I appreciate the support in dealing
with broader issues that you are concerned with on this committee.
I struggled over the last couple of days with a way to give you a
sense of scale for what these improvements really mean, because
you keep hearing of gigaflops, and Petaops, and so on, and it is
hard to understand. In the case of computing speed, it is easier
than in the case of networking specd.

I just did a simple calculation this morning, and basically, the
difference between today's supercomputers and these Teraops com-
puters, is the difference between getting an answer in an hour, and
getting an answer in six weeks.

If you are going to have an advisor, I might be willing to wait an
hour to get an answer. If I had an advisor that made me wait six
weeks, I would probably would want to get a different advisor.

In the case of gigabit networking, as I say, it is a little more com-
plicated, because you have to identify things you can do with it,
that you cannot easily do without it.

Not knowing quite how to address that, I decided, rather than
looking forward, I would try to look backward. And here is how I
have done that, Senator.

As you know, we are talking about an improvement in network-
ing speed that is about a factor of 50,000. What I decided to do was
to look backward at the last improvement in networking that we
had, which was of the size of a factor of 50,000, and saying, what
did we get for that improvement, or stated a different way, had
some governing body at the time, chosen not to do so, what we
would not now have, if we had not purchased that factor of 50,000?

And you can do that calculation. And let me tell you some things
we would not have.

We would not have FAX machines, or cellular phones, or radio
telephone. We would not have mailgram, or electronic mail. We
would not have the telephone, or TELEX, or telegram, or air mail.
We would n It have mail. We would not have pony express. In fact,
if you go back to a factor of 50,000 backwards, we would have
smoke signals, and we would use flashing tights with shiny things
from the top of hills.
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What I found surprising from doing this calculation is that the
improvement in the band width of long-distance communication
among people that we have achieved, sort of from the beginning of
mankind to now, is that factor 50,000. And that same factor of
50,000 is we are trying to achieve over the next few years,
developing gigabit technology.

Three million years ago, if someone had said, what are you going
to get with a factor of 50,000, I doubt if anyone would predict cellu-
lar phones and FAX machines. I hope you are going to excuse me if
I am not imaginative enough to say exactly what is going to
happen with our next factor of 50,000, but, obviously, it is a big
issue. It is not a small issue.

Now, to more graphically present this. We have tried to assemble
a live demonstration for you today, and let me tell you that I face
this with some anxiety since I have nevei seen a live demonstra-
tion work.

[La ughter.]
On the other hand, we do have video tape backup which unfortu-

nately uces imported equipment, but what we are going to try to do
and let me just give thanks to Lawrence-Berkeley Labs, the Uni-
versity of Southern California Information Sciences Institute to
Sun Microsystems, as well as to our staff internally for arranging
this to show you what it would look like to a scientist seeing a cal-
culation. This happens to be a physics simulation, seeing a calcula-
tion with today's networking speeds of about 54,000 bits per second

The next step up, 1.5 million bits per second. The next step up
about 95 megabits.

Senator GORE. Are we supposed to look at this screen?
Dr. FIELDS. I hope so.
Senator GORE. Can the audience see?
Dr. FIELDS. There is another screen back here. And then lastly,

at about .25 gigabit, which will give you some sense of scale. So if
we could start with the slowest one, which regrettably is pretty
boring because it is so slow.

This is today's experience. We will just have to sit through it to
get to tomorrow's experience. Actually is there anyway to speed
this up and to simulate getting to tomorrow or do we have to wait?

Senator GORE. This is one flop, right?
Dr. FIELDS. Actually, since we are in communications, I think of

that as a millabit per fortnight.
Senator GORE. That is all right. I think of my presidential cam-

paign as a gigaflop.
Dr. FIELDS. That is the next step up in speed. You sort of wait a

while and you get a picture.
This is 45 megabits. This is a simulation of what would happen

when you get up to 45 megabits. Now you are starting to get some
concept formation. You can get some impressions. You might want
to proceed apace. And ne.,- see what happens when you get to
the higher speeds, still.

The point is that at the lower speed, you are seeing it sort of like
trying to see Citizen Kane and tell you how the masterpiece by just
seeing a frame at a time you are not going to do it. As you get to
these higher speeds it is possible to form concepts, get understand-
ing, and that is what you are trying to achieve with the network.
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Senator GORE. What exactly is this? What is the picture? Does
that matter?

Dr. FIELDS. Well, it actually does not matter, but this is a simula-
tion that is sort of like a calculation you might use for engine
design or explosive design. And if you want to go onto something
else we can do that.

It is coming. Of course, there are medical applications as well.
The point I am trying to make is that I did not want you to get the
impr!mion because it was Defense Department sponsorship. We
were particularly fixated on flames and explosions and so on.
There are any r mber of applications for ihis technology, and this
kind of motion tnat you see, you just will not see at the lower band
width. You will not form the concepts; you will not get the impres-
sions you need this to generate science. You need this to generate
technology and that is exactly your point.

And I think that is good lead in for the kind of rema -ks that Dr.
Wulf has to make. Thank you.

Senator PRESSLER. What is exactly the point here? Is it the accel-
erated speed or what?

Dr. FIELDS. Yes. The point I tried to get across from the first
series of demonstrations was that at today's low band width 54,000
bits per second, you have to wait a long time to see one picture.
And you will never see any of the motion. You will never see the
connections. You will never see the changes at the higher band
widths, you see it, and we think that is an important aid to think-
ing.

Senator GORE. The pictures are more complex. You can see them
in three dimensions. They can be moving over time and can convey
the meaning of much more complex interrelationships

Dr. FIELDS. That is right. You can see change. You could not see
that at the beginning.

Senator GORE. All right. We will hold our questions until after
Dr. Wulf's testimony.

Dr. Wulf, please proceed.
[The statement follows:]
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TESTIMONY OF DR. CRAIG I. FIELDS, DIRECTOR OF DARPA

Mr Chairman, I am delighted to be here today to present DARPA's
perspective on plans for creating a U S. Nationil Research and Education
Network (NREN) to link university, industry, and go. ernment researchers
with advanced computing and networking technology, including defense
sponsorship of R&D which has led to some of the highest performance
supercomputers in the world. We were also responsible for creation of the
ARPANET and Internet, which will be the starting point for development of
the NREN. We anticipate an active DARPA role in developing the multi-
gigabit networking technology the NREN will require.

As other witnesses will be discussing the importance of the NREN. I plan to
confine my remarks to the issues which concern DARPA most the process
of developing multi-gigabit networks, and the relationship of the network
project to other high performance computing activities.

GIGABITS NETWORKING RESEARCH AND DEVELOPMENT

DARPA initiated a program in networking at -peeds of billions of bits
(gigabits) per second in fiscal year 1938. We began with a study that

showed conclusively that this technology is ripe for development and can
support many important defense applications While our program was
intended primarily for National Security purposes, networking also

represents a means of increasing the effectiveness of our research

community through remote access to powertui resources ana new

capabilities for collaboration Based on that study we have planned a
program that will support deployment of gigabits networking that will be
sufficient to create a multi-gigabit NREN sometime after the year 2000

DARPA's focus is on building networks using communications to link
computers, by switching the data among the links. We arc not

emphasizing the communications lints because many of the required
communic.tions facilities are already available Nevertheless, much
research still needed to achieve a gigabit network Switching systems
must be developed to handle the type and volume of data involved,
algorithms must be designed to manage network resources that operate at
very high speeds, interfaces and operating systems must be built to enable
computers to fully utilize the capacity that will be made available, fiber
optics trunks and satellite links must be configured to support the

network, and all of these elements must be meshed into an integrated.
coherent technology base The result will be an important new capability
for the military to transfer large amounts of data (such as high resolution
images) between sensors, weapons platforms, computers, ana command
centers, within very short time intervals.

The same gigabits networking technology will apply to the Stage 3 NUN,
providing different set of benefits Other witnesses undoubtedly will
describe in detail the advantages to the research community of remote
access and collaboration, equally important to the nation, I believe, are the
benefits to U.S. industry. I believe that It is not overstating the case to say
that a national network will be as important to industry in coming years as
highways and railroads, mad, ana the telephone have been in the past
Our intention is to work for early transition is that the gigabits networking
tech-ology will become available as a unique ns..unwide resource. For
example, high speed networking wil allow industry to shorten production
cycles by coupling research, development, production, and inventory
between various producer locations and among producers and users of
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manufactured goods. Ultimately, I would expect that consumers would be
connected to this sort of network also. For example, a ubiquitous high-
speed network appears to be the ideal medium r.or distribution of high
definition television signals.

isefore leaving the topic of the NREN. I would like to comment on the
question of the organization which will bring It -nto being. I feel it is

important that an interagency group manage the development of the NREN.
The reason is that. if DARPA and the other mission agencies are to rely on
the NREN to support their researchers. they will require a voice in its

governance. I view this point as critical.

HIGH PERFORMANCE COMPUTING PLANNING

Progress in high performance computing will require balanced efforts in

high performance computing technology, systems and applications
software, and basic research, in addition to the national network. To

prol,ide the research. development, and manufacturing environment
America needi, in the next century, it is essential that all of these areas
advance together. In this regard the position articulated in the Office of
Science and Technology Policy's document A Research and Development
Strategy for High Performance Computing, prepared with the assistance of
the Federal Coordinating Council on Science, Engineering, and Technology
(FCCSET) provides a good basis for planning It is extremely important that
such a strategy be vursued.

In one of these areas, high performance computing technology. DARPA
currently has a program in parallel computing that is widely acknowledged
to be the strongest in the world. Wc have a proven track record in
stimulating development of this technology and managing thc major
prototyping efforts required to demonstrate its effectiveness. Our current
goal is to create technology for general purpose parallel computing systems
capable of scaling up to tnilions of operations per second "teraops- - and
we believe everything indicates that we are on the right track By way of
comparison, the fastest computing systems today arc capable of a few
billion operations per second.

Wc have been cooperating closely with other Federal agencies in the

FCCSET process, with the result that there is a consensus among the
principal players that a two-pronged attack is needed to maintain U S
leadership in supercomputing. Other agencies are continuing to stimulate
thc commercial supercomputing industry as they have in the past by
purchasing early systems when new models become available to support

their mission needs. At the same tune DARPA is funding development of
parallel computing technology and sponsoring prototypes of the promising
parallel systems, to be evaluated in applications in cooperation with the
other agencies and scaled up to larger capacities if warranted by

evaluation results

High performance computing technology is critical because the U.S
requires access to this technology for national security. Unfortunately we
are losing ground in this area DARPA is convinced that parallel computing
is the high performance technology of the future

Mr Chairman, this completes my testimony I have brought along some
demonstrailons that show some of the advantages of high performance
computing and gigabit networks to the research community I will be
happy to show these to you if you arc interested, and to answer any
questions you may have
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STATEMENT OF DR. WILLIAM WULF, ASSISTANT DIRECTOR, COM-
PUTER AND INFORMATION SCIENCE AND ENGINEERING, NA-
TIONAL SCIENCE FOUNDATION

Dr. WuLF. Thank you, Senator. I appreciate the opportunity to
be here as well as your continuing interest in this important area.
You introduced me as the Assistant Director of the National Sci-
ence Foundation. I should tell you that in real life I am an AT&T
Professor of Engineering and Applied Science at the University of
Virginia.

I thought I would take this opportunity in my oral testimony to
say something about what it is like to be a user of the research net-
work from the perspective of a user of the network, what is impor-
tant. Most of my academic life I was supported by DARPA and was
a user of the ARPANET for almost 20 years.

I will try to focus on just four points.
The first one is that the overwhelming feeling out in the commu-

nity is "Let us get on with it. It is time to move." The value of the
national network is not a question. It is certainly true that some
sciences and some industries have moved faster to develop a de-
pendence on the networking technology, but it will become abso-
lutely essential to most.

We have talked a lot about the supercomputers. That is not the
only application. For example, the long-term ecological sites funded
by the National Science Foundation simply could not operate with-
out interconnection and communication by the network. In ques-
tioning a number of Kientists about the use of the network, I was
amused by the respon se that we got over the network from the di-
rector of NRAO, the National Radio Astronomy Observatory. And I
am not sure I can quote it exactly, but it was to the effect that
without the national network "life as they know it would cease."
That is they could not do their science. The fact that the traffic on
the network is growing at the rate of 20 to 40 percent per month,
which is phenomenonalI wish my investments would do thatis
some indication, I think, of the demand.

Senator GORE. Wait a minute. How fast is the growth rate?
Dr. WULF. 20 to 40 percent per month. It is doubling roughly

every five or six months. As you know, we switched to 1 5 megabit
backbone just about a year ago. That was a 30-fold increase in ca-
pacity when we made that change. Yet it is unlikely that that will
not be adequate capacity in the next year. It will saturate.

So the value of the net is not a question. I think the manage-
ment and technology plans are not an issue. They have been devel-
oped by the various agencies working together and have been
vetted with not only the agencies, but the congressional staff, in-
dustry, academiaeverybody that we could get to comment. Again,
they are not an issue.

The issue is just getting on with it. Getting it done. And frankly,
that translates into resources. The requests for those resources are
working their way through the budget process. Everybody should
understand that this is going to require incremental dollars. I
know you understand that. We have made remarkable progress be-
cause of the interagency cooperation over the last several years.
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But that is not going to be enough. We are going to have to move
out.

The second point I want to make is that industry-government-
university cooperation in developing the network is absolutely es-
sential. I have heard some suggest that we ought to let the private
sector do it all. And it is the "all" in that suggestion that is the
problem. Dr. Handler and John Rollwagen gave you one reason
why it was appropriate for the government to be involved. But I
think there are several others that merit mention.

First of all, the ARPANET has existed for roughly 20 years. In-
dustry has not come in to take over that function because the
market has not been large enough. Part of what we need to do is
develop that market. It is true that there will be experimental
commercial municipal area networks next year. But they are ex-
perimental. They will cover only two cities. We cannot wait. I go
back to my point: let us get on with it. By contrast, NSFNET right
now connects over 250 institutions in 48 states. About 100,000 com-
puters are accessible over the network.

Senator GORE. Do you have large waiting times now to get on the
net?

Dr WuLF. For an individual institution? Not that I am aware of,
no.

Senator GORE. For researchers? I mean I am told that some re-
searchers have to wait, that they have trouble getting access.

Dr. WULF. There may be some areas which are not serviced as
well as other areas. That is certainly the case.

Going back to my point about whether the private sector should
do it all, part of the difficulty stems from a misunderstanding of
what the word network means. It is certainly not just the physical
infrastructure. In fact, sense, it is not even the physical infrastruc-
ture. The physical infrastructure is already supplied by the private
sector. The government simply leases those circuits. It includes the
basic packet, delivery mechanism. It includes services, most of
which are supplied by computer companies and not by telecom-
munication companies.

It includes a great deal of support for what I refer to as affinity
networks, that is, groups of people who share software, databases,
bulletin boards and so on. And most of that is supplied by universi-
ties. The whole point is that expertise from all of those sectors,
public, private and academic, are critical to making the network
happen.

A centerpiece of the FCCSET implementation plan, which, as I
am sure you know, is complete and is working its way through the
administration, is the transition to commercial service. It is not ex-
actly clear how that is going to play out. We are funding studies to
see what the best way to do that is. But a centerpiece is the goal to
make that transition and to do it as rapidly as possible.

Senator GORE. Let me just say that I certainly agree with that
philosophical approach. And I do not see any obviously impediment
to accomplishing that transition. There is an entry barrier now for
the private sector that is a kind of chicken and egg problem. The
demand is not there. The capacity is not there. Which comes first?

And if we simply rely on the market forces generated by voice
communications and the low volumes of data generated by current
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commercial computer traffic, then the demand is never going to
well, sometime it wouldbut it is not soon going to reach the criti-
cal stage when a lot of investment will be pulled into the market
place to create this privately. It is just not going to happen. By con-
trast, if we get over that hump with a government initiative, then
it should be relatively easy to design a transition back into the pri-
vate sector.

And we should eventually consider some kind of user fees that
completely fund the operations. I mean I would think that that
would be very, very easy to find the equivalent of a gasoline tax
that replenishes interstate highway fund.

Dr. Wulff. I absolutely agree with you. All of the agencies work-
ing together have carefully structured our implementation plan to
involve the private sector, to keep them fully informed, as John
Rollwagen said, to have input to the whole process as we go along.

A third major point I want to make has to do with the dual role
of the National Research Network. Building the net is not a simple
issue. It really has two aspects to il.. One is the set of research and
education which uses the network and the other is research on the
network, on the problem of networking, for which DARPA is pri-
marily responsible. The two are not independent.

The way that we use the network must impact the design. Inter-
active visualization such as Craig was showing you a few moments
ago is radically different from television video images. It places en-
tirely different demands on the network. It has different holding
times and so on.

Data fusion from geographically disparate seismic sensors is radi-
cally different from either visualization or telephone or electronic
mail, for that matter. So we have to derstand how the network
is used in order to do a proper job of aesigning it. To me that un-
derscores why it is so important for this whole process to be an in-
dustry-govei nment-university cooperative venture.

This is not a simple administrative government network. This is
not a simple extension of the current networks to higher speeds,
because the patterns of use will be different. The expertise to build
a network is not wholly located in government or industry or in
academia. We have to work together.

I think that the FCCSET plan and, frankly, the NSF cooperathe
structure to manage the network, is designed to encourage and
even to require that kind of cooperation.

I will make one short side comment here, having now just em-
phasized the dual role of both research on and using networks. The
National Research Council, when they critiqued the original
FCCSET plan, encouraged us to make sure that research on
networking did not interfere with the productive use of the net-
work by researchers. We are very mindful of that. And so, for ex-
ample, ourselves and DARPA have put out a solicitation recently
for something called the RIB, the Research Internet Backbone,
which primarily exists at least in its early stages to supply com-
pletely separate circuits that we could use for research on network-
ing and, therefore, not impact our users.

The fourth point I want to make really harks back to something
you said in your opening remarks and which I so heartedly agree
with, and that is the need for balance in this program. The original
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1987 FCCSET report called for a balanced program of high-per-
formance comnuting, networking, software and algorithms, and
basic researci in human resources. And I do not feel I can over-
state the case for the importance of that balance.

It is easy to get blinded by the shiny toys, by the hardware. But
in point of fact, the algorithms, the software and the people who
are able to use them are every bit as important to this entire proc-
ess.

In summary, I think the most important two points that I
wanted to make are the first and the last. Let us get on with it and
let us keep it balanced.

Thank you.
[The statement follows:]
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Testimony

Dr. William Wulf
ALaistant Director

Computer and Information Science and Engineering
National Science Foundation

Introduction
My name is William Wulf. am the NSF Assistant Director for Computer
and Information Science and Engineering (CISE). I am on leave from the
University of Virginia, where I hold the AT&T Chair in Engineering and

Apphed Science. Pnor tc that, I was Chief Executive Officer of Tartan
Laboratories, a software company I helped found, and before that I was
Professor of Computer Science at Carnegie-Mellon University for.

I am here today in several capacities as the NSF Assistant Director
responsible for networking activities, the national supercomputer centers,

and computing research, as a member of the OSTP FCCSET Committee on
Computer Research and Applications, and chair of its Networking
Subcommittee; and as an interested scientist with experience with high
performance computing and networking

In response to an inquiry from this committe. The OSTP FCCSET report,

"A Research and Development Strategy for , Performance Computing,"

(November, 1987) prepared with the assibtance )f the Committee on
Computer Research and Applications, defined a balanced proc am leading
to maintain U S leadership in high performance computing It outlined four
key componen.s. (I) high performance computing resources (both
supercompute.s and local computing), (2) a national research network, (3)
algorithms and software technology, and (4) a strong program in basic
research and human resource development During my tenure at NSF I have
been working with the other agencies represented on the above FCCSET
Committee tu develop an interagency plan for the implementation of the
goals laid out in this visionary report This implementation plan,
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developed under the leadership of OSTP, has been completed and is
presently under formal review within the administration.

The 1987 OSTP Strategy report, the current OSTP Implementation Plan,
and the *National Eigh-Performance Technology Act of 1989. share a
vision of the role that information communication and processing will
play in our future, and of the need to enhance the national information
technology research infrastructure. They also recognize the investment
needed to realize the potential and to avoid the erosion ot our technology
base relative to that of our international partners and competitors. Thus, I

would like to focus on overriding issues of this shared vision, including
several challenges that must be addressed in order to move forward.

I want also to emphasize the need for a balanced program of investment. In
the excitement over the hardware, software and people are too often
overlooked Our experience with the national supercomputer access
program proves that it is inefficient to ignore broader system and
software issues. Several successful research projects have shown that
with improved scientific algorithms and by 'tuning the software to match
particular machine configurations, there is the potential to increase the
performance of the machines currently at the NSF Centers by up to a
factor of 20. This translates directly to improvements in capacity (ie ,

more access) or capability (ie., better modeling).

With the next generation of parallel supercomputers, early investment m
basic software research and training people in the new technology will be
even more critical to the overall efficiency of the program, and hence to
the quality of the science which emerges. The same is true of the network
Advances in switching hardware, for example, are necessary to meet
future traffic requirements. Yet it is the aavanced information processing
services, the automated databases, digital libraries, and multimedia
communications that will make the network most useful to the researcher
and to the industry

The Present Status
The agencies represented on the FCCSET Committee recognize the
importance of information processing and communication to research
productivity, and consequently to our national competitiveness, security
and prestige. At NSF, for example, that recognition has been translated
into action. We have steadily increased our support for networking,
supercomputing, and basic research and human resources over the past
several years, and expect to continue the trend within our overall approved
budget totals. Let me give three examples of what that has produced.

6/20/89 2
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First, with the cooperation of the DARPA, NASA, and DOE, NSFNET has
become the core of a rapidly developing Internet which ties together and
extends many governmental, private and international research networks
Because of our unique mission, NSF has become the de facto lead agency

for the implementation of the National Research Network. The new 1.5
megabit/second NSFNET backbone became operational last summer. Via the
midlevel and campus networks, it services over 250 research institutions,

and provides access to over 100,000 computers. It is working well and the
research community is responding, in fact, over the last few months
traffic on the net has increased 20-40% per month. To meet the demand we

expect to expand the number of nodes and links on NSFNET this year and,
subject to budget constraints, to begin to phase-in the 45 megabit/second
"Phase 2 backbone in the later part of FY90, almost two years ahead of

what was suggested in the 1987 FCCSET strategy. This has occurred
because of the dedication of tne program staffs of the agencies and the
extraordinary participation of our mdustnal partners.

Second, subject to appropriation of the FY90 budget request, NSF will have
increased its support to the National Supercomputer Centers by 60%
between FY88 and FY90. The NSF Centers will be upgraded to the latest
supercomputing systems available, and staffed to maintain their
leadership role. With considerable state and industry support of the NSF
Centers, and the emergence of the state and regional supercomputer
centers, the supercomputing capacity available to U S. academic
researchers has increased over 80-fold since 1984. The special
capabilities of this class of macnine have been well established in a broad

vanety of research fields.

Third, with the aid of the NSF "CISE Institutional Infrastructure" program,
the production of PhD Computer Scientists has nearly doubled, to over 600

per year, since 1985. While this falls iar shoe; of projected needs
(estimated by some to be 1600+ per year), it has made a notable
difference in the ability of universities and ;ndustry to recruit able
researchers, developers and educators

These are small steps, but critical ones, in reaching the vision outlined
in the FCCSET report It is also testimony to what can be accomplished
among collaborating federal agencies, and through Federal, State,
university and industry cooperation These steps demonstrate that we have

the mechanisms and the will to apply them wisely and efficaciously

6/20/89 3
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ProSpects
These are exciting times in computer networking, high performance
computing, and in information processing in general: improvements in
capability are accelerating, and competition is increasing. To be sure,
there are problems to be solved to realize the potential of these
capabilities, but history indicates that the payoff to the nation will be
substantial. There are a great many issues to discuss, but first I want to
concentrate on just a few of the benefits of information processing as I
see them.

It is clear that networks increase the productivity of researchers, by
allowing them to collaborate with a larger set of colleagues, by giving
them timely access to data collected at remote sites, and by giving them
access to unique resources More importantly however, networks allow
research to be undertaken that simply couldn't be done otherwise For
example, they permit interdisciplinary collaboration between researchers
that do not happen to be collocated They permit access to data and
facilities that would not be accessible otherwise. They speed the spread
of ideas, broaderung the scope of problems dndertaken by the research
community. They aid technology transfer by allowing direct and fast
interaction between peopie, and between people and research literature.
That is why it is so important that research organizations in industry have
access to the national network.

Less obviously, networks can also effectively increase the pool of
resea:chers by making it possible, for example, for the faculty of four-
year and minority institutions to participate in research activities hased
elsewhere. Apart from simple equity, we now that to be competitive in the
future, we will require more participation (row those parts of the
academic community that are at present under represented

It is clear that higher performance computing enables scientific
investigations that were previously impossible -- because, for example,
the data were too voluminous (as with the human genome); the sample
sizes were too small to perform experiments (say, a few tens or hundreds
of atoms); or because experimental environments were too hostile to
humans (as in a nuclear reactor or on the bottom of the ocean) Important
basic rosearch problems which are beyond Zhe capability of our most
powerful computers yield to the advances in computing technology over
the next few decades

More immediate payeifs will be obtained in other areas as well, where the
computational requirements match those of basic science Engineering

6/20/89 4
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design and manufacturing are being transformed by computing.
Supercomputing is being transformed from an esoteric tool of basic
research to an accessible, working component of industrial development.
If we are to keep up industrially, we need to accelerate the
transformation not only by increasing access to the machines and training
more people, but also by investing in the research and development on
interfaces and applications software

Networks and computers separately will have a substantial impact, but it

is their synergistic interaction in a comprehensive information
infrastructure, exploited by a educated cadre of scientir 3nd engineers,
that will have the most profound effects. We cannot quantitatively
measure these effects, and have no way to predict their precise future
implications. However, I believe that what will emerge from exploiting
more capable, less expensive computmg and communications technology,
and vastly more information in computable form, will have profound
effects on science, engineering, and society. One can see glimmerings of
this future in the major successes research networking has already had,
for example, in medical informatics (SUMEX-AIM and National Library of
Medicine's Med line), exploitation of VLSI technology design and
prototyping services (MOSIS), and the NSF supercomputing effort I have
personal experience with the design of Ada, the new DoD computer
language for embedded systems, where the involved community was
'mated literally throughout the world The work simply could not have
been done without ready access to the ARPAnet.

National R&D Partnership and Competitiveness
Increasing the effectiveness of researchers is important, but the payoffs
are compounded when the results of research are applied The information
infrastructure has a critical role to play in moving ideas more rapidly to
the private sector, in enabhng faster development of "defect free'
products, and in generally increasmg the "intellectual stew" from which
our industries extract the ideas that are ripe for commercialization Paper
and people are still important ways to move ideas, but increasingly,
industrial researchers and product developers require access to the same
electronic community as the academic researchers.

The two-way flow of ideas in this enlarged community not only benefits
industrial developers, but also provides stimulating, realistic problems
and critiques to academics You need to understand that in computing and
networking, private industry has been a strong partner with the
government for a long time, and with excellent results. NSF's experience
with a predecessor to NSFNET, called CSNET, illustrates the importance of
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connectivity to industry research laboratories. Industry has invested
heavily in internal corporate networking and many paid to connect to
CSNET at rates which helped subsidize the university participants. They
believed it was worth the price. Simi lady, industry has invested heavily
as partners in NSPs computing and networking research activities. Apart
from IBM and MCI financial participation in NSFNET, there has been
substantial investment by Digital, Apollo, Apple, IBM, and SUN in the
EXPRES project, which explores advanced documentation and collaboration
technology

Industry has invested heavily in the Nationt2: Supercomputer Centers and
the entire scientific computing effort. In addition to the supercomputer
vendors, Cray. IBM and CDC, many manufacturers of products ranging from
mini-supercomputers, workstations and communications devices to
specialized scientific software, have worked with NSF and with the
Centers to realize the success of the program. Numerous industries
outside of computing are affiliated with the centers, in areas ranging
from biotechnology and aerospace, to mining, materials manufacturing,
industrial design and economic forecasting. Many other examples could be
cited as well for the computing research programs of other agenctes,
especially DARPA, which has had a substantial role m research that nelped
spawn the industry in the U S.

American educational institutions have a history of leadership in
developing and using computing and information technology They
pioneered network-based computing innovations such as timesharing
systems, research software packages, standard operating systems,
automated text retrieval, and computer aided instruction NSF has working
closely with EDUCOM, NASULGUC, and other educational consortia to make
NSFNET and the supercomputer centers a reality, arid to insure that they
serve the neods of teachers as well as researchers We will continue to do
so, because the need for improved access to educational resources
parallels that for research resources, because of the paramount need to
educate a cadre of computationally hterate scientists and engineers in
universities and industry, and because the implications for improvmg
educational productivity and saving scarce resources are profound

These successful partnerships result not simply from mdustnal
understanding about the long term economic payoffs from research, or
support needs of university researchers. They are a product of the
histonc, enlightened cooperative investment policies of Amencan
industry, government and universities

6/20/89 6
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Challenges
The potential benefits of an information infrastructure will noi be
realized without meeting a number of challenges. The U.S is not alone, and
perhaps is not even the most aggressive, in recognizing the benefits and
addressing the challenges of information technology. There are several
types of challenges.

First, there are intellectual challenges. Advances in information
processing require innovatiors apart from the physical technology These
include software and algorithms, programming languages and software
engineering techniques, artificial intelligence techniques, new computer
architectures, system design, prototyping and verification tools,
information services (including directories, access and security controls,
digital libraries with automated retrieval and analysis utilities, and tools
for collaboration), and network management tools. Research in these areas
is as important and as intellectually challenging as any for advancing
understanding and promoting technology transfer The challenge is to bring
together the many disciplines and their specialized tools *o work together
on the problems invulved

Several agencies have made a start at meeting these challenges together
Critical areas have been highlighted by joint research program
announcements between DARPA and NSF. and by joint support of proIects
by DOE, NASA. NSF and DARPA. NASA. DOE, the service agencies and NSF
have worked together to effectively use their resources in providing
supercomputing and networking access via sharing and consulting
assistance. DARPA has focused sharply on advanced networking research.
and now leads the coordinated efforts of the larger research agencies

Second. there are substantial organizational and managerial, challenges
which make if difficult to generate the consensus needed for concerted
and sustained action. The problem is real and is exacerbated by the fact.
as pointed out in the NAS critique of the FCCSET report. 'Toward a
National Research Network', that much of the federal, state, industrial.
and university planning must be done without the benefit of a firm
specification. The challenge is to build the coordinating mechanisms for
the creation and management of an advanced facility that has essential
components at every level campus, state, regional, and national, across
multiple jurisdictions, with mixed public and private ownership of
segments. The existence of the present Internet is proof that it can be
done with sufficient commitment, flexibility, and shared resources
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The agencies have devised a plan to maintain the momentum that has
brought the internet to its present state as the worles most advanced
general purpose computer communications network. The plan will steadily
improve and extend the existing internet to match the expected growth of
traffic, while simultaneously developing the technology that will allow
the merger of the separate agengy networks into a single 'National
Research and Education Network'. The agencies have agreed that NSF
should lead the effort to establish this facility as part of the nation's
basic research infrastructure.

Third, there are exciting technical issues to be resolved. The 'Phase r and
'Phase 2 networks envisioned in the FCCSET report are reachable using
today's advanced technology However, advances in switching technology.
communications protocols, routing, and accounting algorithms are
necessary to realize further progress. Similarly. developmsnts now
underway at established and 'start up- companies will lead to improved
high performance computers However, advances in basic semiconductor
and optical devices, computer architecture, algorithms, and software will
be necessary. A well coordinated. balanced basic research program by
government, industry, and universities will be critical to achieving theses
advances

Fourth. of course, there are financial challenges Mechanisms must be
created to sustain the mix of research and service facilities that are the
informatir ifrastructure, to deal with the costing and accounting.
recovery subsidy problems of a system with central and user
controlled jments. These might seem overwhelming at first glance, but
we are dealing with a national resource which will be far less costly if
developed in a coordinated way than would be the case if the parties at
interest continue on separate paths Only a part of the effort will be
undertaken if the work proceeds as -business as usual.' and time horizons
will be stretched beyond what may be useful in terms cf national
competitiveness.

Fifth, there are the challenges of Iransitioning the network to
commercial' service ' Note, however, that the word 'commercialization' is
used differently by various interested parties, in a sense a great deal of
the present mternet is already commercial NSFNET, for example, is
managed by a contractor via a cooperative agreement The contractor
purchases bandwidth from the telecommunications industry. It builds no
plant of its own and wdl have no need to do so in the future The
contractor provides 'backbone' services to link midlevel networks, and
some specialized facilities. su_h as the NSF Supercomputer Centers The
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midlevel networks are a mixed group characterized at present by some
private, some public support.

For the most part the midlevels are themselves 'private" entities. But they
are not the telephone company or even like the specialized common
carriers that have developed over the past decade. Tneir target 'marker is
so circumscribed that it is not attractive to the real firms in those
business at present. That may change in the future, and the network
configuration or the shape of the mialevel networks will have to be open
to change to meet that eventuality. The campus networks that in effect
provide the "final mile" and "customer premises segments are similarly
'private" entities (whether wholely owned by an institution or rented from
commercial vendors). This is the model on which the Internet is built: it is
a cooperative venture which matches invention to necessity. That is the
source of its flexibility to innovate and extend service and its capability
despite the absence of a sustainable free standing market for its services

The critical issue is one of policy. The goal of our effort is to move the
resouice as much out of the public sector as possible as soon as that is
practical -- that is as soon as the users are able to purchase the
capability and connectivity they require. We believe that the market will
grow due to this effort, much as the supercomputer market has grown as
more researchers have been exposed to the benefits of that kind of
capability, and will intersect other developments underway in the
communications industry sometime in the next five to ten years. By that
Tne the federal role will have changed substantially

Finally, there is the challenge of maintaining the balanced program of
computing, networking, software, and human resource development. The
information processing infrastructure is not just physical devices
composed of glass fibers and silicoa chips, and the worldwide competitive
information industries are not exciLsively manufacturers The physical
aspects of the infrastructure are easier to point to, and to touch, but
without software to activate the hardware, and trained people to use it,
the technologies are literally meaningless

Conclusion
While I agree with the. goals and directions of S. 1067, and applaud as
recognition of 2n important national issue, I have a number of conceins
about the bill. The bill has much in common with the draft OSTP
implementation plan. Both are based on the 1987 OSTP Report, "A
Research and Development Strategy for High Perfoimance Computing".
However, the bffi seeks to accomplish legtslatively what is more re;-,dily,
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over the long term, accomplished by the administrative actions such as
those called for in the OSTP draft implementation plan. Legislating dates,
processes and management structures will restrict an ability to be
responsive to the future requirements for high performance computing.
The bill's detailed legislative prescriptions of the OSTP/agency roles would,
over a period of time, hamper the effectiveness of the interagency process
as requirements and technologies change.

The following zspects of the bill are objectionable:

1. The bill authorizes appropriations to OSTP to be distributed by OSTP to
various agencies. This is at variance with the charter for OSTP, which does
not authorize sich disbursement of funds.

2. The authorizations are incremental to an existing research effort (not
specified in the legislative base) and cannot be uniquely related to existing
budgetary categories.

3. Section 202 calls for an operation and poficy making roll for FCCSET. in
distinct contrast to its current advisory role within the 1976 OSTP charter.
This new role cannot be readily incorporated within OSTP as an agency
within the Executive Office of the President.

4. The authorization of additional, unrequested funding for NSF could have
an adverse impact on NSFs programs and priorities.

While we support the objectives of the legislation, because of the issues
that I have identified and several other legal, trade, procurement, and
intellectual property problems in the bill, we must oppose S. 1067.

The near term payoffs of the new information infrastructure for research
and education are large, but the longer term impacts are far, larger. We
are privileged to be involved in the development of this infrastructure. A

century hence, this era will appear a milbittone to human progress. Wo are
developing tools that embody our knowledge and amplify our intellectual
piowess. The industrial revolution, by contrast, was merely the
culmination of experience with tools that amplify our physical prowess.
The easyto-foresee payoffs of the effort today will be innovation
important to R&D productivity and industrial competitiveness. Yet, since
our intellectual capacity is the essence of what makes us human, touts to
amplify that capacity cannot but have an impact beyond our ability to
imagine.

Otr severest challenges, then, are to support the visionaries, to catalyze
the human resources to realize the potential of high performance
computing and communications Ochnologies; to accept the risks and
commit resources to seed these developments; and to maintain the
commitment and cooperation of federal agencies, private industries, state
governments, universities, and most of all, the individuals who have to be
involved to make it work.
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Senator GORE. Thank you very much. We really appreciate that
testimony.

Dr. Fields, about 20 years ago DARPA developed ARPANET, the
first real computer network. And ever since then researchers have
been finding new and unexpected uses for networks. Electronic
mail whic' we take for granted today, as you noted, was invented
on an ARi'ANET. Scientists are still busy finding new uses for net-
works today.

Today, we have networks ' th 1,000 times the capacity of the
early ARPANET and S. 1067 calls for building a network 1 million
times faster.

Could you describe some of the new apilications that such a net-
work might make possible? I know you demurred because it is, in
fact, impossible to predict those applications, but can youare
there a few that you might envision being possible with a new high
capacity network of this kind?

Dr. FIELDS. Well, all of the examples that we have worked out
where we really can justify the high band width of the network be-
cause of the need for the application, and there are a lot of those,
are the military examples which I started eluding to and I can go
into in some greater detail if you would like it now.

If you really want more scientific civilian examples. I would
rather that Bill answer the question. So it is your choice.

Senator GORE. Fine. Dr. Wulf?
Dr. Wut.F. The common thread that runs through almost all ex-

amples that people give have to do with visualization, thc. examples
range from the sort of scientific visualization that we saw demon-
strated today, through transmission of medical images to allow spe-
cialists at a remote site to help in the diagnosis of an illness. I am
in some ways stumped just like Craig in that I suspect the most
important uses of the high bandwidth are ones which we have not
anticipated and will not until they happen.

Senator GORE. Last August, Dr. Wulf, you testified before th:,
subcommittee about NSFNET and the need for more advanced net-
works. And since that time a number of things have happened. We
have a new administration, a new budget and a lot of other new
developments. Has there been much progress toward building a
higher-capacity network since ther.*)

Dr. WULF. There has been a great deal of progress along a
number of different fronts. First, as chairman of the FCCSET sub-
committee on networking, I requested the group of managers of
networks in the various agencies, to create an implementation plan
for the gigabit networks. They have done that. Those plans have
been incorporated into an implementation plan for the entire
FCCSET report which, as I said earlier, is complete and is in the
approval process in the administration.

Just last week the National Science Board approved an expan-
sion of NSFNET to include more nodes and more links to make it
more capable and robust. We have further advanced on our plans
to convert to 45 megabits during fiscal year 1990 So a great deal
has happened.

Senator GORE. Well, very good. Dr. Fields, the OSTP report
warned that Europe and Japan are aggressively moving ahead of
the U S. in a variety of networking areas with the support of con-
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centrated government and industry research and implementation
programs. Could you give us some examples of where the U.S.
might be falling behind i, orking?

Dr. FIELDS. Well, I do n, ,,ve examples where the U.S. is falling
behind in networking technology, but examples where the U.S.
behind in networking implementation abound. Perhaps the most
stunning examples are the current investments going on in Japan,
and the purpose there is to promote high definition television.

The data we get from Japan is there investments are now run-
ning at about $600 million a yea* fur promotion of high-definition
television. A:1d a large part of that is for infrastructure cf high
band width networks, fiber optic aetworks to distribute signals.

Senator GORE. With what capacity?
Dr. FIELDs. I do not know how many gigabits, but it would have

to be in that range. It is just a very, very large investment. There
is nothing like that in the United States that I know of.

Senator GORE. I remember four years ago in another hearing on
this topic, we had testimony about the Japanese science priority
list and one of the top three priorities for that particular rear was
the development of a 10 gigabaud network. And presumably they
have been moving forward on that intention.

Dr. FIELDS. I would just like to add, if I could just take a moment
more, that while my comment about not being behind in network-
ing technology is, I think, generally right, some of the critical com-
ponents necessary from an *naplementation of a high band width
networks up to electronic con ponentsthat is one technology area
where we have fallen behind.

There have been any number of studies showing us falling
behind the Far East in that area. And we might face a future in
which we have to import the components to i, . Lement our high
band width networks.

Senator GORE. One of the problems that ?. always hear about is
the sad state of science education in this country. I personally be-
lieve that the national network can help to improve American sci-
ence education. But I notice since you tes :fied last August, Dr.
Wulf, the National Research Network has become the National Re-
search and Education Network. Why has this change been made? I
applaud it, but why? And what does it signify?

Dr. Wut.F. It is a recognition of what many of us had in our
minds in the first place. I think that is the major reason. I think
the potential for the network for use in education is absolutely
enormous, not just in courses, although that is certainly true, but,
in access to libraries and access to electronic laboratories, for ex-
ample. We are beginning to see some of these uses now.

Again, the potential is just enormous.
Senator GORE. Do you call it NREN now?
Dr. WULF. N-R-E-N.
Senator GORE. That is not quite the same, Doctor, I mean these

are the really important questions.
Dr. WULF. I have not haard anybody a,tually try and pronounce

it; it is just N-R-E-N.
Senator GORE. That is all right. I will not press you on such a

controversial matter. Dr. Fields, I think it is fair to say that we are
all very eager to see this network built. And when I read the
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FRICC report and when I then hear you say that the network will
be operational in 1996, my first reaction is to ask, can we not build
it more quickly than that? Why will it take seven years to get this
network up and running? Can't we do it faster? After all, it is only
going to take two years to increase NSFNET's capacity 30-fold.

If we continued at that rate of growth, we would have a three
gigabit network in 1993.

Can we not accelerate this process? And should we look forward
to an acceleration in the process?

Dr. FIELDS. Well, you can accelerate things somewhat by spend-
ing faster. You cannot accelerate them as much as you might like.
By and large, I think that without any change in the current rate
of investment, we ere going to see these gigabit networks common-
ly available, at least I hope so, toward the end of the century.

You might be able to have that delay by an acceleration of in-
vestment like you are talking about. The issue is what else are you
going to not going to do because of increasing that investment and
that is a choice that is out of my hands. And that the Congress and
the -Iminif...ration has to deal witl- that at other levels.

Senator GORE. Well, if we can cut it in half with the investment
levels associated with S. 1067 I think that is clearly worthwhile be-
cause it is a very small investment. Could we get it even faster
than that with more investment? Could we get it two years earlier
with a reasonable increment to that investment?

Dr. FIELDS. It is conceivable but the uncertainties are just too
high to say. Whether it is 1993 versus 1994, that is not something I
think we can be precise about at this stage.

Senator GORE. Well we are going to give continuing attention to
that question as these proceedings continue. There are a lot of
other questions that I would like to ask both of you, but we have
five more witnesses and we want to do justice to their testimony.
They are very distinguished witnesses.

We really appreciate your attendance here today. Thank you
very much for coming.

Let us go to our third and final panel now. Mr. Gray Collins,
Senior Vice President for External Affairs at Bell Atlantic Corpo-
ration; Mr. Gene Gabbard, Chairman and Chief Executive Officer
of Telecom USA, based in Atlanta; Mr. Richard Liebhaber, Execu-
tive Vice President of MCI Communications Corporation based in
Washington; Dr. Robert Lucky, Executive Director for Research,
Communications Sciences, at AT&T Bell Laboratories; and Mr.
Roger Schwantes, Vice President for Production and Technology
Development at Northern Telecom, Inc., based in Nashville, Ten-
nessee.

Thank you all very much for coming. Without objection, your
prepared statements will be included in full in the record. I am
going to ask you to summarize your presentation in five minutes
each. We do have time constraints at this point. And we apologize
for the delay in getting to this panel, But I hope you have enjoyed
the dialogue that has preceded you.

We are going to proceed with Dr. Robert Lucky as the first wit-
ness. And welcome, and please go right ahead.
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STATEMENT OF ROBERT W. LUCKY. EXECUTIVE DIRECTOR. RE-
SEARCH. COMMUNICATIONS SCIENCES. AT&T BELL LABORATO-
RIES
Dr. LUCKY. Thank you, Senator. AT&T supports your bill and

1--
Senator GORE. Thank you. We will go right on to the next wit-

ness.
Dr. LUCKY. I, personally,. am very enthusiastic about it. I wel-

come your presence in this business. I think we need you. And
frankly, I feel very frustrated. I am a member of a common carrier,
but I also am a user. I am a member of the res^arch community,
and I have been teally frustrated in recent years because I have a
telephone at my desk and a ceparate computer at my desk. And on
that telephone, 1 can Pall anybody in this room, anytime. I can
speak as fast as I want in any language I want. If I do not know
who you are, and I do not know a lot of you people. I can look you
up in the telephone book. We are all connected this way.

You do not realize that in the data world none of those things
apply. Not a single one of them. I cannot find any of you. There is
no telephone book You are not in it. I cannot talk as fast as I
want. In terms of data speeds, I have a paltry little speed that I
can use if I can even fina you. T cannot talk any language I want
because we have all these networks out there that JI talk different
languages.

And it is a tower of babble. So, frankly. I am really frustrated
with this. And that is why I think we need your help in this busi-
ness.

Now six years ago if we were doing this hearing, I would have
felt personally embarrassed about this situation because as a
member of the Bell System, I would have felt responsible for this.
But in 1984, the Department of Justice relieved me of this embar-
rassment.

Senator GORE. We knew you would come to love it.
Dr. LUCKY. I can come here with a straight face and not be em-

barrassed because you cannot talk to your friends on the computer.
Because we have a different paradigm now for running the
networking business in our country. And it relies on competition
between me and these other people at this table. And the problem
is that paradigm is not cre4ting the network and the innerconnec-
tion that we need.

So that is why I think we need *Ile leadership of government I
wake up in the mornings with a nightmare that they are going to
regulate this into existence, and that we do not want. But we need
your leadership. We need you to stimulate this business

Now, what AT&T has to offer particularly is the fiber optic tech-
nology. We are developing optical components and fiber optic sys-
tems. Today, they transmit 1.7 billion bits per second on a fiber
That is what we Lre irNcalling today. That is about 50,000 voice
calls on a fiber. Already in the research lab, we are sending 16 bil-
lion bits, 10 times as fast already in the research lab.

An I so that optical transniission technology is doubling every
y,ar in the research labs. It is great technology.
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But I want to caution you on that, Senator, because the idea is
very prevalent that there is a lot of spare capacity out there in the
network because of that fiber technology. Now my compatriots
here are going to have to speak for their own companies. But I sin-
cerely doubt that is true for AT&T.

The people who run the business have to compete at the bottom
line and have to hold expenses down. They do not install a great
deal of unused capacity at any given time. So it is like we have de-
veloped the technology, but it is like concrete ready to pour. It is
not poured out there. And it takes the stimulation of something
like your bill to get us to pour that capacity

And then after you have poured the capacity, you have the
roads Then you have to build interchanges. Now, again, in the re-
search lab. we are working on optical switching and ven, high-
speed switches that could switch these tremendous bit streams that
are out there So the next thing you need is the interchanges, then
you need the on and off ramps.

And you need a motor vehicle code. You need someone to admin-
ister this and to pull it all together and say that you are not going
to speak different languages You need leadership force. the admin-
istrative structure, and rules of the game Someone has to pull it
all together, and competition is not doing it.

Finally having welcomed you to this and saying why we need
you. let me say that it is a chicken and egg problem. You put it
t ery well The technology is there. but the market is not. And that
is why we are not doing it You might say that if this is such a
good thing. why isn't AT&T doing it" Because the business people
do not think there is money in it nght now But there will be, and
there can be a tremendous market if you get out there and stimu-
late it for us. And then you get out of it Okay' [Laughter 1

[The statement follows]
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Stabament of

ROBERT W. WM

Exemitive Director - Research

Ocarunicatiors Sciences Division

AT&T BELL LABIRATORIES

AT&T supports government investment in the technology and availability of
national data network services, as pxoposed in the High Performanoe Catputer
Technology Act of 1989. Availability of such services wculd promote scientific
research and colleJoration, and help make U S technology more competitive.

In general, =muter netoaks today are not interconnected and it is often
impossible to send information between any two systems. Also, cceputers
regiire much faster transmission speeds than voice ccomunicatiten. Many
businesses, most campuses and research organizations have local area networks
that transmit at speeds of about ten million bits per second, and new networks
are being developed that transmit at 100 million bits per second. There are
also generic uses f.,r data rates much higher than those available in tL,lay's
wide area camainicaVore networks; transmission of pictires or graphics are
ememmles of sudh uses. 2at the most important uses of a high-speed mmtwork are
very likely to be uses we have not yet identified or even imagined. We should
not be so Shortsighted as to try to justify the nation's investment in such a
network solely on the basis of today's uses.

Inter-city optical transport facilities are currently re- 'ving adequate
attention. but other important parts of the network are note What needs
further development is an overall arthitectural plan, which iroorporates
multipleximg arrangements thAt enable data users to share the transmission
capacity effectively, and a logical structure (directories, network management
plan, etc.), which (=bodies all the reles for the use of the network.

To stimulate the investment needed for a successful high-speed data
netootk, the buying power of data-networking services Should be put in the
herds of the users, as it is for telephony and travel. We agree that
networking for sapanommaiter users is strategically important. At the same
time, ws believe that our ciuntry Should conduct research that can lead to data
services that meet the broader needs of intustry and government:

The prqposed gigabit network would, in our view, stimulate scientific
discovery and benefit the U.S. economy and the American people in many ways.
Cptical-tommetiesico technology does not require additional government funding.
The research epmexurad by this bill Should be dLrected toward the
infrastructure]. requirements, particularly overall architectural design and
netwaek managunent.

so



85

my name is Robmrt W. Lucky. I am Executive Director - Rasearch in

the Commulicaticals Sciences Division of AT&T Bell Laboratories, at

Handal, NewJersey. I wiSh to thank you, Mr. Chairman, and the

Committee on Commerce, Science and Transportation for the opportunity

to present AT&T's view on high-speed computer networks and on your

prceceed legislation.

Government investment in the technology and availability of natiooal

data network services, as proposed in the High Perforyance Computer

Technology Act of 1989, would promote scientific researdh and

collaboration, and help imam U.S. technology more competitive. As

the use ct the resulting network tact' clogies spread, they would also

enhance commerce and promote efficiency in ousiness pperations. ln

ord.:a- to achieve these high-level objectives, the network will need

to exhibit high user speeds, be broadly available and friendly in

acc*ss. All this must be achieved at affordable user costs and be

profitable for service providers.

Today's telephone network serves our needs for voice cammurdrations

quite well. We can call anyone, anywhere. If we do not know the

person's nuMber, we can look it up in the telephone book or call

dix*ctory assistance. Once a call is connected, we can talk as fast

as we are able and we can use any language we wish. Since we take

these attribabas for granted, it is hard to recognize that almost

none of them apply to data communications networks that link

together ompiters and terminals.
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In geneaal, the carputer networks of today are islands unto

themselves. They are not interconnected and it is often impossible

to send information between any two systems. There is no directory

of computer users and no one appears to have either the

respansibility or the desire to provide one. Furthermore, =miters

need to be able to talk much faster than the voice telephone network,

upon Which they rely, now permits.

Why are higher speeds necessary? Acentury ago we badanationwide

digital network for telegraphy. Users couched their messages in

"telegraphese", =swaying words wherever possible. Anyone wanting

to send a precious message had to trudge down to the telegraph office

utere the message was keyed into the network by expert operators at

rates of about ten bits per second. People in ,hat era thought that

was all the cateunication FTeed that w.. ever be needed. It was a

sreed =parable to human speedh what more could anyone want?

In the 1960's, modems were developed to convert computer data into an

analog, speedh-like signal for transuaLsion over the telephone network.

Today, modem speeds ,f 2400 bits per second are typical. At this speed,

a typical printed page is transmitted in about ten seconds. While that

is mudh faster than the average reading speed, it is somewhat slower than

the rate at which we skim material, looking for specific information.

Altbaagh 2400 bits per second is suitable for human reading and

typing, it is inadequate for most matfidne functions. A computer's

efficiency depends on its ability to move large amounts of data from

-2-
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place to place. Even personal carpaters today transfer data to and

from their internal memories at effective speeds of about a half

billion bits per second.

As a simple exaldpie, consider today's popular word-processor programs.

In reoent years even these relatively simple programs have ballooned

in size as more and more functionality has been added. TOday, a

typical program might be one megabyte (eight million bits) in size.

If this program is stored external to the computer -- as is the case

in more and more business applications where workstation computers

are served centrally by shared-storage systems -- then a user will be

affected by the length of time it takes to retrieve this eight-

million-bit file. At 2400 bits per second, the user utuld have to

wait approximately one hcur for the program to be loaded.

In short, for a useful exchange of programs and data files between

computers, higher-speed networks are essential. Thus many

businesses, most campuses and research organizations are served

by local-area networks that transmit at speeds of about 10

million bits per second. (The actual transfer rate of data is

considerably less than that, because of the bottlenedk in

communicatiorm procedsing -- a subject requiring further research.)

New nebworks are being developsd and staniards axe being readied for

local-area networks that transmit at 100 million bits per second.

-3-
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ButiAhen the cog:titers on these local networks exchange data with

other =paters outside their own locality, they will be reduoeito

paltry rates of semnxnal thousands or tens of thousands of bits per

second. A fire-hose stream of bits in a local-area network will

become a drinking-straw stream when it goes beyond the local network.

You and I too can make use of higher bit rates. There is an old .

saying that a picture is worth a thcusard words. Curiously, it requires

almost exactly a thousand times the communications rAeArity to

transmdtpictures as spoken words. Network television signals, for

example, are transmitted digitally in the telephone network at 45

million bits per second as compared with the standard 64 thousand bit-

per-second rate used for digital speedh.

A still picture, when digitized, is transformed into a file of about

24 million bits. But peqple have a habit of leafing through pictures

at a rapid rate. As we turn the pages of National Geographic, for

example, we may be using the equivalent of hundreds of million of

bits per second. The traffic in medical imagery within hmspitals, as

another examp'.e, reaches -Ymparable figures. Every waking second our

own L.:tic nerves carry several gigabits into our brain.

Thus it can be seen that there are generic uses for data rates much

higher than those available in today's wide-area ozmmunicatials

networks. Generally speaking, we need these higher rates not because

we have a continuous demand for huge aroomts of data, but more

-4-
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typically benerseue need

the channel spcmadically,

require the full speed cr

cannot afford to wait.

89

to send data instantly. We may only need

but when we have information to transmit, we

the network for our individual use -- we

Finally, in my view, the most important uses of a high-speed network

are very likely to be uses that we have not yet Identified or perhaps

even imagined. In all past telecomunications history, users have

been satisfied with the existinq dpeed of transmissiod until they

were given higher speeds -- then and only then have new opportunities

developed. Only in retrospect have the pmevicus transmission rates

looked inadequate. Investing in cur naticnal data network

infrastructure is an investment in our future. It is like building a

road into the wilderness. We must not be so dhortsighted as to try

to justify sudh an investment solely for today's uses; thet.a uses

grew around a lesser system.

Given that a high-speed national networking infrastructure is needed,

What elements are already being developed and what elements need to

be stimulated by the goverrmmnt? AT&T is investing in a great deal

of research and develcpmerd:directed towards achieving a very high-

speed opkical-fiber transport system. Progress in optical

transmissicn technology has been dramatic. The fibers that we are

installing in our network today carry data rates of 1.7 gigabits per

second in eadh fiber strand. Already we have experimental eystems

-5-
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in our research laboratory that transmit data at 16 billion bits per

seculd in an optical fiber. For the ftture we expect continuous

qmowth in this capacity. We believe that the ultimate capacity of

the fibers already installed in the nation's ba,ktone may be as high

as ten terabits (trillions of bits) per second in each fiber.

Of the elements needed to implement a nationwide, very high-speed

information network, only these inter-city optical-transport pipes

are currently receiving adequate attention. It is as if we had built

superhighways between our cities. but no interchanges, or on-and-off

ramps for access. What needs further.* development in such a network

is an overall architectural plan that incorporates the multiplexing

arrangements that enable data users to Share this high-speed pipe

effectively, and the logical structure, e.g., directories, network

managemmeht paan, etc., that erbodiw all the rules for use of the

network. To further extend the analogy to the highway system,

in addition to the access ramps and interchanges, we need a motor

vehicle mode that tells everybody exactly what kinds of vehicles are

allowed and how the roads are to be Shared.

Investment in the infrastructure needed to apply high-capacity fiber-

transmission technology to specific data Applications, e.g.,

supercacutar usccs, is driven by market demand and provective

return on inveetment. This, in turn, is driven by oue ability to

meet the needs of users economically

-6-
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Tao barriers mat be overmems to create the ccroditiais that will

stimulate' increased investment in tha infrastrucbme needed to serve

researchers in general, and supercomputer users, in particular.

These are: (1) data network services reed to be valued like other

researcher support services, ard (2) eharel services must serve a

variety of users with different bandwidth demands, if it is to be

marketable and profitable.

In other words, data camminicatices services must be trotted as cne

of many servioes that researchers purctase from their grant folds.

The research camunity .mould not think of creating its 04 a 1 airline or

phae system or p:stal service. Nor that data ommunicatiors

services have become an integral part of a researcher's requirements,

it is important that the purchase of these products and servioes be

mede from the marketplace and that the parchasing process be subject

to the same forces of the marketplaoe as voice services and travel

services.

Cne way to aocoplish this is to charge the flow of grant funis for

networking. Instead of channeling funds directly to the network

providers, e.g., the regional networks, these furds shalld be

incorporated as part of research pnposals or included as irdirect

costs of researchers (or tinive.aitiss acting at their tehalf). This

is the model for voice services and should serve as a mcdel for

creating competitive and profitable price levels for data services,

as the Federal Research Interagency Coordinating Xemittee (MCC)

report has recognized.

-7-
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If the purclasing mcdel for data services is changed to create price

levels that are based on market value, as suggested above, thu remaining

question is hod to serve the deamls of supercomputer users at

reasonable price levels. Because supercomputer users' needs lay at

critical times exceed by more than a thassand times the needs of other

users, the question of boo to price usage affordably needs to .ne answered.

The peak users, e.g., the supercomputer users, will drive the

instantaneous peak demand of the network. This, in turn, will

determine the instantaneous peak capacity required of the network.

If the superompater user is the only user, then the total cost of

the network will be carried by this cne rlAcs of user. If, en the

other hand, a large =ober of users are able to access and use the

high-capacity data highway, the cost of the network will be shared

by a large number of users. For this to happen, sipercorputer users

(and others) must he able to take control of a required ar7unt of the

bandwidth at a premium price.

The price for services an a more broadly shared net4ork would be

substantially less than the price for services an a retwrk that

served only s-peromputer users. This is because the revenue of the

lader-priority users would came withcut Mcliticral invesbrent in the

highwayalheit by increased investment in the infrastructone to

ally sharirg and priority treatment of many users. Research is

being performed at AT&T Bell laboratories and elsewhere into

techniques for sharing high-speed networks in this Darner.

-8-
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In cmerview, the Ability to cammercialize a gigabit network will be

enhanced by creating a mass of lower-priority users Who would

purchase data services from the same highway tut at priorities and

prices that serve their needs. One source of this traffic is the

cperaticcal and administrative traffic currently being hgndled on the

Internet, e.g., electronic mail

Other possible sources of traffic to "fill in the valleys" of demand

When superccupiter applications are not actire are therdata

ommunioatiors requirements of other government users. If the

infrastructure built to support the glgabit highway were created in

sudh away that it could serve the broader needs of the government,

the additional lower-speed traffic would ba able to support a

network service with lower price levels for swerccoputer users.

Since the growth of supercmputer traffic will be based on

scientific discovery, it will be several years before supercatputer

users require a substantial part of the total available capacity of a

multipae-gigabit highway. It is necessary, therefore, that some

substantial traffic source be Able to take advantage of the highway

in the near term. Broad goverment requirements could help serve

this need.

Our conclusion is that the proposed gigabit network would stimulate

sciemtific disoovery and tenefit the U.S. ecalopy and tne American

-9-
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pawl* in many ways. nirther, the cgtical-tranesissicn technolow

needed to create the transmission facilities for gigaoit trarimmissicu

does not require additional government funling. The research sponsored

by this bill should amaii . the infrastructural tedurigues needed to

allot traffic from multiple users to be served by the gigabit

higisay. In particular, research is needed into an overall

architectural design that meets a variety of price/performance

options far end users and addresses the broad requirements of network

management cn an enci-to-arl basis. Such techniques stmuld be studied

and targeted for inclusion in future plans to serve the government at

large, and the research ccseunity in particular.

-10-
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Senator GORE. That is a deal. I am glad I did not cut you off pre-
maturely.

We will just go right down the line here. Mr. Richard Liebhaber,
Executive Vice President of MCI, is next. Welcome.

STATEMENT OF RICHARD T. LIEBHABER, EXECUTIVE VICE
PRESIDENT, MCI COMMUNICATIONS CORP.

Mr. LIEBHABER. Thank you, Senator, for the opportunity. On
behalf of my colleagues at MCI, I would like to start with two
adages.

The first one is that in real estate, location is the key. In
networking, infrastructure is the key. The second adage is a good
idea at the wrong time is a bad idea. This is a good idea. And we
believe the time is right at MCI.

Let me try and put the role of competition and technology into
perspective for you from our view, and deal a little bit with the ec-
onomics of networking that we have all experienced in the United
States.

1972 a voice grade private line, if you were to acquire one, would
cost you $1 per mile. At best it would have carried 1,200 bits per
second. Unreliably at that.

Senator GORE. What was that?
Mr. LIEBHABER. About 1,200 bits per second. But a 1972 dollar

today is about three current dollars in 1989. Today you can pur-
chase a T1 or a 1.5 megabit private line for less than $3 per mile.
That is 1,250 times price performance improvement in 17 years.

In 1984 it cost interexchange carriers, such as MCI approximate-
ly $1,000 per circui mile to construct 64 kilobit circuit mile. In
1989, our cost at MC. are under $1, or three orders of magnitude
improved. Incredible, incredible technology and price performance
benefits.

We see the conversion of electronics to 1550 nanometer from
1330 as a result of our colleagues at AT&T and Northern Telecom.
We see the development of coherent lasers and new silocondopent
materials. We see further improvement in band width and repeater
spacing. All leading to better cost performance, better price per-
formance.

At today's levels, 45 megabit, the capability of which we are ex-
ploring for he National Science Foundation Network Phase II, we
see that transmission cost at 45 megabit being approximately $1 a
second. To go back to your example regarding encyclopedia's, we
could transmit one volume of the Americana encyclopedia in one
second, approximately 50 megabits for $1, irrespective of distance.

Assuming conservatively a 20 to 30 percent compound growth
rate improvement, which is what we have been experiencing in
overall price rerformance in three years the cost of 50 cents per
second at 45 megabits or lower is virtually in the cards.

From that perspective, this is a goud time. Now is a good time to
pursue broad band networking.

I have been asked to focus on the benefits, and I come to you as
sort of an artitact in this industry. Without revealing my age, I
would like to just brief you on the fact that supercomputers are a

1 01.
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long history in my blood. I go back to the 7030 stretch in the late
1950s produced by a manufacturer I am sure you are familiar with.

And after spending a number of decades in that industry, for the
last six years, I have had the opportunity to deal with the network
side of this melding of computers and communications, something
which we at MCI call the information age. We have over 16,000
route miles of high performance fiber performing at 1.7 gigabits in
some areas and dealing with cross sections today of eight to 10 gi-
gabits in our network.

We are interested in supporting the development of research and
education networks by aggressively competing and providing
people like NSF not just with facilities, but with intellectual assets
as well. As Dr. Wulf described, the demand growth on that network
is phenomenal, 30 to 35 percent compound growth rate, which is
causing us to expand that network at a very fast rate.

As we understand the bill, it would authorize the construction
and operation of a three gigabit per second switch network to link
1,300 institutions representing government, industry and higher
education. And, Senator, we support that enthusiastically.

From our perspective we see no regulatory barriers that would
prevent the execution of this project. We see no regulatory barriers
either on the long-haul portion of the network or in the intercon-
nection of the network at the 1,300 institutions.

But networks are made up of more than just optical fibe. back-
bones, as you know, they include switches and management sys-
tems and access faco ies and numbering plans and billing systems
and traffic systems. To gain experience in these and other aspects
of the provision of network services for large comput.er applications
we did bid with Merit on the National Science Foundation net-
work. We have won that bid and are participating in that growth.

We encourage you tx explore further application, further widc.n-
ing of that band width, and further spreading of the notion of the
in fo rmat ion soc iety.

[The statement follows:]

,.,
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STATEMENT

OF

RICHARD T. LIEHHAHER

EXECUTIVE VICE PRESIDENT

MCI COMMUNICATIONS CORPORATION
Mr. Chairman,

Thank you for the opportunity to address your committee on

the National High-Performance Computer Technology Act (S. 1067)

which you recently introduced. The work you are undertaking is

important to our country, our industry, and to MCI.

I have been asked to focus on (1) the benefits that a

National Research and Education Network will provide to the

telecommunications industry and other industries and (2) how

best to design and build such a network.

Let me first explain the perspectives I bring to this

issue. They are several. Most of my career has been spent in

the computer industry with IBM, in which I was involved in the

engineering of very large distributed processing computer

networks and in the applice 'ons that utilized those networks.

For the past several years I have been at MCI in charge of the

Engineering and Operations of our multi-billion dollar network

and the information systems needed to support our business.

MCI is a company which, to a large extent, created the

competitive telecommunications business. It was also the

company that pioneered the implementation of single mode

optical fibers in national networks. I believe we still

maintain the leadership role in advancing the use of higher and

higher speeds in our network. We have over 16,000 route miles

of single mode fiber, over 400,000 fiber miles, some of which

are operating at 1.7 gigabits per second. This is not

experimental. This is carrying high speed computer data,

images, and voice traffic. Furthermore, we have shown our
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interest in supporting the development of research and

education networks by aggressively, competitively providing the

National Science Foundation with an improvement of over 20

times in the performance of their network.

To summarize, we have a very real appreciation for the

users and engineering of high performance computer networks and

a strong belief in the value of compktition in

telecommunications. We have made major investments in

advancing digital communications technology and in providing

the advantages of those advancements to the general user

through significantly lower rates and to the National Science

Foundation to improve the performance of its network.

My remarks in this short time will be restricted to Title

II of S. 1067 regarding the National Research and Education

Network.

r.s we understand the bill, it would authorAze the

construction and operation of a three gigabit per second

switched network to link 1300 institutions representing

government, industry, and higher education. We support this

initiative.

We, *he interexchange carriers, have over the past four

years spent billions of dollars to construct fiber optic

digital networks which provide data rates far exceeding the

requirements outlined in the proposed bill. Just one of our

typical fiber bundles of 11 pair operating at 1.7 gigabits per

second wi21 today provide 10 times the capacity your bill

desires. And this is just MCI. At least two or three of our

- 2 -
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competitors have similar cross section networks. This capacity

has been constructed at no cost to the government or the

taxpayers. In fact, it has resulted in significantly reduced

long distance telephone rates. A reduction of over 40% since

divestiture! This committee would probably not be considering

this legislation if the common carriers had not made these

large investments. Today we can provide the bandwidth, as can

our competitors. The government can procure the transmission

capacity it needs under competitive conditions, yielding the

best allocation of all our resources. This is not a chicxen ot

egg problem. We have already built the chicken.

But networks are made up of more than optical fiber

backbones. They include switches, management systems, access

facilities, numbering plans, billing systems, traffic systems,

etc. In order to gain experience in these other aspects of the

provision of network services for large computer applications,

MCI bid as a subcontractor to MERIT, for the NSFNET. We have

won that bid and are participating in the growth of the network.

However, NSFNET is not the only activity in which we are

involved to develop new services for computer networks. We

have work going on in our laboratories and in the laboratories

of our vendors to develop very fast, very high speed nodal

equipment for non-voice information tzansfer. I expect our

competitors have similar programs. We would like the

N,Portunity to offer these new competitive services to the

proposed National Research and Education Network, and to

explore their application and further development.

- 3 -
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Through our work with NSFNET, as well as research work with

commercial and government customers, and with our colleagues

worldwide, we believe we have gained an undeistanding whicn

will yield innovative products to serve much of the expected

needs for data, voice. and image communications, including

supercomputers.

We believe these varied needs can best be served by the

energetic interplay provided by an open, free, competitive

system.

To use an analogy with which the Chairman is familiar, the

interstate highways for supercomputer networks have alreadi

been built -- at no cost to the taxpayers or the government.

The free enterprise system has done its job. The legislation

should focus on the application and use of that infra-

structure. Through the consolidation of the research and

education communities, we envision an environment in which we

can concentrate the development process on one wideband

network. Like our work with the NSFNET, we are pre?ared to

share the intellectual assets that result from the efforts.

The best way is for the users of supercomputers to identify the

freight they want carried -- develop the application set.

In some cases the supercomputers will have large loads

which can be batched and transported very quickly, equivalent

to an air freight shipment. Other applications will be

continuous which will be more analogous to a gas pipeline.

Still others will be smaller and more distributed cargoes, most

appropriately served by the equivalent of trucking companies.

Some will be local like the taxicab market. The critical

challenge to be addressed here is the infrastructure, control
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and management disciplines required. Dilution of sub-network

or agency specific networks will not in my opinion assure such

development. Under the leadership of NSF we envision luch a

plan bringing the broad application requirements together,

thereby assuring critical mass traffic.

The major problem today is that the users have not quite

figured out how best to pack their freignt and we carriers have

not quite figured out how best to manage and switch the cargo.

Modest efforts like the present NSFNET are appropriate ways of

working together to gain some m.tual experience.

All of the major carriers are contributing to the worldwide

attempt to reach standardized solutions to these traffic

management problems. We are not yet of one mind on finding the

best solution. Some rre locking for the universal,

do-everything switch; others are focusing on individual

application areas within the supercomputer universe for

specialized solutions. Some of these developing services will

match markets, some will not. We believe the market is the

place to test these ideas. But the stimulation contemp4ated by

this bill could provide the incubator for such a process. The

issues facing the designers of supercomputer networks are

efficient allocation of resource issues and management issues.

We already have the first component in place, the greatest

multi-billion dollir laboratory in the world the competitive

telecommunications industry in the US -- a model the rest of

the world is now trying to emulate.

- 5 -
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Referring to the draft Program Plan for the National

Research and Education Network, we suggest that the plan be

allowed to progress to Stage 2, the shared 45 megabit per

second trunk system, as soon as possible, and that this

committee encourage joint development and cooperation with the

NSF by the appropriate user agencies, NOAA, DOD, NASA, etc. We

all need to take risks.

Beyond Stage 2, the trade-offs to be made will be the

classi. communication decisions of increased bandwidth versus

terminal processing.

To summarize, our experience in computers,

telecommunications. NSFNET, and competition leads us to

conclude that the rapid development of the supercomputer

industry will be furthered by this bill through the free market

bidding process in response to the consolidated NSF process we

suggest.

Thank you for asking us to share our views with you on this

important issue. I would be pleased to answer any questions

the Subcommittee may have.

- 6 -
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Senator GORE. Thank you very much.
Mr. Gray Collins, Senior Vice President for External Affairs at

Bell Atlantic will be our next witness. Senator Pressler is going to
run the hearing for a moment and I will be back shortly. Please
proceed with your statement.

STATEMENT OF A. GRAY COLLINS, JR., SENIOR VICE PRESIDENT,
EXTERNAL AFFAIRS, BELL ATLANTIC CORP.

Mr. Col um. Thank you, Senator. I would like to thank the sub-
committee for inviting me to appear this afternoon and provide
Bell Atlantic's views on development of the National Research and
Education Network. Bell Atlantic is critically interested in this
area.

We built local fiber optic highways to link colleges and universi-
ties in our region with supercomputers, and we have recently filed
a waiver with the decree court asking, it. part, to provide super-
computer services on a timeshare basis over our network.

We know how challenging and difficult it will be to build the net-
woa. The technology for this super high-speed data highway does
not even exist today.

One approach is for government to provide funding for research
and development. Funding can play an important role, but the best
way to get the job done, at least in my opinion, is to turn to the
private sector. The government has established 1996 as a day in
which the network will be built, but it would beit should really
solicit bids from the private industry to build that network. And
ownership Laid operation of the network would remain in the pri-
vate sector.

To get the best network as quickly as possible and at the lowest
cost, that bidding should be as competitive as possible, Senator.
That means that there should be no artificial restrictions c the
company tocompanies who want to bid for example the Bell com-
panies with their vast expertise and sophistication in telecommuni-
cations should be able to bid on this long distance network without
regard to the long distance restrictions imposed on it by the AT&T
consent decree.

There is a precedent for this kind of relief. When the govern-
ment sought bids on the new FTS-2000 network, the decree court
allowed the companies to bid to provide service that according
to some were long distance services. And that grant to allow us to
participate, ensured that there was real compeCtion in the FTS-
2000 bidding. The FTS-2000 network is a complex one. But it pales
by comparison to the super highway for supercomputers proposed
in this legislation.

That is all the more reason that the bidding for the super high-
way should be open and as competitive as possible.

In addition, the competitors need to be free to experiment and
develop the technology that will make the network possible. That
means the decree's restriction on manufacturing, which inhibits re-
search and development, must be eliminated, at least for this
project S. 1067 unfortunately is eilent on the AT&T consent decree.
I would sug, sst that Congress minit address these issues if you are
to achieve the goals articulated in your proposal
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I would like to comment briefly on what the network should look
like. It should not be a network that links up just a few locations
and can be accessed by only a few government locations and big
universities. It should be part of the public switch network, thereby
accessible to the wide variety of users including small and medium-
sized businesses and small colleges.

Such an interconnectable network would obviously make super-
computing resources available to the widest possible audiences, in-
cluding the rural areas. And it is an important public policy goal,
but it would io more than that. The existence of this high speed
fiber optic network would provide the incentive for the local tele-
phone companies to install fiber in their own network so that the
small and medium-size business can be reached over the super
highway.

Today, the telephone companies are installing fiber in their back-
bone of their local network. But this project will give them the in-
centive to expand the fiber to the customer's home and businesses,
the so-called last mile and bring the benefits of the information age
to the American consumer.

Congress can encourage this important local deployment of fiber
by other means as well. For example, local fiber systems are the
cutting edge technology for the distribution of cable television serv-
ices. By lifting the ban on telephone company provision of cable tel-
evision, Congress will give added incentive to the telephone compa-
nies to bring fiber to that last mile.

Providing these incentives is important because bringing fiber to
the last mile is not going to be easy. The technology is not yet
available. We have to develop higher speed commercial grade op-
toelectronics and larger and higher-speed switching suitable for
remote terminal3 and end office environments. With the right in-
centives, however, we are confident that the job will get done.

It is an exciting time. The National Research and Education Net-
work will be a powerful vehicle for making supercomputing serv-
ices more widely available and for encouraging the development of
the commercial high-speed networks envisioned by this legislation.
With the help of Congress, the telecommunications industry includ-
ing local telephone companies, can make that promise a reality.

Thank you.
Senator PRESSLER (presiding]. Thank you very much. Later I

would like to have you comment on how realistic it is to access
small businesses and what their benefits will be.

But first we will hear from Mr. Gabbard.

STATEMENT OF O. GENE GABBARD, CHAIRMAN AND CHIEF
EXECUTIVE OFFICER, TELECOM*IJSA

Mr. GABBARD. Thank you, Senator. I appreciate being invited
here today. Telecom*USA is the fourth largest long distance tele-
phone carrier in the United States, of course, after the breakup of
AT&T.

Our company owns and operates a 3,000-mile digital network,
primarily fiber-based, which is part of a 19,000-mile nationwide
system operated as the National Telecommunications Network.
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And NTN is a partnership of six regional companies in the United
States.

And I certainly agree with Dr. Wulf, that the issue is really not
whether information is going to be important or not or whether we
need this network or not, because to effectively move, manipulate
and use information is literally the key to the prosperity of the
United States, certainly in my opinion, Senator.

We need a clear, coordinated national policy for high-speed
networking of supercomputing. And I commend you, Mr. Chair-
man, and Congress, for recognizing this challenge, and believe
Senate bill 1067 lays the foundation for such a national policy.

And I might digress here for one moment to say that I think that
one of the greatest strengths that we have in the United States is
an infrastructure for funding and starting new ventures, an entre-
preneurial infrastructure. And that very infrastructure, which cre-
ates lots of new ventures that are very aggressive, just like our
company has been in putting in fiber in this country, is an impedi-
ment in terms of organizing a big national system like this. And
that is one reason why we need government support to help guide
and to help set a national policy.

I think the development of the National Research and Education
Network, and I will call it NREN as well, Senator Gore, is really
an exciting project. And it is something that the various entities.
many of them, can use to pull around, to focus on, to really get un-
derway and benefit all of America.

On the implementation of the network, I would like to focus my
comments really on three areas. The first is, and I am agreeing
with Dr. Wulf again, that we need to move quickly and effectively,
and it is very, very critical that government, the telecommunica-
tions industry, computer and data networking industries, be tightly
linked in a common force, operating toward the same goals, stand-
ards and directions. Otherwise, I believe at least two standards are
going to end up again; you know, one that is tailored toward insti-
tutions and government directions, and one tailored toward indus-
try. And I am afraid it might take a long time to bring those to-
gether and make them work in an optimum way.

I also believe that new structures, when you have a large new
task at hand, can be awfully efficient. Because they are not bur-
dened with all of the red tape that existing structures have. For
this reason, Mr. Chairman, I really propose that a new not-for-
profit corporation be established with a strong executive officer
and a board of directors; and that that board be made up of users
in government, half of it, and that the other half of it be made up
of the industry segments that have the expertise needed to move
this project out quickly. Supercomputing, long-distance telecom-
munications, local telephone companies, that expertise is needed
from all of those points.

Senator GORE [presiding]. So you would like them to run it instead
of NSF; is that what you mean?

Mr. GABBARD. Yes, Sir.
Senator GORE. Well, let me say that we are open to that. I do not

want to interrupt your testimony prematurely, but we are open to
that idea. And it can be done even after the legislation is passed,
but we will actively consider that at this stage of the process.
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Frankly, who is put in charge was a question that we thought
about at some length; and there are different opinions. And we are
going to have continuing discussions on this as the bill works its
way toward mark-up. But I am happy to hear your opinion on it.

Excuse me for interrupting.
Mr. GABBARD. Thank you, Senator.
I would add a corollary to that, that virtually all of the work

should be done in existing government entities and industry. And I
think that DARPA is doing an outstanding job, for example, of de-
veloping new packet switch technology, and that should continue.
But I am worried that if you manage it from within one of the
present structures, that it will go slow because of all of the history
that resides within one of the present structures.

Senator GORE. Of course, they contract it out, and might take
that approach in the larger network. But, excuse me again. Keep
going, and then we will come back to this.

Mr. GABBARD. Okay.
I think equally important, or perhaps more so, that the new cor-

poration that I propose should be required to plan its own demise.
And, in fact, I would even go further and say that the charter of
the new corporation should require this network to be fully oper-
ational at the 3 gigabit level by the end of five years, and be trans-
ferred back to commercial operation within two years thereafter, so
that we have definitive goals.

If we could put a man on the moLn in one decade, Senator, we
should be able to build this network, which is a much smaller
project and where we have lots of technology, in half a decade.

My second recommendation has to do with technological imple-
mentation. And I certainly agree with Mr. Liebhaber here, there
are three networks and a fourth underway, certainly, if you in-
clude the AT&T network, there are three seamless fiber networks
that cover the entire United States in the 16,000-and-higher-mile
ra -ige each, they go to lots of different places, so it is not just dupli-
cates of each other. So the transport mechanism is here now. We
do not need to worry a heck of a lot about that, if at all.

The packet switching that we need, new, fast packet switching, is
being worked on in lots of places, and I believe 5 gigabit machines,
based upon what I am being told, will be available within the next
three-year time frame from industry, and also though, thanks to
DARPA and their support in that area.

What is missing, and I believe the key area technically, are the
protocols, the new protocols for addressing routing, converting, to
provide easy access, very high reliatility through the network on
alternate paths, self-healing; and that is where a lot of the focus
should be, in terms of the money and the effort from a technologi-
cal standpoint.

We have great protocols for lower speed, but we do not have pro-
tocols that are friendly and easy and work at the higher-speed
areas.

Third, Mr. Chairman, I think we ought to get on with it. I think
everything is in place. Americans have proved time and again that
they can get the job done if given the incentive, and if we create a
streamlined organization to go. And in the meantime, I think we
ought to go ahead and use the existing fiber networks to hook up
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supercomputers tcday with multiple 45-gigabit links so that we can
see what happens today, because the ability to do that is here
today. And that will also help in the development of the protocols
and proving of the protocols for the larger network.

So, in summary, Mr. Chairman, I believe that a 3-gigabit net-
work can be fully realized in five years. I applaud you, the other
members of this subcommittee, and Congress for pushing us in the
right direction down the path.

And I thank you for the opportunity to appear here today.
[The statement follows:]
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COMMENTS OF
0. Gene Gabbard

Chairman and Chief Executive Officer
Telecom*USA

Before the
Senate Subcommitt!e on Science. Technology. and Space

June 21, 1989

Mr. Chairman. Members of the Committee;

My name is Gene Gabbard. Chairman of Telecom*USA, the

fourth largest long distance telecommunications carrier in the

United States. The company operates a 3.000 mile digital,

predominately fiber optic, network, and provides long distance

service in thirty-two states in the Southeast. Midwest. and

West. The company also sells telephone systems, provides data

bace management services, operates an independent telephone

company, and publishes telephone directories.

1. ILLtraeluarjam

We are in the midst of an exciting era. Our society is

changing from the manufacture and exchange of goods to one that

relies on the creation and dissemination of INFORMATION. The

key to our national prosperity rests in our ability to

effectively move, manipulate, and use this information.

The United States must have a clear, coordinated national

policy for the harnessing of the information age. Other nations

either have or are planning such a policy. During the past five

years, countries that were served by outdated and inadequate

national telecommunications systems have made tremendous

strides. The telephone system in France was once the subject of

joP Today. France !is recognized as a leader in

telecommunications systems. Japan had been thought of in the
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authority to get the job done. We must have a strong leader

with the courage and ability to implement the NREN in an

excellent manner in a short period of time.

2. Dramlizaddan

Providers, users, and developers of the multi-gigabit NREN

must not be isolated. They should be grouped into a single

well-coordinated force. It is also crucial that the involved

Federal Government agencies, the telecommunication industry, and

the computing and data networking industries be tightly linked

into a common force with the same goals, standards, and

directions. Otherrise, at least two standards will be

developed, one tailored along federal and institution lines, and

one along commercial lines. It is clear that the NREN is too

important to allow its management to be dominated by a single

group of players.

For these reasons, Mr. Chairman, I recommend that a

separate, not-for-profit corporation be established with a

strong executive officer and a board of directors. The makeup

of the board of directors should be one half from the Federal

Government and user groups, and the other half from the industry

groups needed to supply technologies and ervices. The Board of

Directors should have final authority within the law on the

approval of standards, selection of technologies, selection of

suppliers, disbursement of funds, appointment of officers, etc.

just as in any corporation.

The new corporation should be kept lean, with virtually all

of the work, except overall management and control. being

-3-
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past as a follower in advanced information processing and

movement. It is from Japan and France that many of the American

fiber optic based telecommunications carriers obtain portions of

their transmission equipment. Innovation in obtaining gigabit

per second speeds over a single fiber pair has been more readily

and economically available from the suppliers of these nations

than from North American manufacturers. For the United States

to maintain its role as world leader in information

technologies, scientific advancement, scholarly research. and

the production of excellent scientists, engine'rs and

technicians, we must have a clearly articulated national policy

covering the movement of information. Telecommunications, the

products of scientific advancement, and a well trained, skilled

populace are national resources of the next century. The

National Research and Education Network (NREN) is a key element

of a national telecommunications policy.

We can no longer separate telecommunications, computers,

software, and research into isolated cat,rgonees. They are

irreversibly connected. So, too, are the provideus, users, and

developers of new technologies. Our fforts must be directed

towards creation of continuity and orderly progress. As

detailed in S. 1067. the President, through the Federal

Coordinating Council on Science, Engineering. and Technology

(FCCSET). is responsible for successfully addressing the needs

of national high performance computing research and development

efforts. FCCSET or whomever ultimately is charged with the

task, must be given the tools to manage this process tightly/

and held accountable for its results. They mumt have the
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carried out by ex.sting government entities and industry. For

example, the preparation of standards should be done jointly by

the National Institute of Standards and Technology and the

Institute of Electrical and Electronic Engineers, under the

total control of the new corporation. The completion of the

development of new fast packet switching technology should be

managed by the Defense Advanced Research Projects Agency (DARPA)

through the competitive bidding process with at least two or

three awards to industry. Such contract awards should be on

firm fixed price and firm schedule terms, with industry sharing

the risk. Multi-gigabit transmission facilities should be

obtained through the competitive bidding process from existing

fiber optic network operators.

Perhaps most importantly, Mr. Chairman, the new corporation

should be required to plan its own demise. I believe the NREN

should be coupleted within five (5) years, to at least the

degree permitting handoff to conwercial carriers. I, therefore,

propose that the charter for the corporation call for full

oo!:t4on for five years, followed by a two year wind-down. The

major work during the wind-down would be the smooth handoff of

network controi *I'd operation to the commercial carriers, to not

one but at least three. Otherwise we could find monopoly ot

duopoly control over prices and services after handoff to

industry.

One will recall the great success of the National

Aeronautics and Space Administration (NASA! when it was

established as a fresh new entity with a clear and concise

-4-



112

mandate. Although much smaller in scale, the WREN project will

provide focus to American business, research and education not

seen in recent times. The spin-off and noeitive side effects

will be substantial, in addition to ensuring the completion of a

national resource in a short period of time.

3. netwark_Imjaementation

The implementation of regional and specialized networks

such as the Southeastern Universities Research Association

Network (SURANet) , the Energy Science Network (ESNET) sponsored

by the Department of Energy (DOE), the NASA Science Internet

(NSI), the New York State Educational Research Network

(NYSERNET), etc. have been highly successful and are significant

national resources. These networks, through the efforts of the

NSF, at the direction of the Executive Office of Science

Technology Policy (FCCSET), and more recently, the Pederal

Research Interagency Coordination Council, (PRICC), are being

linked into a national network operating at "Tl" (1.544

Megabits-per-second).

Work is underway to upgrade to "T3 (45 Megabits-per-

second) connectivity between gateways, as part of the National

Network Teethed (NNT) and the Research Interagency Backbone

(RIB) projects, sharing facilities among DARPA, DOE, NASA, NSF,

RHS. NOAA, and other federal agencies. Telecom'USA and our

joint venture partners in the, National Telecommun. -tions

Network (NTN) have actively participated with and provided

services to both SURANet and NYSERNET. Using the 18,000 mile

NTN network, we ara already providing the bandwidth necessary

for the NNT.

-5-

118



113

These projects should continue at full speed. However, the

multi-gigabit NREN should be the final carrying network for all

of these regional and specialized sub-networks. Therefore,

close coordination must be established on day one among the

planners, builders, and operators of these networks and the new

corporation. The organization proposed for the new NREN

corporation should facilitate this transition.

The new multi-gigabit NREN must be a "new design" because

of today's limitations in high level digital multip%exing,

packet switching1 and networking interfacing, routing and

control protocols - both hardware and software. However, the

new network must be "upwards" compatible so that all of today's

terminals and computers can operate over and in harmony with the

new multi-gigabit NREN.

I am not an expert in data networking. There are miny

devoted experts within many agencies, universities, and within

industry to give excellent technological guidance for the NREN.

I do wish, however, to summarize certain facets of o

multi-gigabit network here in order to set the framework for my

arguments.

Elements of the new multi-gigabit NREN are:

A. Multi-gigabit multiplexing and transmission.

B. Slow speed switching (or patching) for trunk

reconfiguraeon and special testbed setup.

C. High speed routing and switching (packet

switching).

D. Network Interfaces - physical and logical network

connection standards, hardware and software.

-6-
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E. Networking - addressing, routing, switching and

crotrol protocols.

F. Applications - Software and data bases which

perform specific computational function (providing

data access, storage, manipulation, and problem

solving).

IZMIR=
We do not need a revolution in the area of transport.

Adding new opto-electronic equipment onto existing commercial

fiber Optic networks can provide multi-gigabit multiplexing and

transport within the needed time frame. W. can achieve 2.4

gigabits per-second on a single pair within a year, and using

new multiplexing techniques, can doubl that soon after.

SiaL-591-11d. Svitchinç

/f multiple *T3s can be used between supercomputers to

achieve hundreds of megabits or gigabit rates, then today's

technology will suffice for initial gigabit networking.

However, new gigabit digital access and crossconnect systems

(DACS) need 'o b developed within two or three years for full

network implementation.

lii211-1111ttlititchinst

I am told that today there are prototype classes of packet

switches, capable of achieving 5-plus gigibits per second

throughput, just emerging from the labs after more than five

years of research. Capable of simultaneously switching voice,

video, and data, this class of switches will usr the

Asynchronous Transfer Mechanism (ATM) technology and will

-7-
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ultimately replace our local exchange telephone company cent:At

offices and long distance tandem switches. Final implementation

issues are being solved as we speak, with deployment anticipated

to begin within three years. These new switches with

appropriate hardware and software modification can be used as

the new high speed NREN switches, thus allowing full

multi-gigabit NREN implementation within five years.

we can econosically implement these new switches by placing

them in parallels co-located with existing switches. As new

upgrades emerge, the new ATM switches can become an integral

part of new systems, and we can eventually remove the older

equipment altogether . This method allows a ssooth economically

sound, evolutionary path for the deployment of hardware for a

multi-gigabit research and education network.

HILISIELIRESZLICAR

Good low speed interfaces and standards are available

today. New 45 megabit and gigabit protocols will need to be

developed which contain additional addressing, routing, and

ecntrt! functions. However, connections exist today on a

test-bed besis to provide multi-supercomputer applications

development.

ausakias
This area will require the most work to accomplish a truly

flexible multi-gigabit network which is also highly reliable.

New addressing, routing, converting, and control protocols must

be developed and separated into carefully crafted subsets.

tail* this work is underway, sulti-T3 level circuits can be
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established ove: existing commercial fiber based faciltiies to

test protocols aid get applications underway among tajor

supercomputer facilities.

holiatiana
The applications are many and will require the collective

efforts of hundreds of thousands of researchers and users

working independently and in teams, both government and

commercial. Some applications will need ftderal support and

vision. Rost. however, are best left to the imagination of

users and researchers in all walks of life. When the network is

available, thare will be no scarcity of ideas which can be

translated into applications that will drive America to greater

heights of success in this new information age. The new WREN

corporation must take a leadership role in defining and

exploiting application possibilities. We must not wait for

users to ask for this help. We must actively seek to help them,

and in so doing, achieve our stated mission

4. SUM=
kr. Chairman, it is possible that a network such as the

WREN would evolve on its own, but most likely in one or two

decades. It is imperative that the Federal Government take a

leadership role, through both policy and funding, to ensure that

the NUM is realised in a short time frame on a wll coordinated

basis. The role of the Federal Government should be one of a

partner (both formal and informal) with Industry, education, and

research. Seed money must be provided by the Federal Government

to stimulate new areas of interest and develop them for the

-9-
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greater ;mod of the nation as a whole. It is beyond prudent

business planning for corporations to expend these kinds of

dollars on their own without a guiding national plan. However,

by contributing our business planning and technical resources in

an alliance between government and industry, we can greatly

accelerate the horizons of research and education in this

country.

Furthermore, as it relates to industry. S 1067 calls for

the NREN to be phased out when commercial networks can meet the

needs of American researchers. Leading edge technologies and

applications are always conducted by this team approach of which

I speak. Certainly. / believe that the commercial carriers of

thia country can and should offer the types of services that

will grow out of the NREW when it is a sound business decision

to do so. This means that there must clearly be sufficient

opportunity for return on investment. Also, we must keep in

mind the reasons that led us down this path to begin with. The

need to be competitive and in the forefront of worldwide

research and education must drive us to the commercialization of

these services in a short period of time.

For these careens. Nr. Chairman. I urge that a short but

realizabl deadline of five years be set for full implementation

of th multi-gigabit NREN1 and that handof' for commercial

operation be required by the end of the seventh year. A slower

pace is simply not necessary. Americans have proven time and

time again how to accomplish great things in short time

intervals when given a clear goal, a new clean structure from

-10-
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which to operates reasonable funding and the minimum of

government control and red tape.

Opens fair competition will allow the United States to best

perform in the global information community. We need the active

participation of all players, and through well-crafted,

intensely scrutinized procurements. if the Government

encourages ineustry to play hard but fair, the real winners will

be the American people.

No one entity must be allowed to dominate this or any other

undertaking. Market shares or controls. whether in supply of

goods or services, of more than 30 to 40% by a single entity

invariably lead to empire building or predatory acr.ion in the

short term, with higher costs and poorer service long term. The

government must make sure that risk and reward are spread in a

balanced fashion to ensure the best life for all Americans on a

long term basis. This principle should be ensured throughout

the development of the NREN.

Mr. Chairman. I applaud you and the many others who have

worked so diligently toward the timely establishment of a very

advanced National Research and Education Network. I thank you

for the opportunity to appear before this hearing today.
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Senator PRESSLER. If I could just interject. And I apologize, I have
ta go and portray myself as an expert on child care on the Senate
floor at this moment. But when Mr. Collins was talking, he was
talking about small business. And for the record, if you could
submit later, what would be the impact if this technology were
available to small businesses?

Indeed, this would mean that a mall business that is not near a
big city would have a chance to competeI mean, or not near a
great university or not near computersif this could be available,
if supercomputer technology could be available at a low rate to
small businesses, would not this mean that a small business located
out far away from a big city or away from a great university would
gain an advantage?

Would that be a correct assumption?
But we have one more to hear from. But I would love to hear

sc:nie analysis of that.
And has there been any study of the impact done strictly on

small business: what impact this legislationor the effect this
would have on them?

Senator Gon. Anybody want to address that before Mr.
Schwantes speaks?

Mr. CoLLINs. We have taken a look at the kinds of services that
would be used by the American at the year 2000. Many of those
would be available to the small businesses. And I believe your
point is exactly right: we must not isolate the small business in the
rural part of the country from being a viable entity in the high-
tech world of the future. We nk Ai, certainly, the chance to develop
the technologies and drive the costs down for bringing that service
out there.

And I believe if we go ahead with this kind of network, we will
be able to build the volumes and drive the costs down, which will
make it economically attractive to rural America. We would like to
prime the pump by being able to be involved in the development of
those services.

And I would be happy to provide more information at a later
date.

Senator GORE. I might just say that with these new work stations
that are now readily available and are getting cheaper all the time,
small businesses in small towns will benefit even if they do not
have ready access to the big trunk lines. They will benefit by
having access to flows of data and new services that spin off the
network, through the work station they will be able to contract out
inventory control, do strategic planning in fundamentally new
ways, and a lot of other things that are difficult to imagine now.
That seems awfully reasonable to anticipate.

Anyway. Mr. Roger Schwantes, Vice President for Product and
Technology Planning at Northern Telecom And as Mr. Liebhaber
said, location is very important, and Nashville is an excellent loca-
tion. So we are delighted to have you here today.
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STATEMENT OF ROGER SCHWANTES, VICE PRESIDENT FOR
PRODUCT AND TECHNOLOGY PLANNING, NORTHERN TELE-
COM, INC.

Mr. SCHWANTES. Thank you, Senator. I am pleased that you
noted that we are headquartered in Nashville.

Let me begin by stating Northern Telecom's unequivocal support
for the legislation's objectives and for reasons that are included in
my following remarks.

Number one, it drives the deployment of a high-speed network-
ing infrastructure, which places supercomputing, scientific and in-
formation resources within the reach of all. And that gets at the
small business issue that you were talking about before.

It facilitates collaboration and ,.:ooperation between geographical-
ly dispersed teams of specialists addressing complex issues and op-
portunities. Once again, that is a resource that small business can
tap into. It makes available to small, innovative businesses comput-
er modeling and simulation tools, previously unavailable or inac-
cessible. It makes available to all, access to the best minds and fa-
cilities in the Nation's research community. It provicks an infra-
structure for translating creative, innovative and market-driven
concepts into prototypes prior to final productization.

By facilitating new and improved technologies, processes and
competencies, the legislation takes significant steps toward the res-
toration of manufacturing as the corner of the U.S. economy,
which is a serious problem our Nation faces today.

Members of my staff and Bell Northern Research, our research
and development affiliate, have developed several recommenda-
tions tor this committee's consideration. And since you have given
your permission to submit that, we will submit that for the record.

For the balance of my time I would like to focus on a single sub-
ject: the most effective deployment of the National Research and
Education Netwc rk. The National Research and Education Net-
work's implementation as described in the Federal Research Inter-
net Coordinating Committee Program Plan, is technologically feasi-
ble. The phase three goals of 3 gigabit speeds is consistent and
aligned with the planned advances in transmission and switching
systems technology.

Northern Telecom and other telecommunications vendors, as we
have already heard today, are engaged in development programs
leading to transmission equipment operating at speeds of up to 2.4
gigabits; associated exploratory programs investigating methods of
supporting up to 9.6 gigabits on an optical line system; and a oper-
ating broad band packet switch at gigabit per second rates leading
to switch architectures with capacities in the 1-terabit-per-second
range.

Exploratory programs in the areas of very high speed logic, elec-
tronics, opto-electronic transducers and hybrid integrated circuits,
supporting software and control structures required for the design,
operation and management of broad band networks; as has already
been stated here today, this is a very serious issue, and needs to be
addressed.

Standards like SONET, the Synchronous Optical Network, to fa-
cilitate broad band network configurations by multiple vendors. As
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it has also been stated today, if we are going to have an inter-oper-
able network, the standards are extremely important, and we be-
lieve that your efforts in this area can be very instrumental in
making that happen.

It is clear that there is a universal industry support for broad
band networks, and that the speeds and functionality will be even
greater than that envisioned in your legislation. Clearly, then, the
issue is how to accelerate the earliest deployment and availability
of the network so as to gain the benefits that we have talked about.

The National High-Speed Computing Technology Act can play a
critical role in resolving this issue.

First, the bill provides a clear direction for the entire industry,
thus reducing up-front risks in an emerging market, and providing
a goal on which to focus. The governmental role in guiding and
supporting the National Research and Education Network's imple-
mentation parallels our experience with the space program and the
hi hway system that we have all alluded to.

Second, the bill drives government and industry toward commer-
cialization of this network at the earliest possible date. In order to
achieve this, it is imperative that there be no single-vendor solu-
tion; that the entire industry be allowed to engage in the free com-
petition of concept and ideas.

To ensure ubiquity of access, this must include unleashing the
power of all local and inter-exchange carriers without the more
cumbersome aspects of the regulatory process. That has been com-
mented on earlier today, also.

The National Research and Education Network is a national im-
perative. As such, government support and guidance is necessary to
achieve the goal.

Third, the bill's commitment to early deployment will drive in-
dustry cooperation on national and international standards, thus
permitting U.S. leadership in an emerging international market-
place.

Fourth, the bill will provide financial support to leading-edge ap-
plications and pilots to ensure commercialization of the network in
the shortest possible time.

And fifth and finally, the bill should incent and provide for alter-
nate uses of the multi-media high band width capabiFty the net-
work offers, thus achieving a critical mass of traffic volume and
the resultant economics of scale.

In conclusion, we are obviously excited about the prospects and
opportunities and benefits that the National High-Speed Comput-
ing Technology Act provides for all segments of the population.

We appreciate, Mr. Chairman, the process of consultation with
industry by which this legislation was fashioned.

And I will be happy to answer any questions at this time.
Senator GORE. Great. Thank you very much.
Do any of the other witnesses have any comment on Mr. Gab-

bard's suggestion about creating an independent corporation that
would phase itself out, but would be separate and distinct froi
NSF as a mechanism for managing and ram-rodding this project?

Mr. Liebhaber.
Mr. LIEBHABER. May I make a comment?
Senator GORE. Yes.
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Mr. LIEBHABER. Senator, and again, I am just speaking from the
experience of our relationship with the National Science Founda-
tion in the current NSFNET project. We are very encouraged and
very optimistic about the work the National Science Foundation
has been able to do in bringing together the inter-agency coopera-
tion for the second phase of the National Science Foundation Net-
work.

I would suggest that there really are so many special interest
issues here that a very independent organization such as NSF, the
National Science Foundation, really appears very appropriate to
US.

I would like to answer another question that you asked the first
panel, which was what else is it this committee might do.

To move this infrastructure along. I would suggest that the most
difficult problem we foresee in this area of development is the ca-
pability t;;.-. access wideband and digital facilities in the last and/or
first mile. And anything this committee can do to encourage the
local exchange carrier to modernize facilities would be very benefi-
cial.

Senator GORE. Well, we are trying to do that in a separate meas-
ure. I am proposing to free up some of the restrictions on participa-
tion in the cable industry. Entertainment, historically, has driven
that kind of first mile/last mile connection. But that is another
whole separate subject, with a controversy all its own.

But, back to the first question: you think NSF does have the req-
uisite expertise and independence.

Anybody else want to comment on the issue.
Mr. Collins.
Mr. COLLINS. I like the notion that there would be more direct

business involvement in the managing and setting the time frames,
objectives and melding of the ideas. The key here is the drive
behind it, and there is nothing like profit motives to cause that
drive to go quickly. A nd there is a huge integrator function. You
need participants from all segments of the industry.

Senator GORE. How would you go about that?
Mr. COLLINS. Well, the non-profit organization to get it started

and to provide the shield for the people to work together in the di-
verse segments of the industry, sounds like, on the surface, not a
bad idea.

Senator GORE. Well, what if NSF contracted it out? If NSF pro-
vided the supervisory function using the expertise that exists there,
but then e,,ntracted out the management role? What about that?

Mr. C',LLINs. Well, in my comments, I have suggested that one of
the ways to do this is to put the frame, whatever it is that we want
in the capacity of this network, how wide we want it, how fast we
want it to grow, and put it out for bid and let consortiums come
together and make bids on providing this kind of network. A tech-
nology will have to be developed; you will have to have a lot of
players in it, but if you look at the old--

Senator GORE. In other words, include the management function
in the solicitation for bid?

Mr. COLLINS. That would be one way of doing it.
Senator GORE. But maybe keep the superv'.sory role in NSF?
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Mr. COLLINS. Somebody has got to set the goals and standards for
the network.

Senator GORE. Right. You know, the tendency has been to set up
a new entity for stuff like this, but maybe that is not called for
here. But I am intrigued by that wrinkle on Mr. Gabbard's sugges-
tion.

Anybody else want to comment on it.
Mr. Schwantes.
Mr. SCHWANTES. Yes, I share some of the same concerns about

having a multi-interest group trying to manage something like
this. And I think that we would favor the National Science Foun-
dation to at least supervise it and establish the standards for the
network and that the business relationship issues probably be han-
dled in the way that my colleague has just mentioned: in fact that
this probably will have to go to a bidding process.

Our concern in the whole process is that we may end up leaving
some major players out of it. I do not have a good solution for you
at the moment, but I think we would like to give it some more
thought and resubmit some information.

Senator GORE. Very good.
What about the question of protocols? Does anybody have any ad-

ditional thoughts on protocols? Is that really a bottleneck?
Mr. SCHWANTES. Protoc, without a doubt, standard setting is

the major bottleneck in t!. . industry. I think we are all ready to go
forward on broad band networking, but to have a ubiquitoLs intero-
perable network, the standards issues need to be addressed up
front.

One way that that can happen is if we move to the trial state as
quickly as we can to demonstrate that these networks can operate
in the fashion that we want them to.

Dr. LUCKY. Mr. Senator, if I might .:omment on that. I think pro-
tocols are an example of one of the research issues that the bill has
to attack, because not only do we need the standardization and
agreement on that, but the protocols that we have today do not do
the job for a gigabit network and there are a number of issues
like that where we really need to get our hands on these streams
and that is what is good about your bill. You put together a com-
munity of researchers who try to actually use this and today you
cannot stuff that many bits through a protocol. It just does not
work that fast.

Senator GORE. Well, 100 years ago in Europe every railroad used
a different gauge track and there were no interconnections and we
want to avoid a situation like that.

I am fond of quoting Yogi Berra, who once said "What we have
here is an insurmountable opportunity," and the three gigabit
network is an opportunity we must make certain does not fall in
that category.

But protocols, as the FCCSET pointed out as well, represent one
of the key bottlenecks that we have got to address.

Mr. Gabbard?
Mr. GABBARD. I really would like to go back to the previous ques-

tion for a second, if I may, and that is on a procurement cycle, be-
cause I believe if you put out one massive procurement cycle like
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FTS-2000, that one could consume two to three years just in that
process and end up with a sub-optimum solution.

I think the best thing to do is to either task the NSF, if that is
the chosen body, or set up a new organization and let them get un-
derway quickly putting out bids first for transmission.

As soon as they have standards for switches, for example
through DARPA, let DARPA manage the procurement of the
switching requirements. Get the National Institute of Standards
and Technology and, for example, the IEEE working on the stand-
ards right away and get them fundea right away, so that you can
have hundreds of smaller procurements that can be done quickly
and can be managed efficier..1y.

I really propose that as the method of moving this thing within a
reasonable time frame and without a tremendous infrastructure. It
is not needed if you do it that way.

Thank you, sir.
Senator GORE. Does anybody think that does not make sense?
Mr. SCHWANTES. It makes sense to me.
Dr. LUCKY. Do not forget the systems integration is probably the

toughest problem here, so I do not mind the notion of having a lot
of little contracts but somebody has got to do a lot of work to put it
all together, and that somebody has got to be very good.

Mr. COLLINS. I do not believe, having that many diverse, unrelat-
ed organizations working in separate pieces is the right way to
solve the problem. I think if you put it together as the total net-
work bid, the parties will make all the pieces fit together. I think
that would take four years rather than three years.

Senator GORE. Well, we do not quite have unanimity on this par-
ticular point, but we will try to sort that out. We have h., I a long
day and I have got a lot of other questions, but we really do need to
wrap it up.

You all are invited to expand your comments for the record, but
at this point I want to conclude by thanking all of our witnesses.

I think it has been an unusually productive hearing, the kind of
hearing that generates significant momentum behind an idea that
needs to be implemented. The statements have all been very ha
pressive today, and I am grateful to all of the witnesses.

I might say that these discussions are going to continue. We will
have some other hearings, but we are going to try to move this leg-
islation. The ranking Republican member of the Subcommit ee,
Senator Pressler, has joined as a Co-sponsor. Others have joined as
co-sponsors as well. The bill is picking up momentum.

I testified yesterday on the House side, where many members ex-
pressed a great deal of support. In fact, the House Science & Tech-
nology Committee has been the partner of this Committee from the
very beginning. Some of the key ideas have originated on the
House side with the Committee and with members of the staff of
that Committee and there is every indication that they will soon be
considering a parallel measure.

So I think that for those who are interested in developments of
this sort, the prospects for this actually happening are improving
rather rapidly.

In any event, we are going to have some other discussions later
this evening with some people staying in town to talk about some

130



125

of the issues involved and we will have other hearings that we will
be scheduling soon.

With that, let me thank everyone again and declare this hearing
adjourned.

[Whereupon at 4:55 p.m. the hearing was adjourned.)
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NATIONAL HIGH-PERFORMANCE COMPUTER
TECHNOLOGY ACT OF 1989

WEDNESDAY, JULY 26, 1989

U.S. SENATE,
COMMITTEE ON COMMERCE, SCIENCE, AND TRANSPORTATION,

SUBCOMMITTEE ON SCIENCE, TECHNOLOGY, AND SPACE,
Washington, DC

The subcommittee met, pursuant to notice, at ':32 p.m., in room
SR-253, Russell Senate Office Building, Hon. Albert Gore, Jr.
(chairman of the subcommittee) presiding.

OPENING STATEMENT BY SENATOR GORE

Senator GORE. The subcommittee will come to order. I would like
to welcome all of our witnesses and guests.

This afternoon the Science Subcommittee will examine some of
the latest developments in computer software and see demonstra-
tions of superLomputer graphics and ultrasophisticated computer
models, and we will hear about computers you can talk to and com-
puters that teach.

There is a lot going on, to say the least, at the leading edge of
computing: software for supercomputers and other leading edge
computer systems, artificial intelligence programs, new program-
ming languages to make programming easier, and technologies
that make computers easier to use.

Today we will look at the potential benefits of advanced comput-
er software and the challenges we face in trying to realize those
benefits.

Visualization and artificial intelligence are particularly exciting.
Visualization allows scientists to use supercomputers to create
stunning computer graphics--pictures that make mountains of nu-
merical data instantly comprehensible.

Supercomputers can generate hundreds of millions of bits of in-
formation every second. If that much data were typed out as a list
of numbers, it would be several miles long, and of course no one
could make any sense of it at all.

Visualization recognizes that far more than half of the human
brain is devoted to processing images and that for us visual images
are by far the most efficient way to understand and communicate
information.

We have all heard thi old saying, "A picture is worth a thousand
words." Well, with visualization it is more like a picture is worth a
billion bits.

(127)
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The work being done on visualization today will soon be applied
outside the laboratory. Computer technology and networking tech-
nology are developing so quickly that the supercomputer graphiai
we will see today we will be able to see at home in only a fewyears.

At one recent hearing, John Rollwagen, the CEO of Cray Re-
search, described how the personal computer on his desk is just
about as powerful as the first Cray supercomputer that his compa-
ny installed 13 years ago.

What is at the leading edge today will be ordinary and mundane
by the year 2000. That is why research on visualization and ad-
vanced software is so important. There has been a great deal of
talk about HDTV and how the Japanese are going to beat us in
that market, but Japanese HDTV is just a better version of old
analog TV technology.

We cannot just worry about HDTV. We need to pay attention to
the next revolution in TV technology, digital TV.

The technology being developed for visualization can be used to
develop super-high resolution digital TV, and the same fiber optic
network that today links computers could be used to carry digital
TV signals in the future.

The United States has the lead in visualization and networking,
but we need to redouble our efforts in order to keep that lead and
to leapfrog the Japanese in several areas of technology. We can
lead the digital TV revolution.

Artificial intelligence is also at the leading edge and holds excep-
tional promise. This software allows computers to mimic the way
people think, to take input from the outside world and make logi-
cal conclusions.

For example, NASA is developing vehicles to explore the surface
of Mars which can in a sense think for themselves. These vehicles
would use cameras and radar to detect obstacles. Then AI software
would interpret the camera and radar images and determine a safe
course around rocks, craters, and other hazards.

Artificial intelligence is finding applications in the classroom as
well. Students can learn from computer tutors, computers that re-spond to the student's individual learning needs. Such one-on-one
computer teaching can keep students interested in learning and,since computers never get tired or impatient, they might be abie to
relieve some of the pressure on overburdened teachers.

Some of the most important applications of AI are in program-
ming. Modern computer programs :an be incredibly complicated.
Computer programs containing a million lines of code are becoming
commonplace in the military now.

Ensuring that such programs are error-free is a daunting task, to
say the least. So computer sc:entists are beginning to use Al pro-grams to find the bugs in their programs and in some cases towrite their programs.

Such programs are part of the solution to the so-called software
bottleneck which currently slows development of iew computer
systems. Computer hardware is improving so quickly and getting so
complex that the software just cannot keep pace.
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It is taking more and more time and effort to build the new soft-
ware needed for a new computer system. In 1960 if you bought a
computer system, 80 percent of the cost was for the hardwarethe
chips, the wiring, the disk drives and so forth.

Today it is just the opposite: 80 percent of the cost of a typical
computer system goes for software development and maintenance.
And this trend is going to continue with our renewed effort to
make software development easier and more efficient.

We cannot take full advantage of the promise of visualization
and artificial intelligence without paying more attention to soft-
ware engineering.

Throughout today's hearing, we will be asking the question, how
can the Federal government promote development and use of ad-
vanced computer software. The Federal government and especially
the military is the country's largest consumer of software.

In recent years there have been hundreds of weapons systems
crippled by bad software. Good computer hardware, of course, is
next to useless without good software. So clearly we would save
taxpayers' money with better software that is easier to use, easier
to write, and less prone to errors. We need more R&D so advances
in visualization and AI can be put to the best use.

In May I introduced S. 1067, the High Performance Computer
Technology Act, in order to roughly double the amount of funding
for development and use of advanced computing.

Today's witnesses will clearly demonstrate why this is important.
There are incredible benefits to ne gained in this field if we make
the necessary investment.

Several members of this subcommittee have joined me in spon-
soring this legislation, and I hope that others will support the
effort as well. It is an ambitious plan which authorizes $1.75 billion
in new funding over the next five years.

Budgets are tight and it will not be easy to find the necessary
finding. But this is new technology and we need new money to de-
velop it. Our economic competitiveness and our national security
depend on it.

S. 1067 also contains several measures to promote advanced com-
puting. Most important is the three gigabit national computer net-
work, which would link supercomputers and researchers around
the country.

Just last Friday, the President's new Science Adviser appeared
before the Commerce Committee and said that such a network
would be the single most effective way to improve the productivity
of American researchers. It would speed up the development and
sharing of computer software and provide supercomputer access to
millions of researchers around the country.

There are a number of other provisions in the same legislation to
promote software development. Almost half the funds authorized
by the bill are authorized for advanced computer software.

In addition, the National Science Founda:ion is required to set
up software clearinghouses to allow researchers to find the re-
search software they need. The National Institute of Standards and
Technology is required to develop software standards to make it
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easier for software that runs on one computer system to be trans-
ferred to a different system.

So today we will look at other ways to help break the software
bottleneck and to take advantage of new developments in visualiza-
tion and artificial intelligence. Computer technology is advancing
at breakneck speed. Policymakers must be sure that government
policies and research priorities do not lag too far behind.

Senator Robb.
Senator Rosa. Mr. Chairman, I have no opening statement. In

fact, I am unfortunately not going to be able to remain here for the
entire hearing. I have to go preside.

But I am going to take the statements with me, I look forward to
returning if the hearing is still taking place.

Senator GORE. Thank you very much.
I do have a statement that the Chairman, Senator Hollings

would like to have included in the record.
[The statement follows..]

OPENING STATEMENT BY THE CHAIRMAN

Today's hearing will focus on an aspect of computer technolog) that often gets
less attention than it should. You can t see software, and you can't touch it. It is
mv l il easier to talk about something tangible, like the hardware that makes up acomputer. Yet the software is critically important, and I am lad Senator Gore de-
cided to call this hearing to take a closer look at the benefits of and the problems
with advanced computer software.

As someone who is concerned about making sure the U.S. has a strong defense, I
Pay a lot of attention each year to Defense Department programs. And I have heard
time and again about software problems that have delayed the development of
weapons systems. As the systems get more complex, the bugs in the software have
more places to hide aryl a-e more expensive to find and fix. Sometimes it takes tensof millions of dollars ana several years to get things working the way they are sup-
posed to. The B-lB avionics system is one of the most glaring examples.

Research on software is critical if we are going to streamline software develop-
ment and stop wasting taxpayers' dollars. Many of the innovations to be discussed
today need to be put to good use quickly in the private sector and in the military.
Innovation alone is not enough; we must put this new technology to good use.

I look forward to reviewing the testimony from this hearing and learning about
the new advances being made in computer software. In addition, I look forward in
coming months and years to helping see that innovative software gets transferred
from the laboratory to the offices and the factories where it is needed. Our competi.tiveness depends on it.

Senator GORE. Our first panel consists of two men who know a
great deal about software and about the Federal government's role
in software R&D. Let me invite them up to the table at this time.
Dr. William Wulf and Dr. Jack Schwdrtz.

Dr. William Wulf runs the Directorate for Computer and Infor-
mation Science and Engineering at the National Science Founda-
tion. Dr. Wulf is a software engineer, and before coming to NSF in
1988 was a professor at the University of Virginia.

Like Dr. Wulf, Dr. Jack Schwartz is on leave from academia and
is now Director of the Information Science and Technology Office
at the Defense Advanced Research Projects Agency, which oversees
much of the Defense Department's basic research on computers
and software.

DARPA has funded much of the pioneering work in artificial in-
telligence and other areas of advanced computing.
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Dr. Wulf, we will start with you. I will say to all our witnesses
today that, without objection, the prepared statements will appear
in full in the record and you are invited to summarize your formal
presentations. And as I mentioned, we will start with you. Wel-
come and please proceed.

STATEMENT OF DR. WILLIAM A. WULF, ASSISTANT DIRECTOR
FOR COMPUTER AND INFORMATION SCIENCE AND ENGINEER-
ING, NATIONAL SCIENCE FOUNDATION

Dr. Wut.F. Well, thank you very much, Senator. As I listened to
your opening statement, I was wondering whether I could add any-
thing to it. It was a marvelous statement of the situation.

Senator GORE. It was not that long, was it?
Dr. WULF. No, sir.
I think you hit the nail on the head in that you properly charac-

terized the software problem as our inability to produce software,
to produce it cost effectively, to produce it on time, and to produce
software that operates reliable, and that is sufficiently useable by
the intended user community.

I suppose one could say, so what? You know, everything is expen-
sive and takes longer than we want, and so what is the difference?
This is like a lot of other things.

I do not think the general population appreciates how importe.nt
software is to both our economic and our military health.

Let me focus a moment on the economic issues, and Jack can
deal much better than I with the military issues. By one estimate,
the software industry was a $50 billion industry in 1988, and esti-
mated to be a trillion dollar industry in the year 2000.

I think that badly understates the importance of software to the
country. More and more software is embedded in commercial prod-
ucts and embedded in a way that is invisible to the average con-
sumer. I tried to give examples in my written testimony in prod-
ucts ranging from wristwatches to airplanes. I was struck, however,
by another example which I would like to share with you.

It turns out that my executive officer owns a Porsche automobile
and gets the Porsche Sports Car Club of Amerka magazine. In the
.7u ly 1989 issue on the inside front cover, there is a full-page ad.
fhe ad is for a chip that you can buy that will boost the horsepow,
er of your Porsche 10 to 15 percent. In this case at least, the chip is
merely an electronic recording of software; it is the way the soft-
ware is delivered, much as you would with a disk.

The moral is, if you want to sell high performance automobiles
you have to be able to produce software. And the same thing is
true if you want to produce microwave ovens or VCR's or HDTV's
or virtually any consumer product as we go out into the next
decade and the next century.

In addition, of course, software is critical to the manufacture of
products, everything from Zhe design in computer-aided design sc',-
ware through computer-aided manufacturing software.

But there is another kihd of software that is, I think, of special
importance and deserve' special mention here, and that is scientif-
ic software. As we have discussed in previous hearings, computa-
tional science, the application of computers and informntion proc-
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essing technology to scientific and engineering investigations, is be-
coming increasingly important.

We refer to it now as computational science and engineering. Of
course, science and computers have had a long history. Some of the
earliest uses of computers were for scientific investigations.

But it has gotten to the point where computational science is
really a new modality of scientific investigation, complementing
the observational, experimental, and theoretical modalities of :xi-
ence.

If we want to compete effective- in the scientific arena, where
we have prided ourselves in the iast, we are going to have to be
able to produce the kinds of software which will support those sci-
entific investigations.

Too often I see disciplinary scientistsbiologists, chemists, physi-
cists, and so ondevoting a large fraction of their professional life
to developing software rather than to their basic science, simply be-
cause the software that they need is not available and there is not
a large enough market for there to be a significant number of ven-
dors from whom they can procure it.

Let me talk for just a minute about the cause of the software
problem. It really is a rock and a hard place that we are between.

As you commentea in your 3ning statement, software is ex-
tremely complex. Some of the modern software systems are among
t' most complex creations of the human mind. I was searching for

..ne way to characterize that to the people who are not directly
involved in software and ran across the following analysis. It was
done about 10 years ago on the FAA en-route air traffic control
system, which at that time contained about 600,000 lines of code.
That by today's standards would be considered to be only a moder-
ately large system.

By at least one estimate, the number of pathsthat is, the
number of sequences of instructions which could be executed
through that programis about 10 to the 11.800. That is 1 followed
by 11,800 zeroes. Every one of those must he correct in order for
the softwai e to work correctly.

How big is 10 to the 11,800? Well, if you want a benchmark, and
if I remember my freshmanor maybe it was my juniorphysics
correctly, it is estimated that there are about 10 to the 120 atoms
in the universe. I do not mean on the Earth or the solar system
our galaxy; I mean the entire universe.

The number of paths in the FAA program is therefore 10 to the
11,680 times larger.

Okay, so the rock of the software problem is the fact that soft-
ware is complex. The hard place is that the construction of soft-
ware is a craft industry. And I do not mean that in a pejorative
sense at all. It is a very difficult problem.

It is a very intellectuall, t.emanding problem. It requires great
mathematical ability. But nonetheless, absolutely every character-
istic of a software product depends upon the craftsmanship, the in-
genuity, the knowledge of the people constructing it.

So here we are between a rock and a hard place. The programs
we construct are effectively too large for humans to understand,
and yet every characteristic of them depends upon the human's
ability to understand them, to cope with them.
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All right, so that is the rock and the hard place. That is whet
causes the problem. What is the solution?

In some sense, we have known the solution for a long time, and
it is really implicit in the statement that I made before, and that is
we have to make software at least apparently less complex, we
have to build a human resource base that can construct it, and we
have to automate more of the craft aspects of the development of
software.

The problem, of course, is knowing how to do it, how to do any of
the three things I just listed. I should point out that the fact that
software is a problem is not new news. In fact, there was a work-
shop held in Garmisch, West Germany, in 1968, 21 years ego,
which declared "the software crisis."

For 21 years we have used the term "software crisis" rather lib-
erally. We have tried lots of solutions. Lots of ideas have been pro-
posed to solve the problem. We have made progress, blt we have
not solved the problem.

It seems to me that it is time to recognize what is probably the
obvious, and that is that it is a very hard problem. It is a problem
for which we are not going to find a quick and easy solution.

It is a problem which will require a commitment to long-term
basic research. I do not believe that we even have the appropriate
mathematical basis for characterizing software and, lacking that,
we will not develop the appropriate engineering base either.

The National Science Foundation has of course had many activi-
ties in the software area for many years. Since coming to the Foun-
dation a little over a year ago, I tried to make it one of my highest
priorities, and we are starting to make some progress, I think.

Two of the science and technology centers that ere established
by the Foundation the early part of this year bear directly on the
software problem. One is centered at Rice University in Houston
and is focused on the problems of parallel computation, one of the
most important problems, I might add, for scientific computing.

The other is centered at Rutgers University in New Jersey and is
focused on theoretical computer science and its relationship to dis-
crete mathematics. Here again, I think much of the fundamental
software problem will hinge on developing a better understanding
of the theoretical aspects of the problem.

I think these are only a start. There are some short-term things
that we can and should do. I assume that some of the other people
testifying will talk about them, and others are contained in my
written testimony.

But the basic message that I really want to convey to you i., Olat
it is a very hard problem, a very important problem, and we need
to make a commitment to long-term basic research to solve the
problem.

Thank you.
[The statement follows:I
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Testimony

Dr. William Wulf
Assistant Director

Computer and Information Science and Engineering
National Science Foundation

Thank you Senator. I appreciate the opportunity to testify today on
this important issue.

Let me begin by saying a few words about myself, and hence the
perspective that I bring to this issue. I am the Assistant Director of
the National Science Foundation with responsibility for the
Directorate of Computer and Information Science and Engineering
(CISE); CISE funds about half of the Federal share of basic research
on software. I am on leave from the University of Virginia, where I

am a member of the Department of Computer Science, and the AT&T
Professor of Engineering and Applied Science.

Prior to joining the UVa facuRy, I founded and was the CEO of Tartan
Laboratories, a software company specializing in compilers for Ada
-- the new standard DoD programming language for embedded
systems. The technical basis for Tartan was research that I had
done whtile a Professor of Computer Science at Carnegie-Mellon
University. I have served as a consultant on software and computer
architecture to many major computer companies and the government.
I come from a family of Computer Scientists; my wife, Anita Jones,
is the Head of the Computer Science Department at UVa, is a member
of the Defense Science Board, and was on the DBS Task Force that
wrote the 1987 report "Military Software".

So, as you see, I could comment on the problem from a number of
perspectives. However, in the interest of time I will confine my
remarks primarily to issues of software research.
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Importance of Software

Let me begin with the enormous importance of software to the
nation. By one estimate, software was a 50 billion dollar industry in
1988, and will become a trillion dollar industry internationally by
the year 2000. Although large, I believe that both these numbers
underestimate the crucial role of software to the economy and to our
ability as a nation to compete in the world marketplace.

Software is what makes computers useful, of course, but it much more
than that. Increasingly software is invisibly "embedded" in products as
diverse as wristwatches, cameras, telephones, automobiles, and
aircraft. The software in these products is crucial to their functionality,
and hence to their competitiveness. Product differentiation in
microwave ovens and VCRs, for example, does not come from the
(11 ably with which they perform their basic tasks -- they all heat food
and/or display videotapes with approximately the same quality.
Rather, product differentiation comes from the "functions" they
provide, all of which are provided by software. The revenue figures
cited above do not include that of cameras, VCRs or automobiles -- yet,

they could not be sold without their software.

Software is critical to manufacturing: Computer Aided Design (CAD) is
crucial both for creating superior designs and for producing them in

a competitive time-frames; Computer Aided Manufacturing (CAM)
and robotics software is crucial to both cost-effective and high-
quality manufacturing; inventory control and automated order
processing software are critical to economical methods of production,
such as "just in time" manufacturing.

Software witl control the new generation of high-performace, fuel-
efficient, "fly-by-wire" aircraft. Software routes our phone calls over
the telecommunications network, dynamically adapting to both load
and malfunctions. Software controls the bar-code leaders at our
supermarkets, ensuring correct billing of customers and providing
continuously updated inventory control. Software runs our elevators
and provides environmental control in our office buildings. Software
cob ils automatic teller machines, providing us 24-hour banking
services. The list is virtually endless.

There is another kind of software of strategic importance and which
must be of national concern -- scientific software. The use of
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information processing technology is emerging as a new, "fourth
modality" of scientific investigation. Supplementing the
observational, experimental, and theoretical modalities,
"computational science" is an enabling technology permitting a whole
new class of scientific and engineering applications, including the
design of new materials, the design of new drugs, and the
understanding of both macroscopic and microscopic phenomena
inaccessible in any other way. Whoever masters the production of
scientific software will have a huge head start in tomorrow's
economy.

There is a tendency to think that software is the exclusive concern of
the computer industry; that is wrong! There is virtually no aspect of
our economic or military posture that is not critically aependent on
software. Software is a problem of major importance to the entire
nation.

What is the Software Problem?

Th: production of software is both very expensive and
unpredictable. It is often delivered over budget and behind schedule.
When it is delivered, it almost always incorrect, and the cost of fixing
the errors may be many times that of the original development. Even
when reasonably correct, initial versions of software are typically
hard to use, lack important functionality, and are much less useful
than had been originally intended. Changes to operational software,
to respond to advances in technology for example, are typically even
more costly and error prone.

Recognition that software is a major problem is not new; in 1968
NATO sponsored a workshop in Garmish, West Germany to discuss it,
and at that meeting the term "software crisis" was coined. To be sure,
significant progress has been made in the intervening 20 yez.rs, but
so has our need for high quality software. Indeed, our need for
software has increased much more rapidly than our ability to
produce it. The best documented evidence of this comes from the
avionics industry, where the demand for software has increased 20%
per year while productivity has increased less than 7% per year. The
difference has been made up by increasing the number of people,
but that cannot continue indefinitely.
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The cause of the software problem is easy to state; it arises from two
simple facts: (1) the complexity of software systems, and (2) the
"craft" nature of their development.

(1) Large software systems are among the most complex creations of
the human mind; many of which have exceeded the ability of
humans to comprehend them.

Software is composed of individual "statements" that instruct the
computer how to transform data. For a software system to function
properly, each such statement must (a) work properly on billions of
different data values, and (b) interact properly with every other
statement in the system. This second requirement causes the
complexity of a software system to increase exponentially with its
size. Typically, students struggle to compose correct software
containing a few dozen statements. Production software systems, by
contrast, may contain millions of statements, and be trillions of times
more complex than these student exercises.

(2) Software development is a craft industry. This is not meant to be
a perjorative remark; it is an extremely difficult intellectual activity
requiring deep mathematical and engineering skills. Rather this
statement is meant to conv;.y the dependence of all aspects of
software products on the craftsmanship of their creators. Everything
from the functionality, size, speed, correctness, and maintainability of
the product depends upon the knowledge, creativity and
workmanship of its authors.

These are the "rock and a hard place" of the software problem:
software is complex beyond the ability of humans to comprehend it,
yet its properties all depend on the craftsmanship of those same
humans.

What is the Solution?

At leaft the shape, if not the details, of the solution to the software
problem is implicit in the previous statement. We must reduce the
(apparent) complexity of software systems to the point that they can
be understood; we must build the human infrastructure capable of
quality software development; and we must replace labor-intensive,
craft aspects of its production with capital-intensive, automated
processes.
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This much has been known for a long time; alas, knowing bow, to do
it is still a deep intellectual problem that will require a commitment
to long-term basic research and human resource development.

I must admit to you that I did not always believe this; at one time. I
believed that the problem lay in getting industry to use the research
results already available. That is also a problem, and one that I will
return to later. But, I am now convinced that it is the lesser of the
problems. The much larger ones are that the fundamental intellectual
foundation, even the appropriate mathematics, does not exist. Our
educational system is struggling to cope with this new discipline; it is
nowhere adequate -- not at the graduate level, not in the elementary
schools.

Where is the US?

At the moment, the United States is the world leader in the software
industry, with about 80% of the total market (50% of which is within
the US). We are not, however, appreciably ahead of the rest of the
world in basic software research. Japan has clearly enunciated
national software research goals, and has initiated well-developed
government-industry-university programs to achieve these goals.
More significantly, Europe, which historically has taken a ^lore
mathematically-oriented, fundamental approach to software
research, is beginning to reap the benefits of that approach. Through
large go% ernment-industry programs, such as ESPRIT, RACE, and
ALVEY, which team universities and industry, they are making
significant strides toward applying these results.

I would like to point out thaj one of the usual strengths of the US
economy, namely the privatt sector, is only a small factor in the
software research equation. There are no large software companies!
Instead, there are a large number of small, young, entrepreneurial
companies. We cannot look to them as the source of long-term basic
research; they don't have the resources.

Scientific software is a special problem. Commercial and military
software have sponsors that ensure that it gets done somehow, albeit
more slowly and more expensively than one might like. Scientific
software has fewer sponsors with deep pockets. Too often,
disciplinary scientists (chemists, biologists, ...) with sketchy
backgrounds in software development are being diverted from their
primary scientific investigations to develop the software they need.
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At NSF v.e are trying to place increasing emphasis on software
research. Since coming to the Foundation last year. I have made it
one of my highest priorities. There has been some progress, however,
and I would like to mention some recent developments:

Two of thc recent Science and Technology r:nter awards from the
Foundation. One went to a group based at R utgers University to
study Discrete Mathematics and Theoretical Computer Science.
Another went to a group based at Rice University to study parallel
computation -- one of the most difficult of software (and
hardware) problems, and one of special importance to scientific
computations.

We have teamed with DARPA, the other major Federal supportcr
of basic software research, and have undertaken initiatives on the
fheory of Parallel Computation, and on Artificial Intelligence. We
are studying the feasibility of another joint initiative on Formal
Methods in Specifications of Software.

We need to build on these beginnings, and to forge stronger links
with industry to commercialize the ideas that continue to emerge
from academic research. The direction is right, but much more
remains to be done.

What Needs to be Done?

The most important action is to continue our commitment to long-
term fundamental research. This is perhaps the least glamorous
action that one could contemplate, but it is an investment in thc
future of the country. Such research is the source of ideas and steady
progress, and a primary mechanism for expanding the skilled human
infrastructure needed for this complex field. As I noted earlier, many
of those now working in the software industry were trained in othcr
disciplines and have a weak foundation in Computer Science. The
problem is getting worse.

There are shorter-term actions that can and should be undertaken
immediately that may have a significant impact while the loner-
term actions have a chance to work. The government needs to
reexamine: (1) government procurement policy for contrnted
software development, and (2) intellectual property laws with
respect to software.
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Current government "rights in data" policy for contracted software
development has had the unintended effect of being a strong
disincentive to develop or use modern software technology. The
policy requires that the contractor deliver, not only the resultant
software, but also any tools and technology used to develop it. The
rationale fo this policy is that it allows the government to maintain
and enhance the resulting software after it has been delivered. In
practice, however, it makes it foolish for the bidders to invest
significan"y in modern technology only to have to give it up. Often
such im ,stments are simply not made, or, worse, if made, the
technology isn't used on government contracts -- which means that
the software delivered to the government is of poorer quality than It
might be otherwise.

I know of no softwarc developer that believes that either copyright
or patent law is appropriate to software, or that either has thc
intended effect of creating an economic incentive for its production.
This is a particularly difficult problem, and one in which I am not an
expert. I am convinced, however, that only a completely fresh, start-
from-scratch look at the probkm will be effective.

Summary

Software is crucial to all aspects of the country's vitality -- from
formulation of scientific concepts, through design and manufacturing,
to product functionality. Our ability to produce software, however, is
severely hampered by an inadequate scientific base and limited
human resources. There is no "quick fix" for these problems, and the
most important step we can take is to expand our commitment to
fundamental research and human resource development.
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Senator GORE. Very good. Thank you.
We will hold off on questions until the next witness is finished.
Dr. Jack Schwartz has already been introduced formally. Wel-

come. Please proceed.

STATEMENT OF DR. JACOB T. SCHWARTZ, DIRECTOR, INFORMA-
TION SCIENCE AND TECHNOLOGY OFFICE, DEFENSE AD-
VANCED RESEARCH PROJECTS AGENCY

Dr. SCHWARTZ. Thank you, Senator.
I will in fact be in good accord with what Bill has :, '4, and will

pick up on some of his points. Let me say incidentally that soft-
ware is a problem that I have been thinking and writing about for
about 20 years az a university professor and then industrial con-
sultant.

I would like to begin by drawing a contrast between computer
hardware and software. Computer hardware has advanced with
tremendous and steady rapidity over the last 20 years. Software
technology has advanced, but not advanced nearly with the same
steadiness or to the same extent.

This represents not an absolute failure, but relative failure of the
software area which has turned software into the great uns-
wallowable lump of the whole computer field, so to speak.

Senator GORE. To some extent, the rapid advances in hardware
have complicated the evolution of the software.

Dr. SCHWARTZ. That is very true, yes.
Now, I would like to point out that there is a basic technical

reason for the difficulties experienced in softw it falls to the
software developer to deal with all the residual cohiplexity accumu-
lated by every other area of technology. Whenever a hardware de-
veloper comes to a point that is intrinsically complicated, it is in
most cases right for him to say: I am not going to solve this; I am
going to leave it over for the software developer. This is the line of
maximum technical advantage.

The consequence is that the software problem is not one prob-
lem. It is the mass of all problems, of all complications inherent in
every other design problem, thus forming a kind of tarry residue of
complexity.

I would therefore compare it, not to the problem of reaching the
Moon as that problem might face NASA, but to the complex of
problems that a physician or that the world of physicians faces in
prolonging life and adding to health. This also is not one problem;
it is a mass of problem.

Everybody understands that when one of these medical problems
is solved, it will only uncover the next layer of problems. So that,
even though everybody expects the advance of medical science to
make people healthier and healthier, as it has, nobody expects im-
mortality to be the near-term result.

The importance of software has been called out in many DoD re-
ports, for example, in the recent report by George Millburn on de-
fense critical technologies, which designated software as one of the
22 defense critical technologies. Let me read a few figures that
point out its very essential military role.
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The F-16A, in 1981, carried seven physically separate computer
systems, comprising roughly 50 individual digital processors. It car-
ried 135,000 lines of code.

Five years later, the F-16D carries six times as many processors:
300 processors in total. Instead of 135 thousand lines, it carries a
quarter of a million lines of code. So the complexity of the aircraft
software requirement has doubled over those five years.

A look at a system like the B-2 shows far more stupendous num-
bers. The B-2 will carry over 200 computers and 3.5 million lines of
code. In addition to those 3.5 million lines of "flying code," roughl)
18 million lines of code are required for various ground support
functions.

This should make it apparent that systems like the B-2 simply
cannot fuution without an enormous mass of software.

Let me expand now on the point that you have just made, Sena-
tor Gore, to wit that the physical advance of computer technology
has provided some assistance f-Nr the software developer. An impor-
tant example of this is that we can now use computer power in a
lavish way to replace the human craft labor of the programmer.

On the other hand, hardware development has also complicated
the task of the software writer, for example by requiring him to
deal with parallel systems in which tens or even hundreds of thou-
sands of simultaneous activities need to be ^:..,rdinated.

That is a major new combinatorial problem and one on which we
are only now beginning to get a grip.

I would like to say a bit about the DARPA programs that ad-
dress the problem of the software area and then something about
the special capabilities of DARPA to function in this area. Since
every one of the multiple agencies participating in research on the
broad technical challenges of software will bring its own capabili-
ties and twists to bear on the national effort required.

As to programs: we spend about $25 million a year in the
DARPA Information Science and Technology Office on software re-
search and tool development. This figurP includes specifically net-
work-related ---,stem.

In addition co the work managed by ISTO, DARPA runs several
other major software efforts and other programs. One is the so-
called STARS program: Software Technology for Adaptive, Reliable
Systems. This program is currently budgeted at roughly $12 mil-
lion, and is managed by the DARPA Defense Manufacturing Office,
w hich also manages the Software Engineering Institute at Carne-
gie-Mellon University.

STARS focuses on the development of a comprehensive set of
Adabased tools for constructing --id managing large software sys-
tems. These are very large systems, typically systems requiring
over 500 person-years in development.

Developments of this size typify many defense software efforts.
The Software Engineering Institute has a technology transfer

focus. It aims to find the best and most relevant new developments
in software engineering technology and bring them into the de-
fense system world. SEI operates a very extensive program of pub-
lications, training courses, seminars, workshops and consulting
services.
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I do not want to say much about the many programs that ISTO
sponsors, but shall review just a few particularly salient examples.
We have been involved in the last few years in the development of
a very promising new operating system called Mach at Carnegie-
Mellon University. Let me try to explain what the advantage of
this system is. As you know, operating systems are the packages of
software that establish the basic environment of screen, keyboard,
communication, printing, and other functional capabilities that you
expect to find on a computer when you sit down to use it.

It is very important fiorn the user point of view that the environ-
ment available to him on one computer be the same as the environ-
ment available to him on another computer. One does not want to
have to learn a new working environment, a new set of editors, a
new set of conventions, a new everything, when one has to switch
computers. You do not want to have to adapt all your applications
software to a different environment.

For that reason, portability of operating systems, i.e. the ability
to run in identical form on multiple computers, is crucial. Portabil-
ity has accordingly been much emphasized in the design of the so-
called Mach operating system. Mach has been quite successful in
this regard. It is running now on close to two dozen different im-
portant computers. One o: them is the NeXT work station devel-
oped by Steve Jobs omanization; another is the parallel machine
developed by Encore Cmputer Corporation. I note in this latter
connection Mach was also designed from the beginning to serve thE
operating requirements of parallel computers.

We, along with NSF, are participants in the Rice University
work on parallel software tools. We are also in the process of
launching a major new activity aimed directly at the general sim-
plification of software design. Let me explain a bit about this im-
portant new effort: our so-called common prototyping language
project. The aim of this project is to ease the development of soft-
ware by providing tools that allow software structures to be
"molded in clay" before they are "cast in concrete."

We aim to put tools and methods in place which will allow devel-
opers to produce, at drastically reduced cost, both in money and in
work time, system versions that are fully functional and that can
be shown to end users (in our environment, to colonels or generals
who will have to use the software in the field), enabling them to
see and approve the full system functionally, although not on the
small computer on which that functicn may ultimately have to be
run.

That is, our prototyping technology will aim to use more ma-
chine muscle during dev'elopment in order to speed up develop-
ment. We believe that once prototype development is complete, sys-
tems can be redeveloped in their final, efficient forms with much
greater speed and assurance than would otherwise be possible, and
that the whole development process will thereby be improved.

Let me mention one last piece of work, just beginning, which
links our software effort to the national network concept that also
stands very much at the center of Senate Bill S. 1067.

This last project aims to create a so-called "national file system."
The interesting technical possibility here is the following: The giga-
bit nets that are being put in place will supply about as much data
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communication bandwidth between New York and Los Angeles as
one now has internal to a single computer.

That means that in principle one ought to be able to use, from
New York, files that are located, let us say, in Los Angeles or Chi-
cago, and not be able to tell whether those files are resident on
your computer system or 2,500 miles away.

We want to put together a software structure that realizes that
technical possibility by enabling people anywhere in the country to
attach to files anywhere else in the country, thereby creating a
seamless national file system.

This points out one of the many important economic possibilLies
implicit in the national computer net concept: the notion of a "Li-
brary of Congress in every home." The natioral file system we will
be developing will give everybody access to all the books in the
world if only these are put in electronic form and made available
over such a net.

Senator GORE. Is there objection? We will just do that, then. We
will make that a part of the bill.

Go ahead. Excuse me.
Dr. SCHWARTZ. Let me conclude with just a few remarks about

DARPA's special capabilities and the role that we see for ourselves
within the broad national software technology thrust laid out in S.
1067. In order to work well, any software tool must reflect the in-
nermost structure of the area to which it will be applied.

This is a very basic point; let me try to enlarge on it. The reason
that a Fdreadsheet program like LOTUS 1-2-3, to take a particular
example, is so effective is that it captures the accountant s manner
of thinking.

Similarly, a programming language for some area of engineering
or biology would have to model the mental processes of the engi-
neer or biologist.

In order to understand any such areaand it is this understand-
ing that, as Bill Wulf has said, that is fundamentalone has to
think deeply and carefully about the area, forming just the right
mental model of what an accountant does, or of what an engineer
or biologist does when setting up the kind of computation for which
the programming language will be used.

One has to find just the -ight model; that is not easy. It takes
time, it takes thinking, and it takes false starts, which is to say it
takes research.

However, once this research culminates in a pretty good model of
what one wants to do, software engineering of the conceptual solu-
tion must begin, and one must scale up from a relatively small
number of researchers sitting around in their offices and laborato-
ries to concentrated programs of software building, which may in-
volve groups of 30 or more people working in a concentrated, co-
ordinated way for several years.

It is in organizing and managing such efforts that I believe
DARPA has something quite special to offer, because I believe
DARPA has excelled in the management of these larger projects.
That is the special role we see for ourselves and I wanted to point
that out.

That is all I have to say. I will be happy to take any questions.
[The statement follows:]

149



145

STATEMENT OF ER. JACCES SOWAF12, DIRECIOR, INSDRWICN SCIENCE AND MIND=
MICE, IEFDISE ADVAN:ED RESEARCF1 PADJECIS =NCI

Good afternoon, Mr. Chairman, ladies and gentlemen:

My name is Jack Schwartz, and I am Director of DARPA's Information Science and

Technology Office or 'ISTO.' This is the part of DARPA most directly concerned with

information technology in all its aspects. 1510 sponsors roughly 100 million dollars per

year of computer science research and development work, approximately half in universi.

ties, the other half in industry and at non-imiversity research laboratories The proiects

sponsored span the whole of computer science and its applications, from design of inte-

grated circuit: and of new computers, through development of software tools, new meth-

ods in artificial intelligence and robotics, and new computer algorithms, to military and

non-military applications of all thes.: tc.chnologies I 3M also Director of DARPA's Stra-

tegic Computing Program. whose activities, oudgeted in Fiscal Year 1989 at roughly Si25

million, builds on ISTO's program of basic rzscarch extensively, but which focuses on

transition rf the more mature of these technologies to practice end includes projects man-

aged by other DARPA offices. 1 am most pleased to have the oppot 'unity to testify to you

today conceming the general importance an , probl,In of software, o. the programs which

DARPA has put and is putting in place to address these problems, and on the role which

DARPA believes it can most appropriately play in the national software effort that we

believe is needed I note also that software is a problem about which I have been thinking

and writing for twenty years, in an earlier existence as a university Professor and indus-

trial consultant
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The physical capabilities of computers, their raw cpeed and memory capacity, have

advanced steadily and with enormous rapidity over this entire period. Software technol-

ogy, although it has advanced significandy over this period, has not moved forward neady

as much, and this relative (but by no means absolute) failure has progresswely tuned

software into the great unswallowable lump of the entire compute. field. This is so for a

bask technical reason It always falls to the software developer to solve any problem not

solved elsewhere. in any given system T. e 'software problem' is terefore not a single

problem rather, it is the concentrated residue of all the complications inherent in every

problerr which the speedup of computers and their ever more extensive use has encour-

aged us to tackk The software probkm should for this reason be compared. not to the

problem of reaching the moon, for example, but rather to the convoluted problems which

physicians face in prolonging life and health though people do live longer and are health-

ier than was the case a generation ago, eierybody understands that even if smallpox and

cancer are conquered as killers, this will simply bring other causes of mortality into first

place. sc that the technical struggle must go on Since software technology struggles to

control compkxny itself, and rapidly mountmg complexity at that. its perspective is just

the same And. fmm the industrial and defense points of view, software is just as Impor-

tant as strength and health is to the individual because all the management, analysis, or

control probkms not sohed dsewhere always turn up as suftware problems

I
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Let me give you a few budget and other facts to put the Defense irnportance of soft-

ware into perspective. 'Software producibility' is called out as one of 22 defense-critical

technologies in the recent critical technologies plan prepared for the Senate by a DoD-

wide working group chaired by Dr. George Millburn. Total national estimated software

costs total roughly $110 billion according to Barry Boehm of TRW, both concentrated

development and ongoing maintenance costs being included; this represents a national

programming workforce of over one n- lnual software expenditures, summed

across all DoD programs, are currently projecteo oy the Electronic Industres Association

at roughly $17 billion/yr, which is to say that 170,000 programmers work, essentially full

time, developing, testing, repairing, and maintaining defense-related software. Closer

subestimates reveal more of the inherent mes 'less of the software problem. According to

Boehm, maintenance and -ework for elimination of problems or for function3l upgrade

account for roughly 70% of DoD sofmare costs. code design and development accounts

for only one third of these costs on arerage, about two thirds being incurred in the prepa-

ration of documents. So your mental model of software should resemble the sprawling

system of subways, water tunnels, sewers, telephone and power tunnels, and so forth

underlying New York City, and the million-strong community of programmers should be

thought of as being involved, not only in the ongoing addition of new parts to this struc-

ture, but even more in its repair, its extension, and in the unending updating and reading

of maps to the labyrinth, 5c, chat segments needing rework or repair can at least be

located.
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Although the advance of pl:ysical computer technology has helped the software devel-

oper in many important ways, it has also complicated his life by creating ever more

complex systems which need to be managed It has helped, for example, by allowing

more and more computing power to be used to process and analyze software systems, and

by giving the programmer a personal highperformance workstation environment rich in

graphic and other aids that can be used to sift through the very complex structures with

which he or she must deal It has also helped by steadily reducing the need to complicate

software designs in order to squeeze performance out of machines barely sufficient to the

tasks being attempted. On the other hand, the programmer is now required to deal with

new, highly parallel systems in which hundreds of thousands of activity streams must be

closdy coordinated for full system potential to be realized, must manage worldwide data

communication networks that must function as reliably as the telephone system, he must

ensure that cash withdrawals made at teller machines in Hawaii are, with perfect cer-

tainty, properly debited to parent accounts at banks in New York, Chicago, or San Fran-

cisco, and must guarantee that malicious (and possibly very expert) programmers able to

access U S computer systems from Frankfurt or Singapore can never locate any system

chink that allows them to disrupt service, or to steal service, cash, or closely held informa-

tion

Let me say something about the programs which DARPA has put in place to deal with

these challenges. Between its basic research program and the part of the Strategic Com-

- 4 -
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puting program which it manages, ISTO spends about $25 million annually in software

research and tool development, incluchng specifically network-related software. Other

important software programs, generally having either a shorter term or a technology

transfer focus, are in DARPA's Defense Manufacturing Office. These are the STARS

(Software Technology for Adaptive, Reliable Systems) program, currently budgeted at

roughly $12M, and the major Software Engineering Institute operated for DARPA by

Carnegie-Mellon University The STARS program is developing a comprehensive set of

Ada-based tools for constructing and managing very large software systems (for example,

those requiring over 500 person years in development), projects of dus size and greater

must frequently be undertaken in connection with major Defense developments. STARS

aims to achieve dramatic improvements in the affordability and quality of these large

software products The SEI continually reviews software technology developments and

makes them directly useful to Defense organizations, through a very extensive program of

publications, packaged training courses, seminars, and workshops, and specialized con-

sulting services Although only four years okl, the SEI is already recogrnzed for its leader-

ship in establishing a software engineenng process improvement program within a large

segment of the defense industry, for its efforts in real-time distributed systems technol-

ogy, and for its expertise in use of Ada. The Software Engineering Institute is currently

funded at about Sl9M annually.

- 5 -
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Even though there is no time to say anything in detail about the dozens of individual

software projects that DARPA sponsors, I would like to bring a few particularly salient

example, of what ISTO has done and is planning to do to your attention. Over the last

few years, we have sponsored the development of a very prorMsmg new operating system,

called Mach, at Carnegie-Mellon University. As you know, these are the software pack-

ages which establish the basic environment of screen. Iwyboard, communication, printing,

and file services that any user expects to find on a computer. Among the rnany ddvan-

tages of Mach I note the fact that it was designed from the start to be suitable both for the

high-performance single user workstations already on the market, and for the large new

parallel machines that have been developed in the Strategic Computing Program and its

commercial offshoots Mach was also designed to be 'portable', in the sense that it is

carefully insulated from machine dependent details, so that It can be adapted very easily

and '''',idly to run on new machines, allowing all its users to work in a single, famihar

environment requiring little or no relearning even if they switch from machine to ma-

chine It has already been made available on over a dozen different computers, of which

two of the mos: interesting are the NeXT workstation that Ste Jabs has develoded and

the popular parallel computer developed by Encore Corporation.

ISTO is also sponsoring important work on parallel software tools at Rice University in

Houston. This draws on earlier University of Illinois research on methods for efficient

generation of parallel programs Beyond this, we are about to launch a major new activity
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aimed very directly at the general simplificiition of software design. This is ISTO's new

'Common Prototyping Language' project. The aim of this project is to make software

development easier and much less risky than is now the case by providing tools that allow

rapid constniction of system prototypes that do exactly the same things that a final soft-

ware system will do, though not necessarily mei the same efficiency This 'prototyping'

approach makes lavish use of computer powff, which is an increasingly cheap resource,

and substitute it for human labor, that is, the detailed efficiency-oriented design that

would otherwise be required during the initial design and development of a software

system Once such a software prototype is complete, and has been approved both techni-

cally and by its eventual user, the remaining problem of rework for efficiency can be

approached systematically, with critical advantages for manageability and predictability

The last project that I will mention is work just beginning, which links ISTO's software

research plans together with the national very high performance network, described in

Senate Bill S 1067 This is a project to create a 'national file system', that is to use the

ultra high speed network capability to create a software environment in which computer

files anywhert in the national can be accnsed by an authcrized user with the same ease

that you can access a file resident on your own desktop machine Fully realized, this can

create a 'Library of Congress' in every home, as just one of many very exciting commer-

cial and military spinoffs.

- 7
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I and my colleagues at DARPA agree that software is an area of computer technology

whose abiding, indeed inevitably growing, importance will continue to justify major na-

tional technical efforts. ISTO has been a very active participant in developing a plan for

the Federal High Performance Computing Program and we strongly believe that in order

to capitalize on the planned hardware investments it will be essential to continue work on

parallel software concepts and tools, and on parallel algorithms. We believe that parallel

computing technology, much of which has come out of the DARPA Strategic Computing

Program, has opened a major new chapter in the history of computing Work done to date

has given the U.S. a substantial world lead in this area, but there is no doubt that our

international competitors are on the move, and that if we are to stay ahead in this race we

need to follow through

Let me conclude with a few remarks concerning DARPA's special capabilities and the

appropriate role in a major national software technology thrust which these capabilities

justify To be effective, any software tnol must reflect the innermost structure of the area

to which it will be applied For example, a spreadsheet program like LOTUS l-2--3 is

very elective because it captures the sty'e of ordinary bookkeeping calculation so well,

and makes this directly available to its user through a well-designed interface To do this

well with other target applications, one has to think carefully about the target application

and find just the right approach to it, finding the best rather than the second best ap-

proach has sometimes taken years But. once such a process of conceptualization reaches

- 8 -

i 57



153

its goal, one must really build the imagined software tool. Because the inner details of this

tool may be complex, doing so typically implies one or more substantial software build

projects, which may, for example, require several years of active university/industry col-

laboration DARPA's track record shows it to excel in the management of projects of this

kind Our aim is accordingly to cooperate with other agencies during the ongoing research

process which must precede any major undertaking, but then to step forward in a particu-

larly active way when the time to build a major software artifact is at hand

I hope that these remarks are useful to you and I will be happy to answer any ques-

tions

- 9 -
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Senator GORE. Well, great. Let me move to some questions then.
And again, thank you both for getting us off to a good start here.

The 1987 OSTP report on a research and development strategy
for high-performance computing highlights several grand chal-
lenges in areas like aerodynamics, global climate change, and com-
puter vision. Programs would be developed within the Federal
agencies to develop the software and computing capability needed
for researchers to meet these so-called grand challenges.

Do the two of you support the idet: of focusing on particular
grand challenges?

Dr. SCHWARTZ. I am sure that Bill Wulf does. I would be sur-
prised to hear him say no.

For my part I certainly believe these projects to be significant.
Let me comment to explain why. First of all, these so-called grand
challenges are scientifically very rich, and ultimately economically
very significant, if you look behind the first wave of science.

I would note one other point: when one develops a new machine,
necessarily carrying new software, one needs to learn how to use it
effectively. To do this it is appropriate to start with an application
that is very significant, but at the same time not over intricate
from the technical point of view, that is with a problem that is sci-
entifically mature.

The grand challenges have been very well selected from that
point of view, so they are ideal things to practice on.

Senator GORE. Which ones do you find most interesting and most
important?

Dr. SCHWARTZ. Well, for example, some of the work proposed in
chemistry and in molecular biology. I think for example, that any
improved degree of understanding of biomolecules is going to have
all kinds of consequences both for human health and for U.S. com-
petitiveness in the pharmaceutical area.

Dr. Wins. I would not disagree with Jack. I cannot help but ob-
serve that disciplinary scientists from different disciplines would
probably choose different grand challenge problems as the ones
that are most important.

But all of their, have the characteristic that they push forward
not only their oN,n discipline, but the discipline of computational
science in general, and consequently have a spillover effect on all
of the scientific enterprise.

Senator GORE. I would just add that I think the global climate
change challenge is one that ought to be right at the top of the list.

Dr. WULF. It is more ofit is not exclusively a computational
problem.

Senator GORE. Right.
Dr. Wuls. It is a problem which is distributed in space. That is,

the phenomena happen at disparate points. It is a problem where
the appropriate researchers are distributed.

So it is a problem where the instrumentation to make the appro-
priate measurements has to be distributed, and often unmanned. It
relies heavily on information processing technology, not just the
computational technology. It requires remote sensors, networking.

Senator GORE. Right. But we are right now in the midst of a tre-
mendous national effort to increase by many, many orders of mag-
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nitude the amounts of data collected in the earth sciences as part
of the Mission to Planet Earth program and related activities.

Those designing that effort have long since identified data man-
agement as the most difficult aspect of the challenge. And simulta-
neously, climatologists working with the data now available tell us
that better modeis are needed.

Much can be predicted, to vary mg degrees of certainty, with our
present models. But everyone recognizes the need for dramatic im-
provement there. So I would just put in my bid there.

Will visualization play a big role in meeting these grand chal-
lenges?

Dr. Wtny. I think that you made an eloquent case for that point
in your opening statement, Senator. The amount of data that re-
sults from the kinds of scientific computations that we are talking
about is enormous. It is not the sort of thing that human beings
can understand by looking at a pile of paper ten feet high.

No intuition comes from that. A famous computer scientist many
years ago observed that the purpose of computation is not num-
bers, it is insight. And scientific visualization is one of the ways in
which we can present the information to the disciplinary scientists
in a way that leads to intuition, to insight, to understanding.

Senator GORE. If you both agree with the grand challenges ap-
proach, how are they going to be funded? Through the computer
science divisions of the agencies involved or through other divi-
sions?

Dr. SCHWARTZ. Since most of this funding would fall to NSF and
to DOE, I think I will ask Bill to answer that question.

Dr. WIns. in the particular case of the National Science Founda-
tion, some of both happens. We have, as you know, within my di-
rectorate the Division of Advanced Scientific Computing, which is
responsible for the five national computer centers.

We have just gone through a renewal process for those five cen-
ters, part of which strongly emphasized the need for a significant
intellectual component at the five centers, not merely a service and
educational component, which was their primary function in their
first five years.

In addition, in that division we have established a so-called New
Technologies program. The title is perhaps not terribly descriptive,
but it is focused on computational science and on the grand chal-
lenge problems.

One of the things that I have learned since coming to the Foun-
dation, and perhaps did not understand very well before, was that
there is an enormous degree of collaboration between program di-
rectors in different programs, indeed within different divisions and
within different directorates of the Foundation. A great deal of
cross-funding goes on.

Although there are specific programs in computational mathe-
matics, in computational chemistry, in computational physics, in
computational biology, and so on, we cross-fund many of the pro-
posals that come into those directorates and they cross-fund many
of the proposals that come into our directorate.

Senator GORE. Let me come back to visualization for a minute.
We are going to be dealing with it a little bit more in the hearing
later.
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But the model I have in my mind to represent this problem tells
me that we as human beings process and understand information
in a particular way, and if you attempted to describe the human
brain in computer terms you would say perhaps that we have a low
bit rate but very high resolution.

In other words, if we attempt to absorb and integrate new infor-
mation one bit at a time, as a sequence of numbers or a sequence
of facts or a sequence of abstract symbols of any sort, the absorp-
tion rate is relatively slow. But if that data can be presented in
visual form so as to create a mosaic of data, then we can recognize
patterns and absorb vast quantities of data much more quickly and
much more easily.

I used the figure in my opening statement that half the human
brain is devoted to processing images. Some people say two-thirds.

Therefore, if that is correct then it makes sense for us to acceler-
ate the pace of work on software that facilitates the presentation of
massive quantities of data in visual form. Let me pause there. Is
that correct in terms of your knowledge? Have I gone wrong so far?

Dr. SCHWARTZ. Let me comment. I would make the same point in
the following terms: the eye routinely performs miracles greater
than any achieved by the rest of the mind. We struggle to appreci-
ate with the rest of our mind the things that the eye picks up in-
stantly.

Vision is undoubtedly one of the most miraculous capabilities
that humans have, and for that reason it is entirely appropriate to
make every possible use of vision as kin aid to understanding.

However, I would add to this the footnote that vision will work
best in the area of scientific computation, i.e. of computational sci-
ence, because it applies most naturally to objects and situations
that are naturally part of the physical universe. Example might be
the flow of fluid around an aircraft or the shape of a molecu:e, that
is anything that is intrinsically three-dimensional and physical,
rather than being intrinsically abstract.

In contrast, abstract mathematical relations are sometimes best
understood, not by looking, but sometimes by shutting one's eyes
and thinking. So there is the other side to which visualization tech-
niques are harder or impossible to apply.

But vision does carry us very far, and we certainly want to make
all the use of it that we can.

Senator GORE. Well, suppose you shut your eyes and thought and
then you conceived of the solution to the particular problem you
were pondering. If you then wished to communicate what you had
conceived you would not tell your listener to shut his eyes and
listen to you describe it in verbal terms.

You might, but if you could present it as a picture you would do
so.

Dr. SCHWARTZ. If I could, I certainly would. But in some cases I
might have to admit that I cannot, so we have to use the other
verbal rather than visual approach.

Senator GORE. Right.
Dr. SCHWARTZ. To explain, for example, the notion of "goodness"

or of "legality", to take just two abstract notions, I might not want
to draw pictures, but instead to rely on words.

Senator GORE. All right.

.-., 61
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Dr. Wulf?
Dr. Wt.n.F. I thought that you characterized the situation ex-

tremely well. I guess the only thing that I would add here is that
this is a special case of a situation that we need to deal with in
general, and that is that the computational science community is
not well supported with tools for constructing their scientific pro-
grams.

They need software tools to help them construct visualizations.
They should not have to work at a very detailed level of how you
get that picture displayed. That is a problem for computer scien-
tists or for computer engineers.

Senator GORE. Right.
Dr. WULF. And that same statement is equally valid with respect

to constructing the programs which solve partial differential equa-
tions. We need to give them much better support than they cur-
rently have for all of these kinds of ac..ivities.

Senator GORE. What percentage of your advanced computing
budgets do you devote to developing and using visualization tech-
nology?

Dr. Wut.F. I would have to get back. I do not know the answer to
that off the top of my head.

Dr. ScRWARTz. Let me comment. ISTO does not have items spe-
cifically budgeted to visualization per se, and perhaps we shouldI
think you raise a very interesting pointexcept in one regard,
which belongs to what might be called military visualization. Here
we do have a large program, which may have come to your atten-
tion. This is the so-called SIMNET program, which is a growing
network of interlinked simuiators that visualize the battlefield.

Senator GORE. Right.
Dr. SCHWARTZ. With all the benefits that that implies.
Senator GORE. Well, we will hold the record for a further re-

sponse to that question, if the two of you could examine your budg-
ets and try to extract an estimate of what percentage is being de-
voted to visualization and whether or not them: has been a trend
over the last two, three years.

[The following information was subseq,..ently received for the
recordl

We estimate that approximately 10 percent of the yearly NSF program budget in
Advanced Scientific Computing Is devoted to the development of visualization tech
nology.

:n addition, much of the fundamental research in other NSF/CISE programs is
indirectly supportive of visualizationfor example in the development of new archi
tectures for computer graphics, for tools used to design. prototype, test, and program
such architectures, etc These are not "single use" research efforts, however, and it
is impossible to estimate the fraction that is ultimately used specifically for scientif
ic visualization. It is clear, however, that contemporary visualization would be im
possible if it were not for similar basic research in the past

Scientific visualization is widely used by disuplinary scientists and engineers who
perform research at the NSF Supercomputer Centers In addition, researchers sup-
ported by the Foundation that are using one of the state, university or regional su
percompthers, or high powered workstations in their own laboratories, are exploit
ing visuai.vaion We do not have a way to estimate the fraction of our support used
in this way.

Senator GORE. Is it possible that the kind of supercomputer
graphics that we will see a little bit later in the proceeding might
be commonplace in PC's in the years ahead?
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Dr. Wutz. Absolutely. One of the things that we certainly ought
to have learned about the computer and information p-ocessing
business is that it moves extremely quickly.

I think I have used the analogy before that, if the automobile in-
dustry had made the same progress as the electronics industry
since 1957, an automobile would cost three cents and, would cruise
atI have forgotten what it is-20,000 miles an hour, something
like that.

I think we can confidently predict that the kinds ofoh, and it
would be the size of a cigarette package, if that helps you.

Senator GORE. The car would be?
Dr. Wutz. The car would be, yes. I do not know how you would

get in it.
Senator Gon. Like a skateboard.
Dr. Wutz. But the thing that we can confidently predict is that

the kind of visualization that you are going to see on a graphic su-
percomputer today will be available at PC prices certainly within
ten years.

Senator GORE. All right. You all have discussed the software bot-
tleneck. It seems to me that this is an arPa where government
policy should focus. If you look at the hierarchy of development,
the hardware comes first and fastest; then lagging behind at a
slower pace is the software; and slowest of all, lagging far, far
behind, is government policy.

We need to identify particular software projects which, as you
say, Dr. Schwartz, will have a very high scientific payoff. Then by
successfully developing particular software projects we can get past
bottlenecks that presently impede fast progress in areas of scientif-
ic inquiry and economic competitiveness. I think it makes sense to
focus government efforts in this particular area on those priority
software bottlenecks that impede progress.

It is my view that the Federal government has been slow to rec-
ognize that that is the case and slow to recognize the need for in-
creased funding in advanced computing. You all both agree with
that, do you not?

Dr. WULF. Yes.
Senator GORE. He is speaking for you, is he not, Dr. Schwartz?
Dr. SCHWARTZ. I would add a footnote to that, just to flesh out

what I think needs doing. One needs to maintain a reasonably
large and healthy group of thinkers who are looking at a variety of
application areas and trying to understand them profoundly, in
order to find the right software approaches in those application
areas.

These people are researchers in a basic sense. They must think
about the right way to do things. One wants to make sure that
they are encouraged to do so and that tho, have an adequate level
of resource.

One also needs to stay alert for the opportunities to escalate the
more successful of those efforts into real software build projects. I
think it is more on the latter than on the former side that the U.S.
has fallen down in the past.

You know, the NSF and DARPA and the other agencies involved
have supported a wide variety of smaller projects, not everything
that is needed, but much nevertheless. However, when it has come
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to really building large packages, there just has not been adequate
government support in the past.

Senator GORE. And we really should change that, should we not?
Dr. ScHWARTz. We really should, yes.
Senator GORE. Well, S. 1067, is designed to help do that.
Excuse me, Dr. Wulf. Go ahead.
Dr. Wins. I just want to say that there are also government poli-

cies which can, rather than not fostering, actually impede our
progress on Jftware development. On that was pointed out by the
Defense Scwnce Board report on military software was procure-
ment policy, particularly the rights in data clauses in current pro-
curement policy. Basically, the current situation is one in which
government contracts for software require not only that software
be delivered, but also any tools and technology that were used to
construct the software.

Now, superficially that is a fairly rational thing to do. It implies
that, should it be necessary for it to do so, the government can take
over maintenance of the software because it has the tools necessary
to do it.

Unfortunately, there is an unintended side effect of that policy,
which I believe is disastrous, namely that it effectively discourages
the software contracting community from investing in such tools,
because the moment that it makes that investment and uses them
on a government contract it loses its proprietary interest in that
software. It has effectively given it away.

The effect of that I think is profound. Either contractors do not
make the investment and so continue to use labor-intensive, non-
modern, old-fashioned techniques or, if they have made the invest-
ment, they do not use their best tools and technology on govern-
ment-procured software and consequently the government gets less
high quality software, it pays more for it, and it takes longer to do-
velop than it should.

Sena wr GORE. Well, I think that is a very, very important point
Just to restate it briefly, what you are saying is that, if a company
sells software to the government, then the software used in creat-
ing the software becomes the property--

Dr. Wins. Of the government.
Senator GORE [continuing]. Of the government. And so this dis-

courages software companies from supplying what the government
needs and benefiting from the challenging work that the govern-
ment needs to have done.

I might just say that the legislation, S. 1067, which I have intro-
duced and which Senator Pressler has co-sponsored, provides that
Federal agencies procurement regulations will be changed so that
software companies providing software to the government need not
forfeit the proprietary software tools that they used to develop the
software.

That is section 401, Title IV, section 401.
But I am glad you brought that up, because we encountered that

problem in drafting the legislation. And I am glad you agree that
that is one of the things we can do to really speed things along.

I just have a couple more questions and then I want to recognize
our ranking member.
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Both of you talked about the network. Both of you are st.ong
suppo.ters of the network, is that correct?

Dr. WULF. Yes.
Dr. SCHWARTZ. Yes.
Senator GORE. Okay. I believe that there is nothing we could do

that would be more beneficial to the software prowess of the
United States of America, because increasing access of one team of
researchers to another and allowing the easy distribution of soft-
ware would really supercharge the various research and develop-
ment efforts throughout the United States.

I really think that is yet another reason why the national net-
work is so important.

I am pleased to recognize the ranking Republican member of the
subcommittee, Senator Pressler.

OPENING STATEMENT BY SENATOR PRESSLER

Senator PaEssixa. Thank you very much, Mr. Chairman.
Supercomputers are our most powerful tool for scientific and

technical advances. One of the ways we can use that tooland I
look forward to the demonstrations we are going to see this after-
noonis through software that generates pictures of the data we
receive, so we can visualizethe data.

Visualization permits scientists and researchers to transform nu-
merical data into pictures on a computer screen. Since half of the
human brain is used for vision, it is much easier to understand, in-
terpret, and analyze pictures than thousands of pages of numerical
data. This is particularly useful for processing the data we receive
from our earth satellites. Our satellites are currently sending us
tremendous amounts of data about the environment, geography, ge-
ology, weather, and our solar system that need to be processed. Su-
pen.-omputers and advanced computer software will permit us to
process that data quickly and transform it into an easily useable
format.

The EROS System near Sioux Falls, South Dakota archives data
and pictures from LANDSAT. It soon will also be receiving pictures
from NASA satellites on Mars and from foreign satellites. We al-
ready receive so much information that it is impossible to process
it all. Almost 90 percent cf the satellite data that we get goes
unused And as advancements in satellite technology continue, we
will be rc,ceiving even more and better data. Scientists and re-
searchers studying the environment, agriculture, the ozone layer,
and other important topics need that data. The supercomputer net-
work will permit them to be able to use it by transforming the data
into easill, unlerstandable pictures, and transmitting the pictures
to researchers around the country.

Mr. Chairman, to move things along, 1 shall astt a couple of ques-
tions and may have some more questions for the record.

I might say that it is my feeling that a computer network across
the U.S. has great potential for making s&ntific advances in the
study c.f the greenhouse effect and changes in global weather pat-
terns, as well as assisting American farmers and others.
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Now, in what way could a computer networkhow could it
expand our knowledge of the greenhouse effect and changes in
global weather patterns?

Dr. Wyly. Well, Senator, as I commented before, the entire
global change problem is an intrinsically distributed problem. Obvi-
ously the phenomena are distributed. The instruments necessary to
measure those phenomena are necessarily distributed.

The researchers are distributed, and it is necessary for them to
communicate with each other, to access the data collected by each
other, to be able to execute the modelsthe computer models that
are executed on supercomputersthat each other have created,
and to execute them on the high-performing machines such as
those at the national supercomputer centers.

So intrinsically this &Troup, perhaps more than any other collec-
tion of researchers in the world right now, depend upon communi-
cation with each other, data communication, personal communica-
tion, collaboration.

Senator PRESSLER. Well, I have mentioned before my interest in
having the pictures from outer space made available to university
students, to everybody, which I think is directly related to the issue
of the warming of the Earth.

Let me ask
Senator GORE. Could I interject just a brief point there to elabo-

rate on his last point?
Much of the research on global change is being done by teams of

climate researchers, many of whom use the kind of data that is
stored at the data center in Sioux Falls, South Dakota. Today,
when one team wants to communicate with another team and com-
pare the latest improvements they have made in their models of
the climat," system, they have to download their model onto mag-
netic tapes or some other storage medium that is transportable and
take it, along with their suitcases, get on an airplane and fly to
their colleagues' lab. Then, they have to upload their software on
their colleagues' hardware so they can all look at their results and
talk about thom.

Then they download everything and go back home again. That is
basically what they are required to do now?

Dr. Wmy. Yes, that is right, that is the situation.
Senator GORE. So as a practical matter they do not do that very

much. If they could instantly share data and cross-fertilize each
other's models, they could speed up the process of understanding
the Earth's climate system exponentially.

Dr. WULF. Notice that this implies not just communication of
data, but human interaction across the net, collaboration. I have
talked about something I have called a "collaboratory," an inten-
tional pun upon the words "collaboration" and "laboratory", but
an electronic analog of the physical scientist's laboratory, in which
people who are physically remote from each other can collaborate,
share data, share instrumentation, share programs and so on.

That concept, it seems to me, is absolutely crucial for the climat-
ic changes that we are trying to study these days.

Senator GORE. Thank you.
Excuse me.
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Senator PaEss Len. That is very useful because, as I understand
it, now there is a backlog of data that we have from our satellites
that has not yet been analyzed, and the advances in computer soft-
ware would help to eliminate this backlog of data as I understand
it, even without getting new pictures down.

A lot of times, if we could make all of this data available to
people, that would really speed up research and knowledge of, let
us say, a big city's problems of pollution, for example.

Dr. WULF. I do not know the exact statistics, but a frighteningly
small fraction of the satellite data has eve-.. been looked at by a
human being, much less analyzed.

Senator GORE. Less than ten percent.
Senator PRESSLER. Yes, it is just a tiny amount. It is like the li-

brary at Ephesus unopened.
Dr. Wtity. Right.
Dr. &my Ann. One can now use high-performance computing to

pre-filter usual data. If one knows what you are looking for by way
of rare events, you can scan through and, say, throw out 90 percent
of the cases, which need not be visually examined.

Senator GORE. With massive parallelism?
Dr. Sam Ann. With massive parallelism. And then one only

need to look at a much smaller fraction of the cases. This is a tech-
nique that we are much interested in in the case of aerial photog-
raphy.

Senator PRESSLER. Now, some people say that we can just leave
to the private sector the development of certain types of software
applications.

flow does the goverz.ment decide which types of software applica-
tions to develop? Do y m. focus on basic research? What about the
argument that, if someone says there are software needs, that we
can just leave them to the private sector?

Dr. WIll.F. Well, there certainly are some kinds of software that
can be left to the private sector. But there are two things which
come to mind which certainly need government research.

The first is the development of tools and technology for produc-
ing software. That is one level removed or one level indirect from
the production of softwire products. You understand that software
is used to produce other software. It is a tad incestuous, but that is
the way it is.

The second thing is the whole area of scientific software, the soft-
ware which is used by scientists to analyze data, to model systems
like the global weathe:, where there really is not a market and
therefore there is no private sector interest in developing that kind
of software.

Perhaps Jack wants to add something.
Dr. SCHWARTZ. Yes. I have always seen the relationship between

government activities and industrial activities, in technical areas
in general and this in particular, as synergistic, rather than op-
posed.

By stepping out, by absorbing some of the front-end risk inherent
in new developments, the government makes it possible for the pri-
vate sector to enter more rapidly than they otherwise could. The
private sector needs to operate on nearer term returns than the
government can be comfortable with.
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So there is a natural progression in many of these areas from
DARPA, NSF, and DOE programs to private sector activities. This
is a relationship that could be traced in hundreds or even thou-
sands of cases.

Senator PRESSLER. Now, how can we ensure the security ofdata
in a nationwide compu+er network?

Dr. SCHWARTZ. That is a massive challenge. The best technique
available now, or rather the best family of techniques, for assuring
the security of data is systematic encryption.

Encryption technology has come along very dramatically over
the last ten years. There now exist well-understood so-called public
key encryption systems, which can protect data very effectively.

To go beyond encryption is to enter into a complex though impor-
tant research area that DARPA is much involved in, but that is
still very challenging and has not yet produced decisive results.

Dr. WuLF. I would just add to that that it is common in the
pressand it was, in my mind, another mistake that was made in
the GAO report which just came outto talk frequently about "se-
curity on the network." In a very fundamental sense, the security
issue dues not lie with the network; it lies with the computers
which are attached to the network.

The case of the infamous worm attack of last fall was a failure of
the computers attached to the network, the security of those ma-
chines, not the network itself. In some bizarre sense, the network
worked extremely well. It propagated that information around just
like it was designed to do.

The same kinds of attacks could in principle be made over the
ordinary voice telephone network. It would not propagate as fast
because the lines are slower. But nobody describes the problem as a
security problem of AT&T or MCI or Sprint. The focus on the net-
work, I think, tends to mislead people and, I am afraid, would lead
to inappropriate kinds of remedies for the problem.

The problem for which we need a remedyand it is a very im-
portant problem; I do not mean to diminish it at allis the securi-
ty of the individual systems connected to the network, not the net-
work.

Senator PRESSLER. Finally, and you may want to answer this last
one for the record, not off the top of your head, but let us say that
we had the space pictures and satellite pictures available on super-
computers, readily available. What kinds of people would use those
and for what purposes?

Dr. WULF. That is in fact a good one to get for the record.
Senator PRESSLER. That would be a long list, would it not?
Dr. WULF. Yes, that is right.
[The following information was subsequently received for the

record:]
My colleagues from a variety of disciplines agree that satellite picturescontain an

enormous untapped reservoir of information To analyze them and use them in solv-
ing important problems in agriculture, weather forecasting or the like remains an
ongoing challenge. Much of the work is in its early stages of deve.opment. Future
uses of this information hinge on the creativity and insight of individual research-
ers. Many specific applications are still speculative. The critical need to accelerate
this process is to make this information accessible to these resarchersprimarily
through high-speed networking and high-performance computersand give them
the opportunity to exercise their creativity
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Senator PRESS12.M. Well, I would like you, if you can, to think of
all the practical applications, how that would expand. Of course,
obviously students and so forth, but I am talking about smell busi-
nessmen, I am talking about farmers, of course obviously environ-
mentalists, I suppose.

Dr. WuLF. Well, I can also imagine value-added companies ac-
cessing those pictures to extract data for use by consumers.

You mentioned farmers. I do not know that farmers would di-
rectly want to access the pictures, but if there was a company
which was scanning the pictures to determine the extent of
drought or the boundaries of a blight or how a flood is progressing
and likely to progress over the future, it is the company that was
extracting the data, that was adding value.

Senator PRESSLER. In other words, you might replace the Crop
Reporting Service?

Dr. WuLF. Exactly.
Senator PRESSLER. You better not say that too loudly.
Dr. SCHWARTZ. I would add to tha l. that, even if farmers did not,

the grain dealers in Chicago certainly would.
Senator PRESSLER. Okay. But if you can give us a list of practical

applications that we would not normally think of, that, if this in-
formation became readily available to everybody, what would
happen, that would be very useful for the record.

I know that is too long a story for one answer.
Thank you, Mr. Chairman.
Senator GORE. Well, thank you. I have just a couple more.
First, on software standards. One of the problems the committee

has been made aware of is that a lot of software is written to
match the requirements of the hardwai in which it is going to be
run. Consequently, it becomes extremely tedious and almost impos-
sible in many cases to translate that same program for use on a
different piece of hardware with a different operating system.

Many software developers and software users have pointed to the
need for easy ways to transfer programs from one system to an-
other, so that if you have a solution for one problem it is available
to all the users of advanced computing systems.

For example, the Unix operating system is becoming the stand-
ard for scientific computing on scientific work stations. However.
the problem is still acute for the most advanced computers, and
most supercomputers can orly use software written for that type of
machine.

When ETA, for example, dropped out of the supercomputer busi-
ness a lot of researchers were left in the lurch because the pro-
grams that they were using would not run on any other supercom-
puters.

On the other hand, computer designers, especially supercom-
puter designers, tend to iesist standards because the standards
limit their ability to design faster and more innovative hardware
and software by taking unique and novel approaches to solving
problems that come up.

SG without getting into what can become almost a theological
debate, what do you think is the solution to this problem? We are
trying to address this prc,blem with a provision in the legislation,
and I would like to know, first of all, do you agree with my state-
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ment of the problem? And secondly, do you agree with me that the
governr _ent should develop standards for soft-Nare it purchases
that would encourage the interoperability oi' :,oftware so it could
run on different computer systems with different operating sys-
tem --?

Dr. SCHWARTZ. Absolutely. The problem is inherently difficult. In
my belief, government policies made it considerably worse, because
we have carried over from the period 30 years ago an emphasis on
hardware costs in procurement regulations which is now totally in-
appropriate.

If we look ahead three years, we can see that it is going to be
able to purchase what is essentially half a Cray, or the processing
heart of half a Cray, for $500 to $1,000 as a single chip computer.
The thought that one ought to save on that part of system expense
at Lhe cost of running up software expenses by many millions is
really absurd. Yet that is what a lot of current regulation enforces.

Portability, including portability to supercomputers, is a very im-
portant issue. ISTO has just started working with Cray toward the
port of our Mach operating system, which if it goes forward as suc-
cessfully as we hope will give them the same operating system that
you would find, for example, on a NeXT machine that you use as a
personal computer.

Part of what has to be done here concerns the software develop-
ment situation. The fact that there have not been substantial
enough government software development programs has meant
that the efforts of all the individual companies focused on their
own products; they have naturally tended to encourage a certain
degree of anti-standardization.

Senator GORE. Dr. Wulf.
Dr. Wuly. Well, I must admit you caught me with your question,

because I was about to give you a no answer until you got to the
very end of your statement. The thing that changed my mind was
when you used the word "encourage."

The point is that there are certain kinds of what I might call "es-
sential ' differences between computers, and they induce essential
differences in the software. The way that one forms an algorithm
for a massively parallel computer is in an essential way, a funda-
mental way, different from a traditional supercomputer.

There are other inessential differences, minor differences in op-
erating systems, minor differences in versions of Fortran or what-
ever programming language you are using. Those are tl-? ones
which are inessential and inappropriate, and certainly the govern-
ment should encourage standards to avoid them or to eliminate
them if possible.

But let us not go overboard. Let us remember that there are cer-
tain kinds of essential differences and we cannot eliminate those.

Senator GORE. Now, on clearinghouses. Researchers in universi-
ties and industry often end up re,inventing programs that already
exist elsewherE because they do not know what software is avail-
Ible and they do not know how others might have already gotten
past a bottleneck that is impeding their own progress.

S. 1067 calls on NSF to establish software clearinghouses where
researchers could go to find research software they need. Do you
agree with the need for such a clearinghouse, Dr. Wulf?
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Dr. WULF. Well, it seems to me that, as I stated in my opening
remarks, the really fundamental problem is to provide software for
computational science and engineering. There is a small market
there.

Consequently, there has not been a rush for the private sector to
supply the kinds of software that are needed. I think it is com-
pounded by the fact that the typical computational scientist or en-
gineer has not even been provided with the kinds of modern soft-
ware development tools that are available to so-called systems pro-
grammers.

It does seem to me that the national supercomputer centers are
very natural foci for a number of kinds of activities. Certainly it
does not have to be exclusively the national centers, but they are a
very natural foci. They are a foci for developing the kinds of tools,
visualization tools, as well as other kinds of software development
tools, for the computational scientists.

T;ley are a natural foci for developing some of the particular
kinds of software that are needed by computational scientistsrn

'

the development tools, but the software itself.
They are a natural foci as repositories and a clearinghouse, so

that software does not have to be written at all, one would hope.
In our renewal process for the national centers, we did try to em-

phasize the intellectual component, including all of these kinds of
activities. There is no big activity in the clearinghouse sort of idea
at the moment, but I think it is a good one and one we should
pursue.

Senator GORE. If I wanted to make a list of the software bottle-
necks which, if relieved, would yield the greatest advances, how
would I gr, about creating such a list?

Dr. SCHWARTZ. That is a very difficult question, Senator. All I
can say is assign it as homework to some of the witnesses here and
we can do our best. We have all thought--

Senator GORE. Well, the question contains part of its own answer
then. This is a bottleneck right here.

Dr. Wtn.s. Part of the difficulty I have in trying to answer that
question is that I see software being so critical to so many aspects
of the economy that I would not know where to begin to put the
p:iorities.

Do we want to sell automobiles? Then we have to have computer-
aided design, computer-aided manufacturing, as well as the on-
board software for automobiles.

Do we want to sell airplanes? Do we want to do modern science?
We have got to have software.

So I see the problem as so pervasis a that I would have difficulty
putting a priority on it, and the list v ould be extremely long.

Senator GORE Well, the list of bud);et priorities is extremely long
and it is hard to set priorities. But there are ways to determine
what is most important, and surely there are some that make up a
shorter list of those that have the biggest payoff, as we can present-
ly project the payoff.

So if the two of you would respond for the record to that ques-
tion, I would certainly appreciate it.

[The following information was subsequently received for the
recordj
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I must place my highest priority on the software that is used to produce other
software. Although there are obvious needs for software development in specific dis-
ciplines, the impact of increasing overall software productivity far outweighs that of
local improvements.

I place especially high priority on those CASE tools (Computer Aided Software
Engineering) targeted to be used by disc.plinary computational scientists The exist-
ence of such software would leverage tilt development of other, more discipline-spe-
cific software enormously.

My second high priority area is the development of symbolic-Manipulation sys-
tems that can help the disciplinary scientist formulate and manipulate the mathe-
matical representation of a problem fore it is "solved" by numeric techniques

A third high priority is high-qual, generic" packages and subroutines that can
be incorporated into specific problem-specific codes. Packages of visualization rou-
tines are one example of such a package

Senator GORE. Let me say at this point that we are going to move
to the next panel, and I would like to finish this one by thanking
both of you again for being here and helping us get at the subject
in the hearing today. Thank you very much.

Dr. WuLF. Thank you, Senator.
Dr. SCHWARTZ. Thank you, Senator.
Senator GORE. Let me invite our second panel up: Dr. Karl-Heinz

Winkler, Dr. Raj Reddy, Dr. William Poduska, Dr. David Nagel, Dr.
James Clark.

While you all are coming up to the witness table, let me just say
by way of introducing all of you that: first, Dr. Karl-Heinz Winkler
recently left the Los Alamos National Laboratory to become the
Deputy Director at the National Center for Supercomputing Appli-
cations at the University of Illinois, Champaign-Urbana, one of the
NSF supercomputer centers.

Dr. James Clark is CEO of Silicon Graphics of Mountain View,
California. Silicon Graphics is a world leader in building graphics
supercomputers.

Dr. William Poduska is an electrical engineer and the Chairman
and Chief Executive Officer of Stellar Computer, Inc., of Newton,
Massach isetts. Stellar makes graphics supercomputers specifically
designed for visualization. Prior to founding Stellar Computer, Dr.
Poduska founded prime Computer and then Apollo Computers, one
of the leading manufacturers of scientific work stations.

It is very important to note that Dr. Poduska was born and
raised in Memphis, Tennessee.

Dr. PODUSKA. Yes, sir.
Senator GORE. Dr. David Nagel is Manager or User Technologies

at Apple Computer, Inc., where he oversees rcs, arch using Apple's
Cray supercomputer to help design better products. Even more
than most computer companies, Apple recognizes the importance of
software since much of the incredible success at Apple is due to its
innovative software.

Then our last witness today will be Dr. Raj Reddy, the Director
of the Robotics Institute of Carnegie-Mellon University and Presi-
dent of the American Association for Artificiai Intelligence. Dr.
Reddy, we 'lave had an opportunity to talk several times in the
past, and N, appreciate you coming back.

Our first witness is Dr. Karl-Heinz Winkler from Chambana, as
one of my friends out there calls it. nr. Winkler, welcome. We are
delighted you could come, so please get us off to a good start with
this panel.
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STATEMENT OF DR. KARL-HEINZ A. WINKLER, DEPUTY DIREC-
TOR FOR SCIENCE, TECHNOLOGY, AND EDUCATION, NATIONAL
CENTER FOR SUPERCOMPUTING APPLICATIONS, UNIVERSITY
OF ILLINOIS, CHAMPAIGN, IL

Dr. WINKLER. Thank you. I am honored to be asked to address
this hearing, and I followed the discussion so far with fascination.

I think the subject discussed in S. 1067, the National High-Per-
formance Computer Technology Act of 1989, is of supreme impor-
tance and central to the future economic development and techno-
logical leadership of the United States.

In my testimony I would like to address why that is so and what
are the characteristics and issues of a well-balanced national digi-
tal computational infrastructure.

What I have concentrated en with my colleagues in the project
at Los Alamos for the last five years is to find out ways of how we
as scientists and researchers can increase our productivity.

Because computers are such universal tools and have gained so
tremendous power, I think they have far-reaching applications for
all sectors of society. In particular, we observe an ongoing transi-
tion from an analog to a digital-based society. In this context, let us
just look at the printing industry, audio, video, television, telecom-
munications, banking, science and engineering, product develop-
ment, or even manufacturing and distribution.

The main point to make is that not only do we see a change in
the machinery we usefrom analog-based machinery to digital
but we are also entering or are in the midst uf entering an infor-
mation age. That is why it is of great concern to me as a working
scientist if I want to explore an idea, that first I have to learn what
other people have done about the subject already.

As long as the information basically stays in printed form in
books and journals in tne libraries and I have only access to a cata-
logue index of it, but not to the information itself, my work is
much harder.

So, in this context, to be able to access on-line, for example, the
information in the Library of Congress or other libraries, including
scientific libraries, would be a tremendous increase in user produc-
tivity.

Another transition we are experiencing, as pointed out by the
previous speakers, is that computational science emerges as a new
and important branch of science complementary to experimental
and observational activities and theory. Both of these areas I think
are of utmost importance for the productivity of all sectors of socie-
ty.

What I now would like to do is approach the subject from the
point of view of a practicing computational physicist and see where
there are other roadblocks in the system. This session is in particu-
lar dedicated to visualization, and as we have heard, our human
brain-eye system is one of the miracles of nature.

In fact, it took nature about 500 million years to develop it.
Vision was first developed in early fish about 300 to 500 million
years ago.

What makes it so special is that through the visual process if you
observe our language, you visualize something and you speak figu-
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ratively. In our culture, it is really ingrained to deal with visual
imagery.

Senator GORE. I see what you mean.
Dr. WINKLER. We, I think, can best in many areasthere are

some exceptionscouple machinery and information to the human
thought process. Humans have by far the best pattern recognition
activities compared to any system we ever built. We have the abili-
ty for abstraction, and in this context our ability for abstraction is
a data compression algorithm.

As I will show you later in the video tapes, I can take a complex
simulation which took many hours of supercomputer time to
produce and then, regardless of it's productionfast or slowI
would like to be able to interact with that data base on a human
time scale. Unless I can do it on a human interactive time scale my
mind will wander off and I will think about something else.

So it is very important that we get the interactivity into the
game, because that, I think, is the most crucial factor in a produc-
tivity increase.

To set up such a national system including the proposed three
gigabit per second network as an integral part, requires communi-
cation and networking, supercomputer memory and processors, and
one thing which I did not see specifically addressed in the bill. This
is analog to digital conversion of data, which will be a tremendous
enterprise, because one actually would physically have to scan
through the information which we do not have in digital form.

Senator GORE. What kind of applications? For example?
Dr. WINKLER. Books, journals, audio, music, videotapesevery-

thing which you have collected in the Library of Congress.
I recently heard an interview of the Librarian, of the Library of

Congress and he pointed out there are about 5,000 people employed
and 2,000 of them do cataloguing of new items. I would like to have
access to those new items as well.

In fact, he pointed out that on some areas of the world, like
South America and Africa, you have a more complete selection
than those countries themselves. And I think the knowledge
hidden in these analog data bases does not get fully tapped.

Society seems to be generating new knowledge at the rate of dou-
bling every 10, 12 years. So that would be a realistic time period
over which I think one could convert the existing inventory of
analog into digital information.

Senator GORE. I heard someone at the Library of Congress say
that each year the Library receives over 5,000 periodicals from the
nation of India alone.

Dr. WINKLER. Yes.
Senator GORE. And the total is just so large as to sound unman-

ageable.
But excuse me for interrupting. Please go ahead.
Dr. WINKLER. SO I think tapping really into this knowledge base

is very important for all sectors of society, including scientific
progress.

Going in hand with this subject is the problem, which I think is
pervasive throughout the computing 'enters I have used so far.
High-speed computing machines, large tea.cries, are sort of very
glitzy. They are also, c coune, extrmely importailf. I mean, we
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all have something like the grand challenges problems on our
minds, where in terms of computational resource and memory we
need tremendous improvements.

But one area which is often overlooked is data storage. We need
man-machine interfaces, visualization work stations, and we need
information generation and extraction software. We need, in order
to really build an integrated network and operating system hard-
ware, software, and data format standards.

Let me come back to the storage problem. By reading through
the bill, S. 1067, the impression I have is that ^-,t of it speaks a
vision, which I share, and, I think, a clear and G.standing under-
standing of a balanced approach to this whole area. The bill at-
tempts to set up a comprehensive system solution, and I cannot
overemphasize the benefits of a broad system-wide approach.

What happens when you have an unbalanced environment? Say,
you have concentrated on one area, high-speed computing, but you
do not have the storage capacity and the speed, or you do not have
the visualization, then what you really have done is, you have cre-
ated a situation where scientists adapt to the system, rather than
studying the problems according to their importance.

From this point of view, I do not think that in all the places I
have worked in my life there ever was the necessary storage capac-
ity and the access rate so that one actually could take full advan-
tage of the computer cycles available.

Another problem on a larger scale in this society seems to be, as
came out in the previous part of the hearing, that there is a tre-
mendous emphasis on data collection, satellites and so on, but in
the final analysis there is relatively little effort spent in following
up and really digging out the information which is hidden in the
data.

Just to give you an example, the ozone hole over the Antarctic
was discovered by a British researcher who went there every year.
He shot a laser beam into the air and he made measurements.

Then he published, I think, a paper in Nature or in a similar
journal and he pointed out that there was the ozone hole. NASA
subsequently looked into their satellite data. They had collected
data already for six years, and then they made these beautiful
movies telling us about it. I think there is a built-in unproductivity
in our society which needs correction.

Senator GORE. Information that is collected and stored, but never
fires a single neuron in a single human brain. It exists totally out-
side human awareness. I have tried to use the word "exformation"
to describe that particular substance.

There are vast quantities of it, and we are affected by its exist-
ence even though we never internalize it. The very fact that it is
there means something to us, and we have to find ways tc use the
advanced computer systems and advanced software to presort, to
take crosscuts at it, to look for significance, and extract knowledge
that is important to us.

But you are so right that now there is this enormous mismatch
between the amount of data or exformation that is collected and
stored and the amount of information that we actually look at or
think about or use in any way.

Excuse me for interrupting.
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Dr. WINKLER. I think what I should do at this point is to present
some examples of the work we have done, to show you the orders of
magnitude of performance increase we have to achieve over a
normal working environment of a scientist.

I think the bill, S. 1067, by setting up the high-speed network
will get us a large step closer. If we look at the human brain-eye
system, then we can estimate an upper limit of what is the highest
data rate with which we could possibly absorb information.

Senator GORE. Say that again?
Dr. WINKLER. We can look et the human brain-eye system and

ask the following question: What is the bottleneck? Are the
humans the bottleneck in the data transformation game, or is it
the technology, the machinery around us?

What I realized several years ago and published some papers on
is that we humans are the limiting factor. The technology has ma-
tured to the degree where we can throw data at humans at such a
high data rate, that we are limited by our own built-in machinery.

We can estimate the resolution of the eye, its field of view, the
depth in terms of colors we can see, in shades of grey and light,
and the frequency with which we can distinguish images. Humans
can distinguish individual frames, for example, up to a rate of
eight to twelve frames per second.

So if we put all these numbers together, then we really arrive at
a data rate of a few billion bits a seccnd, i.e. gigabit per second.
And so from this point of view--

Senator GORE. How many gigabits per second?
Dr. WINKLER. I would say, depending whether you include stereo

vision or not, it is of the order of a few gigabits, cei4ainly less than
15, maybe less than three. And somebody probably can give you an
answer that, if you really explored data compression, things like
that, that you can go a little bit lower.

But I think it is of order of a few billion bits a second.
But now what is interesting. The data rate proposed in the bill,

three gigabits per second, I understand to be the data rate across
an individual line. That is what would be required to really take
high-resolution data in digital form, put it on the line at one end of
the country, and have a researcher, a single researcher, looking at
it at the other end of the country.

So it gives you this capability. But in terms of capacity, obviously
many, many lines are needed in a high-speed network.

Senator GORE. Well, let me just say that three billion bits per
second is what the leading network people advised us is an appro-
priate target. But I have said from the beginning that I certainly
anticipate that in the future networks will use new technology to
have much larger data flows than that.

In the Mission to Planet Earth program, for example, if I am not
mistaken, is expected to produce surges of data at rates of up to 20
gigabaud.

Dr. WINKLER. Yes.
Senator GORE. Excuse me. Go ahead.
Dr. WINKLER. Probably one point I should make is that when you

talked about data rates, I think you spoke in terms of bursts, that
is the maximum which can go over this line. When I use data
rates, I talk in terms of a sustainable rate.
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Senator GORE. I understand, I understand. And the bursts in the
Mission to Earth program are different from the sustainable rate.

But what I was referring to earlier is my hope that the sustain-
able rate would be higher than three gigabits.

Dr. WINKLER. I agree, I agree.
Can we have the first slide, please.
[Slide shown.]
Dr. WINKLER. Now, here we have a series of simulations. What

you see are nine different experiments. We have taken a bubble of
gas and stuck it in a soap film, suspended it in air, and then ran a
shock across it on the computer.

What you see in the left column are the results of a mildly su-
personic shock; in the middle when you increase the speed of the
shock; and to the right when you increase it even more.

And then if you go to the bottom line, we see the results of a
helium bubble, which is lighter than air; in the middle it is fluoro-
carbon; and up at the top line it is sulphaxofluoride.

What you see is what happens to the gas bubble itself, and also
what structures are being formed. The blue areas are vortices, and
we discovered there some supersonic vortices. The yellow areas
show how the bubble gas gets stretched out.

What I now would like to point out is the following. In the ex-
periments, which were first done in a real laboratory at Cal Tech,
they could only do the left column, that is very low Mach numbers.
The reason why they couldn't go to highe Mach numbers is that
they would begin to melt the plastic parts in the shock tube.

So we extended the area, which is easy to do on a computer, and
then we discovered a new phenomenon which was really missed in
the experiment. We discovered a supersonic smoke ring, sort of if
you smoke a cigar, blow out the smoke, and it actually propagates
at a supersonic rate.

By going from one part of parameter space into another one, we
discovered a new phenomenon. That is a very important point to
make, that you do not perform a ingle simulation, but you do a
whole series of them to study the solution space permitted by the
basic laws of physics.

If I may have the videotape, please.
[Videotape was shown.]
Dr. WINKLER. What you see here is a simulation where the little

blue ring to the right is the supersonic smoke ring.
What we do first is we study the bubble itself. Here you see den-

sity represented by many different colors. To the left in the color
bar is low density. to the right high. And you see how the bubble
holds up.

We have done a two-dimensional simulation so only the upper
half was computed and the lower half was included to make it
easy for your brain to interpret it.

What you see here is a system of shock waves, and you begin to
see extremely rich structures, and we will begin to slowly zoom
into the new structures we found. Right there the vortex is created.
Now we zoom in on it.

There you see another shock now, now coming there, how it
comes, how it interacts. It gets intersected.
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There is a richness of phenomena, and the data we have gone
through so far probably corresponds to, on the order of a gigabit.
And so if you wanted to print this out on a stack of paper, it prob-
ably would pile up to the height of the room.

Here now, there you see vorticity itself, and there you can see,
there suddenly how the shock at the front separates. So what hap-
pened was the major difference of a supersonic compared to a sub-
sonic phenomena.

In the next movie we see entropy, which is another variable
which we can look at. It shows all the complicated physics very
well. There the vortex is generated. There it goes. There it sepa-
rates, and then it behaves like a subsonic structure.

For example, if you take a satellite image and you look at the
Gulf Stream then you actually see vortices being spun off from the
Gulf Stream, and they rotate around one way or another, and they
maintain their temperature for about a few months. They maintain
their identity, so they carry plant life with them. In contrast, if
those vortices were supersonic they could not maintain their identi-
ty because they would include continuously new water.

What you see next is a series of supersonic jets. We just injected
a beam of gas at very high speed. Compared to the previous jet sim-
ulation this one shows a factor of 50 accuracy improvement, about
c"..-! coming through a better method and a factor of ten through

e computer time.
'hen you inject the gas not straight, but you wiggle it a little

bit, then sud4 ily the cocoon extends much more and it propagates
much slowe _Jo we had maybe a few percent perturbation and the
propagation speed slows down by 30 percent.

What you could see was that the jet was choked, and in the real
world, in a three-dimensional simulation we would find that would
terminate the length of the beam.

Here now, that s the last movie I would like to show. There we
see a jet being shot into a gas which is a factor of ,0,000 denser
than the gas which we shoot into it. And what is now interesting is
every second as you watch this movie here in real time the comput-
er had to do 10,000 time steps.

The computer time for this one simulation alone is about 400
hours of machine processor time. What you see also is the discov-
ery of a huge cocoon which really forms 9 big cavity at the back
end where we st.ot the gas in.

The beam, the green stuff in the huddle, periodically breaks
down. The gas comes back. We also have discovered here two dif-
ferent time stales. What I showed you is ene minute of videotape
in which the bow shock or the beam prenagates across the screen.
If 3 ou wanted to understand all the shock systems in the event, it
would have taken an hour, and of course that does not fit here.

So I think I would place tremendous importance. In terms of
(attire visualization software on extending are calculation to higher
dimensions, to three dimensions.

By the way, what you saw here was photographed live with a TV
camera from a digital screen So it can be done. If you wanted to do
the game type of visualization in three dimensions and time-de-
pendent, so that you have a data frame rate of 30 frames a second
and you have high resolution, then you require processing power
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which is orders of magnitude more than really currently available
on supercomputer machinery.

In terms of aiding visualization even lam, I think standards will
be absolutely essential. If we just make a comparison. We have
heard here the example of a car before. Nobody would care to
imagine a world where the clutch, the brake and the gas are in dif-
ferent locations when you go from sme car to another one.

I think it is at that fundamental a level to really allow and en-
courage the development of standard graphical user interfaces
throughout the various products by the various companies in the
industry.

Thank you.
[The statement followsl
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Dr. /Ear 1.11einz A. Vrmkler

Deputy Dimetor for Science, Technoloa, and Education
National Center for Supercomputer Applications

Mr. Chairman and members of the Senate subcommittee on Science. Technology,

and Space. I am honored to be asked to address you on the issues of advanced

computational science. I am Dr. Karl-Heinz A. Winkler, and I am in transition

from a staff member at Los Alamos National Laboratory to a Professor in the

Departments of Aeronautical and Astronautical Engineering, Mechanical and

Industrial Engineering, and Physics at the University of Illinois at Urbana-

Champaign. My most recent responsibility at Los Alamos has been Director of

the Numerical Laboratory. At the University of Illinois I am also the Deputy

Director for Science, Technology. and Educanon of the NationalCenter for

Supercomputing Applications (NICSA). one of the five National Science

Foundation supercomputer centers.

In West-Ger.nany I have studied Physics at the University of Goettingen and

worked for mne years at the Max-Planck-Institute for Astrophysics near Munich

I first came to this country eleven years ago and have been associated with the Los

Alamos National Laboratory, the Lawrence Livermore National Laboratory, and

the University of Conform? Berkeley. I have served on several advisory
committees to the National Science Foundation and some of its supercomputer

centers as well as the National Institutes of Health. Recently, I have also

accepted an invitatien to be the visiting scientist at the Numerical Aerodynamw.

Simulator project at the NASA Ames Laboratory.
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Since my immigration to this country about five years ago, I have concentrated on

conceptualizing and establishing a constantly evolving, well balanced
computational environment for scientific and engineering purposes at the Los
Alamos National Laboratory. The main emphasis in our project has been to
discover how use of advanced computing technologies can increase an individual

researcher's productivity. Our project, which led to the formation of the
Numerical Laboratory as a part of tne Advanced Computing Initiative at Los

Alamos, has convinced me that to rease substantially the productivity of all

sectors of soaety we must establish a "Digital Computational Culture" in the

United States.

You are now discussing the bill SA067, "National High-Performance Computer
Technology Act of 1989." I consider the subject addressed in this bill to be of
supreme importance and central to the future economic development and

technological leadership of the United States. In my testimony I would like to

address the following points:

1.) Why is the Subject of the Bill S.1067,'National High-Performance Computer
Technology Act of 1989* so Important?

2.) What are the Characteristics and Issues of a Well Balanced National Digital
Computational Infrastructure?

3.) Recommendations.

Ad 1.) Why is the Subject of the Bill S.1067,National High-Performance
Computer Technology Act of 1989" so Important?

The universality and computational power of today's computers has far reaching

implications for our society, in particular for

the already ongoing transition from an analog to a digital based society, aid

the emergence of computational science as a new important branch of science.

[2)
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There is no question that we are in the midst of entering a di.-ital era, be it in
printing, audio, video and Li' "--i, telecommunications, banking, science and
engmeering, product develo, , or even manufacturing and distribution. All
of these areas have in common that they already depend or in the immediate
future will depend on data processing in digital form. Where once analog
machinery, such as the printing press, etc. was the main tool, we now have to
rely on digital machinery, i.e. on computers, to be competitive. Key to our culture
is the storage, processing, and exchange of information in digital form.

A major strength of this country has been and cont,nues to be its ability to produce
the best and the fastest supercomputers and scientific workstations, the most
sophisticated networks, and the most innol.ative software. Of course, Senator
Gore is correct by pointing out that in the same way as the interstate highway
system was a key ingredient for the economic development of this country in the
last half century, establishment of a high performance national digital
computational infrastructure will be the key for the future economic development
of the United States or, for that matter, any other developed country.

Indeed, it would be ironic, if the United States as the technology leader in these
areas, did not take advantage of the digital high technology machinery it produce:,
to build up its own national digital infrastructure, including a digital high
definition television and video system and not an analog one The build up of the
national infrastructure has to be based on our areas of strength not weakness

Another v.ay to substanuAlly increase our productivity is t' se of computational
science in scientific and engmeenng areas to perform basic and aoplied research,
to shorten product development c.cles, to improve p duct quality and to
streamline the whole manufacturing and distnbution process. In particula:.
since its beginning five years ago, the very young N';' supercomputer program
has already produced of order ten thousand knowledgeable researchers in
universities who now can take advantage of their newly acquired computational
skills. These people are a key component of the national manpower pool The
tremendous success of the NSF supercomputer program including its
educational component, in part, was iruvally made plssible by the national DOE
Laboratories who freely ;hared their computational know-ho N and advanced

[3]
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system software. After all, the place where supercomputing iras developed into a
powerful scientific and engineering tool has been at the national laboratories.

The only option the United States seems to have in the long view to preserve and
improve its high standard of living is to maintain its current technological
leadership position and increase the productivity and effectiveness in all areas of
society. To achieve this we must create and foster an environment and
infrastructure from which a digital computational culture will emerge. In this
culture, use of computational methods and digital exploitation of our knowledge
base will be widespread and accepted as the rule, not the exception. The impact of
a well balanced natio ial high performance digital infrastructure will not be
limited to computer scientists or to technologists, but will have a positive
widespread impact on all people of the United States.

Aci ' 1 Wha are the Characteristics and Tssues of a Well Balanced National
Digital Computational Infrastructure?

A system approach to a balanced national digital computational infrastructure
has to deal with these components.

communicaEon + networking
' supercomputer memory + processors
* analog to digital data conversion, data collection + storage,

man-machine interface, workstations
* information generatien + extraction software

integrated network operating system
hardware, software, and data foemat standards

At the heart of such a system is, of course, the National Research and Education
Netwoi Ic. It will connect certainly hundreds of thousands, may be even millions
of users It will give them accesc to powerful centralized computing centers and
huge digital warehouses of information. Accessing efficiently and productively
the knowledge hidden in our libranes, where typically information is stored in
analog form on paper, film, videotape, or audio records will require a major effort
in analog to digi:al data conversion and an enormous Investment in high speed

[4]
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(gigabit/6 data rates) and large capacity (terabyte to exabSe) on-line and off-line
digital storage systems. This last technology will only be fully developed if it is
driven `)) the needs of our entire society. Build up of a digital high definition video
and television system will achieve exactly this. It will also aid in establishing a
man-machine interface which allows for an effectiv.1 coupling of the
computetional environment to the human thought process.

Vision developed first in early fish about five hundred nullion years ago.
Exploq.ng the human visual system for the transfer of soentific and engineering
information allows us tn tzp into 501, hundred million years of evolution. Humans
hae a better abstraction and pattern recognition ability than any man made
machine by rriany orderb of magnitude. Computers on the other hand, deal best
with binary information, i e the numbers zero and one. The challenge then
becomes how to translate information from a rapresentation best suited to
machines to one best suited for humans. Visualization software provides this
translation from numbers to images which constitute a common language
between observational, experimental, and computational science. To use this
common language effectively sequences of i :ages must often be animated. This
requires very high network bandwie di. An upper limit of the data rate with
which humans can visually receive information is of order gigabit's. The
proposed National Research and Education Network would meet this requ rement
and establish a man-machine impedance match

The National Research and Education Network has another important role to
pla. namely that of helping to bring the existing national infrastructure into
balance The infrastructure at present is unbalanced for three reasons. First,
essential ingredients of an effectiNe system are missing. In particular, a large
part of our existing knowledge resides in analog form in libraries, such as in the
Library of Congress or in the National Library of Medicine Second, even in those
areas where information is being generated in the required digital format we do
not have the facilities to store it, much less than to make it readily accessible
Third, many of the facilities which already exist cannot function te..) their potential
because they are not fully integrated. This neglect denies us a selection of
computational research programs based purely on their importance It puts
undue emphasis on those programs which match the system Thus, a well

(51
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balanced digital national infrastructure will help to produce a more balanced
computational science program.

Only hardware, software, and data format standards and a network operating
system built upon them will permit the creative use of the entire national
infrastructure. Creation of this integrated national system by the bill S.1067 can
be compared in more than one respect to the Apollo program of the 19608. The
Apollo program was immensely successful in inspiring a whole generation and
in driving technological innovation. The success resulted because a program was
put into place to develop the technology necessary to do the job. The program was
not embarked upon because the technology was available and a trip to the moon
was a good use for it

Within the general context described above I now would like to discuss some
specific issues.

Standards: The development of and adherence to standards, both for hardware
and software, is of paramount importance in promoting innovation and
quickening the pace of news systems integration Furthermore, the use of
standards can remo-e artificial roadblocks to innovation and progress, allowing
ful exploitation of an investment in a particular technology and an increase in
reliability of ne v products The Federal Government can promote the
introduction and Lge of standards, not by assigning the definition of a standard to
a governmental agency Is..., 'other by promcting the development of a standard b3,
funding an advanced technology research and development project, and by
promoting the use of a standard via reqturements in the sp,..mfications for
procureme..ts or development projects.

An example of a highly successful hardware standardization effort is the High
Speed Chaunel (HSC) developed at Los Alamos National Laboratory. The entire
development was driven by the needs f a specific application area Subsequently,
HSC has been embraced in the standardization process by many hardware
manufacturers, and will hasten the arrival of very high speed interconnections
between systems from different vendors.

(6)
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The Apple Macintosh system software has shown the tremendous advantages
that a graphical interface between human and computer has to offer in terms of
ease of use and user productivity. Software developers were quick to understand
the beauty of the interface in combination with the operating system conventions
that allow standard exchange of information between various application
packages. But it was this tight set of conventions, coupled with Apple's insistence
that software developers adhere to the standards, that made possible the explosion
of fantastic productivity software now available for Macintosh computers
addressing a wide range of applic.tion areas from science and engineering, to
business, to home use.

There are separate movements by incl, . idual companies to retain own ..rship and
licensing rights to the very basic graphical interface ideas which need to turn into
standards applied throughout the industry. We would not care to imagine a
world in winch, for example, automobile manufacturers had varying
specifications for the placement of accelerator, brake and clutch pedals And yet,
this is often the situation scftwaie and hardware developers find themselves in

today

Software: An important goal is the aailability of on-line, interactive graphics as
an analysis tool for computational scientists Graphics displays must be
considered as much more than methods of conveying the results of observations
or simulations of physical processes. The use of interactive graphics can hae an
immediate effect on research in allowing the investigator to interact with a
simulation of a phsical process This provides an exceptional degree of insight
into both the physical pr cesses involved, and the performance of selected
algonthms and methods used to model those p.ocesses High speed network

connections and high resolution frame buffers. ha. t made interactive graphical
analysis possible.

The goernment should nuA not be reticent to fund basic research in visualization
techniques and algorithms. aa v.ell as seed grants for the development of software
tools to quickly capitalize on the inestments in the new hardware The National
Center for Supercomputing Apphcations has had great success at beginning the
development of a set of software tools for Macintosh, IBM PC. and Unix
workstations Because of the iratial success ,f these tools and wide acceptance

[7)
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through public domain distribution, continued development and productization
has been supported by a number of grants from vendors. This strategy for
funding of basic research, prototype development, and productization can be
applied to all kinds of new tools to enhance the connection between software
vendors and new applications, and to bring new tool products to researchers more
quickly. These advances have the secondary benefit of being a focal point around
which researchers of various disciplines are brought together to solve common
problems.

Parallelism: Current conventional supercomputers are built around the fastest
single processors that can be built But we are reaching an era of diminishing
returns for continued development of this type of supercomputer. Indeed, basic
limitations of the physics of electronic devices require very large investments in
time and dollars to achieve only modest improvements in performance. What we
are beginning to see now is the development of computers with many thousands of
individual, relatively slow processors and the necessary communication
connections to allow transfer of data and instructions between them These
machines can today outperform their larger conventional supercomputer siblings
for selected applications But the potential exists for machine performance
increases of several orders of magnitude by improving the speed of individual
processors in a massively parallel system and by dramatically increasing the
number of individual processors that can be simultaneously applied to a given
problem. Such computers will make large gains in cost effectiveness as processor
chips become a commodity item, and as efficient software and algorithms are
designed for them

Collaboration, Integration: Fostering close collaborations between computational
scientists, computer scientists and vendors in the development and application of
new computational resources will be of great benefit. No longer does the
computational community have the li,xury of accepting a new system from the
computer industry first, and then ask what the applications to be run on the
machine will be This approach, which has been observed in the past, can result
in mista ces, slow software availability, and even additional hardware
development cycles What is needed is a more efficient coupling between new
hardware technology and real applications, This can be realized by careful
integration of the efforts uf the computational scientist. the computer scientist and

(81
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the vendor engineering staff throughout the development and early production
use of a new machine.

The same concept can be applied to software development. With the rapid
availability of supercomputer hardware to the academic community with the
establishment of the NSF supercomputer centers al 1985 there was an immediate
recognition of a lack of functional applications software and tools. The centers
were originally funded to do only operating system and existing applications
software installs and maintenance. Some centers have raised money to do
software pi ototypes and have established partnerships with software vendors to do
further development and productization. There must be continued growth of
pirtnerships of vendors with the national centers and national laboratories to
develop, productize and distribute the software required to fully exploit the new
haidware and system capabilities

Ad 3.) Recommendations

Bringing the computational environment and culture to new levels requires a
balanced attack since lack et attention to any one area can create a bottleneck
which reduces the impact of investments in other areas. The bill S 1067 is
outstanding in its understanding of this balancea approach It attempts to set up
a comprehensive system solution I cannot overemphasize th benefits of a broad,
system wide approach. However, in reading the current version of the bill, I find
there are some areas which need more attention

The bill S 1067 does not address the need to convert present large inventones of
information from analog to digital form so that they can be accessed

electronically over a national network I therefore recommend that the
appropriate institutions, such as the Library of Congress and other libraries,
be encouraged to embark on the necessary data conversion efforts.

r.9]

I also recommend that for these efforts and for the activities f nvisioned by the
bill on-line data storage facilities be specifically funded by the bill.
Furthermore, data generated in the course of federally funded scientific

.,
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researth should be made available via the network as part of the publication
process.

A Standard Graphical User Interface (SGUI) across vendors should be
developed which must include visualization tools. This will substantially
increase user productivity by coupling the human thought process more
effectively to our computational environment.

Limy opinion, there is too much emphasis on artificial intelligence in the bill
S 1067. Artificial intelligence efforts are currently frustrated by insufficient
computer performance We should continue to support research in artificial
intelligence, but we should be aware that the other measures descnbed in the
bill S.1067 will very hkely have a more direct benefit for our society.

. The bill S 1067 must more properly reflect not only a balance of hardware
growth and capacity, but must promote a balance of involvement of
computational scientists, computer scientists, and hardware/software vendor
engineers. In addiilon, it must insist upon a more balanced governmental
intez agency participation.

1 8 9
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Senator GORE. All right. Thank you very much.
Our second witness on this panel is Dr. James Clark of Silicon

Graphics in Mountain View, California. Welcome, Dr. Clark.
Thank you. Please proceed.

STA rEMENT OF DR. JAMES H. CLARK, CHAIRMAN AND FOUNDER,
SILICON GRAPHICS

Dr. CLARK. Thank you, Senator Gore. It is a pleasure and an
honor to be here and asked to testify on the merits of this plan,
this bill before the Senate.

I would like to spend a few minutes discussing my background
because I think that it might help yot, in your effort to get this bill
listened to, I suppose.

Senator GORE. Passed.
Dr. CLARK. Passed.
First of all, about 15 years ago I began to get involved in three-D

visualization as a graduate student at the University of Utah,
which was a center for that activity. And it is largely with that
background that I come here today.

About ten years ago I was a principal investigator on a DARPA
contract at Stanford. That contract was roughly $12 million over
four years. I was there for three of those four years.

What is interesting about the contract is that what was only $12
million of funding there yielded three leading computer companies
in the world today. In the last eight years, three companies have
sprung from that specific effort on my contract.

One of those companies is SUN Microsystems; another company
is the company I started, Silicon Graphics, which is the leadiug 3-D
visualization company in the marketplace today, with many sys-
tems at the supercomputer centers around the country.

But most importantly, those three companies combined revenues
today, in jast a little ander eight years, is $2.5 billion per year, 40
pe. c.ent of which is to international markets, with a growth rate of
pbout 60 pe-cent per year.

Now, that came from just $12 million in funding. So I am a big
proponent of funding of the type that you are putting forth here.

I was asked to comment specifically on the merits of the software
portion of this bill, and I will comment on those. I would also like
to comment on the merits of the hill as a whole.

The first thing that I have to say is specifically why fiber optics
is important. I think this has been covered here fairly well. It is
capable of extremely high bandwidths, of a type that simply are
not available from standard analog cable technology.

At AT&T Bell Labs there are research efforts on fiber, transduc-
ers and repeaters that deliver 200 to 300 gigabits per second. So I
think it is clear that fiber is the communications technology of the
future.

Fiber is a digital medium rather than an analog medium. We all
heard the merits of that.

One of the most astounding things over the last ten years is that
we have seen an increas: in computer power of approximately a
factor of 500 to 600 in price-performance. That is, in the most
common types of computers in use today.
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And at the ver.,, same time, the increase in the most common
type of networking performance has been roughly a factor of three.
ETHERNET in its original form was a three megabit per second
technology, and today it is a ten megabit per second technology.

It is grossly mismatched with the performance capability of com-
puters. So fiber is the key to being able to allow computers to com-
municate at a bandwidth which is more commensurate with their
internal processing capability.

Senator GORE. Now, over what period of time?
Dr. CLARK. Ten years.
Senator GORE. So let me underscore those figures. Over the last

ten years the information processing capacity of computers has in-.
creased by a factor of 600 times?

Dr. CLARK. Roughly, Price-performance. Some of that comes in
price and some comes in performance.

Senator GORE. Right. For the same price, the capacity has in-
creased by a factor of 600. Over that same period of time, for the
networks--

Dr. CLARK. That are most commonly used the price-performance
has increased. By about a factor of three to five.

Senator GORE. So 600 times for the computers but only three
times for the network.

Of course, my view is that that is partly because the networks
are ventures that require coordination and cooperation and initia-
tive by more than one single company or individual. And that is
why government needs to play a role.

Excuse me for interrupting. Go ahead.
Dr. CLARK. Absolutely, I agree with that. So computing has out-

paced networking dramatically.
I would like to just pose the question. is the three gig: bit per

second rate proposed in S. 1067 sufficient? I understand tle com-
ments you made earlier, but I want to just point out that, a gigabit
is roughly the amount of information on an audio CD; it is roughly
one second's worth of high definition television.

Today, 40 personal computers have an internal capability of ma-
nipulating data at a gigabit per second. In addition, two modern
RISC work stations that cost roughly $10,000 are capable of manip-
ulating data internally at this rate. And machines of the type that
both my company and Mr. Poduska's company sell are capable of
saturating a three gigabit network, just two machines.

So I think the three gigabit target needs to be thought out care-
fully in terms of the longer term implication of that. I have heard
it said that you refer to this as the interstate data highway system.
I think that is a very apt description of what is needed. What wor-
ries me is that three gigabits could end up being basically a coun-
try back road in 1996.

Senator GORE. Well, I fully agree, but it is an intermediate goal.
Dr. CLARK. It is an achievable goal.
Senator GORE. It is an achievable goal.
Dr. CLARK. Right.
Senator GORE. And once the network is in place, the fiber itself

has capacities inherently far greater than three gigabit. Your limit-
ing factor is in the electronics and the software. As you get users
on the three gigabit network, then you get the potem ial for pay as
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you go financing for continual upgrades to larger capacities as the
nation expresses the need for those larger capacities.

I agree with you that three gigabits, although a huge improve-
znent over the present capacity, is really only the first step toward
data flows that will be much higher than 'hat.

Dr. CLARK. I agree. Part of my comments have to do with ways in
which this country might be able to leverage consumer uses offiber optic networks.

So in that regard I would like to move to the next topic which I
have to diso' .s, and that is high definition television. As I men-
tioned earlier, a high definition television signal of the highest pos-sible quality is roughly a gigabit per second.

As you know, there is substantial effort under way in industry
and a fair amount of confusion about what to do in high definition
television. But I want to jua observe a couple of trends and make a
couple of my own observations.

There is a major trend awAy from broadcast television via the
airways to cable. Cable television is roughly 30 percent of themarket today and ten years ago it was hardly any part of the
market.

The second observation is that the cable used to receive televi-sion signals today is intrinsically an analog medium, whereas fiber
is intrinsically a digital medium.

High definition television demands higher quality displays than
we typica!ly find on televisions today, and they are more in align-
ment with the types of displays that we find on high-end work sta-
tions.

I believe that in 10 to 20 years the home computer will be the
television. It will be tele-everything, basically, and it will receive
its information predominantly through fiber optic technology.

Senator GORE. Let me just interject and say that is one of the
reasons I have legislation to allow the telephone companies to getinto the cable teli vision business.

Dr. CLARK. I understand that is one of the sections.
Senator GO,'E. With protections against cross-subsidy.
Dr. CLARK. Excuse me, Senator.
Senator GORE. Excuse me for interrupting. Go ahead.
Dr. CLARK. I understand that is one of the sections of this bill, orimplicitly--
Senator GORE. No, no, it is a different piece of legislation. I v

this one to pass.
Dr. CLARK. There is some implicit deregulation in Section 202,

paragraph A.
In any case, high definition television will be the teclaiology that

could yield a number of benefits. One of them is that a gigabit of
network bandwidth would be required by the consumer, and the
consumer market yield lots of money. I believe that by linkingthese in some fashion and enablingthe other aspect of what youjust mentioned, namelythe regional Bell operating companies topipe these signals into the ho. le, it will in a sense leverage the
entire technology so that we have that kind of bandwidth available
at very low cost for use with computers as well.

So I consider them very tightly related.
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Senator GoRE. I cannot resist interrupting one more time, and I
apologize. I agree with you totally, but my earlier comments were
aimed at the political reality we face in Congress Way, which is
that the country is not yet ready to seriously consider allowing the
Bell operating companies, to get into the cable television business.

I think there are ways to design protectons against cross-subsidy
and anti-competitive behavior that would make it eminently in the
public interest. And it would be the most efficient way to wire not
just the backbone network, but really the whole country, with fiber
optic cable, and that is what we need to do.

But for now we have to recognize that the chances of that pass-
ing are not very good. So we need to concentrate on the backbone
network, and over time I think it will become clear that the bene-
fits far outweigh the liabilities of wiring the entire country in that
fashion.

Dr. CLARK. Just one final observation in that regard. The Japa-
nese have taught us a lesson, that the consumer market is where
the leverage comes, and that :s how they have ach:eved a dramatic
improvement in their electronics technology.

I do believe that, to the extent that we as a country focus our
energies or combine the objectives of this data communications net-
work activity with the (HDTV) consumer marketplace, I think we
will find greater leverage.

I have a few comments on software as well. There are many
people here who have lots of experience with software, but in my
reading of the bill there was WO large a focus on artificial intelli-
gence software, at least from my perspective.

I believe, as defined in the bill, some AI research is appropriate.
However, I also believe that although today you have been refer-
ring to visualization as a key element, it was not called out in the
bill, as a specific line item. I think that would be an important
thing to do.

Visualization software is as important as the numeric applica-
tions software that we are discussing because, as has been pointed
out throughout these hearii.js, it is the way in which we compre-
hend the data that is being computed. Visualization is the key ele-
ment of that.

Another element I think is networking software. It :s perhaps
implicit in some of the other titles, but it is not specifically called
out in the title, the software portion of the bill.

In summary, again I think that this national network is probably
the most important piece of legislation that has emerged in the last
10 to 15 years in terms of making our country more competitive,
for all of the reasons that have been highlighted here.

I would like to reiterate, I think tremendous leverage could be
achieved through combining these networking efforts with con-
sumer technology vis-a-vis high definition television.

I also think that it would be a good idea to try to focus the bill
on helping to develop better display technology. Today, all of the
companies that you see selling computer equipment buy all of their
CRT's from Japan. We could perhaps develop flat-panel displays or
some alternative technology, and I would like to see some focus on
alternative display technology called out specifically as an item in
the bill.
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Senator GORE. That is yet a third piece of legislation. We have
had some hearings on that, too.

But go ahead.
Dr. CLARK. And then finally, just to reiterate, I believe that the

computing future of this country, the networking future, and the
consumer electronics future are all inextricably related, and fiber
optic technology is the technology that will allow those to be tied
together.

[The statement followsl
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Background.

I am pleased and honored to be asked to testify regarding the merits of the National High
Performance Computer Technology Plan. I would very much appreciate. in addition, the oppcaunity
to testify to the appropriate subcomminee segarding industrial competitiveness, as I believe even
mire urgent legislation is needen to improve the economic foundations of American Industry relative
to the Japanese.

Before making specific comments on this Plan. I wish to emphasize that I am a strong proponent of
government funding for research projects on advanced ccomuter and electronics technology. From
1979 to 1982, as a professor at Stanford University, I was one of several Principal Investigators of a
DARPA contract. DARPA funded this research to promote developmnt of Very Large Scale
Integrated Circuit (VLSI) design tools at Stanford, MIT, Utah. Czmegie Melon and UC Berkeley.
so that tbe United States might retain its leadership in semiconductor design. 'Three projects from my
=arch contract specifically at Stanford have developed into three major companies in the computer
indusny:

I) SUN Mansystems was started to commercialize the SUN Terminal developed for the
Stanford University Network (SUM-

2) Silicon Graphics Computer Systems was started by me to develop the IRIS 3D Visualization
Computer, as an outgrowth of some advanced VLSI cimuits developed as part of our
reseamh.

3) MIPS Computer Systems was started to develop a commercial version of a class project that
yielded a Reducer! mstruction Set Computer (RISC) VLSI chip.

The research goals of developing VLSI design tools provided an impetus to focus smart minds on a
few key problems. The technology that resulted, however, has not only yielded better design tools.
but it has also created thee highly competitive computer companies whose combined revenues total
almost $2.5 billion/year, just eight years later. Moreover, these companies are growing at roughly
60% per year. About 40% of their revenues are outside the US., helping to offset our balance of
trade problems. No amount of legislation could have. guaranteed the outcome, and no one pin:dieted
the formation of three excellent companies, but the funding provided fertilizer for the growth of vital
competitive advantages for our country. I see the Plan before you as an even more important funding
effort than this VLSI design effort of the early eighties.

I have been asked to comment on all aspects of the National tEgh Performance Con7Iter
Technology Plan (Plan), with special emphasis on Title IV - Software.
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Title II - National Research and Education Network.

This is the /cry backbone of the entire Plan. In the last ten years, computing technology in the most
wid...qtread computer systems in use in the world has advanced in speed by a factce of alnx)st 60,
while the cost has been reduced by a factor of alms: 10 for comparable computing resowtes. This
is a combined factor of 600. Yet during the same period, the most widesptead digital communication
mechanism between computers, Ethernet, has hardly advanced at all by about a factor of 3.
Gammon computing equipment routinely performs at internal data rates that exceed intercomputer
communication rates by a factor of mote than 200. Eber-optic technology is the key to bringing
these two rates more into alignment. but the technology is still too expensive to be commonly used.

Fiber-Optic Data Highway Is 3 gigabits per second sufficient bandwidth?

Senator Gore has referred to the fiber-optic network as an "Interstate Data Highway System," and
this is an apt description. The specific proposal is that a 3 gigabit per s-ond fiber-optic digital
network be established for use by government. industry and education. My only concern about this
proposal is that it is not ambitious enough.

Consider the following data:

1) A single static HDTV (High Defmition Television) image contains roughly 1130 of a gigabit
of information, so that the broadcast of only one digital HDTV channel requires a bandwidth
of about 1 gigabit per second (30 images per second).

2) A compact digital audio disk holds about 1 gigabit of information.

3) AT&T Bell Labs has research equipment that achieves 200-300 gigabits per second.

4) Modem personal computers, such as a Macintosh SE or an IBM PC, routinely manipulate
data at rates of 1130 gigabit per second.

5) Ordinary $10,000 workstations equipped with RISC microprocessors have internal data rates
of roughly 112 gigabit per second.

6) 'The most powerful Visualization Supercomputem available today (priced in the $100,003
range) routinely manipulate data in the 2 to 5 gig:bit per second range.

Twenty to forty personal computers, four workstations or two Visualization Supercomputers made
with today's technology could easily saturate a network with only 3 gigalatts/s bandwidth, and this
network is to span the country serving thousands of individual computing nodes. I believe that a 3
gtabit per second "data highway" could very well be a "country road" by 1996.

High Definition Television could use the same. technology.

The U.S. has lost the consumer electronics indusuy to Japan, but it maintains a commanding lead in
both the computer and networking industries. The home computer of ten to twenty years from now,
however, will use the same electronics as the HD television, telephone and tele-everything else
Moreover, virtually all of the information will be delivered to it via fiber-optic digital data links For
this reason, it is very important that the U.S. leverage it's knowledge of high-speed digital
communication into the home consumer marketplace as quickly as possible. The Japanese win
economic wars because they understand market volumes, and the consumer marketplace yields the
most volume and therefore much lower costs and higher leverage.
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Them are several important observadons:

1) There is a major trend away from broadcast television to cable and satellite television ten
years ago, cable was insignificant, yet today it has more than 30% market share.

2) Cable is intrinsically an analog medium, whereas fiber-optics is an intrinsically digital
medium fiber-optics is the audio CD equivalent for communications, whereas cable is the
vinyl disc equivalent.

3) HDTV demands higher quality displays than the glass CRT commonly used in today's
televisions and computer workstations, which incidentally are exclusively supplied by
Japanese companies. The technology used here will also be used for computerscreens in the
home and in the work place. Considerable research dollars should be spent in developing
alternative display technology, such as flat-panel displays.

4) The technology required for HDTV is already at least 80% in common with the technology of
advanced computer workstations.

Debating over how to allocate analog broadcast transmission frequencies for HDTV is not nearly as
meaningful as enabling high bandwidth fiber transmission into the home, whereconsumer volurn4
will automatically precipitate price reductions that leverage computing technologyas welL My view
is that the airways will not be significantly utilized to broadcast HDTV, because the extra frequency
spectra required will conflict with other broadc-4t needs, such as portable telephones, existing TV
broadcasts, and so forth.

Supercomputing and Distributed Supercomputing.

Supercomputers need to be made available to a wider audience, and establishing the National
Research and Education Network addresses this issue by providing long-distance connectivity
between the NSF Supercomputer Centers and potential users. Another type of accessibilityis equally
likely to be enabled by inexpensive, gigabit networking technology, however.This is what might be
called distributed supercornputing.

Several companies, including my own, have what we call Micro Supercomputers on the market that
perform at numeric computation rates between 1/4 and 1/2 that of the most expensive
s, "computers on some problems, at prices in the $200,000 range. These machines are accessible
becduse of their relatively low price. They achieve high computing rates by connecting up to eight
RISC microprocessors together to collaborate on a large problem. The number of processors
collaborating on the problem is limited by the size of the connectivity bus. Ifa low-cost, high
bandwidth fiber-optic link were available, many more processors, separated by greater distances,
could collaborate on a problem, thereby enabling computing rates several factors of 10 higher than
those of the highest performarce centralized supercomputers of today, at a tiny fraction of th& cost.

Tomarow's supercomputers will no doubt be much more powerful than today's, and no one can
accurately predict whether "distributed supercomputing" will ly; the prevalent technology. Research
dollars focused on ultra high-speed digital fiber-optic communication, however, willhelp both
technologies develop and is biased toward neither.
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Title IV - Software.

This portion of the Plan addresses the development of portable. accessible software of two
predominant types: 1) numerically intensive software commonly used in scientific and engineering
applications on todays supercomputers and 2) artificial intelligence software.

The relative lack of availability of supercomputers to a large body of users has resulted in a relative
lack of high-quality scientific software. Part of this will be solved by making these resources more
accessible over the National Network. But support dollars are still necessary to encourage such
software to be developed, and to support the graduate students and other researchers as they develop
this software. My instincts are that some of the dollars will have to be spent on computers and
computer time. I assume that this is implicit in the Plan, but it might be worthwhile tospecifically call
for money to buy equipment and computer time.

Artificial Intelligence has been an elusive dream for at least three decades. As defmed in Section 401
(c), I believe it deserves significant funding, but I question the emphasis placed on funds spent here
If the emphasis is necessary in order that the administration of the Bill lead to equal funds being
spent in this area, I agree with It. However, I believe high-quality scientific software is equally
important to the objectives of the Plan.

Two other types of software are not specifically mentioned in the plan but are equally important. The
first is software for visualizanon of scientific data. Visualization is the only way to efficiently and
quickly comprehend the masses of data generated in numerically intensive applications, and software
for visualizanon is as important as the numrncal programs themselves. Funds should be specifically
called for to develop dus type of software and purchase the visualization equipment.

The other category of software not called for in this Section is communication software to access the
network. I would expect some of the funds in this portion of the Bill to be available for this, thereby
leaving most of the funds in Tule II for the establishment of the network hardware.

Title V Computer Systems.

Of particular importance is Section 502 related to promoting development of new display and
networking technology. I have explicitly mentioned the importance in my comments on Title II, but
if the money to develop these technologies comes from this portion of the Bill, the funds left there
can be used to establish the network.

I agree with the intent of Section 503, that U.S. manufacturers should be allowed to export their
computer systems. We permit the "export af licenses to Japanese companies by U S. manufacturers
of computers and semiconductors, yet we restrict the export of some of the computers themselves
The Japanese companies certainly will not resmct the sale of the technology resulting from tin
licenses, and in the process they generate an even bigger economic machine.
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Summary.

I believe that a national research and development priority on "Ultra High Bandwidth, Low-cost,
Digital Fiber-optic Networking" is extremely important to the computing and consumer electronics
future of this country. The evolution of High Definition TV is intimately related to this, since such a
network would be the preferred delivery means for HDTV signals. Moreover, HDTV and home
computers of the future will be the same electronics. In order to leverage the development of the
appropriate technologies, therefore, consideration must be given to the funding implicitly available
from purchases by the consumer. This is the lesson to learn from the Japanese.

To reach the consumer, ultra high bandwidth fiber optics must be rwided to the home as rapidly as
possible. In this regard, the Regional Bell Operating Companies s e the fastcst mechanism, because
they already own the infrastructure. Allowing them to provide the pathways for HDTV will
potentially require regulation, since they have a natural monopoly, but I truly believe that the more
quickly we establish this consumer priority, the more quickly the technology will be driven down in
cost, thereby leveraging the advancement of our domestic computer and networking industries.

The 3 gigabits per second objective of Title II is certainly achievable, but the ability to reach higher
bandwidths in the future might be achieved by ensuring that more fiber is put down for future use.
Also, by installing or allowing for later installation of fiber and repeaters capable of higher
bandwidth, future expansion is ensured. The SynchronousOpncal Network standards (SONET),
being defined with HDTV consumer markets in mind provide for long distance transmission of data
at rates up to 13.2 gigabim/s. Perhaps this would be a more appropriate target than 3 02,41411s.

Through lower cost, "distributed supercomputing" is as likely as centralized supercomputing to yield
high accessibility to a large number of users with supercomputing needs. A low cost, ultra high
bandwidth network will do as much to enable this type of development as it will to enable access to
centralized supercomputing resources.

I believe that the Plan should specifically emphasize in a separate Section the developtnent of
altemanves to the glass CRT for display technology. Doing so could enable the U.S. to recapture a
key element of future consumer electronics from the Japanese, as well as provide the essential means
for informanon presentanon by computer.

The futures of our compunng, networking, and consumer electronics industries are inextricably
linked. High-speed fiber-opnc communicanon is the key technology that apphes to all of them.
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Senator GORE. In the legislation that we are talking about a lot
here today, S. 1067, I will just note that Title V, where we talk
about computer systems and procurement, we say: "Particular em-
phasis shall be given to promeUng development of advanced dis-
play technology." And then it goes on to mention "very high-speed
communications links."

We want the networking software not only to be implicit in the
bill as a matter for emphasis, but also explicit. We will take your
comments to heart and study the relative attention paid to visual-
ization and artificial intelligence.

We are going to have to move right along now.
Let me now turn to our third witness on this panel, Dr. William

Poduska, the CEO, Chairman and CEO of Stellar Computer, Inc.
Welcome. Please proceed. A fellow Tennessean; we are mighty glad
you are here.

STATEMENT OF DR. J. WILLIAM PODUSKA, SR., CHAIRMAN AND
CHIEF EXECUTIVE OFFICER, STELLAR COMPUTER, INC.; AC-
COMPANIED BY NORM SIEGEL, SYSTEMS ENGINEER

Dr. PODUSKA. Yes, sir, I was born and raised in Memphis, Ten-
nessee. And just a brief personal note. My folks knew your dad and
in fact it was a colleague, Cliff Davis Representahie Cliff Davis,
who appointed me to the United States Military Academy. So it is
a double pleasure for me to be here today.

Senator GORE. Great
Dr. PODUSKA. Let me just briefly focus on a couple points that

are contained in my written testimony, a word or two about visual-
ization of scientific information, a comment about what small busi-
ness, especially American small business and the venture commu-
nity, can do in the software development propagation effort, and
then a couple of comments about the bill itself. And we have a
demo here for you, sir, if you care to take a look.

First, this business of scientific visualization is in my mind the
most important advancement in software for science that we have
seen in really quite some time. It has been pointed out several
times that the amount of data is truly massive by almost any meas-
ure.

But perhaps an example of the way that visualization works
would serve some purpose here. Consider for a moment air flowing
over a wing and the problem of calculating the air flow and the
parameters around it. The number of grid points associated with
that, at least a recent calculation I saw was a million data points
a million grid points, rather.

At ten data per point, that is about ten million double precision
numbers over a complex range of flow velocities and Igles of
attack and such thingssurely insurmountable amounts, quanti-
ties of data for anybody to look at.

If you were going to look at it, what would you see? We cannot
see pressure, we cannot see temperature or entropy or things like
that.

In fact, to look at it at all what we have to do is go through a
two-step proces... We have to construct something to look at, then
we have to look at it. In the example of the flow, maybe what we
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do is construct surfaces of isopressure, equally spaced say three
millibars apart over the wing.

We might even color those surfaces with temperature or entropy,
maybe red as hot and blue as cold or something like that. We
might even try some experiments floating massless particles over
to watch how the flow goes.

But whatever it is, we have constructed a model and now it is
time to look at it. And we do that the same way that you and I
would look at any physical object. We pick it up, we rotate it, we
examine it under different lights. We turn our head and cock it
around to look at it.

What we are trying to do is communicate with this computer,
which is surely the best one around today for anything that is
going to be decisivedeciding what we are going to build, how we
are going to build it, what materials we are going to use, how the
air masses work, and such. We have got to see with the eye and
with the mind's eye what is going on.

So it is for things like that that you get the scientists to come up
with the "Aha." You know, they look at something and they say,
boy, now I know how it works or why it works, or at least I have
gained some insight into it. I think it is no accident about our lan-
guage that we use a word like "insight" to talk about viewing into
a problem almost visually.

I think it is important to note, too, that the tremendous progress
in visualization has come about recently from some tremendous
technological advancements, and many of them on the hardware
side. The fact is we could not economically afford to put large
amounts of computation and graphics systems in front of an indi-
vidual scientist or engineer just a few years ago.

But with the rapid advance of technology that we all know
about, many companies are able to provide equipment that allows
scientists and engineers to both compute the image they want to
see from the raw data, from the data such as Karl was talking
about, construct an image and then take a look at it.

That is the thing that has happened over the last two or three
years which has made visualization economically feasible for scien-
tists and engineers, at least in my judgment.

In fact, there are several companies around which have capital-
ized on these recent advancements and formed companies around
them. Jim Clark several years back at Silicon Graphics, and a com-
pany called Ardent, and another one called Stellar are companies
that provide equipment of this sort.

I would point out to you that they are all three American compa-
nies, uniquely American companies, venture-funded companies, put
together by people who want to approach a new idea and go and
tackle it and bring something to the marketplace.

Let me connect that idea then more with the role of businesses
and venture capital and this set of areas of software and visualiza-
tion and network. Software is reaching a time when it is not just a
matter of programming things, that is constructing a new set of
programs to do something, but one of combining programs and re-
sults that other people have put together.

The visualization effort is one where the basic calculations might
be done with numbers of programs all around that result in data
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that can then be rearranged, restructured, re-examined, and then
looked at with different sets of software.

This building block approach is one that is becoming more and
more visible in the software industry. It is a divide and conqu.ie
strategy that has worked well many times before. It is something
that small companies are ideally suited for. It is a set of ideas that
have been promoted by many small companies and will continue to
be.

It is in fact one of these areas that is nicely nondiscriminatory.
Ideas come from anywhere. They are unisex, color-blind.

It is possible for anybody with the right set of ideas for construct-
ing a software component that fits into this thing to climb out on
the end of that limb, get somebody to fund them somehow, and
build a company that supports the software and puts it into the en-
vironment that all people can use.

I comment here also about technology growth in general. We all
know how fast technology has grown. The examples that we hear
are in fact just mind-numbing. I mean, a 20,000 mile per hour auto-
mobile, one that weighs three grams or something.

But we have a view sometimes that technology just continues to
grow in this one long, smooth curve. It does not. It comes in big
step functions. And in fact, in the computer business and in the
electronics business in general, I think the remarkable thing is
how steep are the steps and how flat are the plateaus.

We do not talk about going from a one megabit DRAM to a 1.2
megabit DRAM, a 20 percent improvement. We are going to go
from one to four, and from four to 16. These big step functions
apply throughout the industry.

Then the time to capitalize on an idea is when it is on one of
these big rises. What I would say to you today is that the area of
visualization is one that is right at a step function in the technolo-
gy. We are just now at a time when the equipment is reasonably
economically affordable for engineers and scientists to take a good
look at what the data is.

Now is the time to jump on that curve, in my opinion. And I
think that the efforts of S. 1067 are ideally suited to propagating
that. This is a uniquely American phenomenon of the venture com-
pany that is able to take over an idea and do something proper
with it. It is one that we should support and encourage.

We should encourage our youngsters to take risks, to be gam-
blers, to be riverboat gamblers if you please, and be able to go out
there and do something.

A word on the bill itself. I am certainly no., ,a, expert in legisla-
tive matters and I would not pretend to comm... about what be-
longs where or such. But I can make three observations about this
bill.

First of all, the national research and educational network at
three gigabits in 1996 is just plain a great idea. It is supported by
our experience in networking. We know that people will use it.

We know that they are limited by bandwidth right now and, as
has been commented several times, three gigabits is a good goal for
us to reach now, but we should be looking for ten times that by
2000 or so.
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The clearinghouse for software is another idea which is just
great, but it depends on the network. It does no good to just have a
trickle flow of information back and forth from scientist to scien-
tist.

And the, support of visualization that is implied by the bill I
think will be connected to all three of those and wisely, I think, in
the words of Bill Wulf, in this notion of a collaboratory, because we
can do more than just send messages back and forth. We can work
colleague to colleague with each other.

Those are my comments on the structure. We have, ifyou please
at this time, or later if you prefer, a sort of a show and tell of the
visualization effort.

[The statement follows..]
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TESTIMONY OEJOHN WILLIAM PODUSKA

U S. SENATE HEARING ON BILL SI067

JULY 26. 1989

Honorable Senator Albert Gore
Honorable Senator Ernest Hollings
Members of the Senate Subcomittee on Science, Technology. rind Space

Gentlemen:

It is indeed a pleasure for me to have an opportunity to testify before this Senate
Subcommittee. 'sae subjects of visualization, artificial intelligence. and advanced computer
software are very dear to my heart and central to my career. They are areas in which the
United States has a continuing sustainable edge in world competition

My comments and testimony are organized as follows:

I. General Comments Regarding Software and Programming

2 On Visualization of Scientific Information

3 On Artificial Intelligence.

4, On Advanced Computer Software.

5 Comments Specific :co SI 067

6. The Role of New Business and Vcnturc Capital

'. Conclusions

I. Gejural Comments ReeardInt Software and Prorramming.

The computer industry is very young and has not developed a truly independent
vocabulary yet. Thus, one must be careful to a void applying the dictionary meaning of words
to this industry. And so it is that software is not 'soft% and hardware is not 'hard% and
compilers don't *compile', etc.

While these distinctions may seem obvious, it is more important. I think to separate the
notion of 1211ly from proaramming We tend to think of hardware as the things that
electrical engineers build software as the things that programmers Create to run on the
hardware, and piDeramming as the knack of creating and executing interesting sof ware on

computer hardware. In fact, until quite recently, the notion of using a computer well was
synonymous with knowing how to program well.

But, the recent progress in Computer usage has come from separating and removing
proeraminina from loftware usu.: Some examples seern appropriate here'

11: Spreadsheets makes financial analysis possible
without COBOL or RPG or DBMS.

h. Vistialkalkn makes insight into scientific and
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engineering problems possible without graphics programming.
c. Artificial Intelligence - makes deductive systems possible

without programming in LISP and often with unexpected result:

I believe that the software poriions of SI06/ are properly aimed directly at accelerating
this process, especially the high performance National Computer Network, the software
clearinghouse, and support for visualization in the scientific community.

Modern software is much more than just a given program. Software elementscan be
fitted together like bricks in a wall if the interfaces are zorrect, they need not be like poured
concrete. But for this to work. there must be accepted standards for languages. operating
systems, grsphics interfaces, and file structures. The recent successes of C. UNIX, X-
WINDOWS, PHIGS, and NFS help a great deal. I believe that object oriented programming
systems (OOPS) will have major benefits here and should be supported. But given the tools.
we need individuals to build the blocks and share them: hence the need for the National
Computer Network, and the Software Clearingholse.

One last general comment, software development has traditionally been a risky
individual effort. It seems to be much more closely matched to the American frontiersman
culture than to the more traditional European or Japanese culture. Part of the reason for
American success is the areas may lie in this observation.

Da Visualization of Scientific Information,

There are many very difficult problems in science and engineering which generate
massive amounts of data when solved on computer systems It is not at all unusual to find that
a single solution generates in excess of IC million items of information. This amount of
information cannot be understood in numeriol form by a human being But. if we could
make a picture which represents this data, a human being couldunderstand the rcsults of hiscomputer.

Consider the example of airflow of a wing, analysis of a modern wing might typically
take I million grid points with 10 data items per grid point. Suppose we start with an image
of this wing and add to it artificial images that the scientist can visualize. Suppose we add
surfaces of constant pressure over the wing. Perhaps we can add a color to the surface which
represents temperature and *ci this we might add the image of small particles flowing over the
wing. Now we have a composite image that the scientist can see with his eyes and with his
mind that will give li'm insight into the structure of airflow over that wing.

Visualization of scientific information is thereiore a two step process First, the
scientist contructs an image from the data and second, he views that image from different
angles, different lighting, different levels of transparencies, etc The mos: important point
about visualization is that it connects the results of the computer in the h irdware with the
computer in the brain. It is the human computer that will ultimately make the design decisionand gain insight from the computation that is performed. Visualization is a brand new toolfor bridging the gap.

Visualization hs only become feasible in the last two years with the advancement of
technolog) in the form of graphics supercomputers. Visualization requires massive amountsof
computation as well as graphics computer power dedicated to a single scientist to achieve anyworthwhile results.

Visualization is widely regarded as the most important advancement in scientif iccomputing in the last decade. I concur.
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3. Artificial fate !titmice,.

The term Artificial Intelligence is generally intended to mean sof tware systems which
mimic or aid human intellectual processes. The promise of artificial intelligence is my real
One can imagine expert systems and knowledge based systems which aid human beings in
analyzing collections of imprecise data. Examples ranging from medical analysis to remote
robotics seem feasible in some reasonable near timeframe.

But, the progress in this area has beets painfully slow. Many noted sci :ntists believe
that substantial progress in artificial intelligence is not nearly a matter of increar_d computing
power, but will require more fundamental breakthroughs in the science of computing. It may
very well be that real progress in artificial intelligence will require decades of effort.

Therefore, I believe that artificial intelligence can benefit from basic and fundamental
research such as is supported by the National Science Foundation. It can also benefit from the
collegial environment set up by the facilities of SI067. However, 1 believe that artificial
intelligence would be an inappropriate domain f Of massive funding of specific projects.

4. Advanced Comouter Software

Recently, there seems to have been a major accelleration in the development of
advanced computer software 3n the scientific and engineering world_ This is in par duc to
the wise and timely support of the National High Performance Technoiogy Plan But, it is also
due in large measure to the recent scientific breakthrough in areas as diverse as molecular
modeling and mzchanical computer aided design. It is almost as if wc were suffering from a
log jam in computer software and the key log has been removed

The process has been aided by standards in the software industry as well as a
recognition of the virtues of a building block approach The result has been that individual
contributors have the means to communicate both the progess and thc results of their
colleagues.

Whatever the reasons for this surge in advanced computer software, it seems clear that
the time to exploit it is now. The U.S. is in a unique position to exploit adsances in advanced
computer software for science and engineering. We have an installed base of high
performance computers and visualization equipment. We have a community of scim tist who
arc willing to take professional risks. We have a community of entrepreneurs and a venture
capital structure who are willing to support risky new efforts in software- development
Government can foster this Jevelopment by making software packages readily available in the
public domain by establishing networks which allow scientists in research and industry to
quickly communicate software results and by establishing a set of clearinghouses for fostering
the development and distribution of new software building blocks In my opinion, SI067 part
Title I and Title 4 are ef fectively directed at this effort.

3. Comments Soecific to SI067.

Senate Bill 1067 seems to me to be a comprehensive and well written Jocument that
properly and effecthely addresses many of the needs of the scientific computer community
However, it is beyond my level of experience or expertise to commcnt on matters of structure,
jurisdiction, or timing of its components. Nevertheless, my observations, as a neophyte
observer, may be of interest to the committee.

First, the very notion of having a National High Performance Technology Program
implemented through the Federal Coordinating Counc.I for Science, Engineering and
Technology properly places a focussed spotlight on U.S. efforts to develop high performance
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computer technology. The FCCSET council is well received in the scientific and industrialcommunity even at tnis early stage in its development.

Second, the establishment of the National Research and Education Network in 1996 isa bold and appropriate step. Such a network will be sufficiently robust to allow large groupsof scientists and engineers in all components of our society to freely exchange software imagesand results on a colleague to colleague basis. Network performance at 3 Gbps will be adequatein 1996 but only barely so. We should anticipate 1 network of ten times that capacity by theturn of the century.

Third, the establishment of the National Information Infrastructure as well as varioussoftware clearinghouses will go a long way towards organiztng the exchange of informationon a colleague to colleague basis
and will effectively use the National Research and EducationNetwork In fact, the clearinghouse concept would be quite weak without a strong networkto support.

Fourth, the several National Science Computer Centers in the U.S have served thescientific and engineering communities quite well These centers support the U.S computerindustry very well and efrecttvely encourage small U.S. companies to develop new hardwareand software products These centers should be encouraged to continue to buy equipment andsoftware from smaller and newer companies rather than accept a gift from the larger and moreestablished companies

Finally, support for basic research and education is a crucial and fundamental elementfor long term success in the computer business But, basic research does not mean unguidedresearch In my experience, most research benefits greatly from being specifically goaloriented There are some areas where goals and project structure may not be appropriateArtificial intelligence may be one such area I believe that efforts in visualization, objectoriented program systems, graphics, and parallel processing can very well be goal oriented andproject structured. As one example, I am particularly impressed by the center for parallelprocessing establisheo by the National Science Foundation

§, Role of New Business and Venture Capital,

The f ield of computer science has, without doubt, been the fastest growing area ofknowledge that the world has ever seen Most new areas of effort have come front a technologypush rather than from a marketplace pull Indeed, many products that we view as essentialtoday were not so much as conceived ten years ago.

A good example is todays use of spreadsheets Such technological development IS afertile field for the development of new businesses New businesses can move more quicklyand take a bigger risk than
established businesses. They are well suited to the culture andPersonality profiles of entrepreneurs and %enture capitalists It seems natural, therefore, thatso much of the new technology

in computer science should be commercialized by newcompanies which are venture capital funded in the US

I believe that this is an area where the U S can take justif iable pride in the w ay oursystem of small company capitalism has worked so well lt is important to remember that thisculture is uniquely American and that we ha% e an opportunity to exploit the entrepreneurialspirit of U.S. scientists and engineers. On a larger scale, we must encourage the gambler'sinstinct in our venture capital community and among our entrepreneurs We must continueto allow oeople to fail without oeing condemned for it
7. Conclusiont

It is very much an understatement to say that computer science has been the fastest
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growing area of science that the world has ever seen. Perhaps I can Put that statement in
perspective for this committee by pointiog out that a Stellar Contpuk. which sells for S1OOK
has more computing capacity and more storage than the sum of all the computers on this planet
when I was in graduate school in 1959. Credit for the growth of this industry can be shared
by many people, including the government, the academic world and the venture capital world.

It is equally true that continued success will likely come from continued support from
the government, the academic world and the venture capital world. S1067 speaks well for the
commitment from the government to continue its support. Support fa the academic
community through this bill and others will continue to encourage academic support for
computer science. And, continued support for the uniquely American world oi" entrepreneurs
will ensure tit: continued support of the venture capital world.

To quote Al Jolson from his movie, the Jazz Siam., °you ain't seen nothing yer!
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Senator GORE. How long is it?
Dr. PODUSKA. Well, we can make it az short as you like, sir. A

few minutes if you prefer.
Senator GORE. Let us do a couple minutes of it now.
Dr. PODUSKA. All right. We have Norm Siegel here to do that.
The machine was loaned to us, by the way, by Dr. Richard Feld-

man of the National Institutes of Health at Bethesda, who is doing
a great deal of visualization work on molecular modeling.

Speaking of gambling, it is something to gamble to just pick it up
and move it here and see if it works.

Senator GORE. Right.
Dr. PODUSKA. But I think it will.
Senator GORE. We better do it now before the thunderstorm

knocks the power out.
Oh, is this it here?
Mr. SIEGEL. Yes, this is it. One thing to note is that there is a

N ..ry wide array of applications--
Senator GORE. Can you introduce yourself.
Mr. SIEGEL Yes. My name is Norm Siegel. I work for Stellar

Computer as a systems engineer.
Senator GORE. Okay.
Mr. SIEGEL. And what I am going to do is demonstrate some of

the capabilities of one of the Stellar products that nre available
today. What we are showing here is an array of possible applica-
tion areas that are capable of being visualized on the system.

There is sort of a blueprint here showing various functional ap-
plication areas. And what I will do quickly is go through some visu-
alization that represents some scientific visualization application in
the area of meteorology. What we are going to see here is a thun-
derstorm that developed over a 36-hour period over the United
States.

Senator GORE. Pretty appropriate.
Mr. SIEGEL. Okay. Now, talking about volumes of data, this data

set is a small fraction of the amounts of data that are available to
meteorologists, and this data set that we have here today takes up
a large fraction of the storage capacity of the system.

It is just an indicator of the need for high capacity systems and
the ability to process that data quickly.

Senator GORE. Are you waiting for it to find the--
Mr. SIEGEL. Yes. The data sets are very rich and complex.
I will first bring up an image of the United States and move it

around a bit here.
It will show some of the winds that are traversing the United

States at the time of the simulation. And this data was actually
simulated from data that was collected and then run through a sci-
entific model of the weather.

Okay, and there is information here right now about horizontal
winds, but I can at the same time look at other information, such
as cloud water, during the course of the storm over this 36-hour
period. We can also look at vertical winds as they occur.

The other interesting thing here is that we can reqtlf ,t the
system to select out different aspects of the data, to selecti,. -, view
various portions of it and view how things are interrelated.
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In fact, one of the developers of the scientific model was able to
sit at this system and view the model as it was progressing and
gain insight intn improvements for the model as the result of that
in a very short amount of time.

Dr. PODUSKA. Of course, that is the whole purpose of modeling.
Mr. SIEGEL. Right.
Dr. PODUSKA. In the interest of time, that might be all you want

to see.
Senator GORE. Yes, we prolJably better. Thank you very much. If

we have time at the end of the testimony, I may want to look at
some more of that.

Thank you very much.
I appreciate the patience of our other witnesses, too. We are

going to go to our final two witnesses now. Dr. David Nagel is Man-
ager of User Technologies at Apple Computer. You all just bought
a Cray, right?

Dr. NAGEL. Well, a couple of years ago.
Senator GORE. And you are using it to help design better prod-

ucts. and we want to hear from you about that.
Please proceed.

STATEMENT OF DR. DAVID NAGEL, MANAGER OF USER TECH-
NOLOGIES, ADVANCED TECHNOLOGY GROUP, APPLE COMPUT-
ER, INC.

Dr. NAGEL. Thank you. Apple and I very much appreciate the op-
portunity to come here today and talk to you about advanced com-
puting and about your bill S. 1067.

In my written remarks I paraphrased a story which I read re-
cently in the "Wall Street Journal". The Journal did an interesting
experiment about 20 years ago, which they have reported recently,
in which they asked various experts to predict what technologies
would be like in the year 2000. I think the interesting thing about
those predictions was that most of the experts at that time fairly
dramatically overestimated progress in the areas like transporta-
tion, climate control, and other things, but signally underestimated
performance in the technology, information technology industry.

Perhaps that general underestimation by our society of progress
in computer technology explains why in your view government
poliry has been so slow in responding tc it. But at any rate, the
pace of technology in computer and semiconductor industries is
really quito unprecedented in human experience.

Various other speakers here have described this pace in various
ways. My favorite statistic is that in the last 30 years there has
been a six order nf magnitude, or a factor of a million to one, in
price-performance. And maybe even more interestingly, it is the
only industry that I know cf in which one can choose to take that
benefit in either price or performance dimensions.

The Federal government in the past, through DARPA and the
National Science Foundation and NASA and other agencies, has
played a major role in all of these developments, and I think as a
result advanced computei s and advanced computing have really
become absolutely indispensable tools in science, education, and in-
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creasingly in worldwide industry, as you pointed out in your open-
ing remarks.

At Apple, for example, we use supercomputers both to conduct
applied research in our Advanced Technology Group, where I am,
and also to design and develop leading edge personal computers.
Our Cray XMP/48 supercomputer is, for example, routinely used to
simulate performance of very large integrated circuits, active ele-
ments numbering in the hundreds of thousands or even millions in
some cases.

These cost-effective, time-saving simulations allow our engineers
to make their mistakes, and design changes in software before they
commit those to costly fabrication steps.

They also play other important roles in our computer develop-
ment, some of them not so intuitive. The molding processes, for ex-
ample, for the complex plastics that we use in our cases, and in
particular in our newest Macintosh computer, the IIcx, were com-
pletely simulated and optimized on our Cray, using computational
fluid dynamics codes which originally were developed in the aero-
space industry.

Again, these simulations save us both time, which I ththk is the
most important benefit, and eliminate costly redesign steps.

I actually have a very short video, which at the end of my talk if
we still have time I can show you.

Senator GORE. It iS just two or three minutes, is it not?
Dr. NAGEL. Yes, it is two or three minutes. So I will save that for

the end if that is okay.
What I would like to do now is to turn to the major points of the

written testimony, which really have to do with software parts of
S. 1067. Increasingly, good software is the key to success in the use-
fulness of computers in the computing industry.

As I noted in my written testimony, progress in software develop
ment or software engineering has been much, much slower than
that for hardware, and several people have already commented, as
well as yourself, on the slowness of the increase in productivity in
software development.

It is very hard to index that performance in some ways, but prob-
ably an optimistic estimate is since we began writing programs we
have not seen much more than an order of magnitude improve-
ment, or about a factor of ten, in contrast to the six orders of mag-
nitude in hardware.

In the personal computer industry, the availability of low-cost
and very high utility software, where utility is measured in terms
of the user, has been really absolutely essential to our success in
both this country and elsewhere. It is interesting, I think, that low-
cost software for porsonal computers results not from significantly
better methods of development than for scientific computers, al-
though our company, Apple, and other computer companies go to
great lengths and great pains to provide developers Niith efficient
software development tools, as goed as we can do at least, but low-
cost software in personal comput:Irs really results because our mar-
kets are so large that development costs, large as they ai e, can be
spread across many users.

Another success factor in the personal computer industry has
been the trend toward providing powerful and very easy to use
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software that is customizable by the individual user. Spreadsheets,
for example, which Jack Schwartz mentioned, really represent a
new form of software, at least new several years ago, which enable,
for example, a financial analyst to develop complex financial
models without having to be a skilled programmer.

I think Jack actually pointed out one thing that is important is
that the makers of these, the writers, the builders of these software
progrars, have gotten very good in the personal computer indus-
try, bec ,use we have to service a large market, at matching the
mental model of the user. And I think that was a very important
point and one that could be of benefit in the development of ad-
vanced scientific software. It has begun to in limited degrees.

These non-procedural software languages on which our multi-bil-
lion dollar personal computer industry has been developed over the
past decade are really only recently finding their way into ad-
vanced scientific computing. Programs, for example, like Macsyma
or Mathematica represent those sorts of trends.

Another change that is taking place in advanced computing
which will make continued development of new software methods
and concepts even more centraland again, this has been men-
tioned by other speakers, but that is the trend toward massively
parallel architectures. Commercially available computers already
exist which employ thousands of individual processors and boost
computing throughput to the tera-ops, or million million operations
per second, level.

Billion bit per second networks will make possible vast heteroge-
neous computing systems with theoretical computing speeds even
higher than that.

This mode of computing, by the way, has already los,en demon-
strated outside the laboratory. It is clearly possible.

Th2 prol.lem is that we really do not yet have general methods of
building software that can take advantage of these new hardware
architectures. In more specific terms, we think that the following
kinds of software progress will be needed to achieve the full bene-
fits of massively parallel computing architectures, ultra-high-speed
fiber networks, and large information stores.

New software concepts and architectures will have to be invent-
ed to coordinate action efficiently across these diverse elements
and machines and to solve some very complicated problems of re-
source allocation and security, and both Jack Schwartz and Bill
Wulf talked about some of these, particularly the security problem,
which is indeed a very difficult one.

New methods of data encapsulation and exchange protocols will
be required to free scientists and others from the often onerous
task of reformatting and transferring their data between disparate
machines. And this is something that I think is one of those chores
in software engineering that is not very attractive and not very ex-
citing, but if we really want to make productivity gains at the level
of the individual scientist one that we are going to have to pay at-
tention to.

To make very large information stores and data bases useful will
require us to devise better ways to access them, and here ideally by
content and not just address. Continued development of better
high-level programming languages, particularly those with dynam-
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ic properties, and of better methods for software development in
heterogeneous computing environments, are also important.

Finally and perhaps most difficult of all, I think we are going to
have to continue to work on the problem of the human interface to
these new and complex computing architectures. Along these lines,
a great deal of progress has been made in the past few years in the
area of scientific visualization, which a number of my colleagues
have already talked about as well as yourself, and advanced meth-
ods for graphically portraying large data sets.

We will have to improve and extend these methods if the future
scientist and engineer is to be enabled to spend the greatest frac-
tion of their time doing scieuce and engineering rather than man-
aging the computing process.

I think one thing that is notable in this regard is that visualiza-
tion has been a technJlogy, and I think we really need to convert it
into somewhat more of a science at the same time we improve the
technology. It is the case that knowledge of how the human visual
system works can be helpful in that regard.

And I think some of that is already being seen in attempts to
find better ways of compressing information, for example in high
definition TV signals and other kinds of dynamic visual images,
compressing them so that when you throw away information in
order to achieve the compression you do so in such a way that the
visual system is insensitive to it, so the picture looks just as good.

That requires that you explicitly understand how the human
visual system works and can take advantage of that in designing
your algorithms.

This completes my prepared remarks. I comment more extensive-
ly in my writt:n testimony about individual parts of S. 1067. We
very stmngly support it. We think that most, if not all, of the sec-
tions of it are very important. And I would be happy to answer any
questions.

[The statement followsj
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STATEMENT OF DAVID C. NAGEL, PH.D., ADVANCED IECHNOIDGY GRJUP, APPLE
031,TUDER, INC.

Introduction

About 20 years ago, the Wall Street Journal published predictions by various

pundits about what life would be like in the year 2000. For the most part, the pre-

dictions were hopelessly optimistic: domed chies rising on desert floors, hypersonic

aircraft plying the airways between New York and Tokyo in two hours, and human

travel to the planet, Mars. In one category, however, the reverse was true. By the

year 2000, it was predicted in 1967, there will be more than 220,000 computers in

the U.S. Today, more than a decade from the Millenium, there are approximately

45 million computers in the U.S. The predictions were low by more than two or-
ders of magnitude.

The develcpment of information technologies - computers, software, and the

means to connect them - is unprecedented in man's experience. As Professor Fred

Brooks from the University of North Carolina has noted, " .no other technology

since civilization began has seen six orders of magnitude in prrformance-pnce gain

in 30 years " Dr. Brooks goes on to point out that, in addition, in no other technolo-

gy can one chc3se to take the gain in either improved performance 9xin reduced
costs

Surpnsingly, the rate oi performance gam is accelerating in some areas micro-

processor speeds are increasing at the rate of 70% per year Previous generations of
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computers based on less integrated technology enjoyed performaime improvements

of less than 15% annually Since the 1.00C bit memory chip was first developed in
1972, memory densities have increased by a factor of four every three years.
Magnetic disk densities have increased by a factor of two every three years. Gigabit
per second network technology based on fiber-optics have been demonstrated in the

laboratory and thus should be possible to have such technology operational well be-
fore the year 2000.

In one area of information technology, progress has not been nearly as rapid:
software. Although it is more difficult to index performance in the case of software,
it is clear that improvements of productivity lie somewhere betweena factor of 10
and 100, thatt, is, one to two orders of magnitude. The largest improvements have

been those associated with the transition from machine-level or assembly languages
to the so-called high level languages introduced beginning about 30 years ago. The
most famous of these is Fortran, invented by John Backus and associates at IBM,
in the early 1950's. Although it. has been improved somewhat since its introduction,

Fortran retains most of its early procedural language characteristics. Somewhat

surprisingly, Fortran is still the most widely used high level language for scientific

computing (surprising sirce, if this practice were paralleled in hardware, many sci-
entists would still be using an IBM System 360 as their hardware platform of
choice).

High-level languages, along with time-sharing operating systems (which re-
placed "batch" systems), and unified computing environments (which typically in-
clude code editors, program integration tools, code libraries and file systems, debug-
ging systems, and inter-program communication facilities), all ha% e helped pro-
grammers to develop software faster than before their introduction Again, the

gains have been modest, particularly in comparison to the advances associated with
hardware.

To attack this problem, new generations of productivity enhancing software en-

gineering tools are being developed and tested new high level languages ie g Ada,
('ommonlASP), Lew approaches to programming such as object-onented or visual
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programming styles, computer-aided software enmneering (CASE) tools, automatic

programming systems, and artificial intelligence. The latter is more noteworthy for

what a has fail& to accooplish than for what it has, particularly pi the domain of
software engineering. Despite very aggressive claims that were made in the mid-

GO's for the general strides that would be made by that intersection of computer and

cognitive science known as artificial intelhgence, or Al, and significant federal ftmd-

ing from DARPA and other agendes, the nud-80's have come and gone with many of

the claims unfulfilled. One of the most promising of the technology spin-offs from

several decades of Al research, expert systems. has seen some application to soft-

ware engineering: automated checklists for bug detection, optimization hinting, ad-

vice on testing strategy, style rules, and so forth. But these tools, as well as the oth-

ers listed above, deal pnmarily with the details of programming, and not with the

building of the underlyuig structure or conceptual basis for a program. Even with

the relatively simple computer architectures of today, it is at the conceptual level

that the majority of the programmer's resources are spent.

Because so much of the task of software engineering is at the conceptual level,

the prognosis for dramatic increases in productivity (corresponding to hardware im-

provements) seems poor. On the positive side, this characteristic will make it very

difficult to apply th manufacturing process technologies, which many of our inter-

national trading partners have used to advantage to dominate the world-wide semi-

conductor industry, to achieve equivalent domination of the software mdustry

where the U.S. still leads. Overall, advances in computing hardware performance

will to continue to outstrip advances in computer software productivity by a signifi-

cant degree, although steady progress is being made in the latter. I will return to
this issue in a later section.

Applications of Advanced Computing Software

Scientific Computing

Less than 10 years ago, there existed significant debate about whether computa-

tional science could in any way be considered co-equal to theoretical or empirical
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science The debtite centered on the essential question of whether computers were

mere tools for generating and analyzing data or whether the use of computational

methods could yield results and insights qualitatively different from those provided

by the more traditional methods of theoretical analysis and expenme, tal venfica-
tion As far as I can tell, that debate has largely subsided in favor of computational
science In a number of instances over the past few years. the use of advanced sci-

entific computers has led to fundamental new understandings of phenomena at
scales ranging from the structure and behavior of the fundamental particles, to the

flows and dynamics of real fluids and gases, and the origins and structure of the

universe. The federal government, through the National Science Foundation's

Advanced Scienufic Computing Program, which established a system of advanced

computing centers at major institutions in the U.S., has played a major role in these
developments Even earher, DARPA's pioncenng work in networking and VLSI de-

sign and fabrication technology developments led to many of the foundations on

which modern computer science and technology are based.

industrial Conq uting

Supercomputing has also become an important tool for U.S. industry. particular-
ly aerospace For example, a fairly complete theoretical basis for computing the

flou s and pressure fields around airfoils and aerospace vehicle bodies has existed

since early in the century Recent advai,. -s in computationally based turbulence

models have improved the power of these theones and have provided the necessary

foundations to compute cnniplete flow fields and to optimize vehicle designs as a re-

sult As a notable example (and one which highlighte the prodactive relationship

that exists between national facilities, in this case the Numerical Aerodynamic

Simulation facility at NASA's Ames Research Center, and the U.S. aerospace indus

try), Boeing recently redesigned the engme nacelles for its 737 aircraft Although

earlier wind tunnel testing had ruled out a pro). sed change as inducing too much

drag, computations at the NAS supercomputer complex showed that small modifica

tions of the basic design would produce acceptable drag performance while meeting

other design objectives The new design was venfied in further wind tunnel tests
and implemented by Boeing
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Apple Computer provides otner examples of the benefits of advanced computing to

U5. Industry. Apple operates a Cmy XMP/48 supercomputer as part of its alp-

neenng complex. This high speed computing system is routinely used hy Apple to

simulate the performance of compl N caegrated circuits with elements numbenng

in the hundreds of thousands or more. By simulating these circuits before designs

are committed to costly fabncation steps, Apple saves both Lane and money.

Recently, Apple began shipment of a new and highly popular version of its

Maantosh II computer line, the IIcx. Most notable in the present context is the fact

that the design for the complex plastic case for this computer was optimized

through the use of mold flow simulations run on our Cray supercomputer. Again,

simulation of the mold dynamics pnor to the construction of very costly injection

mold forms resulted in both a superior and more defect-free product as well as re-

duang the total time to market for the overall computer system by reducing the

need for costly re-designs.

Finally, we use our supercomputer at. Apple to conduct basic saentific and tech-

nical research. Richard Lyon and Malcolm Slaney of our Advanced Technology

Group. for example, have recently developed models of the functional dynarmcs of

the human heanng mechanism These complex models, which would be entirely im

practical for execution on anything leu than a supercomputer. may eventually form

the basis for advanad speech recognition systems for personal computers and im-

prove dramatically the performance of human interface designs with which Apple

luis become synonomous

The Importance of Software

AIIi our ability to di :ago and produce personal cumputmg sy:ite ins has

heen proplled to a great .h.gret b% the increasing it% ailabdity of high 14.:aty, kw

cost metoon, and ever inure is.Acerful microprocessors that nprt.,t-to. ra% com

putatanial puwer of the largest mainframe computers of tlw p.t ih Ade. it has been

the %olt-s:nt uf lot% cost soft%are that has Ito t I per,unal com
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puter revolution.

Personal computers have become so important in our lives because they have be-
come so valuable to us as as the means to increase personal productivity and im-
prove our ability to communicate complex ideas. The systems are both powerful
and, in many cases, relatively easy to use. Whereas prior to the explosive growth of
the personal computer industry, individuals' usage of computing systems required a
signficant personal investment in 1.niing to program and to master the arcane of
the "computing center," personal computers have placed high performance model-
ling, word processing, and database manipulation capabilities in the hands of mil-
lions. Software components which implement new forms of humah-computer inter-
faces that are more intuitive, require less learning, and and that can be customized
to suit individual needs, have played critical roles in the successful introduction of
computing to the mass market. Because they are both powerful and easy to use, the
utility thus provided by personal computers has, to an increasing degree, made
them a virtual necessity for many professionals engaged in competitive work situa-
tions. Thus, very powerful re-usable software codes for personal computers which,
because of the very large installed base of computersystems (numbering in the mil-
lions of units in the U.S. alone), can be sold for prices ranging from tens to a few
hundred dollars.

It is not the case that such software can be developed more quickly than systems
for use on larger computing systems. The software engineering problem has not
been solved entirely by the personal computing industry althorgh significant re-
sources within the industry are routinely committed to improved systems to im-
prove and speed the development process. Rather, it is the combination of a large
market size and the close relationship whichApple and other personal computer
manufacturers maintain with 3rd party developer,: which support a low market
price Since the development costs for any partici lar program (which may easily
reach many millions of dollars) can be spread across a total market size numbering
in the hundreds of thousands or millions, the portion of this cost which must be
borne by individual users of the software is reduced to a very low level. The person-
al computer industry provides a vivid example of the benefits of powerful, easy to

0 19
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use, and high utility software systems.

In the high performance computing world, the importance of software will be-

come even more apparent as new computing architectures are invented to deal with

the physical limitations of single processor systems. Earlier in this decade, it be-

came apparent that there were ultimate limits in the power of any single computing

engine, limits provided by the speed with which individual computing elements can

change state, by the speed of with which signals traverse the internal data paths of

processors, and by mechanical and thermodynamic problems caused by the large

amounts of heat produced by very fast computing circuits. Since then there has

been increasing interest in computer architectures which employ numerous proces-

sors performing in parallel with one another. Although the number of processors

may range from a couple to thousands, it is dear that we do not yet know how to

btuld software systems that can take full advantage of these new parallel architec-

tures. For example, experience at NASA has shown that user codes sustain only

about 20% of the full power of a Cray-2 supercomputer, a moderate grain parallel

computing system with a small number of very fast processors. Experience on more

massively parallel systems such as the Connection Machine produced by the

Thinking Machines Corporation has produced prototype codes which sustain only

about 10% of the peak power theoretically available. While these percentages can

be increased to nearly 100% for particular computing problems with the proper at-

tention to code formulation and optimization, such human interventions significant-

ly reduce the overall utility and productivity of these powerful computing resources

Thus, although a significant success factor in personal computing, umputer

software shapes up as the major bottleneck impeding the full realization of the

power of massively parallel computing systems of the future.

New Paradigms in Computing

The dominant computing paradigm of the past decade t time sharing opPrating

systems, large central processors accessed by relatively low power alphanumeric

computing -terminals. networks with speeds in the thousands of hits per second
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range, and results of computations expressed as tables of numbers) is in the process
of being replaced by a new one.

First, networks are both faster and more universal. Stimulated initially by the

DOD's then Advanced Research Projects Agency's (ARPA) high speed computing

network (Arpanet), the evolution of universal computing networks has been paced

by continuing government investments in computing networks (CSNet, NSF's

ScienceNet. and Internet, to which the Arpanet has evolved); the growth of informal

networks such as the Usenet (a worldwide news and mail system supported by

nearly every wachine the runs the Unix operating system; a host of commercial

networks and mail systems such as MCI Mail; and gateways which provide various

kinds and qualities of interties among the various transport systems. Fast scientific

networks opersting in the speed range of tens of thousands to a million or m..re bits

per second have begun to make practical the transport of a different form of data be-

tween computing nodes: images. Viewed in one way. the "worldnet" has become a

vast heterogeneous computing system, in which a single user may theoretimlly gain

access to a vast array of computing resources (sometimes to pernicious ends). "i he

new networking capabilities have resulted both in increased choice of computing re-

sources for the individual scientist (or increased complexity, depending on how one

views it) and in increased potential for effective scientific collaboration over long
distances.

Powerful personal computers and workstations, individually capable of signifi-

cant levels of computinc performance, are rapidly replacing "the dumb termmal."

Finally, the dramatic Increases in computing speed available through individual

processor performance improvements and moves toward "massivel parallel" comput-

ing architectures have encouraged individual scientists and engineers to consider
and tackle problems of increasing scale and complexity Computational results in

the form of numerical tabulations are no longer useful when data entries number

in the millions Humans simply cannot perceive patterns in such datasets New
methods of representing the data, including advanced graphical or visualization
techniques, increasingly characterize the form in which scientific and engineering
data are presented to individual users at remote computing nodes
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In this new computing paradigm, fueled as it is by ever more capable hardware

systems, software will again turn out to be the dominant factor in the overall pro-

ductivity of the computing system. As evidence of the importance Apple places on

development of software that will maximize the productivity of individual scientists,

we recently entered into an active partnership with the NSF-sponsored National

Center for Supe-oomputer Applications (NCSA) at the University of Illinois to sup-

port the development of scientific computing software which: (1) allows individual

scientists to mxtess remotely the full power of supercomputing resources at NCSA

and other insitutions, (2) supports the interactive visualization of complex datasets

generated on eupercomputers, and (3) facilitates the efficient interchange of data

among a diverse and heterogeneous computing network, all from the scientist's own

personal computer. Increased availability of battery operated portable personal

computers over the next few years will free the scientist even from the confines of

his or her own office. All of the software which has been produced as a result of this

partnership between Apple and the NCSA has been placed into the public domain

so that it may benefit the largest number of potential users and, as well, so that it

can demonstrate the benefits of new personal computers as cost-effective scientific

computing resources.

Software to Support the New Scientific Computing Paradigm

Based on sustaining the current rates of development, we can assume that by
the year 2000:

The fastest computing resources will exiubit comiriting speeds in the range of

-tera-ops" (a million-million operations per second),

Primary memory systems will exhibit storage densities in the gigabit (billion)

range;

Information will be transferable between all machines at gigabit per second

rates (,:nabling routine transport of video, complex graphics, and sound, as

well as numbers and symbols);

Individull ("personal") computers will exhibit performance at or above the lev

'12
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els of today's fastest supercomputers, and,

- A signficant fraction of human knowledge will be accessible electronically.

How will such computing resources be used and what kinds of software develop-

ments will be required to realize them?

First, it seem clear that collaboration will become a significant, if not dominant,

form of scientific activity. Once scientists can interact with colleagues visually, au-

ditorialy, and through use of shared computer-mediated workspaces. they will be

able to work as efficiently as though they were co-located. Second, they will wish to

have the ability to gather instantaneous computing resources and power commensu-

rate with the problem being solved, which may exceed the processing limits of any

individual machine. Third, they will seek increasing access to stored information

for purposes of scholarship and to flexible and comprehensive mathematical model-

ing environments. Finally, scientists will utilize local computing resources (the

"personal computers" of the next decade) to perform a significant fraction of the

functions of modeling and problem formulation, data handling, visualization and

understanding, and the development of materials (electromc and otherwise) for

communication with their peers.

To support this scenario, significant developments will have to take place in
software science and technology. Software for a complex network infrastructure

will have to be developed and maintained. This will involve solution to problems of

coordination of action across the diverse computing machines, to problems of re-

source naming and topology, and to problems of security and privacy. New methods

for accessing immense stores of information and for determimng the content of

these stores will also be required. Robust methods of data exchange and of coordi-

nation of computing code components residing and executing - on physically sepa-

rated computing resources will require development. Finally, and perhaps most

challengmg of all, improved methods of coupling the individual scientist or engineer

to the overall distributed computing system will have to be invented Even with the

promising developments of the past several years, far too much of contemporary

scientists' time is spent on dealing with the computing system rather than with the
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scientific problem at hand

The Federal Government's Role

The government can continue to play a significant role in the development of

such a national capability although It is clear that industry can and will provide a

significant fraction of the critical technology components. First, federal funding can

provide a stimulus or "jump start" for technology development A: well, the govern-

ment can serve as a "first customer" for high risk products, particularly those pro-

duced by the small innovators where many of our best new I deas emerge. The gov-

ernment can play an Important role in development of the network infrastructure

including both physical transport and network management software. The govern-

ment can and should support re-usable scientific computing codes, ideally written in

modern computing languages to facilitate modulanzation and inter-operability

across diverse computmg resources. The development of data exchange architec-

tures and protocols can also be facilitated by government intervention, although in-

dustry will play and important role here as well. The government must continue to

have a strong role in the education of computer scientists and those in other disci-

phnes and to cor.tinue to ensure that the U.S. system of higher education has avail-

able the state-of-the-art in computing resources. Finally, I believe that the govern-

ment has a legitimate role in monitoring and analyzing the societal effects of ad-

vanced computing and to encourage developments that will best serve the achieve-

ment of national social and econonuc goals and the improvement of the welfare of

our citizens. In particular, the application of ad- anced computing resources to solu-

tion of problems in the economic, life, and behavioral sciences should strongly be en-

couraged.

Specific Comments on S.1067

Title I: "National High-Performance Computer Technology Plan"

A comprehensive plan for a program of this scope and magnitude is an obvious ne-

cessity. I would urge, however, that simplified and efficient means be developed for

2 2 4



220

inter-agency coordination and for assessment of the accomplishments of the Act.

Specifically, I would recommend that the Congressional Office of Technology
Assessment be asked to conduct periodic studies of the effects of the conduct of the
Plan and recommendations as to ways to better leverage the government's invest-
ments.

Title II: "National Research and Education Network"

I strongly urge that in the implementation of this network signficant attention be
placed on ways in which to improve the specific ways in which people interact with
such a network and on provision of systems and protocols whichsupport the dynam-
ic allocation of computing resources to solve problems of varying complexity.

Development of the science and technology bases to support such a mode of opera-
tion must take place prior to the implementation of the netwcrk, of course.

I am also very concerned that the federal government maintain sight of the necessi-
ty to support computing in the commercial and private sectors. The current regula-
tory climate makes it overly difficult for pnve ...inerpose and the utilities to in-
stall very high performance networks to support business consumer, and local edu-
cational institutions. Although it is clear that the current bill will provide needed
support for academic supercomputing, it is unclear as to how this will directly sup-
port the pressing national need for very high performance commercial networks.

Title III: "National Information Infrastructure"

Twenty-five years ago, the President's Scientific Advisory Council recommended the
establishment of federal "information centers" to support the conduct of science in
the United States. In the succeeding 25 years, information centers have not
emerged as a key element in the scientific information "system", although on-line
database services have expanded enormously. Interestingly, the report containing
these recommendations (Science, Government, and Information, 1963) made strong
distinction between retrieval of information and retneval of data or documents, spe-
cifically recognizing the need that scientists have for retneval by content The re-
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port envisioned centers stalled by scientists and other professionals who, it was

hoped, would better serve the needs of the scientific community by providing analyt-

ical services as Well as retrieval of raw data In the succeeding two and one-half de-

cades, on-line line databases have served the latter needs and serious scientific jour-

nalism (including semi-popular scientific newspapers and journals like Scientific

American or Discovery) the former ; the concept of"information centers" as such

has not developed despite the encouragement of the federal government The devel-

opment of "national knowledge banks" as recommended in this title of the Act

should benefit from critical review of the experience of the past twenty-five years in

the arca of information sciences.

Title IV: "Software"

I fail to see the benefits to be expected from preferential support of artificial intelli-

gence research relative to other aspects of software development as discussed above

Specifically, experience of the past few years has shown convincingly that the origi-

nal optimism of the AI community was ill-fouadz.,:. The exciting problems which

they enthusiastically tackled have proven difficult and the solutions and methods

much more limited in scope than had been hoped. Mthough I favor continued feder-

al funding for support of AI and related areas of science and technology, I do not

favor that it continue to be gwen preferential treatment within the computer sci-

ence domain. I support the other provisions of this title, e.g. establishment of clear-

inghouses for distribution ef re-usable code resources.

Title V: "Computer Systems"

I strongly support the provisions of this part or the Act, Including the relaration or

overly restrictive expert controls which inhibit the United States from efrP-tivelj

competing in the international marketplace and contributing positively to the bal

ance of trade equation. I support as well the rdaxation of rules which currently re

quire that government subcontractors forfeit nghts to propnetary software devel

opment tools used to develop advanced softwa.,. :.,.,,euis

Title VI." Basic Research and Education"

Many of the developments I have de.cnbed will be mi.de in the area of software As

I noted, the best software is written by a small fraction of the total number of com-

puter scientists. Better methods of training computing professionals are needed to

improve this ratio. Also, significantly more research is needed in the areas of dis-

tributed and parallel computing software if the full power of these advanced com-

puting architectures are to be realized in practical settings.
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Senator GORE. Why do you not show your two to three-minute
videotape now. I understand it demonstrates ways Apple is using
its Cray supercomputer.

Dr. NAGEL. That is right, and I think it is self-describing. It does
have an audio track, so if you just turn that up a bit.

[Videotape was shown.]
MODERATOR. Experiencing warpage and esthetic difficulties in

production. In order to understand the current problems with the
part, a wire frame model of the production part is produced. Then
a five-element triangular mesh is applied to the wire frame for the
beginning of the analysis.

The Macintosh is acting with a Cray XMP/48. As you can see,
this level of computing power allows an engineer to obtain a level
of detail which had traditionally been impractical for this type of
analysis. Traditionally, accuracy in the analysis has been sacrificed
in order to obtain timely results.

The raw computing power of the Cray XMP an ws the engineer
to explore the final details of the model without naving to wait an
excessive amount of t;-.ae to obtain the results.

Dr. NAGEL. In 0.1is case what is being designed is a keyboard for
a personal computer.

It is embedded somewhat in the film, but in this case what you
see is the real-time computation of the Cray.

MODERATOR. The detail of the model can be more fully appreciat-
ed.

Dr. NAGEL. The display is actually being done on one of our Mac-
intosh computers.

MODERATOR. The image that you are now seeing is a simulation
of material flowing into the cavity to form the part. Notice where
the flow fronts are meeting to form weld lines.

Color changes signify only change in time during the filling proc-
ess. As you can see, large weld lines are forming in highly visible
areas of the part.

Senator GORE. This is simulating the manufacturing of that?
Dr. NAGEL. That is correct, it is simulating the flow of plastic

materials into the mold if it were made that way.
MODERATOR. Notice when the flow fronts are meeting to form

weld lines. Color changes signify only change in time during the
filling process.

As you can see, large weld lines are forming in highly visible
areas of the part. In this particular production setup, 15 weld lines
are formed. Due to the mesh density allowed by using the Cray
XMP/48, we were able to run the analysis in approximately one
hour and predict a:' 15 weld lines within approximately one-eighth
of an inch of their ac tual production locations.

During filling, also notice that the part is not filling uniformly.
One side of the part fills much sooner than the other side of the
part, causing a large pressure imbalance in the cavity.

Since this part has been experiencing warpage problems, this im-
balance should be improved, if possible.

Dr. NAGEL. Now, this is a case in which we did not catch it until
after the fact.

I think that is fine.
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Senator GORE. Well, presumably a company that did not have
the resources to buy a Cray at the present price could gain similar
competitive advantages by getting access to a Cray over a network.

At this point let me put into the record by reference an article
from the Japan Economic Journal 1 about MITI launching a ten-
year 50 billion yen program in computer-integrated manufacturing.
They will use networks to make possible an intelligent manufactur-
ing system with standardized factory operating systems so that dif-
ferent manufacturers' robots and computer information systems
could be integrated.

As a first step, they are seeking a 1990 budget allocation of one
billion yen for research and planning MIT plans to establish by
next spring an organization with 100 Japanese producers and users
as members who will use fiber optic cable to link factories and
computer systems so that surplus manufacturing capacity through-
out Japan could be instantly used to produce different items. And
of course itiey have a plan to make it internatibnal as well.

Let me go to our last witness, Dr. Raj Reddy, the Director of the
Robotics Institute at Carnegie-Mellon and President of the Ameri-
can Association for Artificial Intelligence.

Thank you for your patience, Dr. Reddy. Please proceed.
Senator PaEssua. Mr. Chairman, could I just put some questions

here, because I do want to listen as much as I can. I have been
trying to deal with a couple of problems this afternoon.

But to the entire group, the question is the product of the Earth
station, that if we build the EOS, when that information comes
down, particularly in the area of artificial intelligence, and I know
that that mimics the human intellectual processes, but are there
ways that we can use that information?

How would that fit in with the development of artificial intelli-
gence, some examples of it?

I am trying to carve out an area here and make a contribution. I
am also trying to have a facility in my state play a key role in it,
namely to receive these pictures.

But I attended a meeting in the Vice President's office recently
and the Earth Station data was almost completely co erlooked,
some of the imaginative spinoffs that are possible. And that is not
your subject, but I give that question to everybody in case I have to
leave before the end. You can submit it in writing or orally.

STATEMENT OF DR. RAJ REDDY, DIRECTOR, THE ROBOTICS IN-
STI7UTE, CARNEGIE-MELLON UNIVERSITY, AND PRESIDENT,
AMERICAN ASSOCIATION FOR ARTIFICIAL INTELLIGENCE

Dr. REDDY. Senatol, I used to be the chairman of the computer
science committee of NASA a few years ago, and there are a
number of potential spinoffs of that technology. In particular, the
data that has been collected, as has been pointed out, have never
been looked at significantly.

It turns out if we have a permanently manned station which is a
way station to the Moon and Mars and exploration of the planets,
then a number of things become possible here on Earth as a spinoff

' See Japan 'eronomic Journal. July 15, 1989
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of this technology, which I would be happy to submit to you in
writing afterward.

S-nator PRESSLER. Thank you very much.
Senator GORE. Let me invite all of our witnesses to provide re-

sponses for the record to Senator Pressler's inquiry.
Dr. Reddy, if you want to proceed with your statement, then we

willI will turn first to Senator Pressler for questions to the entire
panel.

Dr. REDDY. Mr. Chairman, I want to thank you for this opportu-
nity to be here and comment on S. 1067. As you know, the informa-
tion industry is the single largest industry in this country today. It
surpasses energy and automotive industries; it passed a few years
ago. It is estimated to be between 10 to 25 percent of the GNP, de-
pending on all the things that you count into it. It might even be
40 percent if you count all the Federal knowledge workers into the
industry.

But the problem we are facing is we may be beginning to see the
beginning of the end of the U.S. supremacy in this area. We have
already lost our lead in the DRAM memory chips, optical disks,
laser printers, laptop computers, and robotics.

We are beginning to lose the dominance in supercomputers,
RISC processors, software engineering, expert systems, and distrib-
uted processing. And one very visible example of this is, if you
were to have the NeXT people and SUN bring their latest work
stations in front of you and open up and look at and see what is in
there, 90 percent of all the high value added components today are
produced in Japan or in the Pacific Rim countries.

My feeling is if personal computers and work stations become
the commodity computers by 1995 or so and account for 75 percent
of the market, then we ',ill not have supremacy in this industry.

The decision to eliminate the export license requirements of cer-
tain classes of personal computers is one of the first steps to help
make our industry competitive in the world markets.

Now, I would like to make a few comments on the advanced soft-
ware initiative and the AI, as you asked in your letter. You asked
for a short list of what could be done, where the investment might
be made. I thought about the same issue and there are a few things
I mention in my written testimony. I would like to comment on a
few of those, not all of them.

In particular, the software repository ;dea is very important. The
issue of having reusable, object-oriented scftware modules, not just
any old software but reuseable modules, documented and available
on-line, would be of immense ;Tuportance.

It does not exist today, and in order to achieve it you need some
research and some understanding ani some standards that do not
exist today.

Secondly, a complementary thing that would be very helpful is a
handbook of software engineering practice.

Senator GORE. Of what?
Dr. REDDY. Handbook of software engineering practice, just like

engineers, all engineers, have handbooks. We do not have such a
thing.
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As Bill Wulf and Jack Schwartz mentioned, software is an art,
and we understand a large part of this art. It is about time we
begin to codify this knowledge and make it available.

The third component is: it is nr,t enough to have a repository or a
handbook if people do not exist who understand where the reusable
modules are and how to use them. So a major part of what we need
to do is to train people, and this is something that is said over and
over again in every testimony I have seen.

But I think there is something you could do very deliberately. If
you asked every Federal contractor today and said, how many
trained computer scientists with bachelor's, master's, and Ph.D.'s
in software science, software engineering, knowledge engineering,
and other related topics, you will find that there are a very small
number.

Most of us have come into this discipline from other disciplines. I
am probably one of the few people over fifty that have a F'h.D. in
computer science. I happened to be hitting the wave about that
time when the computer science departments came along.

But I think requiring trained people to be available to do all the
software projects and giving preference to those aerospace indus-
tries, who have a lot of trained people, would do a lot to cause
training to happen. Right now there are not many trained software
engineering professionals.

An associated thing of that type that would be very useful is to
provide for continuing education for existing software program-
mers and engineers. There is not such a program now.

The same gigabit network that you are talking about can be,
with appropriate modifications, used for continuing education to
train the people we need in this trillion dollar industry Dr. Wulf
mentioned earlier that we will have to deal with by the turn of the
century.

I would like to speak for a few minutes about second set of
topics. We talked about the grand challenges of scieme. There are
also grand challenges of society we can help to solve with the use
of this technology.

For example, you may be aware that over 40,000 people die in
this country in automot:ve accidents. In comparison, only a hand-
ful of people die in nuclear accidents today. And I think the tech-
nology, the computer technology, can be harnessed to eliminate
over 80 percent of those fatal deaths by having accident avoidance
features, what you might call an autopilot.

If you are drunk or fall asleep or not paying attention, you do
not have to get into an accident. That technology is here. In fact, if
you and Senator Pressler would like to come to Carnegi.?-Mellon,
under the support of DARPA we have a Chevy van which navi-
gates around obstacles and is able to do all those things, except it
uses currently a $200,000 computer system.

None of us can afford such a car, but I believe, given the orders
of magnitude improvements we are getting in computer technology,
in less than ten years an autopilot option can be available on every
car for under $1,000.

But somebody has to cause that to happen. Even otherwise, it
will happen in less than 20 years. Already, the Mercedes Corpora-
tion in Germany, have a similar car. They have a car driving on
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the autobahns at very high speeds, except their solution is not as
advanced, we believe, as we have.

The second, similar grand challenge for the society that the com-
puter technology can help to solve, is the area of the translating
telephone. One of the problems we have is that we Americans are
the worst in being able to communicate in other languages. Every-
body else masters languages and as a result they are able to com-
pete effectively in a global economy.

We cannot continue to do what we have done in the past. We
have to become more literate in Foreign Languages. And again,
computer technology can help in this area.

The Japanese already have a first phase project of $120 million
on building a translating telephone, and they expect to spend over
$850 million in the second and the third phases.

All the technology is not here. It will take a lot of research and
development. It may be about 25 years to do it, but it can be done.

The last one, which is very important, you mentioned manufac-
turing and visualization. I believe we have a specific example. In
the past computer visualization and computer simulation was only
used for training pilots, for example, to give them a realistic ren-
dering of what they would see when they are flying a plane. But it
needed a $10 million simulator that was built by Evans & Suther-
land.

We built a factory simulator so that every worker could be
trained on the machines he has to operate using the current gen-
eration visualization systems. Again, if you have an opportunity to
come to Carnegie-Mellon we would be happy to show it to you.

This was estimated to save Westinghouse Corporation over $6
million every year. Because of the turnover of their employees,
they were making costly mistakes on the factory floor, which they
were able to eliminate by this simulation and training.

Factory simulation broadly can be significantly enhanced using
the lower cost visualization technology that is now possible.

I would like to conclude with a few comments. Much of the devel-
opment proposed in S. 1067 is not only important, but may be es-
sential for maintaining the U.S. technological lead. Indeed, it may
be too little, too late. The projected investments of a few hundred
million dollars a year may be too little if the information industry
continues in its current slump.

The industry is at present concerned with diminishing stockhold-
er value, and it has never recovered from the 1987 crash and they
are all in the cellar And it is preoccupied with takeovers. In such
an environment, strategic investments for k&D are the first to go.

Other countries, such as Germany and Japan, with focused in-
dustrial policies on strategic investments do not depend solely on
private industry initiatives for long-term R&D. Unless we are will-
ing to accept the near certainty of becoming a second-rate industri-
al power in the twenty-first century, we can no longer afford to do
that either.

One possibility is an R&D set-aside of five to ten percent of cur-
rent expenditures in all the Federal government information indus-
try expenditures. It has been estimated DOD alone spends $30 bil-
lion a year on software acquisition and maintenance. If even five
percent of that were put into R&D to see how that could be done
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better, we would have more money per year than Senate Bill 1067
is proposing for five years.

Similarly, overall it is estimated the government spends over
$100 billion in this area. But most of it foes into various acquisi-
tions, very little to technology insertion to see how the emerging
technologies can do these things better and cheaper.

One of the things we find is, again we were shocked to see, be-
cause of the procurement regulations and various other require-
ments, a lot of the technology that is being used currently in the
government is 10 to 20 years out of date. And somehow we need to
find a way of overcoming that problem, and one of the ways is in
fact taking some of that money and asking it to be spent on tech-
nology insertion.

Mr. Chairman, this calls for an aggressive industrial policy on
the part of this country, and our security, our industrial base, and
our destiny depend on such an action. As President Bush recently
said: "Destiny is not a matter of chance." It is a .natter of choice.
And I hope we will all pursue that.

Thank you.
[The statement follows:]
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Statement of Dr. Raj Reddy

University Professor and Director of the Roboda Institute
and

President of the American Association for &Vaal Intelligence

Good afternoon Mr Chairman . I thank you for the opportunity to testifybefore
your subcommittee on Senate Bill 1067 and, in particular, Tale IV of the bill on
Advanced Computer Software. Mr. Chairman, y^ur leadership and vision in this
area of vital interest to the security and economic weltbeing of the nation is
highly appreciated. As a University Professor and Director of the Robotics
Institute at Carnegie Mellon University and as the President of the American
Association for Artificial Intelligence, I have had first hand experience with many
of the concerns and goals of the Senate Bill 1087. My testimony today reflects
the views acquired over thirty years of professional experience.

A Crisis in the Making

Mr. Chairman, you know that the United States has been and continues te be
preeminent in the information industry. This industry contributes over 500 billion
dollars to the GNP and has surpassed the en y and automotive industries in rts
contribution to the GNP in recent years. It employs more than five million people.
It is es..mated that the industry paid well over twenty billion dollars in taxes and
close 10% of individual income tax dollars come from Information Industry
employees. In fact, it is an industry wftch we can ill afford to ignore and leave to
chance.

The United States is still in a leadership posaion in the information industry.
However, we may be seeing the "beginning of the end" of the U.S. supremacy
We have already lost our lead in DRAM memory chips, opt.cal disks, laser
pnnters, lap-top computers and robotics. We are beginning to lose dominance in
super computers, RISC processors, software engineenng, expert systems and
distnbuted processing

To understand the seriousness of the problem, all we aave to do is to look at the
best recent computers from NeXT ano 3un Microsystems. If you open tha box
and take a look at the contents, you will find that over 90% of all high-value
components and subsystems are made in Japan. It is only a matter of a few
years before Pacific Rim Countries will dominate the commodity cornputer
market, i e., the personal computers and the workstations which will account for
over 70% of the hardware sold by 1995. The decision to eliminate the export
license requirements for certain classes of personal computers will help to make
us more competetive, but it is only a first step.

Advanced Computer Software

It is estimated that software contribut .'0% to 80% of the $500 billion GNP
number mentioned earlier. More specifically, it is estimated that DoD spends
over 30 bilhon dollars annually on software, 80% of which is said to be for
maintenance of existing software. A recent article in Businessweek cites that
almost every high tech weapons program is significantly behind schedule and
over budget; software appears to be the major culprit.
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Research proposed in Title IV of Senate Bill 1067 will help significantly to
alleviate these problems. While hardware speeC has been increasing at over 3%
compound growth rate every month, leading to a thousand-fold improvement
over the last twenty years, software productivity has been creeping along at only

about 4% to 6% compound growth rate every year. Meanwhile demand for
software in certain sectors has been increasing at over 20% per year, leading to

a software gap. The cost of software has become the dominent cost in the use of
computers, rising from 20% to 80% of the total cost of a computer installation.

Recent initiatives at DARPA on languages and systems for Rapid Prototyping of

software are a welcome change in this area If significant additional funds are
available, a number of steps can be taken to improve the productivity and quality
of software:

Creation of a repository of nbject oriented reusable software
modules for every major application domain.

Creation of a handbook cf software engneering practice
(preferably on-fine) for all application areas.

Develop centers of excellence at all major universities for training
of graduates and retraining of existing software practitioners in
advanced software tools and techniques.

Make it a prerequisite that all federal contracts involving software
development use trained graduater, (or retrained professionals) from
accredited universities in computer science, software engineering,
knowledge engineering and other approved majors.

Create demonstration "Shadow Projects- on selected fecl' ral
contracts to vafidate the claims of higher productivity of properly
trained software engineers.

Supc irt the purchase of commercial software tools by researchers
in application areas such as chemistry, physics and matenal
science.

Opportunities and Benefits in Artificial intelligence.

Your invitation also asked for comments on research and potential benefits of
Artificial Intelligence. Arlificial Intelligence is one of the areas that is critically
dependent on all aspects of High Performance Computing Technology:
hardware, software and networking. If we are successful in High Performance
Computing, especially advanced computer software, it will become possible to
realize some of the grand challenges of Artificial Intelligence of immense benefit

2
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to society. The following is a list that highlights some of the national problems
that appear solvable through the use of Artificial Intelligence technology based on
High Performance Computing.

Accident Avoiding Car

In the United States, over 40,000 people die annually in automobile
accidents . It appears that a new generation automobile equipped
with an intelligent cruise control using sonar, laser, and vision
sensors could eliminate 80% to 90% of fatal accidents and cost less
than 10% of ths total cost of the automobile. Such a device would
require research in vision, sensor fusion, obstacle detection and
avoidance, low cost/high speed (over a billion operations per
second) digital signal processor chips, and the associated software
and algorithm design.

Solution to the problems of obstacle detsction and avoidance have
been developed, in recent years, under the sponsorship of the
Defense Advance Research Projects Agency. However, the cost of
computers for each car using the current technology would exceed
$100,000. High Performance Computing would accelerate the
availability of low cost super computers and associated advanced
software modules.

The Translating Telephone

Given our trade deficit, we badly need to become a global
competitor. In a global economy, we Americans are at a significant
disadvantage. Our ability to read or wnte a business letter in
Japanese. German or Russian is almost non-existent. Computer
assisted reading, writing, and conversation in multiple foreign
languages may be possible within the next decade. However, it
will be used only if High Performance Computing Technology
Initiative leads to low cost super computers and advanced software
for multilingual communication.

Japan recently initiated a seven year $120 million project as the
first phase toward developing a phone system in which a Japanese
businessman can converse with, say, an American thisinessman in
real time. This requires solutions to a number of currently unsolved
problems: a speech recognition system capable of recognizing a
large (possibly unlimited) vocabulary and spontaneous,
unrehearsed, continuous speech; a natural sounding speech
synthesis preserving speaker charactenstics; and a natural
language translation system capable of dealing with ambiguity,
non-grammaticality, and incomplete phrases. In the United States

3

235



we have no focussed program in this area of research.

Intelligent Learning Environments

With a successful launching of a High Performance Computing
Technology initiative, it will be possible before the end of the
century, for each person to have access to a super computer on a
desk top. What would an average person co with a super
computer on a desk? Many experts seem to agree that there is a
crisis in the quality of education at the high school and
undergraduate levels. Furthermore, it is no longer adequate to
attend =hoof and college tor twelve to twenty years and plan to
coast for the rest of life. In a rapidly changing technological world,
it will be necessary to have facilities for lifelong education. It is in
this area that a desk top super computer will provide large
dividends by making it possible to have personalized learning and
education

High Performance Computing and Advanced Software Tools can
significantly transform the processes of learning and education.
The most exciting prospect for me is the possibility of creating the
electronic equivalent of laboratories and libraries

In an electronic laboratory, a student can conduct or recreate
physics and chemistry experiments, observe the behavior, modify
the conditions (even beyond current physical limits) and gain a
deep understanding of the processes that can never be attained
from books. The technology will have a profound impact on poorly
educated enlisted personnel within DoD who are required to
handle increasingly complex hitech weapons and systems. It will
permit quality universal education for students who have no ready
access to test tubes, Bunsen burners, chemicals, and instruments
that students in a rich environment take for granted.

The other exciting possibility is the "digital library." It appears that
advances in computers and communications will make it possible
for anyone, anywhere in the world, to access and read any book,
report, magazine, or newspaper, in any language at a cost of less
than a cup of coffee

Virtual Symbolic Factories

Another major use of High Performance Computing Technology
will be in Knowledge Based Simulation in manufactuang. KBS is a
technique which can have significant impact on the process of
invention, refinement, and adaptation of products to varying
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customer needs Unlike wind tunnel simulation which uses finite
element techniques, KBS uses knowledge about the task such as
facts, rules, and constraints to create a symbolic simulation of the
activity. Thus, a symbolic "factory would contain descnptions of
the machines, capacity and throughput, layout, tools, fixtures, raw
materials and processes.

KBS techniques are being used in factory simulation tasks such as
production planning, resource planning, layout planning, dynamic
scheduling, and operator training. Use of these techniques is not
yet widespread because of the need for an interdisciplinary team of
experts required for codifying the relevant knowledge into an
expert system. As this technology spreads it can be expected to
have serious impact on productivity, quality, cost and timeliness
which may result in widening the gap and disparity between the
efficient producers such as Japan and inefficient producers It is
essential that the U.S. use such tools to become a world class
manufacturer, to compete in the global market and to eliminate the
trade deficit.

What Can We Do?

Much of the research proposed in Senate Bill 1067 is not only
important but may be essential for maintaining the U.S. technological
lead. Indeed, it may be too httle, too late! The projected investments
of 50 to 150 million dollars a year may be too little if the information
industry continues its current slump. The industry is at present
concerned with diminishing stockholder value (most computer stocks
have never recovered from post crash lows of 1987), and
preoccupied with the threat of takeovers. In such an environment
straPgic investments such as Research and Development are the
first to go. Other countnes with focused policies in strategic industries
do not depend solely on private industry initiatives for long-term R&D.
Unless we are willing to accept the near certainty of becoming a
second-rate industrial power in the twenty first century, we can no
longer afford to do so either.

In an era of constant or diminishing budgets it may appear to be
difficult to justify significant increases in Research and Development
in Information Technology. But we must not forget the following facts
Currently the Information Industry accounts for over 10% of the GNP
and an equivalent contnbution to U.S. taxes. In addition, it is
estimated that the U.S. Government spends over 100 billion dollars
on information technology related expenditures annually.
Furthermore, the cost of computing has been decreasing at an
exponential rate. It is said that if the automotive industry were to
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improve at the same rate, you could buy a Rolls Royce for under ten
dollars, which would deliver 100,000 miles per gallon, and go at a
speed of a million miles per hour. Unfortunately, much of this
performance has not found its way into federal computer use. The
problems are: complex procurement procedures in computer
acquisition cycle, lack of trained personnel, and technical complexities
associated with technology insertion into an ongoing operation.

One possibility is an "R&D Set-Asids" of 5% to 10% of current '
expenditures to explore how the latest technologies can do the same
job at a much lower cost. A five to ten billion dollars a year
investment into R&D in the areas discussed in Senate Bill 1067 may
be necessary to improve efficiency and to reduce the cost of federal
computing expenses, and to reverse the trend and regain momentum
in the vital Information Industry.

Mr. Chairman, this calls for an aggress:ye industrial policy on the part
of the government in an area of strategic interest to the country Our
security, our industrial base, and our destiny depend on such an
action. As President Bush recently said, "Destiny is not a matter of
Chance. It is a matter of Choice."

Thank you.
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Senator GORE Thank you very much.
Senator Pressler.
Senator PRESSLER. I read with great interest a page of testimo-

nyI believe it is Dr. Clark's testimony, the second page of it
about the national and education network. Nnd I am going to ask,
first of all, now the present mechanism con.lecting computers is
help me out. How many gigabits can it translate per second or
minute compared wan the proposed fiber optic network?

Dr. CLARK. The present rate, the most common interconnect
scheme used is the ETHERNET technology, and that is a ten mega-
bit per second technology. So there is a factor of 300 in the pro-
posed three gigabit network versus that. And of course, fiber optics
is capable of factors of a thousand and several thousand more than
the kind of technology that is the predominant technology that we
use in connecting all of our computer systems today, the vast ma-
jority of them I should say.

Senator GORE. Could I interject a point there, because I think the
point you are getting at is a very important one. You are talking
about ten megabit or ten million bit a second over relatively short
distances, right?

Dr. CLARK. That is also correct, yes.
Senator GORE Over the longer distances of the kind we hope to

span in this network, you are really talking about one and a half
megabits?

Dr. CLARK. Yes, that is right. It is about an order of magnitude
less over long haul.

Senator GORE. So 1.5 million bits a second versus 3 billion bits
per second.

Dr. CLARK. We are talking between a thousand and 10,000 times
speed-up.

Senator PRESSLER. Now, the visualization supercomputers that
are available today that are hooked together, how are they hooked
together?

Dr. CLARK. There again, the predominant means of connecting
them together is over the ETHERNET. There just has not been a
standard evolved.

Senator GORE. So as a result, some of the most valuable ways of
presenting information cannot be used by a researcher using a su-
percomputer in a different geographic location.

A real-time conversation between supercoinputers in visual im-
agery really cannot take place today.

Dr. CLARK. There exists no current method for that.
If I might interject also, the side benefits of focusing on this fiber

optics technology will be, I believe, that there will simply be a
much higher bandwidth connection between all computers, and
therefore a collection of computers could collaborate in solving a
very large problem.

Namely, the massively parallel problem could become, frankly
aside from software, which I do not want to diminish, but the mas-
sively parallel problem could become solved by simply having a
high bandwidth network available with that technology.

Senator GORE. If my colleague will indulge me just one more
minute, let us say for example that a researcher at Carnegie-
Mellon wanted to use a massive parallel supercomputer to look all
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over the surface of the Earth for volcanic activity. As you know,
many volcanic eruptions are never reported, but they are visible on
LANDSAT photographs, 90-plus percent of which have never even
been looked at.

Let us say that a researcher in Pittsburgh wanted to connect to
the data base in South Dakota and use the capacity of a massively
parallel advanced computer to sort through tens of thousands of
images and identify volcanic activity all over ,ne surface of the
Earth. With today's networks that would be in.possible.

But w:th a gigabit network, it would be possible, once the soft-
ware was created, for researchers in Pittsburgh or in Oak Ridge or
anywhere in the country to gain access to the data base in South
Dakota and make a tremendous use of it, thus creating jobs for the
constituents of the Senator from South Dakota.

Senator PRESSLER. We hope so, but also serving our country well.
Let me say on that point that I am preparing a letter to Vice

President Quayle, who is heading up an effort in the administra-
tion, and also I am going to make a Senate floor speech. And I
have given this question to the panel.

I tend, to believe that the space program from my point of view
should be focused on Earth study at this point, and that is the only
way I can sell it to my constituents, very frankly, and that is what
I happen to believe very strongly. But how we relate all that infor-
mation to this vast fiber optic network connecting up the super-
computers, that is a very important thing.

But also taking a look, as in your testimony, Mr. Reddy, at the
use of this in artificial intelligence. Most people just think, well, we
will look at the pictures and see what is there. But I think we have
to think a step beyond that, and you have done some good models
here on artificial intelligence in other areas.

It might be hard to think of examples, but I think examples of
that are what we could best sell the space program or the Earth
station, whether it is the LANDSAT pictures or something differ-
ent, but it is in the same categorybut that is something that we
need to really think about.

Dr. REDDY. Senator, there are a large number of com?onents that
go into making that data useful. F,i-st is to have a bacAbone net-
work.

Senator PRESSLER. First is to have what?
Dr. REDDY. To have a backbone network of the kind we are talk-

ing about.
Second is a data repository which is collecting this data and in-

dexing it and storing it away in various forms, such as the one that
I believe currently exists.

Senator PRESSLER. Good, music +o my ears, at the EROS Data
Center at Sioux Falls, South Dakota.

Dr. REDDY. Exactly.
The third, the third component, is to then be able to process that

data using techniques of image processing and image understand-
ing of the kind that have been developed under sponsorship of
DARPA and NSF over the last 20 years, with specific objectives in
m ind.

24 0



236

If they lu.dpen to be objectives of environment, objectives of pol-
lution, or objectives of urban or agricultural growth, all of that can
be done. But that requires discipline-oriented studies.

So somehow, once we say we want a problem to be solved, then
that in turn defines what research has to be done.

Senator PRESSLER. Well, that is true. Like for example, on page 2
of your testimony, I believe, or page 1, you talk about how big the
information industry is and how many people it employs. But some
people would ask, is that necessarily productive? You would have
to say, not unless somebody is doing some models on some artificial
intelligence, not unless it is being used.

A lot of people then say, well, we are becoming a service and an
information industry and country and we may collapse by it, it
may collapse by its own weight; is it productive? Well, of course it
is productive.

But I think harder than getting, gathering the information and
distributing it, is going to be to figure out how to use it profitably.
And that I suppose makes the artificial intelligence area the high
C's and D's of the opera, so to speak.

Dr. REDDY. Yes and no. I think I agree with what Jim Clark was
saying earlier. There are all these componentsnetworking, soft-
ware, high performance computing, advanced computer technol-
ogies, which include artificial intelligence techniques, and applica-
tion areasthat together form the glue.

No one of these can stand on its own. Without the high perform.
ance computing and the networking and the advanced software, we
could not do the AI systems I talked about. In particular, if any-
body tells us, attempts to tell you that the computer information
industry is mainly a service industry, they are completely wrong.

Every automotive manufacturer produces 80 pieces of paper with
every car they produce, and five percent of the design engineering
cost accounts for 70 percent of the total cost of an automobile. So if
they do stupid things, then they impact the entire 70 percent of the
cost of the car.

And it turns out information technology is so pervasive, we could
not simply label it and put it in the bucket of service industry.
Across the board, it affects every facet of what we do, in particular
manufacturing and design.

Senator PRESSLER. The one other area of curiosity about your tes-
timony, you talk about translating machines and perhaps you
could talk on a telephone on a fiber optic cable with someone in a
different language. How far off are we? As you say, we do not have
all the different languages and the different accents and so corth. It
is probably a way off.

Dr. REDDY. Yes. Again, under the sponsorship of DARPA, we
demonstrated a system at Carnegie-Mellon where any speaker can
come and speak. It is a speaker-independent, connected speech
system with about a thousand word vocabulary, going from there
to multiple languages.

The Japanese are working on a similar problem and we hope to
demonstrate a simple business dialogue in a narrow domain within
the next two, three years between ATR, which is in Japan (it is a
subsidiary of NTT) and CMTJ.
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That does not mean that problem is solved. We are probably 20,
30 years away before an arbitrary person can talk about an arbi-
trary topic. Ilowever, we do not have to wait that long.

What we are saying is there are a number of areasif you want
to write a business letter or understand a business letter written in
Japanese or German, w ? currently cannot do it. And that signifi-
cantly limits our ability to do business in a global economy, and we
are going to be significantly falling behind becar -e of it.

I believe all the technologies are coming along and useful solu-
tions can be built within the next two to five years, and they w iH
get into the marketplace in five to ten years, essentially the ...ame
kind of model that Jim Clark was talking about.

Current work in progress will make that happen anyway, but the
question is can we do it faster and be dominant in the world
market?

Senator PIZESSLER. WPil, I appreciate your comments on the arti-
ficial intelligence area as it relates to some of the matters I have
raised, and I look forward to anything additional you can submit.

I apologize to the chairman and I thank him for letting me go
first here. I have to run to a meeting regarding funding one of our
Indin tribes who are having some problems, and they want this
Senator to get them some money.

Senator GORE. Thank you very much, Senator Pressler, and
thank you for co-sponscring the bill. This is a partnership project
here.

Dr. Clark and Dr. Poduska, your companies both build computer
hardware that is speciaIly designed for visualization. How are your
graphics supercomputers different from regular supert. uters?

Dr. PODUSKA. Well, to start with they are designed 11 n t i on a I ly
to be a balance, an economic balance of computation, both scaiar
and floating point, graphics capability, and I/O capability. The in-
tention of tle design, that is the design point itself, is to put some-
thing that is economically feasible in the office with a scientist or
an engineer, that makes a reasonable amount of noise and burns a
reasonable amount a power, but provides them with computation-
al capability for generating the models that they look atthe iso-
surface planes that I was talking about, pseudocoloring, and that
kind of stuff, and then the graphical capability to actually look at
thai, to cause it to be rendered as a visible, viewable kind of image.

Now, the technology marches on at an uneven clip between these
two different things, and so the task of finding an economic bal-
ance between these things, these different elements of the thing, of
the graphic supercomputer, is an ongoing task and one that is sub-
ject to debate.

You would find differences in the machines that are available
from Silicon Graphics and Ardent and Stellar and around. But I
think the basic notion behind them is the same: balance what you
see, the graphics and computation, specifically with the thought in
mind of making the scientist or engineer able to see the results of
the computation.

Senator GORE. Let me come back to that But I want to hear your
response, Dr. Clark.

Dr. CIARK. I could just amplify on that, the concept that basical-
ly at Silicon Graphics we recognized up front the need to have visu-
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alization balanced with computing. And so it is a balanced system.
The objective is to treat visualization as just as important as the
computation itself, because it is only through that means that you
can comprehend the computations.

The other difference is the notion of putting together enough mi-
croprocessors in a single device to start to achieve supercomputing
speeds at an economic price.

Senator GORE. Let us look at the rate of progress in different
parts of this enterprise. Dr. Winkler, you talked about the relation-
ship between the capacity of the eye-brain system to absorb infor-
mation and the capacity of the computer to generate it and present
it.

According to your testimony, our computation and presentation
capabilities have already gotten past that threshold.

Dr. WINKLER. Yes.
Senator GORE. Okay. Now, if you look at processing capacity, vis-

ualization software, communications and networkinti, and data
storage, how would you rate those five in terms of progress made?
Processing has gone the farthest down the road, correct?

Dr. WINKLER. Yes.
Senator GORE. What is next among these four items?
Dr. WINKLER. I would say, what is not allowing a balanced envi-

ronment for the type of work I have showed you 1-.-te is storage,
data storage.

Senator GORE. Data storage.
Dr. WINKLER. Data storage is the main one, and communications.

The network you are proposing in this bill would make all the dif-
ference, as far as I can tell, on a short time scale. But it is storage
and communications in my mind.

Senator GORE. Storage and communication.
Dr. WINKLER. The network itself.
Senator GORE. All right. The network proposed in the bill would

improve communication between computers, but your data storage
problem would still be there?

Dr. WINKLER. That is correct, and it is there for many other rea-
sons. Certain types computations simply don't get done although
we have the algorithm, and even the visualization, but we just
cannot store the intermediate results.

Senator GORE. Anybody else want to respond to the same ques-
tion?

Dr. CLARK. I just might add that we lead the Japanese in
networking and we lead the Japanese, or at least we still have a
toehold, in the mass storage market. There are domestic suppliers
of mass storage devices and, by contrast, there are no domestic sup-
pliers, of any significance at least, in the memory, the dynamic
memory area.

The vast majority of the components we buy from the Japanese,
but in the area of storage and networking we are ahead of the Jap-
anese.

Dr. REDDY. Even there we are beginning to lose. For example, the
most recent optical disk in the NeXT computer is made by Canon.
And we are neck and neck in the storage area and they are begin-
ning to take the lead, and we are losing our supremacy in one after
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the other after the other, and there does not seem to be an end to
it.

Dr. NAGEL It seems like every part of the industry in which
process is important is an area in which slow domination is inevita-
ble or has been inevitable in the past. Areas in which concepts are
paramount are ones in which we stillas you say, you have a toe-
hold or in some cases a lead.

Anything where process, improvements in process technology can
lead to domination, that has happened.

Senator GORE. If we pass this bill, which has not happened yet,
would a useful next step be to look at a priority effort in data stor-
age?

Dr. NAGEL. I would actually like to follow up on the comment
that Jim Clark made earlier, and that is somehow to encourage the
expansion of this national network idea, so that individuals in
their homes can take advantage of it as well.

Senator GORE. Right. Well, that is part.
Dr. NAGEL. And I understand that is a different problem and it is

part of different legislation. But I think it is one that the Federal
government could somehow encourage the kinds of investments in
the infrastructure in the telecommunications industry, for exam-
ple, that would greatly stimulate hat, even though there are local
regulatory problems that obviously have to be overcome.

But I think we also think that is a real important area to begin
in.

Senator GORE. I agree with that. I have every intention of doing
exactly that and trying to see that the Senate and the country does
that. I will certainly be involved in that effort.

But let me just ask for a minute about data storage. Let us just
say as a thought experiment that you wanted to digitize the entire
Library of Congress and you were able to digitize text in a mecha-
nized way that did not require constant human input.

How would you store it?
Dr. WINKLER. I think the differencethe point to make there is

that you have text and you have visual information. And as you
pointed out. in the introduction to this session, a picture is worth a
thousand or a million words, depending how you count it.

So whenever you include images in the storage system, your stor-
age requirement goes up dramatirally.

Senator GORE. But you can store an awful lot of still pictures on
most storage media.

Dr. WINKLER. Yes. What I am concerned about is also animation.
Senator GORE. Yes, if you have v lot of animation then you are

going to eat it up very, very quickly.
Dr. WINKLER. I think with current storage technology, certainly

off-line, we can have an archival system. If you want to have really
access to the data, then the question becomes one of how fast you
can access them on top of whether you can store them. So it is
really a combination of speed and capacity we need.

I do not think that we are really equipped to access all the infor-
mation which our society has collected.

Dr. POWS/CA I think, sir, that I am perhaps a little more opti-
mistic about these things than perhaps some of my colleagues. I
think that if you look back over the last 30 years, you find that the
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cost-performance numbers of storage have increased even faster
than the cost-performance numbers of silicon.

That was a revelation to me when I found it out, and that is true
even of an old technology of magnetics, as has been our storage
mechanism up until quite recently.

I think that when we get to the issues of storing images around,
especially static images as your question suggested from the Li-
brary of Congress, there are lots of compression techniques, they
are getting better and better all the time. I would be reasonably
optimistic about the ability to put that in some sort of, for want of
a better word, some sort cf compact disk kind of storage mecha-
nism.

I do not mean that precisely, but I mean some sort of laser-writ-
ten, read.many, written once, the WORM mechanisms a,s they are
called around.

I think for the storage of data that comes in off of high-speed
links, say satellite data, and need to be recorded, analyzed, perhaps
corrected on the fly, that is a horse of a different color. That is an
issue of being able to get fast access as well as rapid data transfer
of information, and also an ability to read/write it probably, at
least in the collection phase. And that is a much more difficult
kind of problem.

Reflecting back to a question you asked a little bit earlier about
the relative importance of the different components of things, in
one sense it is kind of hard to separate those. I mean, it is kind of
like which is more important, the heart or the lung. I mean, you
need them all.

Senator GORE. Right.
Dr. PODUSKA. On the other hand, if you look where progress has

been made, I think that here again I may be a little more optimis-
tic than some of my colleagues. I view the United States relative to
some of our Asian and European colleagues as being in a pretty
good position on a number of thingsprocessors, the graphics,
technologies in general, software, especially individualized soft-
ware, communications mechanisms, and at least until quite recent-
ly storage mechanisms.

I would not think of losing one inning as having lost the game,
either, in that particular game.

Senator GORE. Dr. Clark?
Dr. CLARK. I would just re-amplify what Bill said in response spe-

cifically to your question, how would you store the Library of Con-
gress. My instincts are that it would be some sort of laser disk
technology. There, as Raj Reddy points out, unfortunately that is a
derivative of compact disk audio technology, which has been pio-
neered by the Japanese and the Dutch.

But I believe that would be the way that it would be stored, and
it would not take that many CD's to store it.

Senator GORE. All right. Unfortunately, we have a vote on the
floor. That is what that last signal meant. It has been a long day.

The subcommittee has learned a great deal, from your presenta-
tions here today. I really appreciate all of you taking the time to be
here for a long afternoon, but a very interesting and fascinating
afternoon.

l'i 4 5i....
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I want to thank Dr. Schwartz &Id Dr. Wulf again also. And to
every member of this panel, thank you for helping us in this effort.

We are going to continue the work of trying to better understand
the challenges we face here and hopefully pass S. 1067. And thank
you very much again.

This hearing is adjourned.
[Whereupon at 4:58 p.m., the subcommittee was adjourned.]
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OPENING STATEMENT BY SENATOR GORE

Senator GORE. The hearing will come to order.
I would like to begin by thanking everyone for their attendance

here today. I appreciate it; the subcommittee appreciates it. We are
looking forward to the exchange of information and dialogue that
will take place here today as we examine the latest developments
in the computer revolution that is fundamentally changing the way
we deal with information.

I have a lengthy opening statement, but I do want to say just a
few words before we get to our first panel of witnesses.

I am excited about the prospect of passing legislation this Con-
gress to move the United States rapidly forward into the inforrna-
tion age. We need to build a national network of information su-
perhighways. We need the capacity to transfer massive volumes of
data rapidly between different parts of the United States.

Just as the interstate highway system improved our ability to
compete around the world, so a system of interstee highways for
information will enable the United States to compete more effec-
tively in the communications and computer fields as well in every
other field.

Whatever line of scientific research or corporate research is
being pursued, the ability to communicate the products of that on-
going research with others in the same field around this country
will produce a kind of synergy or mutually reinforcing advantage
as people can work together more efficiently.

Right now, though, we have a kind of chicken and egg problem,
in that the network we need does not do this because we do not yet
have wide use of the machines that need advanced networks. Yet,
one of the principal reasons we do not have wider use of those ma-
chines is that we have no means of linking them together.

Eventually, the marketplace will enable this network to be fi-
nanced by the private sector, but we need to get it over the hump,
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so to speak. We need to get it past the initial resistance, the inertia
that is out there, and put it in place. Virtually everyone who has
studied this idea believes that it is an exciting one that ought to be
recognized as one of the Nation's top priorities.

In that regard I was delighted last week when Dr. Alan Bromley,
the President's new science adviser, released the Federal High Per-
formance Computing Program, a five-year plan developed by the
Office of Science and Technology Policy. The plan is, of course,
very similar to S. 1067, which we are going to be looking at in more
detail here today, and calls for $1.92 billion over the next five years
for advanced computing.

It is true, of course, that the R esident and OMB have not yet
agreed to request funding for the program, but their statement of
support fcr the idea is an important milestone. The science agen-
cies are pushing hard to get funds for the program included in
their fiscal year 1991 budget request.

I have had private conversations with physicists, astronomers,
chemists, climatologists and others in a xariety of different scientif-
ic fields, all of whom say this is what we most need.

Taking climatology as one example, we have been working on
the problems of global climate change ir. the Congress. The differ-
ent teams of researchers attempting to provide us better answers
to the questions being asked by the American people now have to
physically download their computer r,odels on to magnetic tapes,
take them on airplanes, travel some distance to visit with another
team, and then upload the models.

When they finish collaborating, then they have to go all the way
back to their own 'aboratories. They ought to be able to communi-
cate on a minute-by-minute basis and mutually reinforce the fine
research being done in a variety of different areas on global cli-
mate change. That is only one of many, many examples.

Japan recently announced a very ambitious plan to build a com-
puter network that will link various manufacturing centers in
Japan. The supercomputer manufacturers here in the United
States say they engender more enthusiasra for their products
among foreign manufacturers than among our own domestic manu-
facturers. That has implications for America's ability to be com-
petitive because when the full potential of these new advanced
computers begins to be realized they will make all parts of the
manufacturing process far more efficient and effective.

In the field of education which we are going to be talking about a
lot here today, there is also a tremendous opportunity. I have a
vision of a schoolchild in Tennessee going home after school in the
evening and settling down after dinner before a little machine that
will look not much different from a Nintendo television game ma-
chine today. The child would have at his or her fingertips the infor-
mation contained in the Library of Congress with the capacity to
browse through that :nformation at his or her own pace, directed
by his or her own mriosity, asking questions and receiving an-
swers, and maintaining a very high level of attention and intellec-
tual curiosity. The relationship between the student and the infor-
mation will be fundamentally different than that which exists
when that student is trying to prop his or her eyelids up at night,
slogging through a relatively dull textual presentation and at-
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tempting to glean the important bits of information, waiting for
some new paragraph to once aga il. reawaken the curiosity that
might have been present at the beginning of the exercise but was
deadened and dulled by the sheer tedium of plowing through the
information as it is now so frequently presented to students.

I have had an opportunity to take part in demonstrations of the
new technology for interactive computer presentations. It is really
very exciting. Once you explore a subject using that techm logy,
you immediately want to see that students all over this country
have access to it and are able to use it.

Here again, the single best way to make that opportunity avail-
able to schoolchildren throughout this country will be computer
networks capable of transmitting vast quantities of data. Where is
the data going to come from?

Another part of the legislation that we will be talking about here
today deals with something called digital libraries. Books can be
stored digitally on magnetic tape, compact disks and computers
and, using a computer, library patrons can access information erorn
the books in the library's collection. Hundreds of thousands of
books can be on-line, available at the touch of a button.

The technology already exists. Indeed, today you can buy a single
compact disk containing the entire Bible, an unabridged dictionary,
the complete works of Shakespeare and a half a dozen other refer-
ence books. Not only is it extremely compact and portable, but you
can use a computer to search the disk very quickly and find a par-
ticular phrase or concept or reference much more rapidly than you
could by hand.

Later in this hearing we will hear about commercial products of-
fering hundreds of magazines on a single compact disk. Of course, a
digital library would not really have walls in the traditional sense,
because with computer networks people around this country could
gain access to the digital information on-line at the touch of a
button.

We are already seeing the beginning of a system of national digi-
tal libraries. A little bit later in the hearing we will hear from Dr.
Jim Billington, the Librarian of Congress. The Library of Congress
already maintains a national computerized card catalog which
thousands of libraries nationwide access over computer networks.

In the same way, the Library of Medicine distributes medical in-
formation from its databases to doctors around the country using
its Medline system.

The U.S. Geological Survey is developing the technology needed
for a national digital map library. One of cur witnesses today will
provide a demonstration of this technology.

Let us be clear about one thing. Not only will this means of stor-
ing and distributing information make it easier and faster to gain
access to it, but it will also make it practical for the first time for
human beings to deal with the vast mountains of information that
is now stored and yet never looked at.

I had a brief conversation with Mr. Billington last night. We
,v.re discussing this. And I have talked with my colleague, the
Ranking Republican Member, Senator Pressler, about it.

Just as one example, consider the Landsat photographic images
of the earth. Ninety-five percent of those pictures have never been
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seen by human eyes. The pictures have been taken; they have been
stored; they exist; but they have never fired a single neuron in a
single human brain.

it exists not as information, but as a kind of "exformation" out-
side the awareness of human beings, outside of our ability to deal
with it. But, with this technology, we would not have to slog
through every one of those pictures to find what we want. With
computer processing we could instantly pick out the features that
are of interest.

We could, with the help of expert systems, immediately catalog
or quickly catalog geological features that were similar to one an-
other all over the world, and vastly increase the understanding
that geologists and geographers are now giving us of how the
Earth's system works.

It has only been a couple of decades since scientists became con-
vinced of continental drift, for example. What other discoveries of
mcmumental importance are out there waiting to be made?

Well, they are there in the information.
To use another example, the ozone hole was discovered in the

stratospheric ozone layer above Antarctica due to an almost seren-
dipitous discovery by a British scientist which provoked American
scientists to go back through satellite data that had already been
collected. And, lo and behold, the data had been there for years.
There was just such a large volume of it that nobody knew exactly
what patterns to search for and exactly how to deal with the infor-
mation, how to go through the information and learn from the in-
formation.

Well, rather than just storing information and never looking at
it, we now will have the ability to deal with the vast quantities
that are doing us no good at all, because we are not looking at
them.

The research community is already working on solutions for all
of the remaining technical problems that are involved here. I think
S. 1067 provides the correct blueprint for moving forward rapidly to
realize this tremendous opportunity.

Yogi Berra once said what we have here is an unsurmountable
opportunity. I do not think this opportunity falls in that category.
The Federal Government spent $63 billion last year on research
and development. A tremendous quantity of the information pro-
duced by that $63 billion was data that was stored but never really
examined.

By spending a tiny amount to give us the ability to look at the
information, understand the information, and share it among dif-
ferent scientific and corporate groups around this country, we will
get a much larger return on the investment in research and devel-
opment, not only in the government expenditures, but in the pri-
vate sector, as well.

As I said, I will put the rest of my statement in the record.
[The statement follows:]



247

OPINING STAMEW EN SENATOR CORE

Today the Science Subcommittee will examine the latest

developments in the Computer Revolution that is fundamentally

changing the way we deal with information.

For thousands of years, information has been stored in

one of two ways -- on paper or in people's heads.

But now we have a third ways, computers Lhat can mimic

the human brain. They can store billions of bits of

information, sort through it all in seconds, and display it

either as words on a screen or as stunning computer graphics.

A fundamental change is taking place. In our day-to-day

life, we no long rely on ink on paper to record information.

Instead, we count on computer systems which record

information digitally on magnetic tapes, on compact disks, or

on computer memory chipc. When you go through a supermarket

check-out ,. or use an automatic teller machine, you rely

on computer records, not paper records.

The volume of data handled by many computer systems

would be impossible to print out on pap,r. The stunning

pictures from the Voyager mission to Neptune represent over a

trillion bits of data. The Internal Revenue Service has over

ten trillion bits of information on American taxpayers. For

comparison, the entire Encyclopedia Britannica contains only

about ten million bits of information, a million tiffies less.

2 51
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It is easy to see why we cannot only rely on the printed page

anymore. Without advanced computers and computer networks,

we could not possibly store and process all that data.

The rapid advances in the field of :-.elecommunications

are partly responsible for this trend away from paper. Today

we rely less and less on the mail to carry printed

information from point A to point B. The information can now

be detached from the paper it is printed on. We put a

printed page in a fax machine; the information is scanned and

sent across the country, leaving the paper behind.

In many offices, paper often never enters the picture.

Documents are composed on a computer, distributed

electronically, and filed away in computer memory and on

magnetic tape. A document may get printed out, but more and

more we keep the document on the computer and throw away the

paper.

Accelerating this change has been the rapid evolution of

computer networks. Today's networks can transmit 50 pages of

text from coast to coast in a second. You can't do that with

paper. The National Science Foundation runs NSFNET which

soon will be able to transmit 45 megabits of data a second.

That's fifty typewritten pages in a second. The legislation

we will be discussing today would create a National Research

and Education Network that would be more thal. sixty times

faster than that. This national network will be able to

transmit 3 billion bits of data every second by 1996.

Such speeds are necessary because of another fundamental

change in the way we handle information. Just as computers
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are replacing paper, images are replacing words. More and

more, we rely on images to convey information.

In July, the Science Subcommittee held a hearing on

visualization -- new technology which uses computer graphics

to sort out the billions of bits of data being produced by

supercomputers. We heard how scientists are using

supercomputer models and computer graphics to study

thunderstorms, design better airplanes, and find oil.

We all know that a picture is worth a thousand words,

and that is definitely true in computing. In general, images

require a thousand times as much data as text. And that's

;thy we need the capacity offered by a 3 gigabit network.

This shift from paper to computers, and from words to

pictures, will profoundly change many of our institutions.

Our concept of a library will have to change with the

technology. Our society has traditionally used libracies to

store our information - on paper, and in some cases, on

microfilm.

But computer technology offers a new approach, something

called the "Digital Library." Books would be stored

digitally on magnetic tape, compact disks, or on computers.

Using a computer, library patrons could access information

from the pooks in the library's collection. Thousands of

books could be on-line, available at the touch of a button.

The technology already exists to do this. Today you can buy

a single compact disk containing the entire Bible, an

unabridged dictionary, the complete works of Shakespeare, and

a half a dozen other reference books. Not only is it

253



250

extremely compact and portable, but you can use a computer to

search the disk and find a particular phrase far faster than

you could by hand. Later in this hearing, vaa will hear about

commercial products offering hundreds of magazines on a

single compact disk.

Of course, a digital library would not really have

walls. With computer networks, people around the country

could access the digital information on-line. In the future,

a child in rural Tennessee could use his or her personal

computer to get access to much of the Library of Congress. A

single digital library could serve the entire nation.

We are already seeing the start of a system of national

digital libraries. The Library of Congress maintains a

national computerized card catalog which thousands of

libraries nationwide access over computer networks. The

Library of Medicine distributes medical information from its

databases to doctors around the country using its MEDLINE

sysi-m. The U.S. Geological Survey is developing the

technology needed for a national digital map library. One of

our witnesses today will provide a demonstration of this

technology.

Last May, I introduced S. 1067, the National

High-Performance Computer Technology Act of 1989 to promote

the development of such national digital libraries. That

legislation calls for the development of a 3-gigabit National

Research and Education Network. Connected to that network

will be digital libraries of scientific information. Climate
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data, Landsat images, economic data, and journal articles

would all be available over the network.

Scientists and engineers throughout the country are

developing many of these databases. As happens so often in

computing, the newest, most advanced computer applications

are put to use first in the research community. The

supercomputer graphics that scientists are using today give

us a taste of what TV will be like in ten years. Likewise,

the computer networks and scientific digital libraries being

built now will lead the way to development of other networks

and digital libraries in other fields -- in medicne, in law,

in elementary and secondary education.

Of course, developing these digital libraries will not

be easy. The switch from paper to computers is a drastic

one. This hearing will allow us to explore some of the

consequences of such a change and some of the problems we

will have to face.

We will need to develop reliable, easy-to-use technology

that allows users to browse the mountains of data 1:. digital

libraries, and to pull out what they want, using computer

networks.

We have to find ways to ensure that information stored

electronically is as secure and as durable as the printed

page. We have to develop standards so that data stored on

one computer system can be combined with data from a

different system.

We need to find ways to protect the integrity of data in

digital libraries. A data set is worthlesv Lf you can't be
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sure that it has not been altered. Authors won't want their

work stored electronically if they cannot be sure it won't be

plagiarized or altered without their permission.

If books and journals are going to be stored

electronically, there needs to be a way for an author to

protect his or her copyright and collect royalties. We will

hear later abuut innovItive ways that are being developed to

do that.

The research commanify and the commercial sector are

working on these problems and others. S. 1067 will pi,...,ide

additional funding for these efforts by authorizing

$1.2 billion uollars over the next five years for advanced

computer software and hardware. Much of that money will go

for better technology for handling electronic data.

Getting that funding will not be easy, due to the budget

deficits we fc.ce. But frankly, we cannot afford not to fund

this effort. The federal government spent $63 billion

dollars last year on research and development. Investing in

digital libraries and a national network wuuld pay for itself

by increasing the payoff from our Federal R&D investment.

I was delighted last week, when Dr. Allan Bromley, the

President's Science Advisor, released the "Federal High

Performance Computing Program," a five-year plan developed by

the Office of Science and Technology Policy. The plan is

very similar to S. 1067, calling for $1.92 billion in new

funding over the next five years for advanced computing.

Unfortunately, the President and OMB have not yet agreed to

fund the program. But the science agencies are pushing hard
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to get funds for the program includod in their fiscal year

1991 budget requests.

In the meantime, we are moving ahead here in the

Congress with this legislation. Advanced computing and

networks will help keep America competitive. They will help

us face the challenge of global change. They will play a key

role in improving our educational system. We must move

ahead. The potential of this technology is too great not to.

25 7
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Senator GORE. And let me make a note about our first witness,
who was going to be here. Senator Bob Kerrey was going to be our
lead-off witness. He is a co-sponsor of S. 1067 and has taken a spe-
cial interest in this subject. Unfortunately, however, this is appro-
priations week here in the Senate as we rush to meet the fiscal
year deadline, and Senator Kerrey is a member of the Appropria-
tions Committee, where some critical meetings are taking place
this morning.

He has, however, submitted testimony for the record, and it will
be included in full.

I am delighted now to invite our first panel to come to the wit-
ness table. Our first witness is going to be Joe Wyatt, Chancellor of
Vanderbilt University in Nashville, and a computer scientist him-
self. He is someone who is uniquely qualified to discuss the impact
of this new technology on our universities, end a good friend, as
well.

Dr. James H. Billington is the Librarian of Congress, and he is
accompanied by Henrietta Avram, who is one of the leading ex-
perts in the country on these subjects. The Library of Congress is
already helping libraries put computer networks and databases to
better use.

Dr. Robert Kahn is the President of the Corporation for National
Research Initiatives, and a personal friend, who, back in the 1960s,
helped develop ARPANET, the first national computer network.

I might say that the subcommittee is just delighted to have all
four of you here this morning to help us get off to a good start.

What we will do is put all of your full statements in the record
and invite you to summarize the principal points for us. Then we
will withhold questions until after the full panel has concluded,
and then we will move forward.

Joe Wyatt, thank you for coming and thanks for being my part-
ner in helping to think through these ideas for several years now. I
certainly do appreciate your presence here.

STATEMENT OF JOE WYATT. CHANCELLOR. V.'.NDERBILT
UNIVERSITY

Mr. Wv Arr. Thank you, Senator Gore. It is a real privilege to be
able to speak on a subject that I think is very important. And I
thank you for your continuing interest and expertise in this sub-
ject.

More than 30 years ago, as a young eerosystems engineer, I
began to participate in the design and development of local area
networks as well as national digital communication systems, for
use in the aerospace industry.

And later, I participated in similar activities, designing systems
for university environment and have participated in most, I think,
of the national efforts directed at computer networking.

The reason I mention this is that these experiences have demon-
strated clearly to me the power and the effeiency of network
access to computer systems and collections of data.

In 1983 I was one of 13 scientists who met at the invitation of the
Nations', Science Foundation to develop a plan for making super-
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computer power available to research scientists across the nation.
Dr. Kahn was one of our advisors.

The five supercomputer centers, which have resulted, required a
special and aigs.siaant appropriation by the Congress, with match-
ing funds from business and state government. They were devel-
oped competitively under the peer review system. And, of course,
you, Senator Gore, were absolutely critical in the passage of that
legislation that provided funding for those supercomputer centers.

And I am pleased to say that these centers now play a critical
role in the research and education activity in the United States, as
well as the transfer of technological developments to American in-
dustry.

The supercomputer centers and modest network improvements
associated with those centers were clearly a wise and important in-
vestment for this country. Now we have come to the next phase:
the expanded availability of supercomputer power to research, edu-
cation and industry in America, and the development of a national
interstate network operating initially at gigabit levels, but with the
potential for terabit speeds.

The implications of this advancement for American research pro-
ductivity and educational effectiveness are profound, in my view,
and far-reaching. It is my belief that without this development,
first, none of America's other major research investments will ben-
efit the country as much or as quickly.

Two, the education system in America will lose its most valuable
single hope for revolutionary improvement in quality and equity

And finally, the information infrastructure which supports both
research and education in America will become hopelessly overbur-
dened and ineffective for both purposes.

It is also my belief that without the kind of support proposed in
this legislation, these developments cannot occur on a timely basis
and may not occur at all.

You have suggested that I focus on some examples from Vander-
bilt, and I am pleased to do so with only a few, in the interest of
time.

First, let me say a word about libraries, the central focus in the
information activity of any university. A library includes the com-
plete collection of information used in both research and education.
This environment is changing rapidly, as you have pointed out. But
the core technologies for the library remain the book, the shelf and
the catalog.

The most consequential attribute of research in teaching librar-
ies is the rate of flow of new books and information entering the
collection. And the value of most academic libraries for both re-
search and teaching depends critically on the flow of new materials
and the currency of these materials.

The library that is quick to acquire, catalog and shelve its new
items is substantially more valuable to its users than a library that
is slow to perform these functions.

At Vanderbilt and at most other universities that I know about,
recent investments have been dominated by increased budgets for
collections, cataloguing and building space; multi-million dollar in-
vestments have been made at Vanderbilt alone. But in a recent
study by Vanderbilt's librarian and presented in an international
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conference in Paris, it is forecasted that the world will produce be-
tween 900,000 and 1.1 million new titles per year by the year 2000,
if not before.

No single library, certainly not Vanderbilt's, can afford to collect
and make available to its users even a majority of these titles,
much less all of them.

For me re than two decades, national library networks, as you
mentioned earlier, have provided a means for searching electroni-
cally the catalogues f multiple university libraries. Most of the
major research libraries in this country and many around the
world are connected to these networks. They are at the Ohio Col-
lege Library Consortium, the Research Libraries Group, Medline,
and other specialized collections. But even all of these facilities
combined cannot keep pace with the publication rate in print ap-
proaching 1 million titles per year.

Therefore, the future library must be invested heavily in the
prospect for electronic information services. With electronic serv-
ices, the library is no longer limited solely by the book. Electronic
services also provide a vehicle for coping with the growth in print
by providing on-line access to collections worldwide of bibliogra-
phies.

And finally, in 3ome disciplines, scholars, even now, develop
originals using word processing equipment implemented through
computers and communicate these documents worldwide through
electronic means.

In the new world of electronic publications, I believe that individ-
ual scholars will develop private libraries of their own in electronic
form for their research and teaching. Computer-based tools for
managing these personal data collections already allow scholars to
gather and manage larger files of documents than they can i-
bly hold as personal print libraries, and we see the software evel-
oping rapidly, along with the hardware, for facilitating this.

In addition, scholars can and will regularly access directly, over
national and international networks, the catalogs and files of hun-
dreds of other libraries. Clearly, there can be no robust library of
the future for any univieorly without the availability of a national
network of the sort pro in this legislation.

The second example relates to research. From the beginning, the
most important scientific applications of digital computers have
been simulations in the form of mathematical models of complex
physical phenomena that are difficult, if not impossible, to create
otherwise.

Larger and faster computers have allowed us to do more detailed
simulations over longer periods of simulated time. These advances
in computer capacity and speed have enabled the creation of more
useful experiments in virtually every field of research and science
and engineering. You have mentioned some earlier; molecular
studies of matter for the synthesis of new materials and pharma-
ceuticals, meteorological models for weather systems for under-
standing storms and longer-range climatic changes, geological
models to explore subsurface formations for oil and gasthe list is
really endless, because it continues to grow.

In the report which proposed to the Congress the funding of the
five national supercomputer centers in 1983, we reached several
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conclusions, two that I think are especially pertinent to today's di:.
cussion.

First, we concluded that America's future preeminence in basic
research would depend on the development and use of high per-
formance computer systems.

Second, we also concluded that the effective use of such systems
would depend in large part on the development of a very high-
speed national computer network which would provide research
scientists convenient and continual access to the high performance
of supercomputers on the network and to collections of data avail-
able there.

As the national supercomputer plan developed, Vanderbilt was
presented with the decision of whether to develop a proposal to be
one of the five supercomputer centers, or to develop a strategy in
which we would develop other computer resources on campus and
become a remote user of the supercomputer centers by means of
network access. That was true of many, many universities, and for
a variety of reasons, particularly the capital investment require-
ments, we chose the latter course.

In this strategy, we are developing a high-speed local area net-
wcrk connected to all Vanderbilt buildings, including dormitories.
In addition, specialized computer resources proposed and developed
on a case-by-case basis at Vanderbilt continue to be installed in the
various schools, departments and laboratories of the university.

Finally, we are developing specialized research laboratories
which connect to the network in such a way that campus users and
users from around the country can both access information pro-
duced in these labs and can contribute experimental data them-
selves.

One such example is the National Free Electron Laser Laborato-
ry now being completed at Vanderbilt. We are one of the very few
American universities which will house a free electron laser, a
pice of equipment with potential use in research ranging from
laser surgery to physics of surfaces, all leading to a better under-
standing of the effect on matter of the beam.

When it becomes operable later this year, the free elect:on laser
Nil! generate a large collection of data which will accumulate from
the experiments. The evaluation of most of these data will require
the use of computer systemsin some cases, supercomputer sys-
temsand both the raw data and summarized results will be
stored in computer data bases.

These results will be available to other researchers around the
Nation by means of connection to the local area network, which in
turn is connected to national networks, and the effective use of this
data will depend in large part on the capacity of the national net-
work being in the gigabit range.

Researchers who come to the facility and conduct experiments
can then go back to home base and continue their work with th ,

free electron laser experimental data by means of the network.
There are literally hundreds of other examples that I could give,

and I will not do so in the interests of time, b1:4. virtually every one
of these research activities will benefit directly from higher net-
work speeds and direct access to high performance computer sys-
tems.
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Now to education. There are immediate and important advan-
tages to a national network for improving the instruction and edu-
cational opportunities for teachers and students, regardless of theirlevel of study.

At Vander')ilt, at the college level, this month we opened one ofthe most advanced multimedia classroom facilities in the Nation.Each student desk has an advanced computer work station, the
computers are connected together to access information at a high
rate of speed from either data stored in a large disk storage avail-
able in the classroom or across the campus network.

The instructor can control all of the computers and send and re-trieve information from an individual student's computer or to allstudents' computers. In addition, the instructor controls a six footby eight foot projection screen, various access to video cassette re-corders, disk players, cameras and other devices that interface with
the local area network and national network.

A host of classesmore than a dozenfrom calculus to psycholo-
gy are now being taught in this classroom this semester.

Our engineering school is taking this electronic classroom onestep further, to a distributed classroom. In this model the master
classroom, similar to the one I just described, would 1.;e connectedto remote classrooms over a broad geographic area so that especial-
ly effective teachers can reach more students, regardless of theirlocation.

The system allows the instructor to retrieve what is called awindow of information from any individual work station anywhere,
and to send information there, including a television image of theinstructor in a small window on the screen.

A prototype distributed classroom, the first one, will connect
classrooms at Vanderbilt with classrooms at NASA's Marshall
Space Flight Center in Huntsville, Alabama, and will be capable of
courses at the graduate and the undergraduate level.

We know that these are important improvements for Vanderbilt
education, but we also know that the most far-reaching prospect
for this classroom is to extend the distributed concept into the highschools, where particular course deficienciestake calculus, for in-stancecan be treated early.

Only a network like the one proposed here will suffice for this
purpose and the stakes grow higher as we contemplate a shortage
of mathematics-trained high school teachers which promises to be
even worse in the future than it is today.

I think the network can also contribute to the solution of prob-
lems in education long before high school. Just to give you one ex-ample, Vanderbilt researchers have developed adventure stories oninteractive video disks that are designed to change the way K
through 12 students approach mathematical problem-solving.

Instead of traditional word problems, students are challenged to
first formulate problems and then solve them with clues spread
throughout the adventure. In the first episode, students must deter-
mine whether a fictional character, Jasper, can get his boat homebefore sunset without running out of fuel. The second episode,
using an ultra light aircraft to rescue a wounded bald eagle, the
problem is to figure out the quickest way to get the wounded eagle
to the vet.

262



259

The interactive nature of this technology allows students to
search for information they may have missed, and the accompany-
ing database allows teachers to deal with ancillary subjects, such
as the history of river travel, or the geographic location of major
rivers in the world. But the idea is that the students have to for-
mulate the problem from clues in the material, and then gather
parametric data from the material to solve the problem.

The first video disk has generated an enormous amount of excite-
ment in about 100 classroom settings of fifth and sixth graders.
With a supercomputer network, this instruction could be available
to even the most disadvantaged school district. Moreover, teachers
would be able to share, via the network, the technology and new
data so that other teachers benefit, and future adventures can in-
clude suggestions from that hands-on use by all teachers.

All of the examples demonstrate that the National High Per-
formance Computer Technology Act of 1989 is a keystone for the
future structure of America's educational system and its multifa-
ceted research enterprise, and I believe it is crucial to the develop-
ment of more effective linkages between American business and
education. We cannot remain competitive as a Nation without im-
proving these linkages, and soon.

The President's science adviser's new report and recommenda-
tions are consistent, in my view, in every important respect, with
Senator Gore's National High Performance Computer Technology
Act of 1989.

Without the kind of Federal Government support proposed in
this legislation, the critral developments necessary for this coun-
try to maintain world leidership cannot occur in time. I urge pas-
sage of S. 1067.

Thank you.
Senator GORE. That was a terrific statement. You will not be sur-

prised to hear my assessment of it. I appreciate that very much.
I was listening to you talk about making especially effective

teachers available to other classrooms through this networkfor
teaching calculus was your example. Anybody who has seen the
movie, "Stand and Deliver," can just savor the prospect of a Jaime
Escalante being able to inspire and energize many, many thou-
sands of students instead of the few in his classroom.

In any event, I appreciate the statement.
Dr. Jim Billington is accompanied, as I said earlier, by Miss Hen-

riette Avram, Assistant Librarian for Processing Services. Dr. Bill-
ington, thank you very much. Please proceed.

STATEMENT OF HON. JAMES H. BILLINGTON, LIBRARIAN. LI-
BRARY OF CONGRESS; ACCOMPANIED BY HENRIETTE AVRAM,
ASSISTANT LIBRARIAN FOR PROCESSING SERVICES

Dr. BILLINGTON. Thank you very much, Mr. Chairman and mem-
bers of the Subcommittee. I appreciate the opportunity to be here
today with my distinguished colleague, Henriette Avram, the As-
sistant Librarian for Processing Services, to comment on S. 1067, a
bill to provide for a coordinated Federal research program to
ensure continued U.S. leadership in high performance computing.
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You have already heard a very eloquent statement of the broad
picture. My comments will be limited to the role of the Library of
Congress and the role other research libraries should play, and can
play, I believe, in such a national computer highway.

I will describe some of the freight, so to speak, that can be car-
ried on this highway, as well as some of the ways the transporta-
tion can move.

As you know, the Library of Congress has for over 20 years made
available in tape mode machine-readable bibliographic data de-
scribing materials received in the Library of Congress.

We estimate that this data saves libraries around the country at
least $360 million a year annually in cataloging costsan enor-
mous and not always fully-understood direct service to the Nation's
libraries and schools by the legislative branch of this government.

In the last ten years, we have also been providing on-line service
for cooperative cataloging projects that benefit the Library of Con-
gress and other libraries, so there is the beginning of a network in
this area as well.

Our most recent project, announced just last week, is a pilot pro-
gram to put on-line to the Library of Congress data bases 14 librar-
ies of different kinds and in different communities throughout
America. For the first time these libraries will get as well as access
to status of bills in Congress, copyright and research referral serv-
ices, direct access on line to the Library of Congress' automated
data on bibliographic records.

With 88 million items in the librarywe receive 31,000 items a
day, Mr. Chairman, from all over the world in all languages and in
all formatswe represent by a considerable margin the largest col-
lection of recorded information and knowledge ever assembled in
one place in history. Most of it is right here on Capitol Hill in the
three buildings adjacent to the U.S. Capitol.

The library represents the Nation's most important single re-
source for the information age, and the proposed establishment of a
National Research and Education Network would give an immense
boost to making this material accessible to the entire citizenry.

Now, it is obvious that the network envisioned in S. 1067 could
be very important in making available Library of Congress re-
sources to more scholars and researchers around the United States,
as you indicated in your own introductory remarks.

The library has important databases that it develops as search
guides to information collected from all over the world on every
subject except clinical medicine and technical agriculture. These
fields have their own national libraries, as you know.

The library's collection of foreign language materialsmore than
two-thirds of its materialsare unique to the country and, in many
respects, to the world. We have the largest collections of Slavic,
Hispanic, Germanic, Chinese, Japanese, Korean, and Arabic mate-
rials, outside of the countries of origin, in the world.

This information, combined with the experts we have who cata-
log and process it, who in effect develop a stored knowledge of the
bibliographic pfoduction of the entire world, is a major internation-
al resource for scientists, economists, policymakers and other schol-
ars in this country.
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Yet, this is 1. n almost, entirely unused resource for the productive
economy of this nation. We have an enormous array of scientific
and technical reports, as well as published materials in all lan-
guages and formats, enriched by our recent acquisition from the
University of Chicago of the National Translation Center, with bib-
liographic information, or full text translations, on a million tech-
nical translations.

Senator GORE. If I could interject a point here just to illustrate
that, how many fluent Russian speakers do you have in the Li-
brary of Congress, compared to the State Department?

Dr. BILLINGTON. We have 230 Russian-speaking people on the
payroll of the Library of Congress.

I am not sure what the State Department figure is, but I would
be very surprised if you could equal our foreign-language speakers
in terms of fluency, because ours are people who are reading and
describing the intellectual production of the world in the catalog-
ing under Ms. Avram's brilliant leadership.

We have between 120 and 130 Japanese- and Chinese-speaking
persons. These are bilingual people who can read and converse, so
it is quite a resource.

Senator GORE. I apologize for interrupting. I wanted to under-
stand that point, because you were talking about what a tremen-
dous resource this is for this country; that we do not make ade-
quate use of in this country.

Excuse me for interrupting. Go ahead.
Dr. BILLINGTON. It is a resource presently channeled very heavily

into generating this fundamental bibliographical data on which the
thousands of libraries of the country depend, and on which some of
the vendors also largely depend. But it is a .esource of even greater
ultimate potential, in terms of the kind of ! Jadening horizons that
we are talking about this morning.

These automated bibliographic files assist users in identifying
the existence and location of all this information. We are working
also in the image data area with optical disk and video disk
projects.

In addition to books and periodicals, the Library's collections en-
compass, of course, maps, charts, motion pictures, prints and photo-
graphs, and computer software, to name only a few of the many
formats.

We have specialized reading rooms for all of those formats and
several others. Opening up a broader network gives the possibility,
by capturing collections in electronic form, of a "library without
walls, ' as you have mentioned, for those materials, which are not
available elsewhere. A good peicentage of our collections, in fact,
are not available elsewhere.

Now we believe that we can make such information and knowl-
edge increasingly accessible to users beyond the Library of Con-
gress premises and that a sound, high-capacity networking system
is very much needed to accomplish this. Image data, as you know,
is very high-volume data. The network proposed in S. 1067 would
appear to be a natural vehicle for disseminating our electronically
recorded resources.

Our video disk project, in r,:cent years, has successfully captured
images of a portion of our graphics ,sollections in machine-readable
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form, which could become a significant resource during the next
several years for researchers across the country and als..) for educa-
tors, along soi.& of the lines that my distinguished predecessor in
his testimony has indicated.

American Memory is a major new Library of Congress initiative,
using optical disk and other advanced technologies to disseminate
unique elements of the library's vast and variegated collections of
American history, culture, folklore, and the like.

The proposed high-speed, high-capacity National Research and
Education Network could greatly facilitate the wider availability of
all our resources to a wide variety of users in the education sector,
in the economic sector, as well as in the library and research com-
munity.

During the last decade, Mrs. Avram has represented libraries on
the EDUCOM board of trustees to ensure that any proposed nation-
al network will meet the needs of libraries as well as that of the
research community.

The proposed network must i:icorporate a consistent family of
standards and techniques. This is a lesson learned by the Library
of Congress as it began the kind of standardization of cataloging
necessary for the entire development of our unmatched national li-
brary system.

In cooperation with other libraries, the Library of Congress has
devised national standards for cataloging, and this single network
should fit the needs both of those creating and exchanging informa-
tion, and of those searching for the information for research pur-
poses.

In other words, both educational institutions and libraries need
to be operating a system of unified national standards.

And this brings me to Title III of your bill, the National Informa-
tion Infrastructure. The National Science Foundation is directed to
coordinate, with federal agencies, the development of a national
science and technology information infrastructure.

We believe that the Library of Congress, as the national library
and as the largest information resource in the federal establish-
ment, should play a prominent role in the development of such an
infrastructureparticularly in the setting of standalds where we
have long held the natural leadership role.

Now, Mr. Chairman, in your invitation to me to testify, you
asked that I also address the issue of copyright. My colleagues in
the Library of Congress' Copyright Office believe that in most in-
stances, an author whose works are available on-line, over a net-
work, can protect himself or herself through contractual agree-
ments with vendors and libraries and through copyright license
agreements.

It is a complicated area. I discuss it a little more in my extended
remarks, but let me ju'it say now that, currently, database vendors
enter into contract with purchasers of their services that include
restriction of access and use. Part of the fees paid by purchasers
typically reflect copyrig,ht royalty payments for use of copyright
materials But abuses can occur, and this issue will need much fur-
ther study.

The question of fees for inf-.)rmation on a national computer net-
work directly relates to another subject. This other subject is dis-
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cussed at length by educators and librarians, but on the whole, is
addressed by others only rather peripherallythe area that is
broadly referred to as national information policy.

Now, as you know, congressional committees with jurisdiction
over federal information and its distribution have held hearings in
recent years. But no national policy has yet been fully articulated.

While S. 1067 is a step forward, additional efforts will probably
have to be made in this area concurrently. We must, for instance,
recognize the rights of our citizens to obtain this Federal informa-
tion, but we must also address carefully and equitablyand then
face up to directlythe issue of user fees for information gathered
both at the national and the local levels.

Some compromises will be necessary to ac,ommodate these com-
peting interests, those of the users and of the creators, if we are to
avoid becoming a nation of information haves and have nots. Infor-
mation must not be too expensive and it must be widely shared if
the talents of this country are to keep us creatively alive and inter-
nationally competitive.

The Library of Congress and the library community of this coun-
try, which is an enormous and variegated resource, are, I believe,
united in wanting to help develop a national research and educa-
tion network. And our citizens have a right to expect that irre-
placeable intellectual resources in our nation's libraries be made
ever more widely 9v9i1able through a national information net.
work.

After all, the creation of the whole network of libraries in this
country was an expression of the importance attached in the indus-
trial age to developing this opportunity and this access to informa-
tion for all our citizens at a time when they did not have as much
access through other institutions as they might. And this is very
much a part of the same impulse.

Ben Jones, for instance, says that the industrial revolution was
the period in which the powers of the body were extended through
machines and things that enabled the body to do more. We are now
living in the mind-extending age. The information age is one where
the horizons are infinite. And it is the only area, Mr. Chairman, in
which the horizons of freedom are truly infinite, because physical
constraints necessarily intrude in other areas.

So, above and beyond the very practical needs which you are ad-
dressing here, you are also pointing to our cherished ideal of free-
dom and of opportunity, really, for all our people, and in a way
which is ultimately not even competitive with the peoples of other
countries.

So, we want to thank you for this or portunity, Mr. Chairman,
and to compliment you on your vision ilt addressing what I, and I
think, most of my colleagues in the library community consider an
important national priority.

We at the Library of Congress are anxious to assist you in this
effort and Ms. Avram is here with me to answer any of your corn-
mittee's more detailed questions that you may want to put before
us.

[The statement and auestions and answers follow:]
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Statement of James H. Billington
Tho Librarian of Congress

Subcommittee on Science, Technology, and Space
Committee on Commerce, Science and Transportation

United States Senate
September 15, 1989

Mr. Chairman and Members of the Subcommittee:

I appreciate the opportunity ..o be here today with my

colleague, Henrietta Avram, Assistant Librarian for Processing

Services, to comment on S. 1067, a bill to provide for a

coordinated Federal research program to ensure continued U.S.

leadership in high performance computing. My comments will be

Halted to the role the Library of Congress and other research

libraries should play in such a national computer highway.

As you know, the Library of Congress has for over

twenty years made machine-readable bibliographic data on

materials received in the Library of Congress available in tape

mode. This data, that is of enormous benefit to the nation,

saves libraries around the country some $360 million in

cataloging costs annually. In the last 10 years we also have

been providing online service for cooperative cataloging projects

benefiting the Library of Congress and other libraries.

Our most recent project -- announced just last week --

is a pilot program to put online 14 libraries of different kinds

throughout America -- state, public, government and university --

offering direct access to the Library of Congress' automated data

on bibliographic records, status of bills in Congress, copyright,

and research referral services.
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With 88 million items in the Library we have the

largest callectior of recorded information and knowledge ever

assembled in one place here on Capitol Hill. The Library of

Congress represents the nation's most important single resource

for the information age. The proposed establishment of a

National Research and Education Network would give an immense

boost to the access of this material and allow the Library of

Congress to provide to the country much more of its unequalled

data and resources which can now be obtained only by visiting

Washington.

Already, in our modest nation-wide pilot program for

online access to our data, tne first question of many

participants is "Can we use the existing National Science

Foundation network for access to Library of Congress data" This

indicates the interest in a major national network.

It is obvious that the network envisioned in S. 1067

could be very important in making available Library of Congress

resources to more scholars and researchers around the United

States. The Library of Congress has important data bases that it

develops as search guides to information collected from all over

the world on every subject except clinical medicine and technical

agriculture. The Library's collections of foreign-language

materials -- two-thirds of its collections -- are unique to this

country. We have the largest collections of Slavic, Hispanic,

Chinese, Japanese, and Korean materials outside of the country of

origin in the world. This information is the major international
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resource for scientists, economists, policymakers, and other

scholars in this country.

Moreover, the Library of Congress has recently acquired

from the University of Chicago the National Translation Center

which is an international depository and referral center for

helping usera locate unpublished translations of foreign-language

literature in the natural, physical, medical, and social

sciences. The Center's files contain information on the

whereabnuts of 1 million translations, of which 400,000 full text

translations are held directly by the Cen'er.

The Library's automated bibliographic files assist

users in identifying the existence and location of this

inforlation which is essential to those wanting access to these

rich resources.

We are working in the image data area with optical disk

and video (Usk projects. In addition to books and periodicals,

the Library's collections encompass all foc.ls of materials --

maps, charts, motion pictureb, prints and photographs, and

computer software, to name only a few. Once these materials are

captured in electronic form, we envision a "library without

walls" for those mcterials which are unavailable elsewhere.

We believe that we can make such data increasingly accessible to

users beyond the Library of Congress premises. To do so a sound,

high-capacity networking system is neededt Image data, as yea

know, is very high-volume data. The network proposed in S. 1067

would appear to be a natural vehicle for disseminating c.ur

electronically recorded resources.
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Increasingly, data will be coming to the Library of

Congress in machine-readable form or be generated at the Library

in this form. Major educational institutions are also creating

electronic information.

A significant asset at the Library of Congre Is our

graphics collections -- prints, photographst drawings, maps,

charts, and essential scientific graphs. Often the only copies

in existence are at the Library of Congress. Our video disk

project has successfully captured images of a portion of this

material in machine-readable form, which could become a

significant resource during the next several years for

researchers across the country. "American Memory" is a major new

Library of Congress initiative that will use optical disk and

other advanced technologies to disseminate unique and variegated

elements of the Library's vast collections of American history

and culture throughout this country and the world. It will put

Library of Congress collections in libraries and schools around

the U.S.

The proposed high speed, high capacity National

Research and Education Network could greatly facilitate this

broadening access to all our resources.

During the last decade Mrs. Avram has represented

libraries on the EDUCOM Board of Trustees to insure that any

proposed national network will meet the needs of libraries as

well as that of the research community. The proposed network

must Incorporate a consistent family of standards and

techniques -- just as the Library of Congress, in cooperation
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with other libraries, has devised national standards for

cataloging. This single network should fulfill the requirements

both of those creating and exchanging information and of those

searching for the information for research purposes.

This brings me to Title III of yojr bill, the National

Information Infrastructure: the National Science Foundation is

d.rectee to coordinate with Federal agencies the development of a

national science and technology information Infrastructure.

We believe that the Library of Congress -- as the national

library and as the largest informarion resource in the Federal

establishment -- should play a prominent role in the development

of such an inf-astructure.

In your invitation to me to testify today, you asked

that I address the issue of copyright. My colleagues in the

Library's Copyright Office believe that in most instances an

author whose works are available online over a network can

protect himself or herself through contractual agreements J4th

vendors and libraries and through copyright license agreements.

Compu,ers have a record-keeping and transaction tracking

capability that could he used to establish and account for user

fees for specific services and works. These fees could include a

royalty payment for use of copyrighted material.

Currently, data base vendors enter into contract with

purchasers of their services that include restrictions of Access

and use. Part of the fees paid by purchasers typically reflect

copyright royalty payments for use of copyright materials.

But abuses can occur. This issue will need much further study.
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The question of fees for information on a national

computer network directly relates to a subject that is discussed

at length by educators and librarians but which is addressed by

others only peripherally -- that is, "national information

policy." As you know, congressional coma:. .es with jurisdiction

over federal information and its distribution have held hearings

in recent years, but no national policy has been articulated.

While S. 1067 i6 a step forward, additional efforts must be made

to develop a policy on Federal information if the United States

is to remain competitive.

We must recognize the rights of our citizens to obtain

this information. We must also face the issue of user fees for

information gathered bo:h at the national and local levels.

Some compromises will be necessary to accommodate these competing

interests -- the users and the creators -- if we are to avoid

becoming a nation of information haves and have-nots.

Information oust not be too expensive, and it "Bust be widely

shared if the full creative talents of the count f are to keep us

creatively alive and internationally competitive. Yet io some

extent user fees must support the creation and dissemination of

this information.

The Library of Congress and the national library

conmunity want to help develop a national research and education

network. The major information resources for this nation reside

in the Library of Congress and other research libraries across

the country. These collections have been assembled in many cases

with Federal, state, and local revenues. Our citizens have a

right to expect that these irreplaceable intellectual resources

be made ever more widely available through a national information

network, such as that envisioned in S. 1067.

In conclusion, Mr. Chairman, 1 want to compliment you

on your vision in addressing what 1 consider an important

national priority. The Library of Congress is anxious to assist

you in this effort and Mrs. Avram is here with me to answer any

of your Committee's questions.
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QUZS1ICNS OF SENATOR (CSE AND THE ANS4ERS THERKW

LIBRARIES AND THE NATIONAL RESEARCH AND EDUCATION NETWORK

I. Why did the research community and the library commtinitv.go S orate
wan?

Libraries have a tradition of sharing, and they depend on standards in
order to share information. Furthermore, various networking experiments
in the 1970s, demonstrated the need for a communication architecture
which would be system and application independent.

Thus during the development of the national library network in the late
1970* and early 1980's the library community adopted communication
protocols based on emerging international standards :,.e. the protocol%
of Open Systems Interconnection specified by ISO, the 1..!ernational
Standards Organization). The guiding philosophy was that adherence to
emerging standards would reduce the long-term cost to accommodate new
systems and new applications, as well as future standards to be developed
in accordance with this emerging communication architecture.

On the other hand, these international standard protocols have matured
slowly, In the academic and research community in the U.S., impatience
with the lack of an operational networking solution has led to the use of
an interim communication architecture, based on communication protocols
used by the defense department (the DARPA suite of protocols).

2. Describe efforts underway to link the networks.

The 11 'y community and the academic community each has valuable
ream, to offer the other. Libraries have databases af interest to
rests t. Academic networks have communication bath:width to share
and ommunication costs are always of concern to libraries.

Consemeeotly, there has been extensive collaboration between these two
communities to keep library network:.ig and academic networking from
branching into incompatible and irreconcilable directions.

Pilot projects are under consiieration to link academic workstations and
libraries over NSFNet. NSF has stated that .4SFNet will migrate from the
DARPA protocol suite to OSI, the international standard communication
architecture, perhaps within the next few years. Thesa pilot projects
would employ interim migration steps, intended .o facilitate migration,
while at the same time n:low the systems to avail themselves of the rl
functionality and applications provided by the standard protocols.

Some of the pilot applications which have been discussed include:

- The Universit, of Maryland contributing bibliographic informmtion to
the Library of Congress;

- a scholar at a workstation searching a library database, such as
OCLC, PLC, or the Library of Congress;
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- a Library of Congress researcher searching a remote database.

NYSERNet, the New York State Education and Reoearch Network, one of the
regional networks on NSFNet, is planning to provide a gateway between tha
two communication architectures which will allow an academic workstation
to search an information provider such as OCLC. NYSERNet is also
implementing one of the key protocols of the international standard
suite, namely the directory protocols, which will dramatically facilitate
access to information by making it easier for a user co locate desired
resources.

3. Should S. 1067 explicitly require that libraries be connected to the
proposed network?

No. It should not be required that libraries be directly connected to
the propor,d network, but it must be explicitly required that the network
interconnect with other existing commercial networks.

Libraries select and purchase s rvices according to their needs, ard must
be allowed to continue to do so. Thus it is important that other
networks remain viable and motivated by competition to provide the best
possible service. Even if libraries become heavy users of NSFNet, it is
unlikely that all libraries will use it. However, it is critically
important that universal connectivity be achievable, so that libraries on
different networks may communicate.. It is important that the erd result
be one logical network.

In the past, commercial networks were hesitant to implement
internetworking capability, although the technology clearly existed.
This was a majer obstacles to interlibrary communication. The proposed
network will likely provide access to wide variety of information
resource, and this will provide the economic incentive for competing
networks to interconnect with the proposed network. Legislation should
explicitly encourage and support these interconnections.

00 libraries really need a gigabit network, or would a slower network do

Libraries do not need a gigabit network until libraries are "digitized".
When libraries begin providing full-text on-line, then a significantly
larger capacity network will be required. Until then, a slower network
can be adequate.

However, "Ogabit" refers to raw capacity, which is only one of several
performance, integrity, and functional characteristics of a network. For
example, for one application, transit delay or connection set-up might be
more important than capacity; for another application, resilience might
be important.
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In other words, a network will not automatically fulfill library
requirements simply beeause it is a gigabit network.

5. If libraries provide books and journals on-line over NSFNet, would it
swamp the network7

It is unlikely that library data, including 'ull-text, would overload the
network based on volume alone.

It is expected that such a network would nerd to grow as volume
increased, and the technology will be advIncing accordingly.

6. If libraries become heavy users of NSFNet, how much will the added
capacity cost, and who will pay/ NSF/ The Larary of Congress/ Someone
else?

If libraries become heavy users of NSFNet, the cost would depend on what
applications are being run.

However, the library community would not bear the cost of the added
capacity. Libraries would most likely play the role of information
provider much more than user. That is, far more data will be generated
as a result of libraries providing service to the community at large,
than data generated as a result of services provided to lioraries.

It is envisioned that the federal governcent would provide initial start-
up funding plus seed none/ for pilot projects. After this initial
period, the network must be self-sustaining, and compete with -- and most
importantly -- interconnect with, other long-haul networks.

As a self-sustaining network, the users pay through fees. SSF and LC
will not pay.

DRASTIC CHANGES IN STORE

7. What will happen to the roles of the traditional institutions of
scientific conmunication libraries, publishers, professional societies and
so on -- ahen the infrastr,xture proposed- in S.1067- becomes fully implemented,
when we have gigabit networks, electronic publication, digital libraries, and
so on?

The "traditional institutions" will change ?long with the material, as
they have adapted to microform, external database access, automation,
etc. The initial network implemented as a result of S.I067 vill
primarily affect scientific raterial. Libraries and publishers will
continue to produce and handle more print than electronic material for
many years, but the proportions may slowly change from print to
electronic.
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Publishers will continue in their role as agencies that make the
electronic data available, both online and in other formats. They will
still be needed by authors to handle the sales and distribution function.

Libraries will still function to facilitate access to data. The library
role today is not just to store data but to help users identify the
information that is relevant to their needs and access it. That
assistance will be even more important with the advent of electronic
access, when information users may be flooded with additional unfiltered
data, and will pay for each access. The Library will continue to provide
researchers and students with a focal point for accessing multiple
electronic publications. Some of these publications will reside in local
computers, others will be remote: lccessed. As more data is published
in electronic form, publishers and libraries will probably work more
closely and in some instances the functions may merge.

8. What do you think will be the largest impact on :he man in the street"

The man on the street will not be directly affected for many years, but
if more timely information exchange improves the U.S. economy, he will
reap enormous benefit. Many citizens who are not in the research
community are beginning to be effected by the increase in availabilit) of
electronic information in their libraries and offices. This project will
spur the development of electronic access.

ROLE OF THE COMMERCIAL SECTOR

9. What incentives would encourage the development of privately offered
network services?

Access to the Research network will likely be the only incentive required
for development of privately offered network services. The broad reach
of the Rcsearch network will create a large potential market for services
that the U.S. information industry, among others, is likely to be eager
to gain access to. Some of the major commercial bulletin board and data
base companies have long shown an interest is connecting to academic
networks, and computer-relatee vendors are interested in using the
networks to enhance their customer support. Research and educational
institutions themselves may be tempted to offer innovative support
services on a fee-for-service basis.

10. What do you think of the idea of allowing commercial database companies
to use federal networks like NSFSET or the_proposed 3-gigabit network*" Should
the Federal government charge them? -If so, how much?

The Research netwoik should allow researchers, students, and universities
to be able to access commercial databases as well as exchange messages
with each other. Electronic bibliographic finding aids, full text
journals, reference information, and books may primarily be available

r) ""
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from commercial sources. The usefulness of the network would be severely
limited if these sources could not be accessed.

It should be noted that the co services would still serve other
uscrs, such as businesses, over gate-sector networks. The research
network would not displace the bulk of the private sector business.

If the Research Network is used by scientists to access bibliographic or
full text databases, the scientist should pay data base charges to the
commercial service and telecommunications charges to the Research
Network.

If businesses access Federal databases over the Research network, they
should pay access charges [3 the Federal agency and telecommunications
charges to Netw k.

The telecommunications charges should be a function of costs as the
network should be self supporting for daily operations.

COST OF THE NATIONAL DIGITAL LIBRARIES

11. What kind of existing federal data bases are available on N.SFNET?

Scientific databases such as containing satellite data and medical data
bases produced by the National Library of Medicine.

12. Uhith federal databases would you most like to see on the network?

Rvtcy meaningful and externaaly useful (and unclassified) federal
database of statistical, textual and bibliographic information should be
made available if possible. This does not include administrative data
bases such as personnel and pay, customer files, library charge files,
classified information, etc. There are databases relating to, for
example, census and calculation of GNP that might be useful. The Library
of Congress and National Agricultural Library bibliographic files would
be basic.

Government researchers who need to exchange classified data should be
able to use the network if 4,,equate security can be provide'

13. Are there any technological hurdles to making large f eral databases
accessible over the networks-r?

The major barriers are associated with costs and standards, rather than
with particular technical problems. Should any databases on the networks
contain classified or private data, there would need to be additional
security measures employed as well. There are a number of solutions to
this problem, such as separation of systems, but they are often awkward
and inefficient to implement.

En the case of data received by the Library in a:chine-readable form, it
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may be feasible to enter into contracts with the database vendors to

obtain the necessary copyright permissions to permit further

dissemination to remote points.

14. 'What are the primary hurdles to do this' Are they technolo.lical or

legalT

The primary hurdles are the cost and time required to input existing
analog material into digital storage-retrieval media, and the time
required to obtain copyright permissions to permit the transformation of

the vast holdings of the Library of Congress in to machine-readable
formats for dissemination outside the Library.

15. Is it practical to think about digitizing the Library of Congress' How

much ToTTITI1-7 How many people would be required to do the job'

It would cost at !east $893,000,000 (1989 dollars) to digitize the
Library of Congress. This calculation is based on the following.

Textual collection of :5,000,000 books would cost 5.I9 per page to
digitize (chich includes workstations with 5-year life expectancy and

labor). The time ta complete would be 25 years working 24 hour days.
The visual image collection af 11,000,000 photographs, prints, and
d-wings 1- ,ges would cost $3.29 per image.

This figure does not include maps, which present special capture
problems. It alsE.Txcludes :tens such as phonodiscs, glass plates,
slides, motion pictures, and similar media.

It is not really practical to digitize the whole retrospective collection
indiscriminately. Rather a program of capturing current material, older
material eastly identified for scientific importance, and selected
brittle material vhould be pursued.

lb. Publishers are understandably worried about the idea of putting the

Library ot Congress on-line. Are they universally opposed to the idea' Or do

sooe see electronic publishing as an opportunity?

Publishers are worried about the use of their copyrighted works in
computer networks. Some publishers do see electronic publishing as an
opportunity to license use of their works in new markets. In

implementing the optical disk pilot project, the Library of Congress
worked closely with publisher representatives and obtained permission to
use the works as part of the project. ln return for royalty-free
license, the Library agreed to share data about the project with

publishers. Tbe data can be used by publishers as market research
regarding the potential market for computer retrieval of their works in

libraries. Publishers will coatinue to see electronic publishing as a
threw as well as an opportunity unless they are reassured that the
libratles that use their works in computer networks will enter into
appropriate copyright licensing agreements.
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COMFZTITIVE AMERICA

17. What do ou thin1 ire the main benefits for the economy that digital
librar es wi1 prov e'

Digital libraries have the potential to expand access to information .o a
much broader audience, improve the timeliness of the information transfer
ptocess, enable more effective searching for information, and reduce
duplicition of effort for both libraries and individual researchers.
These capabilities contribute favorably to the economy by improving
iesearch productivity. While it is difficult to give precise data for
the value of inproven access to information, anecdotal evidence provides
some indicators. For example, it may take only 1C to 15 minutes to
search electronically 20 years of Chemical Abstracts compared to the
hours ic mighr takP to do so manually. In addition, any new value-added
services that night devel,o as a resilt of having digital libraries would
contribute to the economy.

18. Of all the things that are supposed to help us stay competitive, where do
digital iibraries rank'

Digital libraries are one element among many that can help the United
States remain competitive. Therefore, it is difficult to isolate its
specific importance compared to the numerous other factors involved. The
attributes described above indicate how digital libraries can improve
U.S. research and development p-oductivity and thereby improve the U.S.
competitive position,

19. What barriers do you sep to creati dizital libraries' How can we
overcome them?

The most obvious barrier is lack of resources for personnel, equipment,
and access machines. This lack can be initial and also ongoing, for as
technology changes, machines and systems will need to be replaced. The
chief ways to overcome this will be to increase gradually the library
facilities as the amount of digital material increases and to place a
strong emphasis on the use of national and international standards in all
aspects of the process. Standards are a key factor for stabilizing the
environment.

20. What is the danger of not building digital libraries and a national high-
speed network?

Our scholars may be left behind first by their Japadese and then by their
European colleagues regarding timeliness of exchange and .se of
information information produced by other scientists in the U.S. and
ideas coming in from abroad.
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Senator GORE. Thank you very much, Dr. Billington, and we will
have questions when our final panelist has completed his state-
ment.

Dr. Kahn, I introduced you earlier, but you are President of the
Corporation for National Research Initiatives and one
neers in establishing computer networks. And, as I .,tuu uuv
Wyatt, I want to thank you for helping me think through some of
these things and helping the subcommittee over the last few years.
Please proceed with your statement.

STATEMENT OF ROBERT E. KAHN, PRESIDENT, CORPORATION
FOR NATIONAL RESEARCH INITIATIVES

Dr. KAHN. Thank you very much, Mr. Chairman and members of
the subcommittee.

First of all, I do appreciate the opportunity to appear before you
today. It is always a pleasure to be here.

When we established the Corporation for the National Research
Initiatives back in 1986, the goal was to foster as well as conduct
R&D on a "national information infrastructure." That was a term
which was not widely understood by many people at the time, and
it really is a pleasure to see it on the Senate's agenda now, because
it means that there is a wider appreciation of just what that could
mean and where it could lead.

Today, I would like to address my remarks to (1) the National
Research and Education Network; (2) its role as part of this nation-
al information infrastructure; (3) the digital library system as a
concrete example of a piece of infrastructure; and (4) the role that
the Federal Government might play in fostering its development.

First of all, I hardly need to say that I am very supportive of
your efforts to create a national research and education network; it
is clearly important for the nation. And I think you have heard
from just about everybody who has testified that this network is a
national priority; it is not something that is only of benefit to one
group; it is something that can benefit virtually every sector of so-
ciety. It is a good idea whose time has come, and I certainly hope it
passes.

While considerable attention has been paid to the subject of re-
search, not only in your bill, but throughout the departments and
agencies of the Federal Government, there has been relatively
little attention paid to the educational side of the network. I think
this is an area, which is a primary one for the states to get in-
volved in. I plan to return to that issue a little later in my testimo-
ny.

I also believe that efforts must go beyond the development of the
national research and education network as simply a backbone for
communications. I have previously talked about the backbone
being what I call the lowest level of the infrastructure. In order to
make this technology really available to everybody, however, we
must create the higher levels of this infrastructure, of which the
digital library system is merely one example.

I have had several interactions with your staff over the past few
years about the subject of infrastructure. We have talked about not
only the digital library system, we have talked about a national
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knowledge bank for science and technology, for medicine, or what-
ever. That might form the basis for some of the educational initia-
tives. We have talked about a medical exchange, an electronic
transaction framework, rapid prototyping; the list is quite exten-
sive. You may recall that from some of my previous testimony,
where the subject first came up.

I would like to expand on some of these infrastructure ideas, and
particularly, to talk about the process by which we might proceed
in this area, and also what the federal role is.

Infrastructure is not a single entity. It is not a thing all by itself;
rather, it is more like a label for many separate developments or
activities, just as education is a lapel for many, many different ac-
tivities, and government itself is a label for many activities.

In order for a development to be a piece of infrastructure, it
must be widespread, ubiquitous; it must be shareable in some
sense; and it must be relatively easy to use.

I believe the decision to focus on the digital library system is an
excellent one. It is one that is very easily conceived by people; they
have a natural affinity to it; you can almost see what the immedi-
ate benefits would be; and I think it is both important and timely.

But even the digital library system is not a monolithic concept. It
has a significant substructure to it. I believe that if we do create a
national digital library system, it will be important to involve all
the affected parties in developing this substructure so "iat it is
shaped and farmed right, out of the right modular components.

We will need to pay particular attention to issues of intellectual
property protection in the national research network environment,
to help stimulate the creation of new creative works, and also to
encourage people to make them available in the network environ-
ment.

Generally, I have discovered how difficult it is for the private
sector to develop infrastructure on its own after trying very hard
for many years to encourage industrial participation in this area.
The potential for participation is there, but because these invest-
ments are of such a long-range nature, there is a very important
federal leadership role that must be played in order to get the rest
of the country behind this activity. I believe they will get behind it
in time.

I also think it is very important to begin the development of this
infrastructure with the research community because many of the
ideas have yet to be developed. The research community can play a
part in helping to create and develop them through the universities
and research labs. Beyond that point, I think it can spread out to
others who can then make use of what has developed. This is a
critical area for federal support, I believe.

In my view, the network will have to be, a kind of evolving test
bed. It should not be a static entity that, once developed, is then
fixed at the end of a five-year period. I think there will be a need
for zontinuing federal support for R&D on this network. As time
goes on, parts of the network will become stable, and those parts
ought to be prime candidates for transferring over to commercial
services. The industrial sector ought to be capable of taking over
the more stable parts as long as they are consistent with their own
long-range interests in terms of both products and services.
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It would be very desirable not to have someone be a computer
science expert in order to be able to use this national research and
education net. That is a very important reason why we need to de-
velop these higher levels of the infrastructure so that the network
is available to everyone who needs to use it and wants to use it and
so that it can, in fact, gracefully extend to the rest of society.

In terms extending it into the educational community, I presume
that we can all get behind the idea that we need to move beyond
having this network just available to the top 50 or 100 colleges and
universities in the United States.

I believe there will be a real utility in the network for the educa-
tional system at virtually every level. Furthermore, there is in my
mind a clear utility to the rest of society as well. I think that we
need to work with other parties in the United States in order to
make that a reality.

Since education is the major responsibility of the states, getting
the states involved in this process is a national priority and one
that I think we have ignored to a large extent on the national
scene. This is the key to t'-ie expam'on in the educational sector, to
the high schod levels and beyond, and to the organizations that
may not be able to compete for federal R&D funds or may not be
even in the R&D busi.iess is the states.

I think the key to involving the rest of society in the network is
to get industry to work with the states in furthering this adjective.
The combination of the two will be essential in getting small bus--
nesses in the states involved. These are organizations that could
use some local assistance. This will be an important step in ulti-
mately getting the infrastructure to individuals in homes. Once we
achieve this level of penetration, then we will truly have a national
information infrastructure. We cannot have 1,000 or even 50 _nde-
pendent and uncoordinated activities and expect to end up with a
national infrastructure. What we will have is 1,000 or 50 independ-
ent and uncoordinated activities.

In order to achieve a national information infrastructure we will
need to create a new process of cooperation within the country not
only in the test bed environment, but within all the participants
that would like to participate. We need to develop the techniques
and the protocols and the methodologiespartly these are social,
partly these are technicalthat enable the various activities to all
play together as a coherent whole just as the road systems about at
the state boundaries.

Finally, let me address what I believe the federal role in this
whole process might be. I have some very specific recommendations
but I wish to emphasize that this is just my own way of approach-
ing the problem.

I very much like the highway analogy that you have talked
about for many years. I really believe the network approval can be
patterned after the highway bill. It has many of the attributes that
we need for a national research and education net.

First of all, I think it is very important to pmvide sufficient fed-
eral R&D on a continuing basis for the network. This is not a one-
time initiativeand after five years we walk away from it. Like
our support for education, it must be a continual process that we
take seriously.
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Second, we need to involve the states directly in the process of
building this infrastructure and in extending it to the educational
communities at all levels. I think the states will be interested in
this issue, not only for the purposes of education, but also for pur-
poses of competitiveness and job creation within their states. We
have had several discussions with representative from several
states, and I believe there is wide interest across the country in
that particular area.

Third, I believe that we ought to consider providing federal funds
on a matching basis to match funds that are put up by industry
and the states for infrastructure research and development. In the
case of the highway system, the federal government put up 90 per-
cent of the funds, and the states 10 percent, if I recall. There is
more expertise in the government on this, perhaps, than elsewhere,
but thJ is my understanding.

In the case of SEMATECH, which was an initiative begun by a
group of industries in the semiconductor business, the federal
matching funds were 1:1. In the case of infrastructure develop-
ment, with a combination of state and industry money, a number
like 3:1 might be an appropriate one.

Fourth, I believe we ought to consider setting up an infrastruc-
ture trust fund within the federal government to pay for the feder-
al share of the operational costs of th's infrastructure. There is a
large amount of money that is going to be required to just run the
network, and the government will have its share. Perhaps the help-
ing trust fund could be adapted for this purpose.

The operational costs of the infrastrucure are probably too large
for a single agency or department to absorb without skewing its
budget presentation since most or all of the funding will be just
strictly pass-through money. One could support the trust fund by
appropriating a small percentage of the federal R&D budget each
year as you mentioned earlier in your testimony. Perhaps less than
1 percent would do.

Five, even with a matching funds program, if everyone could
then get the results without having to invest, there might be no
incentive for industry to become involved. With the help of Con-
gress, I believe that the SEMATECH funders were given access to
its results for a period of about two years before it was made avail-
able to the public. A situation like that might be appropriate here,
with some early access to encourage industry to fund some of the
infrastructure, pArhaps two or three years of early access before
that portion is made widely available to everyone else.

Sixth, I believe that we ought to include federal government in-
formation in electronic form in the national information infrastruc-
ture. I think this could be an important adjunct to the private
sector information, and I am thinking about not only outgoing in-
formation from the gov nment, but also incoming information to
the government.

Finally, I would like to emphasize again, because I think it is
really a very important issue, that we ensure the protection of in-
tellectual property rights in this network environment, both to
stimulate the creation of new works and to encourage people to
make them available in this environment.
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Finally, I wish to point out the need to find a proper balance be-
tween the federal role, the states' role, and the role of the rest of
the private sector in the actual creation of this national research
network and the development of the infrastructure.

Thank you very much.
[The statement follows:]
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TESTIMONY OF DR. ROBERT E. KAHN

PRESIDENT, CORPORATION FOR NATIONAL RESEARCH INITIATIVES

My name :s Dr. Robert E. Kahn and I am President of the

Corporation for '.ational Research Initiatives (NRI), a not-for-

profit organization rounded in 1986 to roster research and

development for a national Information Infrastructure. I am

pleased to have this opportunity to testily before the Senate

Subcommittee on Science. Technology and Space as you consider the

role of a National Research and Education Network (NREN) as the

backbone of a national "Information Infrastructure". At a hearing

of this Subcommittee during the last session of Congress, at

which I was also 3 'iitness, the occasion arose to touch briefly

on the subject Dr a national Information Infrastructure.

welcome the opportunity to expand on this Important subject.

I am very supportive of the efforts to create a NREN and to make

it didely available :or research and education. However, it is my

belief that these efforts mlmt go well beyond the development of

the backbone net.or}- to .nclude those enhancements ..hich make the

backbone .nto isable .ntrastructure. : refer to these

enhancemnts as .he "higher levels" the ::REN 4h1ch dill make

it a trily usel .. entity to all .ts potential users. By focusing

nn the research cummuniLy initialli, we can leverage the enormous

talent in the countri to help ei,tablish an evolutionary network-

based infrastructure which can be dsed for research and

experimentation, and can also be used for educational purposes.

The results of ..nterprise can subsequentli se raue available

to the commerc.al .,ector :or further development and use by the

rest of society.

1
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Federal funding for such infrastructure can be as valuable as any

investment the governmelt can make. The benefits will apply to

every scientific discipline and can impact the productivity of

the entire research and educational communities. I use the term

"lower levels" of the InformatIon Infrastructure to refer to

certain supporting system capabilities (e.g., hardware, software,

standards, protocols, system architecture) which form the

backbone of the NREN. The higb-r levels of the infrastructure,

such as the proposed Digita. Librury System, will build upon the

lower levels to create specific systems that meet end user needs.

Of particular interest are higher level systems that are

difficult, if not inpossible, for a single organization to

develop by itself. Such systems might involve 1) use of networks

for interaction among individuals and organizations and 2)

common, industry-wide procedures to support and encourage

widespread access. They can also be expected to facilitate common

access to remote serers for information retrieval, for storage

cr for processing.

Infornation Infrastructure is not a single capability or system.

It covers a totalitl, of investments that make network-based

information technology productive and useful. Thus, we should

likely make the most prcgress 11 considering specific examples of

infrastructure, rather than by treating the totality as if it

were an entity by itself. Just as government and education are

labels tor many collective activities the totality of which

defines them, so is Infrastructure such a label.

2
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Of particular importance to the NREN is its connection with

educat on, the industrial sector, and those parts of society not

directly involved dith research. It is especially important that

we address this connection since the national standard of living

is profoundly tied to education and industrial productivity. In

tine, I have no doubt that industry (domestic or foreign) would

provide sone forr of advanced infrastructure to support computer-

based interactions. However, it is unlikely that an Information

Infrastructure simi1ar to the proposed gigabit NREN would

materialize for decades based solely on private sector

initiatives. I think it would be a mistake to wait for this to

happen at its o4n pace. The bill under consideration today

(S. 1067) is thus tImely as well as important.

First, the economic potential derived from new and Improved

productivity toyls is likely to be quite large. Second, the

primary groups in the private sector with strong interests In

this arca carnot, Ly themselves, easily tackle the problems of

long-range infr.tructure development on a national scale. A

major part of the problem 15 identifying the large sums of long-

range funding for esedrch and development that will Le required

to carry it out. ',,,ltry 4ould need some isdurance that a

significant mark t e. (o: 4111 shortly exist, before making

try:: needed in-estrents. Withc:A a federal InItiative, the

opportur ties .:11 :ora:n 7,ust possibilities. T'::d, legal and

regulatory lim.taticns restrict ,,hat these grr,ups can eccomplish.

Lack of a .ery high speed n,twork infrastructure also limits what
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the computer compantes can tackle. Thus, we have a classic

"chicken and egg" syndrome. Fourth, not to be minimized, is the

need to ensure the protection of rights in Intellectual Property

in t'l NREN environment. The NREN should serve to stimulate the

production of new creative works, such as databases, and

encourage these 6orks to be made available over the network. The

protection of Intellcctual Property rights will be a critical

factor in achieving this objective.

NRI has been working 41th representatives of the publtshers and

the library Communittes as we22 as experts In the area of

Intellectual Property to better understand this issue in the

context of a nattonal Digital Library System. Our tentative

conclusion is that adequate protection exis%s under the

combination of copyright law, contract law and the electronic

communications privacy act to allow initial operation of the

Digital Library System. However, further consideration of this

area will be necessary as specific issues arise and we gain

experience with the operation of the system.

NRI has also been work.ng with members of tne U.S. academic

research community, with NSF and DARPA, u,d with industry to help

foster the development of a gigabit networking capability in this

country. I am confident that the technology can be made available

for a gigabit NREN during the next decade. However, current

esttmates are that the equivalent costs per site for such a

network will be at lcast an order of magnitude larger than for

4
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existing lower speed networks. It is widely believed that this

increase in capability will be of enormous benefit to the

research and educational communities once it becomes available as

a useful tool. However, it will take a long-term commitment of

additional government funding to sustain such a network. Some of

these funds could be made available by the states, especially

fermis for education. In addition, industrial participation would

initially help to offset costs. The assimilation of this gigabit

networking capability into the commercial infrastructure of the

country should enable it to become available to the rest of

society at costs that are comparable to today's costs (after

adjustment for inflarion).

It is clear that *gigabit networks will enable much larger

quantities of information to flow at a given time. While it is

possible to anticipate many of the benefits of such a network, I

have not attempted to calculate the resulting value of such

increased capacity for several reasons. One is that we are

unlikely to know the real utility of such networks until several

years after they have been available for actual use. Two, it is

difficult to predict accurately the effects of large quantitative

changes in technology that result in qualitative change. What

seems most likely Is that such networks will enable us to move

from a text-based mode of interaction to one that is based on the

movement and display of images. Thus, the user is likely to

obtain technology which can support more natural modes of

interaction through net,Works than Is affordable at present.

5
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Finally, the existence of gigabit networks will lead :o rany new

and innovative products and 5ervizes as well as the development

of comnuter- 4hich can connunicate directly with each other over

the network at very high speeds. The implications of such

developments are still wide open to conjecture.

The possibilities for research on networks and distributed

computing systems are immense. However, an even larger

opportunity exists to nake the NREN a useful and productive tool

for others as well. A scientific researcher should not be

required to first becore a net,-..ork or computer systems expert to

use the NREN. If that were a prerequisite, the cost of using the

network, in human terns, 1..ou1d be too large. The NREN till become

eminently practical for these users '.hen the higher levels of the

Infrastructure are available and easy to use. One such capability

is a Digital Library System that can be used for storing

information in the networ%, for retrieving information from

servers on the network, and zany other purposes. By encouraging

the development of educational material which is easily

accessible or shareable over the network, the educational

community can benefit greatlj. Once the initial research is

completed, the full :npact of industrial contributions should

begin to energe.

While the NREN must be capable of continual evolution, it should

be compatible with the long-range plans of industry. As state of

the art technology and services are made available on a

6
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commercial basis, major portions of the NREN might begin to

appear as standard cmmercial services. Yet, as new needs and

requirements beyond the state of the art are identified by the

research community, we must allow for ways to meet them. Just

as today's fastest supercomputers will be tomorrow's desktop

computers, so too can we expect access to today's fastest

networks to be widely affordable at some time in the

not-too-distant future. / believe industry will be very willing

to coordinate this evolution wit:1 the government to insure a

steady transfer of advanced technology and services from research

into the commercial sector. Of course, I also expect there will

be some capabilities that the government nay determine it needs

to pursue by itself, such as those which involve national

security or other critical government functions.

Let me now turn my attention to the roles of industry and the

states before addressing what the feleral government might

undertake in this context. Clearly, the academic community will

menefit from its participation in the NREN, if government funding

(federal, state and local) is made available for this purpose.

What will it take for industry to participate in long-range

infrastructure development? I believe it is essential for

industry to be able to combine any altruistic objectives for an

NREN with a sound long-range business rationale before widespread

participation can occur. Industry has taken the lead in such

areas on occasion, and should be interested in some level of

participation in the NREN.

7
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If the government provides adequate funds so that research and

educational users can acquire advanced products and services from

industry, there will be added incentive for Industry to

participate in the development of the technology and services.

This, in turn, could spur industry to take a longer-term view of

its investment strategy. In return, new state of the art

capabilities could be available for early use in the NREN.

Five examples of major infrastructure developments which involved

different combinations of participation by the federal

government, the states and Industry are briefly noted below.

Numerous other examples could be cited, such as power systems,

and rural electrification. In each of these cases, the benefits

of the development extended far beyond the Infrastructure itself.

z.. Railroads - While rost of the capital for the development

of our railroads cane from private sources, government was a

majo participant in the process. It either granted or

facilitated the acquisition of land and rights of way. My

impression is that the long term value of land along the

rights of 4ay ,as a ma3or incentive to Industry to

participate in creatIng the railroads, rather than advanced

technology or anticipated passenger and freight revenue per

se. The lard next to the railroad had particular value

because it was next to the railroad.

8
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b. Airlines - The federal government played a major role in

fostering the development of tnis industry. The military

interest in an air force was one early driver. Alsa the

government was an early user of aircraft services for

contract mail transportation. Cities and states participated

in the creation of airports and ac:e-s roads. The federal

government created and still operates the air traffic

control system.

c. Postal System - A federally created postal service was

established across the nation with the use of private

transportation facilities for long-haul carriage of mail.

Industrial participation :.as minimal otherwise.

d. Telephone - Like the railroads, the telephone system

evolved segment by segment, linkel by standards and

switching. Telephone calls were originally handled by many

small local companies which sprang up across the country.

Earlier in the cent,..ry, the Hell system was assembled from

many of these smayler companies. The C mmunications Act of

1934 and the Federal Communications Commission subsequently

came on the scene to manage the growth and evolution of the

communications and broadcast industries.

e. Uighwavs The 7ustification for the highway system was

based on military needs. However, the civilian implications

were also quite obvious. The states played a key role in the

9
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overall process and paid ten percent of the development

funds. A highway trust fund was established and paid for

over time by gasoline taxes.

Turning now to the role of the states, I noted the important role

they have played in man} of the earlier infrastructure

developments. I believe the states all have strong interests in

technology development for reasons of economic competitiveness

and the creation of jobs. The states should also be interested in

assisting small businesses to get started and grow, and helping

larger more established organizations to flourish. This help from

the states may be essential, since many of these organizations

may not be able to compete effectively for federal research and

development funds, but could still benefit from state assistnce

such as partial support for a connection to the NREN.

More compelling, perhaps, Is the fundamental role of the states

in education. I know that much thought has been given to the role

that computers and networks can play in education, but the full

implications of an NF N have yet to be explored in conjunction

with the states. I think this should be a national priority.

Without state involvement the NREN Is unlikely to penetrate

beyond the top echelon of schools, and thus, most of the

educational system would be excluded from this important

development. It is not necessary that all fifty states decide to

participate in the NREN. There will be ample time and opportunity

to enter the process at any time in the future.

10
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Once the NREN is Implemented, the federal role could be patterned

after aspects of the highway system. In ade:tion to funding

research and being a funding partner in the development of the

infrastructure, the federal government could play a key policy

role and help to form and maintain standards, in cooperation with

the states and industry, as appropriate. In the long run, the

best interests of the country will be served if we recognize, up

front, the need to find a proper balance between the federal

government, the states and the private sector in creating and

maintaining this infrastructure.

My specific recommendations for the federal role are as follows:

1. Create the NREN as an E%olvinq Testbed

In order that the NREN can evolve and grow, I believe we must

view it as a dynamic entity in which the well defined ahd stable

parts would ultimately merge with standard commercial offerings,

as new capabilities are developed to take their place. The

research community needs a process which supports new ideas that

can be experimentally evaluated. This will allow participants in

the NREN to converge on agreed standards which arise as the

result of experimentation instead of being artificially defined

in advance of actual use. when we have sufficient experience

using the testbed, the interested parties can take next steps to
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adopt and maintain national standards or to participate in

international standards actiities as appropriate. Over time, the

NREN can be expected to evolve into the next generation

experimental system that will continue to allow user needs to be

identified and reflected in experimental systems before standards

are finally adopted.

2. provide Sufficient Fundinci_for NUN R&D on d Continuing Basis

Many agencies of the federal government 1,111 be vitally

interested in this aspect of the plan. While NSF and DARPA have

played the lead role in the early gigabit resarch, DOE, NASA

NIH, and many other government bodies should also be quite

interested in participating. Efforts to coordinate federal

research in networking has been undertaken by the Federal

Research Internet Coordinating Committee (FRICC), and additional

efforts will be required to coordinate the development of the

higher levels of the infrastructure. Both the bill under

discussion today (S. 1067) and The Federal High Performance

Computing Program recently issued by the White House Office of

Science and Technology Policy call for research support over a

five year period. While it will surely be appropriate to

reconsider the funding levels from year to year beyond that, I

believe this funding should be viewed as the first phase of a

continuing effort to grow and later evolve the NREN.

12
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3. Create an Infrastructure Trust Fund

Once the 14REN is established, it will take considerable resources

to fund its operation. The federal portion of these funds should

be placee in a separate trust fund to be allocated by the

individual departments and agencies of the federal government

based on risearch proposals and other similar criteria. It seems

inappropriate to place these funds in the budget of any specific

department or agency of the federal government as their mere

presence can skew the perception of available funds within that

organization. The NREN must have a stable identifiable source of

support which is best handled by placing the funds in a separate

pool. I would suggest yearly appropriations to the fund be based

on an adgustable percentage of the total appropriated federal R&D

budget for the year. An open issue which cemains to be addressed

is how to administer these fund; within the federal government.

Allocation of the funds could be based on a formula to be

developed through FCCSET such as a proportional allocation to

each department and agency based on its appropriated R&D budget

(with the ability to transfer allocations between agencies). Or

it could be based on the previous year's allocations.

4. Stlmulate State and Industrial Research Funding

A portion of the trust fund should be set aside to "match" funds

provided by Industry and the states. In the highway system, the

states put up ten percent of the funding and the federal

13
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government the renairder. In the case of SEMATECH, the ratio was

1:1. I would recommend a plan ..ith 3:1 "matching funds" in this

case. For every combined dollar made available for research by

industry and the states, the federal government would put up

thren dollars, subject to available funding limits. These funds

should be provided to states or private sector R&D organizations

that 1) establish programs which arc consistent with the

development or a national Information Infrastrurture, and 2) are

also "qualified" by the governnent to conduct long range R&D

programs on national Information Infrastructure. In addition to

research and education, these programs would Le expected to be

broadly supportive of major segments of industry and the public.

Clearly, this concept will require further refinement with the

appropriate parties, but it could stimulate industry and the

states to participate actively db. fJnders of the long-term

infrastructure.

5. ftlrulate Incitt,stalli-mtrlhutinns ;DIrlstructure Building

One way to stimulate industrial contributicns is to enable early

access to infrastructure tor d period of a few years to those

organizations that participate in funding it directly or via a

matching grant program. Thi5 .4111 encourage organizations to

participate, since they -ay see a disadantage in being left

behind. Also, by alloIng these organizations tD participate in

the planning process by .hich the infrastructre evolves, they

can continue to affect its future trajectory.

14
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6. Incorporate Federal Government Information in the National

Informaticn Infrastructure.

I realize that this is a sensitive issue with many unexplored

dimensions -- but I have a feeling that the availability of

federal information in electronic form could be an attraction for

many participants, like the tract of land alongside the railroad.

The question is how to make government information available

electronically and on what basis? In recommending the

incorporation of such information in the NREN, I am assuming that

the vvernment has the responsibility to make certain of its

information available to the public and to ensure that it is

available in some basic form at the nominal cost of distribution.

In the case of the prcposed Digital Library System, I envision a

two-tiered strategy for its implementation. The core part of the

Digital Library Systcr ,,onsists oi information which :s made

available by the iederal lovernment (and most 1ikly the states)

and private sources, together with basic mechanisms for access.

While government iniornation would be available at the nominal

cost of distribution, -atc_rlal made available by private sources

would be sublect to any :Imitations on allowed usage and

additional charges :or accers to works protected under

Intellectual Properti law:;. The second tier might convevt that

information into valut-addel products and services ..hich would

then be made aval1tb14 ot addltional ,;ost. This strategy insures
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that users can still access government information at the nominal

cost of delivery, privately owned material as the market

dictates, and access to enhanced services at additional cost. We

tend to think of infrastructure as if it were a monolithic

entity. Just as infrastructure is not one thing but many, so is a

particular piece of Infrastructure not one homogeneous entity but

rather many modular pieces produced by multiple organizations.

In summary, I am very supportive of the effort to create WREN.

This will be an Important capabilitl for the research community

and for improving our educational system. I have tried to

emphasize the importanco of developing the higher levels of the

Infrastructure and creating the mechanisms which insure it will

grow and evolve. Industry and the statcs shoLid be a part of the

procr,s from the beginning. rlis ;4ill ensure that the Information

Infrastructure has a chance to permeate the entire fabric of society.
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Senator GORE. Thank you very much. I appreciate all of our wit-nesses on this panel. I will have a few brief questions and thenturn to my colleagues.
You used the word infrastructure, Dr. Kahn. Here on CapitolHill, liberals and conservatives, Republicans and Democrats havealways argued about the proper role of government in helping thecountry move into the future. There is a debate about trying topick winners and losers. There are debates about all kinds of newgovernment initiatives.
But one thing that all of the factions and groups and partieshave usually been able to agree on is the wisdom of investing ininfrastructure because a good infrastructure matched to the needsof our time can help everyone equally and can help anyone whocares to use it.
The problem is that this consensus about infrastructure wasformed in an era when infrastructure meant water lines andbridges and railroads. We are now in the Information AgeandDr. Billington very eloquently described the difference between theinformation age and the industrial ageand in the InformationAge infrastructure must acquire a new, larger meaning. We mustsee information superhighways as part of a successful nation's es-sential infrastructure in order to compete in the future, and, as wehave done in the past, help all of our citizens and businesses andschools equally to take advantage of the vast information resourcesthat are now available.
I have used a simple example to describe the potential which Ithink we should strive for. Imagine a school child in Tennessee orSouth Dakota, Virginia or Nevada, just to pick some states atrandom, sitting at home with the equivalent of a Nintendo ma-chine gaining access to the information in the Library of Congress.My youngest child is fascinated by dinosaurs, and why shouldnot a child who loves dinosaurs be able to explore through aninteractive computer the information that is available? What is thelargest dinosaur? What did it eat? Where did it live? How long agowas that? What does that mean? Did the earth look different then?Where were the continents? And, by means of natural curiosity,pt rsue knowledge to his heart's content.

This is one of the main ways we can improve the productivity ofour educational system here in the United States.Now, there are a lot of technical problems that have to be solved:copyright, design of the software, the protocols in the networks,and all of these things, but we can do it and we must do it.Let me just ask all three of you: How rea:istic is it to dreamchild being able to interact with a library of information in thatfashion? Can we do that?
Dr. BItuNaroN. Yes, we can, in fact, give you one example. TheAmerican Memory project which I indicated is entirely interactive.In other words, you use optical disk, or some other variety ofemerging technology, or perhaps several in combination, but youare in a sen presenting, on a disk or on linethere are variouswaysa whole section of the library's collections which have beendigitized, or captured vlectronically in some other way here.But these materials are like a library itselfessentially useless,unless an active mind is interacting with it. You have to choose the
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books, you have to scan the materials, and one question leads to
another, and, of course, the new electronic technologies enable you
to stop where you want to.

Senatoz GORE. If you stop on a part of the subject of particular
interest, you canwith the American Memory projectinstantly
scan through the photographs in the collection and look at what
the people actually looked like. You can look at videotape.

Dr. BILLINOTON. Exactly. One aspect of American Memory that
we think is really important is that it includes audio and visual
material, as well as textual material. Also, it includes original doc-
uments, so that the student in a library, or in a school, or ultimate-
ly in his home at a personal computer, has it on the screen and is
able to call up sections of the original document not just of text
material but of the way the Founding Fathers wrote.

If you have the papers of Washington, Jefferson, Lincoln and so
forth, as we do in the Library of Congress, it is wonderful to see
first of all, how good their handwriting was. You get all kinds of
additional little bits of inspiration and challengehow good the
English was, how much they corrected themselves, how they edited
themselves.

In a published version you just see little, dry anthologies, but in
American Memory you can actually see the text. You can see the
whole history of political cartoons, you know. You can see the car-
toon of John Quincy Adan:s falling asleep when he was in the
House of Representatives foilowing his service as President. They
gave him an awfully hard time.

You get a historical perspective on our problems. But the main
point is, American Memory is interactive; and this approach has
very practical results, not just in the study of history but in the
sciences, where you can linger on a problem, open up areas of curi-
osity.

I think this is the wave of the future and the new technologies
do permit it. We at the Library are moving in that direction and
many others are, too. Of course, a national computer highway
simply means that experiments that are successful in one part of
the country can then be much mole rapidly shared with another
part.

Far from repressing the inventive genius of the American people
and our inherent variety, it will open up much more variety.

The important thing, though, is the question of standar&. With
computerized information standards are even more important than
with the book cataloging of the past, because computer protocols
are precise. You are going to be using different kinds of hardware
and that only increases the importance.

Senator GORE. That is another reason legislation is needed, to
solve those problems.

I have already used up my time, but if the other witnesses wish
to briefly respond to the same question.

Dr. KAHN. Yes. In any new technology, whether it is a digital li-
brary or a computer network, you can have simple things you do,
more advanced things you do, or really forward-looking revolution-
ary things that you can do.

I am reminded of the days when we developed 'tie ARPANET.
There were many people who thought it was a straightforward
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thing to dojust put a bunch of telephone lines between different
computers.

It turned out to be a far more complex situation than just put-
ting telephone lines between computersto actually thin:: through
all the manifestations of building what was at that time the very
first, pioneering computer network.

We did the same thing in designing the INTERNET back in the
early 1970s. The INTERNET is a collection of independent net-
works which were glued together through a system concept that we
inventeda set of protocols tc bring these networks togethera
complex kind of activity that fevived a common systems ipproach.

One could have done a simpler, more straightforward thing
which would have been much less effective. The same is true of the
digital library situation.

I am sure there are people who could argue that we had digital
library systems back in the 1950s, or the earliest days of comput-
ers. In fact, you can have library systems today that are either
very simple, c. more advanced, or even revolutionary in concept.

My vision of a digital library system is one where the user does
not have to know w!rere the information is. The user can deal with
mulaple databases simultaneously, can ask simple queries and get
back answers to complex retrievals. There is a tremendous amount
of R&D that needs to be done to make that all happen, but that is
my vision.

Mr. Wv.vyr. A quick summary. Not only can we do it, as has
been described here, but we must do it. The scenario that you pre-
sented in my view is the only way we are going to rapidly address
the problem that we see, when our 13-year-olds finished dead last
in international competition on math and science. That was pretty
succinct and alarming.

Senator GORE. Senator Pressler?

OPENING STATEMENT BY SENATOR PRESSLER

Senator PRESSLER. Thank you, Mr. Chairman. I want to thank
these witnesses. I think this hearing is one of the most exciting
hearings that have occurred recently on Capitol Hill, because of
the scope of it and what it means for our future.

Last Friday, the White House released a plan for a federal high
peformance computing program. The plan embraces, with only a
few minor differences, Senator Gore's proposal for a nati;:nal re-
search and education netwoi k. I support Senator Gore's bill, and I
commend my colleague from Tennessee for his foresight and lead-
ership in this area.

High performance computing and networks that link up users
around the nation are essential to ensure the United States eco-
nomic and technological leadership in the next century. The na-
tional research and education network proposed by Senator Gore
has may applications that will improve the country's industrial
competitiveness, advance our research on climate and weather, im-
prove our ability to diagnose and cure diseases, improve our ability
to predict ilatural disasters, si,rengthen our military readiness, and
design and build the vehicles that will take us into space.
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The network will provide an opportunity for researchers around
the country to access databases in other locations, and to exchange
information. It will especially benefit small and remote universities
and research institutions that do not have access to supercomputer
capabilities and specialized databases. For example, South Dakota
State University is in the process of developing a biostress laborato-
ry to develop strains of crops and livestock that are resistant to
temperature extremes and drought conditions. The results of the
research produced in the biostress lab could be placed on-line for
ready access by users at other universities that are doing similar
types of research.

Eventually, the network will be extended to include commercial
enterprises. Then, small and medium sized companies will have
access to the superior design and computational capabilities that
large companies can afford today. For a small busincss, the savings
that would be generated by using supercomputers could mean the
difference between staying in business and succumbing to competi-
tion from larger companies am roreign competitors.

NASA's Earth Observing System (EOS) will soon be providing a
large amount of global climate and environmental data for scien-
tists to use in predicing climate changes. The land remote-sensing
data will be stored at the EROS Data Center in Sioux Falls, South
Dakota. A national network will permit instant access to this tech-
nology and data, and provide researchers with the ability to col-
laborate with scientists at other locations. This will significantly
improve our ability to predict and react to changes in our climate
and the environment.

The EROS Data Center in Sioux Falls archives the pictures that
are sent back from our Landsat satellites. Since 1971, it has stored
over one million satellite images on magnetic tape. That represents
over 248 trillion bits of data. Government and university research-
ers and commercial enterprises use the images for a wide variety of
applications, including il and mineral exploration, land-use plan-
ning, mapmaking, monitoring environmental changes, national se-
curity purposes, determining insect damage in trees and crops, and
predicting the size and health of crop yields. With the proposed
network, any government, university, or private researcher could
use the LANDSAT pictures that are stored in South Dakota with-
out having to leave his desk or laboratory.

A computer network across the United States has great potential
for increasing the productivity of American industry and stimulat-
ing the discovery and exchange of new ideas. I congratulate Sena-
tor Gore, and I look forward to hearing the witnesses today.

Let me say that I have listened with great interest, and I do have
parochial interests, like all senators, but I am very concerned
about the small businessman out away from a big city, and the
smaller university.

We have the biostress lab at South Dakota University. It is not a
big ten university. We do not have the resources that Vanderbilt
and some other, larger universities have, but how can we be sure
that this great source of information is going to be able to reach
someone who is practicing medicine in a smaller town, or who is a
small businessman?
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Let me say, I think in terms Jf research and development, some
of our cottage industries produce as much R&D as giant businesses
do, and I am always amazed, going around my state, at the individ-
ual professors who have applied for grants from foundations or the
government and are out there doing research virtually without
staff support.

For example, there is some very good deep earth drilling re-
search being done at South Dakota's School of Mines, which the
Russians have done a great deal of and certain other countries
have, but the United Stateb does very little.

Now it is true, I suppose, of course, as you say, that telephone
lines can hook things up and information can be there, but what
steps can we take to be sure that this is not a Mississippi Valley
University thing, an Ivy League thing?

We have the EPSCOR legislation that tries to get some of the re-
search grants to the smaller institutionsand I know you cannot
do all the research in smaller institutions. If you are doing re-
search on Alzheimer's disease, it can get too scattered out, and so
forth.

I guess I will start with Dr. Billington. You know, the great re-
sources you have talked about, whether a professor is doing re-
search on Shakespeare, or medicine, or whatever, as a practical
matter, what do we have to do, or what has to be done, so that the
person in smaller cities and towns and rural areas can access this?

Dr. BILLINGTON. I think we have to build networks. There are
110,000 libraries in this country. They are very widely scattered.
Many of them are very small, but they can be on-line with libraries
across the Country.

In the extensive review we have been doing in the Library of
Congress trying to prepare it for the 21st Century, we have held
more than a dozen forums in different parts of the country. I was
out in the Plains states, and their problems are very different, but
their library resources are quite substantial.

You have the school system, the educational system, with all its
diversity, and the library system with all its diversity, and all you
really need to do is to devise the kind of electronic highways that
connect these, and in turn, with their local community and with
the variety of Communities across the Country.

Now, for instance, we are going on line with our electronic cata-
loguing, which is an enormous searching device. We are trying it
out with different kind:- of libraries. In six months we are going to
assess the results of this. What is the need, what is the utilization,
and so forth?

I think in general the answer to your question is, there are exist-
ing networks. Ms. Avram is much more knowledgeable about net-
worksand I turn to her. But we use the existing networks, give
them new resources, and they in turn will find the ways to relate
to the local communities.

I do not think those are kinds of decisions that you have to make
in Washington. You have to make the material available. We are,
certainly, tbr instance, making our material available to different
kinds of librariesto highly scientific libraries, like Los Alamos,
but also to some rural libraries in Kentucky, and so forth.
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You advertize for applications, so that people come in with their
own proposals, and then out of those you choose variety, do a test-
ing to see how these networks become activated and then decide
how you are going to do it. There are, I think, existing networks,
and perhaps Ms. Avram would like to say another word about tl-at,
because she has been working with them for years.

MS. AVRAM. In the library community there existsit has been
in operation for about four or five years now, under development
for about tena methodology to exchange information with what
we call the bibliographic utilitiesOCLC, mentioned by Joe Wyatt,
and that does some of what Bob Kahn was talking about, but it is
only for the bibliographic data. It makes of the various databases a
national database and allows the user not to know where the bibli-
ographic record is. He just accesses information through this net-
work.

Senator GORE. Sort of a Dewey digital system?
Ms. AVRAM. But I there are many things that have to be done,

and of course one of them isconverting information in the future.
We are finding more and more of it in electronic form, but if we
are talking about our huge collections they must get into electronic
form and that is rather a major part of it.

Mr. WYATT. Senator Pressler, may I add a dimension?
I think one of the things the proposed network will do is provide

a great leveler for those people who participated in research
around the United States in a single discipline and depend on
access to either good data collections or good computer resources.

It is one thing to be standing in Harvard Yard and be able to
walk into the Widener Library. It is quite another to not have that
access.

If in fact we are able to achieve through the network and an in-
frastructure a system in which people can access material remote-
ly, it will be the single most leveling effect on research and access
to scholarly information and education that this country has ever
seen. There is no doubt about that.

Then the game is essentially one of equal competition, and it
puts it back on intellectual grounds, which I think is the place
where we know it works best.

Senator PRESSLER. I think that is an excellent statement. You
knew, every year we have the same great debate in this committee
and on the Senate floor about peer review groups, grants, research
and allocation. My group, the people from my state, feels that the
Mississippi Valley universities, the Ivy League universities, the
Califoznia universities, the big ones, have a system to get all the
research grants and the peer review guys, and it is a club.

So we passed EPSCOR, whici, requires a certain amount of re-
search to go to small institutions. Of course, the argument goes
both ways. Sometimes if you get 1;ood research too scattered out, it
is not effective.

On the other hand, some of these small univ_Irsities do very high
quality work, and a lot of the R&D thE t haprens in business comes
from small business, not big business. vju can argue it endless-
ly, circuitously.

I do think if we set this up right and if it works out that people
have access, it is going to be a renaissance of opportunity for
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people all over, wherever they are to participate, and it is going to
be a great leveler. It will end some of those debates that we have.
No, we will still have the debates, being Senators, but it will really
have an impact on that whole argument, I think.

Dr. BILLINOTON. Senator Pressler, I might just say that we al-
ready answer hundreds of thousands of research inquiries that
come disproportionately from communities that do not have access
to the major research libraries. A system like this will enable you
to do the same thing much more efficiently.

The example you mentioned of a mining school which would like
to know what the Russians are doing or whoever is doing some-
thing competitively in the world, that is precisely the kind of infor-
mation we have in the Library with the staff to read it.

A system like this or a better highway to carry the information
from specialized locations would be precisely what would help your
people. They do not want to build up a whole Russian scientific li-
brary. What they need is access to the ones that already exist. We
need to get the material to the people that need it.

Senator PRESSLER. For example, how would the three or four pro-
fessors who have a project on deep earth drilling z t South Dakota
School of Mines access the library if they wanted t9 know what is
going on in the Soviet Union? Would it be in a Asual form? It
would probably be in a written form? Would V.iey have to be
hooked into the super computer, or what would the process be?

Dr. BIT. LINGTON. They can now make an inquiry, a direct tele-
phone inquiry to the Library of Congress, or they can make a
direct bibliographic search through one of the on-line libraries. I
would have to see which would be the closest to South Dakota.

The kinds of systems that are envisioned here would make a
direct electronic link-up and a rapid response that would include
not n.erely biblioi,-raphic informatica and certainly already-stored
information in data banks but, presumably, digitized information,
full text information, scientific abstract information, etc. That is
coming, I think.

It is expensive and would take time, but it is not as expensive as
it might ae, -,ar. We have even made some estimates what it would
cost to do the Library of Congress collections. It is substantial, but
it is not as awesome as I had expected it would be.

Senator PRESSLER. Mr. Chairman, I thank the witnesses.
Senator GORE. With Senator Robb's indulgence, if I may have 30

seconds to extend your last comment.
Joe Wyatt said earlier that the value of the Library to its users

is substantially enhanced by the way in which they get new infor-
mation and make it available. You talked about the expense of
going back to the collect and digitizing it and making it available
electronically.

It is important to note that where new information is concerned,
most publishers now digitize the information before they translate
the information into a typeface. It is not difficult to imagine the
Library of Congress receiving new publications not only in printed
form but directly over this network in digital form so that you do
not have to then go back and retranslate it into digital form to
make it available to users.

Senator Robb.
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Senator Ross. Thank you, Mr. Chairn:an. I should probably
begin with a disclaimer that I frequently insert in any discussion of
supercomputers and computer technology. I regret that I am one of
those parents whose children are far more computer literate than
they are. I constantly marvel at not only what they cart do but the
resources that are available to them. I have a great appreciation
for the potential of the technology that we are discussing here this
morning.

Although I have only a layman's understanding of this subject,
let me ask a couple of questions that are in part technical. They
might be better directed to the second panel, but let me just for my
own edification see if I can get some response.

Late yesterday afternoon I was talking to an author/journalist
who was working with on a PC. She had put a great deal of work
into this particular story, and the computer somehow ate all of her
story and research. She had done a backup tape and stuck that in.
Again, I do not know how it was done technically, but the comput-
er decided to eat that as well when she fed that in. She was left
with nothing but her handwritten notes, and none of the intellectu-
al work that the had done.

I mention this in connection with what we hear about computer
viruses and other problems. If we have, in effect, an entire nation
having access to all of this information stored in whatever form
and in whatever place, is there a risk that someone could, either
intentionally or otherwise, disable the system or cause information
that has not been reduced to some written form to be erased or
lost?

Mr. WYATT. Let me take a quick crack at this.
There are certain rules of thumb that one learns mostly through

experience. One of the rules is never feed your backup tape to the
same machine that ate the first one.

Senator Ross. My guess is this particular person has learned
that in a way that will not be forgotten.

Mr. WYATT. That is right. There are safeguards. In fact, many of
the collections that we are describing here will be stored on materi-
als that are not erasable; that is, on optical memories that in fact
do not accept new information once they are recorded.

We have learned and ar,.: learning over a period of years to intro-
duce a variety of safeguards that I think reduce danger to a mini-
mum. One of the safeguards, quite frankly, is having backup stor-
age We are getting to the point where the cost effectiveness of this
storage that we are able to use is so beneficial that we cannot
afford to have just one backup.

Dr. BILLINGTON. The first rule made at the Library of Congress
was to keep the old card catalog just in case.

Ms. AVRAM. We do exactly what Joe Wyatt said. We have several
copies of the data base. We go as far as storing a copy outside the
Library, because losing it would he a tremendous loss.

There is a danger of the computer virus. We have seen that. Of
course, good heads are working on that problem. That can do a lot
of damage.

Senator GORE. I might say that we have a section in the legisla-
tion that focuses on the virus issue and other security issues.
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I agree N ith the Senator from Virginia. This is one of the abso-
lutely critica things to focus on.

Dr. KAHN. I would simply add that while I think viruses and se-
curity in the network are important things to be continually con-
cernod about, the more prominent case where a computer eats
something is likely to be where there was no virus, there was no
malfeasance involved but, rather, the user just did not know what
to do to retrieve the data. It was there in the machine and with the
right combination of esoteric commands and keystrokes it could
have been retrieved.

It would be very nice if the higher levels of this infrastructure
would let one say what happened to this data I just fed you and get
it back.

Senator ROBB. I only used that to illustrate the concern on a
broader level. In this particular case she took the computer and the
tapes back to the manufacturer, and they could not find out what
happened, either. So they are doing a little research.

Let me ask just one other question, if I may. You mentioned the
rule of the states. I hope to encourage my own state to do some-
thing in this regard in the near term. We are iooking at the possi-
bility, for instance, of linking all of our major research universities
with various technical databases and whatever the case may be.

My question is at what point do you achieve redundancy? When
it is no longer useful, for a given university or jurisdiction, to con-
tinue compiling and making connections and then connecting into
a larger system.

Is this something that really is not a grassroots, bottom-up
system but ought to be begun and implemented entirely from the
top down? Should we be encouraging states or other jurisdictions to
hold up because they may soon be able to have access to the entire
Library of Congress and all of these ,)ther major resources. Is there
anything that you might do to make sure you would supplement
existing files rather than simply create a redundant database or
file?

Is that a problem right now? Should we concentrate all our
energy at the highest level?

Dr. KAHN. I think you need both. Senator Robb. I believe that
grassroots level initiatives are absolutely essential to get the right
level of motivation and interest.

I have had discu3sions with various people in Virginiaat many
of the colleges there, the Center for Innovative Technology, they
are all very interested in this, but unless you have the grassroots it
does not really take.

But the grassroots alone is not sufficient. You really do need a
more global view, because whatever Virginia does you want to
make sure is compatible with Maryinnd and Tennessee and South
Dakota and whatever states are involved. That is a top level issue.

SenatOr ROBB. If we are about to spend, say, $15 to $20 million on
the start-up costs for our Center for Innovative Technology, how
could we be certain that we are not spending a great deal of that
money in ways that will mesh with the national system? We don't
want to waste money, in effect, at this stage when we do not have
this superhighway fully in place?
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I am trying to get some sense of what te avoid in the early stages
so that we can use scarce resources as productively as possible.

AVRAM. I believe that is the infrastructure we are talking
about. Part of that is a very important element of this highway
that we are building, and that is called standardization, and that
has to be coordinated and everybody has to adhere when that hap-
pens.

One of the tremendous advantages of the network will be eventu-
allynot right away, but eventuallythat the network will
remove much duplication and thus it will be economically advanta-
geous.

Dr. KAHN. I actually think you are 90 percent of the way there
by just knowing that is a problem up front. This is not a formula
issue. I believe it is one of sitting down with all the parties, identi-
fying what needs to be dealt with on a global basis, what can be
dealt with on a local basis, and hammering it out.

There will be some cases where low-level decisions about how
many circuits and where to place them can be done on a basis of
computer programs that are well engineered to design networks or
probability and statistical analysis about probabilities of failure.
That is a cost tradeoff involuntary of how much are you willing to
pay for how much reliability.

But most of the other issues you are talking about, ought to be
resolved in the process of discussion among all the involved parties.
They can never decide at what level attention needs to be given to
a given problem.

Senator Ron. There are any number of laws passed by the Con-
gress, where standardization, is a problem. Is it fair to say that
each individual supercomputer, for instance, that might be part of
this system is going to have a value that is not dependent upon
how it is hooked up with the others? Or will it retain its individual
value only for certain users who are a part of a particular net-
work? If there are dozens of incompatible networks, then you are
simply providing, again, redundancy or overlap that you could
avoid if everybody got together.

In the best of all worlds, that is the way we would do a lot of
things, but we do not. Everybody moves at their own speed and, re-
grettably, the Congress does not always anticipate all of the state
and local and other jurisdictional needs or initiatives, so we have to
find a way to mesh them later on.

I am just trying to get some sense.
Ms. AVRAM. I think what we are building here, we are building

on a group of systems that are not necessarily alike and probably
will never be. We would have to go back in time and undo every-
thing we have done to make everybody operate their computer in
exactly the same way.

What we must do is make sure we have standardization at the
point of interchange, at the point of communication.

Senator GORE. But his question is about an institution in Virgin-
ia that purchases a supercomputer. It is not going to make making
a mistake by doing so if it does not immediately link up to the net-
work? I mean, the supercompuer has inherent value which will
then be magnified once it gains access to the network? That is cor-
rect, is it not?
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MS. AVRAM. I would say the supercomputer put in in Virginia is
going to have to add whatever it tales to become part of the net-
work. In the cases that Bob was describing there was a language, a
protocol, and each machine was able to communicate with every
other machine using that standard language.

Senator Ron. Just one final parochial pitch, if I may. In collo-
cated with our Center for Innovative Technology that we have the
Software Productivity Consortium which is trying to make sure
that all of these systems can talk to each other worldwide so we
may be able to solve this standardization problem at some point
down the road.

Mr. Chairman, I thank you.
Senator GORE. Thank you very much, Senator Robb. We had

many questions for this panel that we will not get to.
There are a lot of other questions, but we have a lot of expertise

on the next two panels, and we are going to have to move on. But,
you four have gotten us off to a great start, and you leave with our
gratitude. Thank you very, very much.

Our second panel is made up of Dr. John Fischer, accompanied
by Dr. David Nystrom, and Dr. Daniel Masys. If the three of you
would come up to the witness table.

Dr. John Fischer is Acting Associate Director of the United
States Geological Survey. Dr. Nystrom, who accompanies him, is
Chief of the Office of Geographic and Cartographic Research at the
Geological Survey in Reston, Virginia, and Dr. Daniel Masys is Di-
rector of the Lister Hill National Center for Biomedical Communi-
cations at the National Library of Medicine in Bethesda, Maryland.

We appreciate you three being here. As with the previous panel,
your prepared statements will be included in full in the record. We
would ask you to summarize the important points you wish to
make, and we will begin, Dr. Fischer, with you. Welcome, and
please proceed.

STATEMENT OF DR. JOHN N. FISCHER, AC'I'ING ASSOCIATE DI-
RECTOR, U.S. GEOLOGICAL SURVEY; ACCOMPANIED BY DAVID
A NYSTROM, CHIEF, OFFICE OF GEOGRAPHIC AND CARTO-
GRAPIHC RESEARCH; AND LAWRENCE BATTEN

Dr. FISCHER. Thank you, Mr. Chairman. I appreciate this oppor-
tunity to testify before you today. My testimony will focus on ac-
tivities of the USGS in data management and touch briefly on our
role in the coordination of data management across the govern-
ment.

I also will comment on our use of computers, computer network-
ing and Geographic Information Systems. Optimal use of Geo-
graphic Information Systems relies on efficient data management,
an objective of S. 10t Therefore, at the conclusion of my state-
ment David Nystrom z .1 Lawrence Batten, who are accompanying
me today, will give a brief demonstration of GIS technology and
LANDSAT inuigery.

Mr. Chairman, the USGS is deeply interested in the availability
of supercomputers and networks to utilize them. The successful ac-
complishment of our mission requires that we apply appropriate
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computer technology to the collection, analysis, and dissemination
of earth-science data.

Our use of computers spans the spectrum of technology from
microcomputers to work stations to mainframes and supercom-
puters. We serve a variety of users in the public and private sector,
each of whom have different capabilities to process the data the
receive.

With the proliferation of GIS software and methods for collecting
and representing spatial information, it has become apparent that
the exchange of data between scientists and users of scientific data
is a significant problem.

In response, the Department of the Interior has established the
Interior Digital Cartography Coordinating Committee and OMB
has established the Federal Interagency Coordinating Committee
on Digital Cartography. These committees are charged to recom-
mend procedures and programs, including data standards and data
and exchange formats, to fariitate the coordination of digital carto-
graphic data in the Federal community. The USGS chairs both co-
ordinating committees and USGS scientists are actively imolved in
GIS activities and work groups of the committees.

The rapid growth of data derived from computer modeling and
satellite sensors such a., LANDSAT has resulted in an increased
need for and a new focus on management of these data throughout
the Federal Government.

The USGS data center in Sioux Falls, South Dakota, is deeply in-
volved in the research and implementation of information manage-
ment systems for image data. We are using satellite image data
from Sioux Falls for a wide variety of api lications ranging from
large-scale wildfire monitoring to mapping drought conditions. We
expect the USGS data center to play a central role in archiving
and distributing data associated with global change problems.

At the conclusion of my testimony, Dave Nystrom will provide
one example of a GIS wildfire monitoring application using LAND-
SAT imagery of Yellowstone National Park.

Microcomputers and minicomputers are an integral part of our
scientific equipment in over 250 USGS offices across the country.
These computers, along with the mainframe it Reston, are con-
nected by a network called GEONET which allows users to connect
to any other computer in the network. However, and now related
more specifically to S. 1067, it is clear that solutions to some of the
problems on which we are working would be facilitated by fa.3ter
networks and more powerful computers than are available to us
currently.

As just one example, scientific analyses of our changing planet
are complex and multi-disciplinary. The intetactions betwean the
solid earth, the atmosphere, the bic here, and the human influ-
ence on these processes are central to understanding the important
changes taking place around us.

These interactions require geologists and geophysicists and hy-
drologists to share data bases and knowledge with biologists, agron-
omists, meteorologists, economists, demographers and scientists
from a multitude of other disciplines.

Increasingly in the process of these multi disciplinary analyses,
very large and complex data files are created, moved about, and
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manipulated by the many different organizations and sciences in-
volved in the activities.

Advanced technology computers and the high-capacity networks
to serve them will be indispensable components in handling the
massive volumes of data and the comph Aity of multi-disciplinary
process modeling that will be an important part to successful anal-
yses of global change.

Mr. Chairman, this concludes my statement. I thank you again
for the opportunity to testify before you today.

[The statement and questions and answers followl
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Testimony of Dr. John N. Fischer,
Acting Assodiite Dire.ctor, U.S. Geological Survey

Mr. Chairman, Members of the CommittWe, I appreciate this opportunity to

testify before you today and to describe some elements of U.S. Geological

Survey (USGS) activities in data management.

My testimony will focus on data base development and management in the USGS,

and I will comment on our current use of computers and computer networking,

other new information disseminPtion tecnnologies, and our current and future

use of geographic information systems (GIS) in the USGS. At the conclusion,

David Nystrom and Lawrence Batten who are accompanying me today, will present

a brief demonstration of current GIS applications.

The USGS is deeply involved in the application of computer technology to the

collection, analysis, and dissemination of earth-science data. Our use of

computers spans the spectrum of technology, from microcomputers to work-

stations to mainframes and supercomputers. We serve a variety of users in the

public and private sector, each of whom have different capabilities to process

the data they receive. Some of our books and maps now are available not only

on paper, but also on magnetic tape, optical media, and in certain cases, by

direct access to computer-stored data. We are moving to an environment of
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digital data with dissemination by CD-ROM (Camputer Disc-Read Only Memory) as

a distribution medium, and by direct computer network access to our major data

bases.

Large amounts of data are being digitized at numerous locations throughout the

country by, or at the request of, local and State agencies and other Federal

departments. With the proliferation of GIS software and methods for inputting

and representing spatial ihformation, the exchange of data from one system to

another has become an increasingly difficult problem. Standard digitizing

specifications and recommended procedures are being established and imple-

mented by the Geologkal Survey to bring uniformity and standardization to the

data. In addition, methods for transferring data among various earth-science

data bases and available GIS's are being developed.

To address the extensive national needs for hp-to-date digital earth-science

data for GIS applications, the USGS is expanding significantly its digital

data production capabilities through Advanced Cartographic Systems, developed

in conjunction with the Defense Mapping Agency. These activities are current-

ly focused on accelerating the generation of digital cartographic products,

incorporating digital revision techniques, and integrating the new technology

for automated extraction of data, image processing, and product generation

In the early 1980's, with the proliferation of GIS software and methods for

collecting and representing spatial information, the exchange of data between

systems was a difficult problem. In 1982, the Department of the Interior

established the Interior Digital Cartography Coordinating Committee. In 1983,

316



313

3

the Federal Interagency Coordinating Committee on Digital Cartography was

established by the Office of Management and Budget. These committees were

given a mandate co recommend procedures and programs, including data standards

and exchange formats, to facilitate the coordination of digital cartographic

data in the Federal community. The USGS chairs both coordinating committees,

and USGS scientists are actively involved in the GIS activities and work

groups of the committees. A number of reports and GIS documents were recently

published by the committees and are available from the USGS.

The rapid growth of data deri Flom computer modeling and satellite sensors

(LANDSAT data, for example) has resulted in an increased need for, and a new

focus on, the management of these data throughout the Federal Government.

Scientists require improved access to the data as well as greater distribution

of data products. In response to this need, the Geological Survey is

coordinating with other scientific agencies in several collaborative endeavors

to improve sharing and access to this data. Four of these endeavors are: the

establishment of an earth-science data directory, the development of an Arctic

environmental data directory, participation in a global change data

information system, and the establishment of a communications network called

GEONET.

In 1985, the USGS established the Earth Science Data Directory (ESDD), which

contains references to earth-science and natural resource data holdings of the

USGS, other Federal agencies, and State agencies in all 50 states. The ESDD

is an integral part of the shared directory activities of the interagency
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Working Group on Data Management for Global Change (IWG). Many of the data

sources referenced in ESDD offer potential leads to data that might be used in

GIS applications.

Several years ago, when the USGS and other scientific agencies formed the

its objective was to make it as easy as possible for the scientific

community to access and use data needed to study global change. A goal of the

IWG is to develop a global change data and information system to be available

by 1995 that is consistent across agencies and involves and supports univer-

sity and other user communities. The system will use existing data resources

to the maximum practical extent to make access to global chanye data as easy

and inexpensive as possible for the research community. The IWG is coordinat-

ing its efforts domestically with the Federal Coordinating Council for

Science, Engineering and Technology's Committee on Earth Sciences, which is

responsible for developing the U.S. Global Change Research Plan with the

National Academy of Science's Committee on Geophysical Data, and internation-

ally with the International Geosphere and Biosphere Program.

During the past year, the USGS has cooperated with the Arctic Research

Commission and the Interagency 10-ctic Research Policy Commission to coordinate

efforts within the Uniteo States to make Arctic environmental data more

accessible to Arctic researchers. As part of these collaborative efforts, the

USGS established the Arctic Environmental Data Directory as a subset of the

ESDIU to store references to Arctic data holdings from governmental, academic,

and private sources. Because Arctic processes are important to the under-

standing of global climate change, the USGS is cooperating with other
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scientific agencies ahd other Arctic nations to share the data of the Arctic

community with, and connect its resources more closely to, the global change

program.

We have installed microcomputers and minicomputers in most of our 100 major

offices. These computers, along with a mainframe computer in Reston, are

connected together by a network called GEONET, which allows users to connect

to any computer on the network. The network also allows smaller offices that

don't have their own computer to connect to the nearest office that has one.

A subset of this computer network is called the Distributed Information

System, which has approximately 55 minicomputers and provides a wide variety

of textual, numeric, graphic, and image processing.

In Fiscal Year 1990, it is expected that a new set of workstation computers

will begin to replace our existing minicomputers. Under the planned enhance-

ments, each office will have several powerful workstations, delivering

computer resources to the end user more directly and providing additional

resources to match increased demand. The ability of USGS scientists to share

data sets and software across the present GEONET has already proven to be a

major factor in the spread of GIS activities within USGS and among our State

and Federal cooperators. Since GIS data sets tend to be larger than most

scientific data sets, a high-capacity network would be of immense help in

allowing scientists to share evin larger GIS data sets expected in the future.

Recent advances in GIS capabilities are bringing about an increased efficiency

in acquiring, storing, manipulating, analyzing, displaying, and disseminating
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earth-science data that was not possible 2 years ago. While the operational

programs of the USGS that apply GIS technologies are highly distributed, the

GIS research and development work is more centralized. The 4SGS is developing

a coordinated program of GIS research and development that will be necessary

to successfully accomplish increasingly complex program mandates. Many

current earth-science issues, such as landslides, earthquakes, contaminated

ground-water systems, and global change phenomena, are problems that GIS

technological advances now provide a unique opportunity to research, analyze,

and solve.

The USGS has consolidated selected GIS hardware/software and personnel into

shared regional research and development facilities at the USGS National

Center at Reston, Virginia, and in Denver, Colorado, and Menlo Park,

California. The consolidation makes available, at key regional locations, a

full range of computer-based hardware and software. These centralized

facilities, available to both the USGS and other Federal agencies, have been

especially helpful in starting pilot projects. designing new data bases, and

making decisions about appropriate equipment and software. Additional

regional GIS capabilities are available at USGS facilities in Sioux Falls,

South Dakota, Anc.orage, Alaska, Rolla, Missouri, and Stennis Space Center,

Mississippi.

ke believe that the consolidation of USGS hardware, software, and personnel

into shared research applications and development laboratories will continue

to provide a powerful, cost-effective tool for USGS scientists to analyze and

interpret data about land, water, and mineral resources to meet programmatic

responsibilities. The research and development activities of our laboratories

provide the technical basis for the methods for repreenting spatial informa-

tion and exchanging digital data fro, vne system to another. Results from a

variety of cooperative applications projects are enabling USGS to make ap-

propriate responses to digital earth-science data user needs at the local,

State, national, and international level.

This concludes my prepared statement. We would now like to present a demon-

stration of our current GIS applications
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QUESTICNS OF SENATOR OORE AND 1ME ANSWERS METETO

Data Management

I have been in the Congress long enough to know that when someone entions
'data management' a lot of people on the Hill just stop listening. Data

isn't something you can put your hands on, and rooms full of magnetic tape

don't look very exciting. The result is that data management is often

underfunded. Sometimes an experiment Ft run, the data is collected, but then

there's not enough money to store the data properly. As a result, the data

goes unused.

How can we make people recognize the critical importance of data management?

We should promote the idea that good data management is essential for good

decisions. Different methods will be effective in promoting this idea with

different groups of people. With policy makers, good national policy

decisions are based on a good understanding of available information. Policy

makers must first be aware of the existence of the appropriate information

and then have easy access to it. For example, the increased use of
information from Geographic Information Systems (GIS) by policy makers has
generated a tremendous interest in high quality data sources for decision-

making. Many users of GI8, however, have discovered that it is difficult to

identify sources of well managed accurately positioned data. To encourage

scientists to manage and preserve their data, Federal agencies must include
data management as a formalized part of conducting scientific investigations
by planning to lanage their data well and by providing the necessary funds to

perform data management activities.

Computers now allow researchers to collect much more data tha, they could in

the past. NASA is now working on EOS, the Earth Observing System, which till
produce trillions of bits of data a second. Will the USGS and other agencies

be ready for this flood of data?

The USGS intends to be prepared for the data trarsmitted by EOS. In March

1988, NASA and the USGS Signed a Memorandum of Understanding for Experimental
Land Remotely Sensed Data Processing, Distribution, Archiving and Related

Science Support. The USGS EROS Data Center will serve as the archive for

experimental land remotely sensed data obtained by NASA. The USGS is
Participating with NASA in developing and implementing the EOS Data and

Information System (COOLS) for the mid-1990's. In concert with the
Interagency Working Group on Data Management for Global Change. the US.S aiao
plans to develop and operate global changc land data management and
information systems and will continue to operate the National Satellite laod

Remote Sensing Date Archive.
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What kinds of technology would be post useful for the USGS and the EROS data

center?

The USGS will need advances in data storage devices, telecommunications,
computer hardware, and computer software. Improvod digital data storage

devices will be required for efficient, reliable storage and retrieval of
large data sets. High data transfer rates are needed to move large data sets
from the storage media to users' computers. SuperLomputing technologies need

to be applied to data management to allow development of advanced algorithms
for data correction and enhancement and more rapid movement of data between

computer peripherals. Software improvements are also needed, such as high
performance relational systems, more efficient data compression techniques.
and advances in object-oriented data base management systems.

Saving the Data

Over the years, taxpayers have spent billions acquiring scientific data. 3ne

of the primary goals for S. 1067 is to see that all that data is accessible

and put to the best possible use. I would really appreciate your honest

opinion on this simple question:

Has the Federal Government done enough to preserve all the data it's paid for

over the years?

Probably not. Although many cases exist where data have been preserved in an
exemplary manner, cases have also occurred where data have disappeared or
disintegrated because of inadequate data management.

Where are the biggest problems?

Federal scientific agencies do not have a consistent definition and
understanding of data management, and adequate data management practices are
often not established or enforced for research scientists. Documentation of
scientific data is a persistent problem. The existence and content of
valuable research data is often not documented by scientists and, thus, the
data is not readily available or useful to others. Many agencies cannot
clearly define much of the data they have developed and how that data can be

accessed. Because of the large volume of data being collected and generated,
maintaining the continuity and quality of the data is a great challenge.

I imagine that some agencies do better than others in this regard. Which of

the science agencies art doing a particularly good Job?

In general, the Federal agencies with a scientific data management mission do
a good Job in managing their data, and centers of data management excellence
exist within each of tne science agencies. These centers provide for
scientists working with data managers to oversee the valuable data resources.
The USGS is the principal Federal agency for the earth sciences and maintains
many formal, large-scale geologic, hydrologic, and cartographic data bases
systems and information clearinghouse services.
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What else needc to be done?

A widely-accepted and consistent data management process should be adopted by
the science agencies. Data management systems must be realistically costed
out on a life-cycle basis, developed using the most appropriate technology,
competently managed, and given appropriate priority. An important early part
of the data management life cycle is determining what data will be collected,
what will be saved, what data will be on-line, and what will be archived. It

is not realistic to retain every bit of data that is collected. Just as

information has been managed in a consistent way by a network of research
libraries, data must become an integral part of our scientific processes.
8enefit/cost analyses for multiple-purpose data systems must take into
account out-yeac benefits.

Data exchange standards will help to facilitate data access and use, and
significant progress is being made in implementing such a standard for
spatially referenced digital data, which has broad applicability to
geographical analysis, the earth sciences and biological, socio-economic and

other studies. Because of the volume of data be.,ng collected and generated,
maintaining the continuity and quality of the data is a great challenge.

NSF's Role in the Information Infrastructure

The legislation we are considering would give the National Science Foundation
responsibility for coordinating the linking of scientific databases at
different Federal agencies to the 3-gigabit network. Since NSF is running
the network, it makes Sense that it would have that role.

Which of the data bases at the USGS do you think will be hooked up to this
national network? How hard do you think that will be?

The USGS maintains many extremely valuable data bases that are widely used by
the scientific community and the public. Some contain scientific data while
others contain indexes to data and information managed by the USGS and other
organizations. Included among the USGS data bases that could be linked to
the national science network are the National Digital Cartographic Data Use,
Geographic Names Information System, National Satellite Land Remote Sensing
Data Archive, National Water Information System (previously WATSTDRE),
National Water Data Exchange, Water Resources Scientific Information Center
literature abstract data base, National Coal Resources Data System, Mineral
Resources Data System, Rock Analysis Storage System, INTERMAGNET (joint
international system for collecting geomagnetic data), <wick earthquake
epicenter data, earthquake data base, on-line catalog of USGS library
holdings acquired since 1975, Geologic Long-Range Inclined Asdic data,
National Uranium Resource Evaluation, Side-Looking Airborne Radar, and
aircraft scanner data holdings.

The USGS has been using data telecommunications for many years. In fact,

most of the data bases mentioned above are already accessible through GEONET,
the data telecommunications network the USGS operates for the Department of

the Interior (DOI). GEONET is connected to the NSF supercomputer network and
other national networks. Some long-term means such as GEONET must be
provided to connect USGS and DOI computers to the proposed national SCienCe
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telecommunications network. The hardest part of connecting data bases to a
network is not the telecoemunications links, however. It is agreement among
network partners on consistent data directories, catalogs, user registration
and access procedures, and the user interfece--that is, the presentation of
information and choices to users of the data bases,

Do you think that NSF is the logical candidate for coordinating the

networking of the different data bases we are talking about? What kind of
coordination would you like to se, NSF provide?

We do not believe that there is a logical single candidate to coordinate the
networking of the different data bases that would be linked by the network.
This is a discipline-oriented function requiring sioificant input from each
of the major science and engineering specialties. There art established
coordinating bodies and menanisms to help with tht networking. Examples are
the Federal Interagency Coordinating Committee on Digital Cartography,
Committee on Earth Sciences, and the Interagency Working Group on Data
Management for Global Change. In :edition, OMB Circular A-67 assigns
responsibility for Water Data Coccdination for all Federal Agencies to the
U.S. Geological Survey. Because of the demonstrated success of the NSF
suPercomputer network, we believe it would be logical for NSF to have the
same type of research and development support role tor the proposed broadband
national supercomputer and science information network.

Coordinating Federal Data Management

Literally dozens of Federal agencies are involved in computer research,
ccsputer networking, and data managesent. One of the goals of S. 1067 is to
provide for better coordination between the agencies.

Good coordination is going o become more important in the future because
data rates are increasing so fast. The Earth Observing System, scheduled for
launch in 1996 is expected to generate one terabit of data each day. That's
a trillicm bits of data. Every few weeks the EOS spacecraft will generate as
much data as Is currently stored in all the books in the Library of Congress.

It will be hard for agencies to share this data because federal data banks
and computer networks grew on an ad-hoc bas's and many of them are
incompatible, making it more difficult to exchange data between agencies.

What can be done to improve coordination of Federal onsuter systess and
communications networks?

The National Institute if Standards and Technology (NIST) should continue to
work toward the establishment of new Federal Information Processing Standards
(FIPS) for networking and software portability and continue the refinement of
existing standards in those areas, such as Government Open Systems
Interconnection Profile (GOSIP) and Po-table Operating System Interface for
Computer Environments (POSIX). In addition. the Federal gcvernment should
capitalize on the successful experience of national data centers such as the
National Climate Data CentF. tee EROS Data Center. and the National Center
for Atmospheric Research. and successful network operations such as NSFNET
and GEONET. Finally. we should build on the good models that now exist fo-
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interagency coordination of complex, joint technological ventures. Such a

group could be empowered to coordinate the linkage of sciehLific data sets

residing in Federal agencies.

What ls Most important?

The Federal science agencies must become active partici Pants in the

coordination of data management and networking for the linkage of and access

to Federal scientific data.

What are the PrinCipal issues in ensuring that users can effectively and

conveniently access and integrate information from a variety of data bases

and a variety of networks?

It is essential for NIST to continue to develop and refine data standards

such as POSIX and GOSIP. In addition, standards for data-set documentation.

data exchange, storage technology, and data management should be addressed by

en appropriate coordinating committee. The agencies must then adopt and

implement the standards that are established. Training will be required to

raise the skill levels of data management system developers and potential

users. In addition, distributed operating systems and distributed data base

management software will be needed to link multi-vendor and multi-generation

computer systems.

The USGS is lead agency for computerized mapping. Art the agencies working

together well in that area?

Yes. Substantial progress is being mode, especially in the areas of

standards and data exchange formats. Under the auspices of the Federal

Interagency Coordinating Committee for Digital Cartography and associated

professional, academic, and industry groups, new standards for Digital line

Graph (KG-Enhanced) and Spatial Data Transfer (STDS) are undergoing

evaluation. The agencies have a strong incentive to cooperate because

advances in geographic information systems (GIS) technology offer an enormous

Potential for planning and analysis and make data exchange an economic

imperative.

Picking the Right Technology

Advances in Computer and communications technologies hold a promise for

Providing Solutions to many of the nation's federal data management Problems.

However, these rapid advances also introduce the possibility that existing

systems will became obsolete much sooner. For example, many agencies have

data that was recorded ten years ago and that cannot be use4 today because

the machine that recorded it is no longer available.

I understand that this has been a problem at the EROS Data Center. How is

the USGS planning for future advances in data management technology?

With the encouragement and technical support of the EROS Data Cv.ter ((DC).

NASA started to convert Landsat Multispectral Scanner (NSS) image: collected

from 1972 to 1978 to computer-readable magnetic tapes. For various -Pas:ns,

the conversion was not completed and EDC has inherited the wideband video
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station tapes (NBVT) and an obsolete processing conversion system. Over the
next 4-5 years. as part of its National Archive responsibility. the USG4 will
try to finish the conversions of pust-1978 MSS and Thematic Mapper data to a
next-generation storage media.

To prepare for future advances in data management technology. the USGS is
implementing FIPS networking and portability standards and is coordinating
the testing of the proposed Spatial Data Transfer Spe,:ification. The USGS is
also prototyping and evaluating evolving technologies. In addition. the USGS
must develop a prudent mechanism for determining ...hat data will be collected

and what will be saved, what data will be on-line and what will reside on
archival storage. Technology is not always the answer; rather, inimizing
the problem first may allow the USGS to keep pace with technology.

What criteria should be developed in the selection and acquisition of
computer and data storage equipment to ensure that archived data is readable
in the future?

Federal acencle must agree on strategies for the migration of data across
technologies. We must accept the fact that long-term digital data archives
using magnetic media still have to be re _recorded on a 10-15 year (or
shorter) cycle. This approach can be effective only if the archive
management organization is mandated to carry out long term data retention,
and therefore has the commensurate funding and management responsibility to
insure that data conversion to new media is planned for and carried out.

Are the emerging computer and data storage technologies robust enough to
ensure that the Federal Government will be able to manage the expected
volumes of data?

The weak link in data management is computer software, including data base
management systems and directory interchange software. Computer and data
storage technologies are advancing and have generally kept pace with the
evolution of data systems and increased data volumes. However, it is not
realistic to expect all data storage problems to be solved by fortuitous
technological advances. Responsible decisions must be made to identify those
data that should be retained and those data that must be accessible
interactively versus those that must be accessible within a reasonable time
period. Alternative distribution media such as optical disk should also be
considered for data that requires widespread distribution.

Supercomputers can generate and process hundreds of millions of bits of data
a second, and they are getting faster. Are data storage systems going to be
able to keep up?

Oats storage technology will likely be adequate to meet the demaAds of
supercomputer users. Because supercomputers generate large volumes of data.
however, decisions must be made, based on economics and frequency of need, on
whether to retain new data created by the supercomputers or instead.
regenerate the data when it is needed again. In addition, it is essential
that users have a means of visualizing supercomputer results to facilitate
rapid analysis.
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What can be done to reduce this gap and what role should the Federal
Government play in this effort?

Federal agencies could acquire and use experimental hardware and software and

conduct research to take advantage of new technology. This would provide an

incentive to the computing industry to develop innovative products and to the
science commit), to learn the relative merits of new technology in the

pursuit of knowledge.

Who Uses USGS Ceti Bases?

The USGS aaintains a number of different databases. including Landst data
and many different types of map data.

What other data bases do you have at USGS? Which ones art the largest?

The largest data bases include the National Digital Cartographic Data Base.
the Landsat data collection. National Water Inforaatioa System, and a major
data base of analog aerial photography from the National High Altitude

Photography and National Aerial Photography Programs. Other large data bases

include the Geographic Names Information System. the Advanced Very High
Resolution Radicaeter sensor data. Water Resources Scientific Information
Center literature abstracts data base. National Coal Resources Data System.
Mineral Resources Data System. Rock Analysis Storage System. INTERMAGNET
(joint international system for collecting geomagnetic data), quick
earthquake, epicenter data, earthquake data base. on-line catalog of USGS
library holdings. Geologic Long-Range Inclined Asdic data. digital data from

the National Uranium Resource Evaluation program. and Side-Looking Airborne

Radar data.

Who are the primary users of the USGS data bases?

The major users of USGS data are Federal agencies and State and local
governments. The USGS. itself, uses the data in direct support of its

ission. Other users include private citizens, academic institutions,
foreign governments, and private and nonprofit organizations. Numerous

reqkests for USGS data bases are routinely received from private data
dissemination organizations which repackage and market the data.

Are your data bases used by just a few researchers in a few specific fields

or are they broadly used?

USGS data bases are broadly used by literally thousands of private and public

organizations and for many different purposes. Fer example, each year the

EROS Data Center receives over W.000 inquiries and orders for remotely

sensed data of specific sites. Annually. the USGS answers about 85.000
requests for water data from government agencies, private consultants, the
academic community, and the general public. Computer links exist between the

USGS rid more than 400 Federal, state and university data bases. In

addit.,41, several key USGS data bases are released periodically on Compact
Oisc Read-only Memory (CD ROM) for low-cost use in the public and private

sectors.
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How useful would lt be for the network to provide access to them? What would

be the loin advantageS?

Network access would probably be used mos: by Federal. State. and local
governments. and larger private minerals development, environmental.
transportation, and engineering interests, and selectively by academic
institutions. Online access, however, is not always appropriate for many of

the data Soldings. For example, the collection of data cm a given geographic

arta or on selected themes might be more cost-effectively distributed on

optical media. There must be a tradeoff between ease and frequency of access

and the Quantity of data.

What kinds of netwoel speeds art necessary to use netiorks to distribute
Landsat images and other remote-sensirq data? Megabits per second?

Gigabits?

To distribute Landsat images and Other remotely sensed data, transmission
speeds in the high megabit range are required at a minimum; however, it has
not yet been determined whether wide-spread telecommunications access to
remotely sensed data would be cost-effective or even necessary.

What are the main barriers to providing for access to USGS data over

networks?

The main barriers to providing access to USGS data are not networks. Access

to or information aboot most of these data is already provided by GEONET.
The binding constraints include the lack of efficient data base management
systems for very large data bases and distributed data bases, inexpensive but
capable work stations, and expert systems to simplify the use of complex data

bases by scientists.
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Dr. FISCHER. We have prepared a brief two-part demonstration
lasting about 10 minutes.

The first provides examples of the use of computer technology to
integrate and interpret multiple data bases, and the second illus-
trates one recent and important example of the use.; of LANDSAT
imagery.

Our expert in these subjects is Dave Nystrom, who is the Chief of
our Office of Geographic and Cartographic Research.

Senator GORE. Very good. I guess we need to turn the lights
down for you.

Mr. NYSTROM. We are going to try something a little different
here. I am going to stand. I have to stand up to see the screen and
watch Larry working the computer to make sure nothing goes
wrong there.

Dr. Fischer mentioned our GEONET Telecommunications
System across the country, and we have it on the computer, but to
speed things up, I will just show you with a slide. I apologize.

Senator GORE. What is the capacity?
Mr. NYSTROM. The average links on that are 19.2.
Senator GORE. How many bits per .. iid?
Mr. NYSTROM. 19.2 kilobits.
Dr. FISCHER. Slightly less than what you are rec....nmending.
Mr. NYSTROM. W^ are using that system aggressively. We are

communicating, ai sending a lot of textual information. We have
small project offices dialing in to do GIS work on the larger com-
puters across the country. Se it is working nicely. As we move into
national and global initiaties like global change, clearly, when we
start transferring the complex image data sets, that system is not
going to be sufficient.

Senator GORE. It is not even close, is it?
Mr. NYSTROM. No. Right now when the EROS data center sends

us, in Reston, an image data set, we send it overnight, and it might
get there overnight on just one scene.

Senator GORE. What some..ody called a graphiL jam develops.
Mr. NYSTROM. And if it involves more than one scene, we use

Federal Express.
Senator GORE. Well, that is all right.
Mr. NYSTROM. We are now going to jump into the fun part of this

demonstration, which is the interactive part. And the first thing
we want it to bring up are some projects across the country; and
these are only projects out of our Reston USGS GIS research lab.
We have research facilities in Denver; in Menlo Park, California;
EROS Data Center, Anchorage; and other facilities across the coun-
try. These are only the projects out of our facility at headquarters.

The reason I wanted to point th out right now is to show the
multi-disciplinary cooperative nature of v, - the technology is
doing: a Maine transit project with Canada and the State of Maine;
a new project with the National Capital Planning Commission
right here, looking at resource allocation and architectural data-
bases; a project with the EPA, looking at potential hazardous waste
sites; the Bureau of Reclamation; Soil Conservation Service; the
Fish and Wildlife Service up in Alaska; the Forest Service; the
Bureau of Land Managementeverybodywant to take their data
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and merge it with other agencies and do analysis and come up with
results that we never dreamed of before.

Senator GORE. But you can do that now?
Mr. NYSTROM We can do that now. Mike Nelson was nice enough

to come out to Reston and help us choose examples . We have a
wide range of applications for mining, forestry, water resources, ge-
ology, etc. We pickA out two fairly short ones; one with the State
of Connecticut, and then, if we have time, a transportation analysis
out in California.

So we are going to zoom in now to the State cf Connecticut.
Larry has index maps set up for each one of these projects. Con-
necticut is a very typical project that we are dealing with. Con-
necticut was about ready to make a large investment in GIS hard-
ware and software. We had done a lot of work with them looking at
geology, hydrology, base category data, and we had other agency
data sets in this part of Connecticut and, another important point,
they had some real natural resource problems.

Every single one of those projects, none of them are hypothetical,
is addressing real natural resource and environmental problems.
We digitized around 30 data sets in this project area.

Just to give you a frame of reference on what that area looks
like, Larry is going to bring up just three data sets. the land use
that we digitized, the transportation net laid on top of that, the ex-
isting USGS transportation net, and the USGS hydrography layer.

This is a growing area. Hartford, Connecticut is down there,
Springfield, Massachusetts up here. We did an industrial siting sce-
nario and we looked at a lot of water resource applications, one of
which we are going to show you today.

There is a town of Somers up here. In this part of Connecticut
they have private water companies that supply well water to com-
mercial areas and residential neighborhoods. In that two quadran-
gle area, the project area, here are the water companies, with the
commercial area here. This one that we picked, the Somers Water
Company, has wells and pipelines going to residential Exeas.

And we are going to zoom in and do some step-by-step analysis,
looking for pieces of property that should be good for drilling a new
well.

This is the outlitie. We told the GIS we did not want to look too
far away. It drew an automatic buffer around that. Then we are
going to start to window in on the many data sets and see what
kind of properties we come up with.

Land use is critical in almost all of these GIS projects. We did
not want to put a well on an existing residential or commercial
piece of property, so we said okay, GIS, give us a new derivative
map of non-built-up land. It does this very fast. And it shows wet-
lands and forest lands, and cuts out quite a bit of property.

We worked with the State of Connecticut with their data and
they identified three polluted streams, so we put a 100-meter buffer
around those three polluted streams. The land around that will be
cut out. We worked with their State environmental peop/e. They
had. on a computer, a database that identified six pollution
sources. We wanted to clearly stay away from those, so we put 500-
Ir eter buffers around those.
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We have results after each one of these steps, but to speed .ip the
process, we are just going to bring up a couple. But you can see
where the buffers around those known pollution sources are, and
where the cut was made on that stream right there.

We will skip a couple of steps. The next two steps are very criti-
cal from a water standpoint; we mapped out the surficial geology of
this part of Connecticut, but s& were mainly interested in the tex-
ture, which is in the database on the computer.

So we said in this part of Connecticut a good texture material is
course grainactually, stratified drift material. The area of that
coarse grain material is in green. And then the final step we went
through was to determine the saturated thickness of that material.
We knew the bedrock geology elevation, we knew the water table
elevation. We wanted a saturated thickness of greater than 40 feet,
which is in the orange and pinks.

So the final result we came up with was some small pieces of
property that should, from a water standpoint, be excellent for
drilling a well. We made one final cut. We said okay, get rid of
anything less than 10 acres. Again, it is almost an automatic calcu-
lation for the GIS system to do that.

And then many people said okay, fine, you came up with some
results; how do I know exactly where those pieces of property are?
You can bring back any one of the data sets. We will bring back
just three: the transportation network, the hydrogragly, the geo-
graphic namesevery name that is on a USGS map we now have
in the computer to be used as reference data.

Larry is going to zoom in and you can basically see what street
corner that piece of property is on. It is not a solve-all. They may
go out and there might be endangered species there and you had
not asked that question, or the person may not want to sell the
property, whatever

But that should be an excellent piece of property for drilling a
new well.

One other thing we did on this project shows a different way to
use the GIS, rather than the step-by-step process that we just went
through, which is to actually interactively ask questions of all
those 30 databases.

Another important point, Connecticut had been collecting data
and putting it on computers for years. So they had the known pol-
lution sources with all kinds of information; they had active wells
with all kinds of information. But if you asked %here are the active
wells? Where are the known pollution sourceC You would get
printouts and the coordinates of where those were. But they never
could spatially display the different departments' data sets.

Senator GORE. Well, I think this illustrates that, while the infor-
mation may be available in columns of numbers or long books of
words, you cannot possibly deal with that quantity of information
unless you can present it in a visual form, so that our minds can
cope with it. When you are presenting that volume of information
in a visual form, that means you have to have the capacity to deal
with lots of bits of data and transmit lots of bits of data from one
computer to another; correct?

Mr. NYSTROM. That is correct.
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Okay. What we are going to do very quickly is to zoom back to
that Somers Water Company area. And we should see, if the last
presentation was correct, six known pollution sources that we saw
before, but there is an active well virtually surrounded by known
pollution sources. So we, with the State of Connecticut, went in and
said okay, tell us which well that is. All this is on a computer and
had been for years, and they were never able to do this. It is the
Preston Well, it is an active well. It is in stratified drift material. It
is 44 feet deep. And years of flow data that they had collected on
that Jne well, they can do that now any place in Connecticut.

We are going to go up and see what that known pollution source
is. It is a former waste water lagoon, now inactive. But a lot. of
people say okay, that really looks close, but I do not know what my
scale is any more. It is very, very easy to just put the cross-hairs on
any two points and the system tells us, in this case, it is 209 meters
away. And then, wherever the cross-hairs are, you can get the lati-
tude, longitude or x-y coordinates of any features on the map.

Another concern they !lad was if' that is a problem water. Well,
let us just look at a couple of other data sets, like what is the land
use around that well. It tells us it is a deciduous forested wetland.
That gave them some concern because that goes up close to that
former wastewater lagoon, so they said let us see if there is a corre-
lation with the surficial material.

We cailed that up and it is a swamp deposit over sand, and clear-
ly goes up where that former wastewater lagoon was. If that was a
problem well and I worked for that water company, I might want
to go take a look to see how that was cleaned up.

The State of Connecticut was so thrilled with the results of some
of these projects that they instituted a couple new water resource
processes after this project and they came back to the U.S. Geologi-
cal Survey and said we are going to get GIS hardware and soft-
ware; we need your data. And we signed a 50-50 co-op to digitize
the state. Connecticut will be the first State with all base category
data completed for transportation and hydrography at the scale of
this pilot project. That should be done this year.

We can go to California on about a four-minute transportation
presentation.

Senator GORE. All right. Let us look at that.
Mr. NYSTROM. The USCS has completed now the digitizing of the

transportation net at one-to-100,000 scale and has turned that over
to the Bureau of Census for the 1990 census. So just about every
road has to be on there for the census-taking. Census is now adding
to every road the name of the road, the addresses, so they can tie
their census information to it.

This is a sample data set in Menlo Park, CaliforniaSan Fran-
cisco being up here [indicating], the Bay up here [indicating]. We
have a USGS Western Region office right here [indicating].

Say you warted to get from A to B. The computer will show you
the fastest way becau-e Larry has gone in and given a speed limit
to every class of road, from like 55 on the freeway to five miles an
hour on, say, an alleyway. So it shows you the fastest way, but it
also gives you the directions.

It says you started at Middlefield Road. You go 34 seconds, you
turn left onto Willow, you go 141 seconds, you turn right onto
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O'Brien. Once Census completes their task for the 1990 census, we
can do that anyplace in the country.

Senator GORE. Domino's Pizza could use this.
Mr. NYSTROM. A lot of people. And say it was an ambulance dis-

patch and somebody called in and said there is a terrible accident
on one road and you still had to send the ambulance from A to B.
You go in, you put a barrier on the road, you go back and ask the
same questionwhat is the fastest wayknowing that there is a
problem.

And it picked out in green another route going across the other
interchange, telling you the time difference: And you can add all
the other attribute information like one-way streets, traffic signals,
and everything else to that data base.

Okay. We had better stop on that. There are a lot of applications
of that to the U.S. Geological Survey in our hazard reduction work
that we showed Mike when he was out at USGS.

And then the final four slides that we are going to show you are
some LANDSAT slides of an application that the EROS data center
worked on with the National Park Service looking at the fires in
Yellowstone National Park. They are a little bit different size
slides; we are going to have to zoom in and refocus here.

Now we are showing you this with slides because that is another
technology problem at the current time. The interactive demon-
stration was a vector-based point line and polygon type GIS system;
this is raster information which that system cannot handle

Yellowstone boundaries are very caintly indicated in red. It is a
LANDSAT image that shows the entire boundary of Yellowstone
National Park, Yellowstone Lake, Old Faithful up in here. This is
in July 1988 when the fires had just begun. Up in here you can see
the smoke and in a couple of red areas down in here.

The National Park Service came to the EROS data center and
said we have to get a handle on this. We have no good maps. So we
went through a progression of LANDSAT images working with Na-
tional the Park Service.

The next one is in September when the fire is raging and close to
some very critical areas in Yellowstone, but clearly the best fire
map that the National Park Service had at the time to get a
handle on that.

The last one in time is in October 1988, when the fire had gone
out, and you can clearly see the burned areas.

The final thing they asked for from the EROS data center was
can you do a classification to pick up the most severely-burned
areas so we can start our rehab management plans and feed that
into a GIS system.

The last slide is such a classification done all digitally on an
image processing system, the orange and reds being where the fire
actually burned the crown cover of the trees.

So that is just one of many, many applications of GIS and imag-
ing processing systems.

Senator GORE. Just a brief comment on this. Dr. Frank Press has
made me aware that scanning through information of this kind in
a systematic way makes it possible to forecast many volcanic erup-
tions and some earthquakes and thus avoid tremendous loss of life
in many parts of the world. There have been some notable exam-
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ples of where that could have been done if we had the system for
looking at the information.

We are going to have a related hearing later in the year on that
subject.

Thank you very much for your presentation, Mr. Nystrom and
Dr. Fischer. Our final witness on this panel, Dr. Daniel Masys, is
Director of the Lister Hill National Center for Biomedical Commu-
nications at the National Library of Medicine. Welcome and please
summarize the high points, if you would, because in addition to our
other time constraints they have informed us we will have a vote
on the floor within about ten minutes.

STATEMENT OF DR. DANIEL S. MASYS, DIRECTOR, LISTER HILL
NATIONAL CENTER FOR BIOMEDICAL COMMUNICATIONS, NA-
TIONAL LIBRARY OF MEDICINE

Dr. MASYS. Thank you, Mr. Chairman.
On behalf of the National Library of Medicine and its Computer

Research and Development Division, the Lister Hill National
Center for Biomedical Communications, I am pleased to speak to
you about current and future uses of computers and digital commu-
nications in the life sciences.

While my remarks will focus on the interests of the National Li-
brary of Medicine, many other components of the National Insti-
tutes of Health also play active roles in the d..1..z.!noment and use of
computers in biomedical research.

[Slides shown.]
Dr. MASYS. The NLM, the National Library of Medicine, has a

long and productive history of innovation in the use of computers
in biomedical research. It was a quarter of a century ago, in 1964,
that the NLM first created a computerized version of the Index
Medicus, an index catalog to the world's biomedical literature.

Seven years later, in 1971, this data became available for on-line
searching over public computer networks in a system called MED-
LINE. Over the past two decades, the NLM has made its computer
data bases ever more widely available over commercial value-added
networks.

Now, access to the Library's computer systems is provided via
five different U.S. telecommunications vendors. Today MEDLINE
and the 38 other data bases that comprise the system called MED-
LARS are the largest and most widely-used biomedical computing
system in the world.

Over four million computer searches were done on the NLM
computer system this past year. We know that about half of those
searches were done for medical research and education, and the
other half were to get information for the direct care of a sick pa-
tient. By all measures, the MEDLARS system has been a spectacu-
lar success, the only practical way that a biomedical researcher or
health care practitioner can keep up with the vast and growing
knowledge in medicine and biology. Over 300,000 new articles are
added to the system each year.

In addition to these public services over commercial networks,
the Library has a vigorous R&D activity. The Lister Hill Center
and the recently-created National Center for Biotechnology Infor-
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mation are both connected to the National Research Internet via a
MILNET node at the Lister Hill Center and to a Cray supercom-
puter facility run by the National Cancer Institute.

Let me review, though, for just a moment the type of informa-
tion that is traveling over those networks. MEDLINE, as you have
heard in other cases this morning, is a bibliographic data base.
That is, each record in the system is not the original publication
but a synopsis of the originalcontaining the title, authors, key
words and such.

Each record averages about 400 words, about 2,000 characters,
and this record size matches well with the capability of the current
generation of commercial computer networks, which can generally
carry up to about 240 characters per second over standard tele-
phone lines. Thus, even as we are speaking today thousands of lit-
erature citations are being transmitted anywhere in the U.S. to in-
dividual doctors' offices in, say, Tennessee or Virginia, within just
a few seconds.

But biology and medicine depend on much more than words.
Much of the understanding of complicated processes of health and
disease lies in images, pictures of body systems and organs and
molecules which cannot effectively be described in words.

A standard black and white x-ray such as this skull film has the
equivalent of at least ten million points of light or pixels. We can
ant' do make electronic versions of such images at the NLM, but to
transmit these images over the currently-available computer net-
works is simply not feasible. It would take more than ten hours to
send just one x-ray picture.

There are currently two areas of biomedical research which have
a compelling need for high speed computing and computer net-
works. They are biotechnology and computer-based medical imag-
ing.

As you know, DNA is the central focus of biotechnology. This
long molecular thread, present in the nucleus of each of our ten
trillion cells, guides the assembly of our bodies and controls the
maintenance of all life processes. Molecular genetics scientists have
determined the exact sequence of the DNA of nearly a thousand
human genes, yet this represents less than one percent of man's ge-
netic information.

Like the rapid escalation of aerospace technology that led from
Kitty Hawk to the moon in less than 70 years, however, the pace of
acquisition of this vital information about inner space is accelerat-
ing dramatically, and in order for society to benefit from the in-
creasing rate and volume of this molecular biology information
great advances will be needed both in methods of computing and in
digital communications.

Senator GORE. It is doubling every eight months, last I checked.
Is that right?

Dr. MARYS. The doubling time is continuing to shorten. It is now
slightly more than six months.

As an example, GENBANK is the National DNA research data
base. This is a GENBANK record, a very complicated one, for a
cancer-causing gene, a so-called oncogene. The actual DNA se-
quer,ce is represented at the bottom of this screen, the actual As,
Cs, 'fs, and Gs of the DNA sequence.
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The critical life function of molecules as complicated as this,
however, is not dependently solely on that sequence but rather on
the three-dimensional structure of the molecules that are coded for
by that DNA.

There exist models for predicting how those molecules fold, but
when these models are currently applied to molecules with hun-
dreds or even thousands of atoms the problem becomes trans-com-
putable. It is simply too difficult to do, even with some supercom-
puters, where it requires years of supercomputer time.

Massively parallel architectures are one hope of solutions of
these very complicated molecular problems, and if we are able to
solve them it provides the promise of dramatic new ways by which
we can both analyze disease-causing agents, such as the AIDS virus
or cancer-causing agents, and the therapies that will interact with
them.

At the same time that this molecular science is advancing rapid
ly, new te:hnologies have appeared in clinical medicine to make
detailed pictures of our inner body composition.

Computerized tomography is one now well established in medical
practice and is being supplemented by new things, such as magnet-
ic resonance imaging and positron scanning. As you know, each of
these technologies yields a series of two-dimensional pictures as if
we had slices through the internal anatomy of our body.

It is now becoming possible with high-speed computing, however,
to reconstruct the original three-dimensional internal anatomy
that these pictures represent. These three-dimensional images can
be rotated, examined from all angles, and can even be used to
create replacement body parts, such as bone implants. Using re-
search tools, su =eons can get a clear mental image of what they
will discover at 1,,le cperating table and can even experiment with
various surgical approaches on electronic images.

I would like to show you now a brief video that has an example
of three-dimensional computer reconstruction. This is work under
way on an NLM grant at the University of Washington in Seattle;
Dr. Cornelius Rosse is the narrator.

[Videotape shown.]
Dr. MAUS. That is the end of our video.
To compute the complex three-dimensional images you have just

seen from mathematical data representing natural structures in
the body and moving them in real time requires truly massive com-
puting power and specialized computer architectures.

For the foreseeable future, such specialized computers will be
available only at a relatively small number of sites, and access to
these machines will require high band width computer networks
capable of moving billions of bits per second, representing those
complex medical images.

In conclusion, it is clear that in basic research to understand
both the molecules that make us human beings, that control health
and disease, and in the exploration of living human anatomy in
ever finer detail, the life sciences research community will be an
important beneficiary of progress in computer science.

There is no doubt that high speed computing and digital commu-
nications are an essential technobgy which will pay dividends in
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both accelerating biomedical discovery and improving the health

care of our Nation.
Thank you.
[The statement and questions and answers follow]
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Testimony by

Daniel R. Mvvs, M D
Director. Laster Hill National Center for Biomedical Communications

National Library of Medicine

National Instnutes of Health
Public Health Service

Department of Health and Human Services

On behalf of the National Library of Medicine and Its computer research and development

division, the Lister Hill Natior.al Center for Biomedical C:immunIcations. I am pleased to

speak to you about the current and future uses of computers and digital communications

in the life sciences. While my remarks today focus on the interests of the National

Library of Medicine, many components of the National Institutes of Heahh also play an

active role in the development and application of the most advanced concepts in

computing to biomedical sciences New computer and communication technologies will

have a wide ranging impact on research presently supported by the entire National

Institutes of Health.

The National Library of Med:cute (NLM) has a long and productive history of innovation

in the use of computers and computer networks It was twenty five years ago. in 1964,

that the NLM first created a (..mputenzed version of [nth.; Medicus, an index catalog to

the world's biomedical hterature. Seven years later, in 1971. the NLM established a

computer network communications contract with a fledgling company called Tymnet. to

provide long distance digital telecommunications for online literature searching of that

Index, via a new system called MEDL1NE. Over the past two decades, the NLM has made

its compute:databases every more widely available over commercial value added computer

networks, access to the Library's computer systems is now provided via five different

U S. telecommunications networks

Today. MEDLINE and the more than twenty other databases which make up a system

called MEDLARS (Medical Literature Analysis and Retneval System), compnsc the largest

and most widely used biornealcal computer system in the world. over four mdlion

computer searches were done on the NLM computer system this past year We know that
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about t*.lf el :hose searches were done for medical research and education, and thc other

half were to get information for direct care of a sick p..nent

To simplify access to MEDI.INE, the NLM makes available a microcomputer program called

Grateful Med, which allows a health professional or researcher to compose a dmabase

search locally, by simply filling in a form displayed on thc pc screen The program then

automatically connects to the NLM computers across the value added networks, conducts

the search and downloads the results to the user's own computer Over 10.000 comes of

this program have been distnbuted. and the mr,orny of searches of NLM databases now

are conducted via this "user-fnendly" software Grateful Med provides users access not

only to MEDLINE. but aiso to a growing number of specialized informanon collections on

topics such as AIDS. cancer treatment. bioethics. and toxicology databanks Extensive

data on the medical and environmental effects of hazardous chemicals is availabk via the

TOXNET collection of databases. includmg recommendations on management of emergency

spills and other environmental releases.

By all measures. the MEDLARS system has been a spectacular success, the only practical

way that a biomedical researcher or health care practitioner can keep up with the vast

literature in the life sciences Over 300.000 new articles are entered into the system

each year. To put this into perspective, if your doctor were co..scientious and took the

time to read two new articles in medical journals each evening. al the end of a year he

would have an 800 year backlog of matenal to read Systems for searching the literature

by computer allow him to find the latest and most -ful research findings within

seconds. among the millions of in.blicanons in the system

In addition to its public services over commercial networks, the Library has a vigomus
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research and development activity The Lister lull National Center for Biomedical

Communicattons is the computer R&D division of the Library. and the recently created

National Center for Biotechnology Information is developing new computer methods for

managing the data of molecular biology Both research groups are connected to the

nattonal research Internet via a MILNET node at the Ltster lull C:nter. and to the Cray

supercomputer facihty run by the National Cancer Institute. Connections between

computer networks, known as "gateways" have also been established between the NI.M

and the Amencan Medical Association's AMAnet. to provide AMA member physicians

Instantaneous access to the Library's databases

Let us review for a moment the kind of Information which is travelling over these digital

networks MEDLINE is a bibliographic database That is. each record in the system is

not the onginal publication, but a bnef reference to the onginal, conta: ng the title.

authors, source, and subject listings for each publication, often with an abstract of the

uncle Each record averages about 2000 characters, and this record size matches well

the capability of the curreat generation of commercial computer networks, which carry

up to 240 characters per second over standard telephone lines. Thus, a coniplete

literature citation can be transmitted nearly anywhere in the U S within a few seconds

MEDLINE contains words and numbers descnbing the literature of the life sciences But

biology and medIcine depend upon more than words Much of the understanding of

complicated processes of health and disease hes in images, pictures of body systems.

organs and molecules which cannot effectively be descnbed in words 1 standard b:ack

and white chest x-ray contains the equivalent of at least 32 million points of light, or

pixels We can and do make electronic versions of such medical images at the NI.M. but
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to transmit these images over currently available computer netskorks is simply not

feasible. It would take more than ten hours to send Just onc x.ray picture

There are currently two areas of biomedical research which have a compelling need for

high speed computers and computer networks They are biotechnology and computer-

based medical imaging

Biotechnology

As you know, the genetic code contained in the nucleus of each of our cells is Nature's

language of life, the mute but eloquent set of instructions which guides the assembly of

our bodies, and controls the maintenance of all life processes A long molecular thread

called DNA is the chemical parent of us all, and over the past twenty years we have

taken our first halting steps towards comprehe,iston of the messages encoded in the more

than three billion units which comprisr, human genome Molecular genetics ssientists

have, through laborious manual methods. detemuned the exact shenucal structure ot

nearly 1000 human genes. vet this represents less than one percent of man's genetic

information Like the rapid escalation of aerospace technology, however. which led from

Kitty Hawk to the nxxm in less than 70 years. the pace of acquisition of this vital

information about "Inner space is accelerating dramatically In order for society to

benefit from the increasing rate and volume of new knowledge in this field of

Biotechnology, great advances will also be required in methods of computer storage

retrieval, analysis, and communication

As an example. there is a database built at the Brookhaven National Laboratory v. hith

contains the structures of proteins It has been possible since 190 to turn the
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mathematical salues in the data base into stylized pictures. at least for small molecules

W,ith current day computers. larger molecules Lan be modeled. using color 3 dimensional

displays Such analysts often pvcs clues as to critical pans of the molecule. where it

hinds to other molecules and tissues within the body I wo dimensional NSW techniques

are now kading to analogous structu _s in solution and these techniques prottuse ti

expand the database rapidly

Gen Bank is another famous teCarh database. which contains the sequence of the DNA

which codes lor proteins W.e now have automated inethixis for determining the scq mix

of DNA and proteins, which may oe thought of as pearls on a string The critical life

!unctions of molecules, Lwcser. result from thc three dimensional folding and curling of

the pearls on the stnng There exist models for predicting how molecuks fold, but when

these tmx1els Mt applied to hundreds or even thousands of mokcu'es such as are found

in large proteins, the problem becomes "trans computable" requmng years of

,upercomputer time with today % programming techniques and computer architectures

Supercomputers and massively parallel computers pro% ide onc hotx ot osercoming this

analytical roadblock, so that we may take a pnmary molecular sequence. and predict the

three dimensional structur ot the resulting product But knowing the principles of

efficient software design for such machines is. like thc machines themselves, in its

truancy

It we were to succeed in better hardware and programming methods, how would this be

useful' As an example. in the absence of a more efficient process. the Government and

industry currently must, in many cireumstances. randomly screen chemicals and

ompounds for acusity against diseases AIDS and cancer arc two examples where

.iterally tens of thousands ot conipounds hase been randomly screened for acusity
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the disease In contrast. AZT and some other agents were selected for screening because

of structural charactenstics A generally useful method for molecular modelling would

ereatly improve selection and development of new drugs If we could via computer-based

molecular modelling predict both the structure of the disease causing agent, for example

the AIDS virus, and me structure of the drug whzch would bmd to and inactivate the

virus, the development of vaccmes and antidozes would oe dramatically accekrated

Research is undcr way to improve the speed and accuracy of molecular structure

calculations, and It is clear that this scientific domain will require the fastest and most

capable of new computer designs

Better methods of stonng and analyv.ng molecular data by computer arc under

development at the Library's National Center for Biotechnology Information In

particular, a system called Gen Info allows a researcher to enter a questionin his own

words, as if speaking to a colleague. The Geninfo system takes that question and can

search up to thirteen different molecular databases for the answer, chsplay.ng not only

text and numbers, but graphs. chromosome mips. and full color pictures of molecules

The system is currendy under testing at the Nauonal Institutes of Health, but wider

access will require high bandwidth network connections the ability to move large

volumes of information over long distances at high speed

Improvmg commurucauon facthues for exchange of expenmental data and for access zo

central data bases is of great imponance w many university-based research teams that

are supported by the new National Center for Human Genome Research, the National

Institute of General Medical Sciences INIGMSr. the National Library of Medicine and

other NIH institutes Much basic science univershy research work that is supported by

N. III. such as the cryswliographic study of large biological molecules. I) highly dependent
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upon shared access to NSF supported supercomputers. Such access requires high

bandwidth and would benefit in the future from enhancements in transmission capabilities

Computer-based imaging

At the same ume that molecular science is adc ancing rapidly. new technologies have been

devdoped to make detailed ptctures o: our Internal organs and systems. Computerized

tomography is now well established in medical practice. and is being supplemented by new

technologies such as magnetic resonance imaging and positron emission scanning Each

of these methods yields a series of twu dimensional pictonal "shces representing Internal

anatomy. It is now becoming possible. however, to take large numbers of two

dimensional pictures and reconstruct the three dimensional structure which they

represent The three dimens., aal Image can be rotated. examined from all antes ar.d

can n e n be used to create replacement body parts, such as bone implants Surgeons can

gel a clear mental Image of the anatomy they will encounter at surgery. arid can ev-n

expenment uh canous surgical approaches on the electron,c image

To compute complex three dimensional images fron, iwo dimensioual pictures. and display

them moc ins in "real time" requires a massive amount of computer power arc! speciahzed

computer architectures For the foreseeable future, such specialized computers will be

located at a relatively sman number of sues, and access to such machines will require

the capability of moving millions of bits rer second. representing complex medical images.

ocer digital networks.

It is clear that in basic research to understand the molecules that control health and

disease, and in the exploration of living human anatomy in ever finer detail. the life

sclences research community will be an important beneficiary of better nezworking and

more powerful computing methods We at the Library believe It is important that the

techmcal advances proven m high speed research networks make their way into

commercial value-added networks. so that thc NLM's pubhc database services can be

enhanced in the future to provide graphical and pictonal i ,fonnation High spced digital

communications is an essential technology which will pay dividends in accelerating

biomedical discovery and in Improving health care for our nation
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Answers to questions from Senate Committee on Commerce. Science, and

Transportation

D. Masys,
National Library of Medicine

9/22/89

1. What kind of R&D is needed to Improve the way we manage scientific data?

Over the past two decades we have proven that we can dependably build and use
specialized scientific databases. Each of these databases has generally had its own
unique structure, vocabulary, and rules for searching. The questions of science,
however, often range over a spectrum of different kinds of scientific data, so the
challenge to computer systems designers and builders today is to create linkages

among scientific data sources. These hnkages are needed to allow related data
from many different sources to be retrieved and analyzed in an efficient way
Much work is needed to devise and prove the feasibility of such "distributed

databases." In addition, since data collections are growing to massive proportions,
higher speed network connections are needed for the rapid exchange of data
among researchers

2. Which federal agencies are most involved in improving data management"

The membership of the Federal Coordinating Council for Science, Engineenng,
and Technology (FCCSET) includes representatives from virtually all agencies
within the govemment which sponsor or perform re:icarch and development
activities. Information is the life blood of science, and also of government itself,
so that within each federal agency there is a nucleus of staff whose focus is the
Improvement of data management. For the national scientific enterprise, major
programs for data management have been undertaken by the Defense Department,
NASA, the National Institutes of Health, the National Science Foundation, the
Department of Energy, the Library of Congress, and the Department of
Agnculture.

3. Has the Administration recognized the need for more funding in this area"

The recent report on high-speed computer networking and advanced computing
research released by the Office of Science and Technology Pohcy highlights the
Important role that computer and communications technologies play in fostenng
scientific achievement and industnal competitiveness for our country Specific

funding information is not available.

User-friendly software

You have discussed how Grateful Med was created to make MEDLINE easier to
use. Yet, there are many databases that are so complex they can only be used by

"informatton specialists" who look up things for customers
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Are the online systems evolving into user-onented systems?

Yes. This is a major movement throughout the database "industry", driven
pnmarily by the advent of increasingly powerful personal computers which can
perform many of the tasks previously performed by information specialists.

2 If yes, what is needed to accelerate this evolution (e.g., consistent structured user
interfaces, the development of expert systems based on artificial intelligence, user
interfaces incorporating graphics, better search algonthms)?

All of the technologies mentioned will undoubtedly contribute to better
information access by end-users. However, it appears that the greatest benefits
will come from work done "behind the scenes" in the adoption of standards This
includes standards for the vocabularies used to descnbe the scientific information
contained in databases, standards for command languages which work predictably
and reliably ir. different computer systems, and standards for data mterchange
among different computer databases. Technical standards are, like human
language, our agreement upon the terms by which we will communicate with one
anothei. The end-user will benefit dramatically when he does not have to learn a
new "language" or set of rules for every database that he wishes to access, and
when computers can easily exchange chunks of data over networks using widely-
accepted standards.

In this regard, the National Library of Medicine is currently pursuing a research
effort in collaboration with several university groups to create a Unified Medical
Language System. This is not a new dictionary of medictne, but rather a
translation system, an electronic Rosetta stone which can detect and use
biomedical concepts as they are represented in a number of national medical
databanks and as they are used by health care practitioners and researchers.

Networks versus optical disks

The Library of Medicine uses both ne,works and optical disks to distribute infomiation

What are the benefits of centrally-managed on-line databases, vis-a-vis optical
disks.

Until recently, only large mainframe computers provided sufficient data storage
capacity to handle large databases: this is changing now with the advent of
inexpensive optical media capable of storing hundreds of millions of characters.
The principal advantages of central data resources are the efficiency of making
available rapidly changing information, providing access to data collections which
are larger than even the most capacious of optical disks, and providing analytical
computing power greater than that locally available to users.
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2. What are the down-sides of the two approaches?

The time required to produce arh distribute copies of data on optical disk makes
it less attractive for rapidly changing applications (e.g. research results in cancer
treatment, or newly-sequenced DNA molecules). The problem of ensuring that
users have the latest and most complete version of a database is compounded
when users have optical disks containing outdated versions of databases. Central
systems, on the other hand, suffer from communications bandwidth limitations: it
is generally far more expensive to transmit large volumes of data over
communications lines than to retrieve that same volume of data from a local
optical disk.

3. What is the appropriate technology mix, and what applications are appropriate for
optical disk technology9

Optical disk technology continues to be the high-capacity digital storage medium
of choice for very large data sets. The best of online and local optical disk
systems will be a hybrid of the two, embodied in transaction-oriented systems.
This general model presupposes that many users will have optical disk systems
attached to their local computer (e.g a personal computer with a CD-ROM
player). When they initiate a database search, the computer will first search there
local optical disk database, and then if needed, go online to a central databank.
The search of that online databank will in effect be a statement that says "send
me only the information which has changed since my optical disk was released."
Such system designs make the best use of low-cost, high capacity local optical
disks, and the currency and completeness offeied by central databanks, while
minimizing the amount of (1-- which must be transmitted over communications
lines.

Coordinating Federal ciata management

1. What can be done to improve coordination of federal computer systems and
communications networks? What is most Important?

As in the private sector, the best overall utility for users of computer systems and
networks results when systems are developed using widely-accepted, vendor-
independent standards. Promoting the use of interoperability and communications
standards where appropriate within the government would provide an important
basis for improved coordination.
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2 What are the principal issues in ensuring that users can effectively and
conveniently access and integrate information from a variety of (lat., bases and a
variety of networks?

Just as there was no national railway system until agreement was reacht d on the
gauge of the tracks, agreement is needed on the protocols by which cot iputers
communicate with one another, how they "package" the data for transmission to
other computers, and how they Interpret the commands which retrieve appropriate
information. he user interfaces of computers need to provide intellectual
assistance like that provided by professional search intermediaries to assist users to
formulate questions in their own words; programs will then translate those
questions into the appropriate vocabu'ary and vntax for extracting data from
databases, whether those databases are at the users own machme or are at a
distance, accessible over long distance networks. We are very much in the era of
gand-alone databases in this regard, and much technical and organizational work
remains to create a seamless fabric of national information sources.
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Senator GORE. Thank you very mach. That was a fascinating
presentation.

I can say from personal experience that when a child is injured
and the doctors are trying to decide what surgery might be needed,
you are glad that they have the ability to see a three-dimensional
presentation of what they are going to encounter when they get
inside during the surgery. That just dramatically changes the
range of options available and has tremendous benefits for the pa-
tients.

The experience I was alluding to, a member of my family faced
surgery and they were able to use imaging to examine the thing
that goes around the kidneys?

Dr. MASYS. The renal capsule.
Senator GORE. They had another name, too. It was longer and

more difficult to pronounce. But in any event, they were able to
determine that they did not have to do surgery in that particular
area, and that is a good thing, because experience shows that once
they go in there, it is Pandora's Box and very difficult to ever get
back to normal again.

So I have a personal appreciation for this.
Incidentally, later this year, our subcommittee is going to have a

hearing on the human genome project. The amount of data, which
you say is doubling in just over six months, now?the implications
of the work is just staggering.

I had a personal experience, I want to note, as well. When I got
out of the Army in 1971 and was in graduate school, I was doing
some research on a biomedical ethics issue at the Vanderbilt Medi-
cal Library and I was absolutely amazed at the difference between
the way information was presented there and the way it was avail-
able in other libraries.

If you wanted to do a research project, utilizing information in
"The New York Times" or "The Washington Post" or the periodi-
cal index, it was a v.-ny difficult procens involving l.ngthy delays
between the publication of information and its availability in the
library.

But what I found 18 years ago, as a result of your institution's
work, was that new publications in medical journals are almost in-
stantly available, at least in abstract form, through this computer-
ized system. I was absolutely amazed. You all were into this long
before most 3ther institutions, and I just want to add my compli-
ments there.

We face a time problem here. I am going to recognize Senator
Robb. I do that with apologies, but we have a third panel, we have
a vote on the floor, and the day is getting old.

So what I am going to recommend is that I will put my questions
in the record for you and when we come back after this vote we
will move on to the third panel.

At this point, we do have a few minutes here, and I want to rec-
ognize Senator Robb.

Senator ROBB. Mr. Chairman, I would be happy to defer, too. Let
me just ask one general question, again to increase the layman's
understanding.

I assume that all of the input that is necessary to make these
computer models and computer graphics, is still the most time-con-
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suming part of the process? I mean, once you get the information
in, the computer does the rest of the work.

Is it safe to assume that it is more valuable for applications
where the input data are essentially static and do not change a lot?
I was thinking of the comparison between the environmental
model that was shown first, and comparing that to the traffic
model, where you would hrve to put in things like accidents, rush-
hourall of the variables that would ultimately affect the answer
at that particular time.

In other words, if there are lot of important variables does using
this type of information becomes less cost-effective. Is that a fair
assumption? I am trying to understand the application to other sit-
uations.

Mr. NYSTROM. I will be happy to address that from a geographic
information standpoint, since you use those two examples.

We have already heard about standardization, and classification
is a part of that. If, say, two towns out in California added informa-
tion to a transportation net but they did not coordinate, and you
fed those two databases into a GIS to do a kind of regional analy-
sis, the GIS systen, will not [even) know how to deal with the dif-
ferent classifications. So standardization of data is critical on all
types of natural resource, environmental, medical, geological appli-
cati ons.

We have a long way to go because the National Park Service, the
Forest Service and the Bureau of Land Management, for example,
are going to have to start calling forestry classification things the
same to do an analysis on that whole Yellowstone area along with
the State. If they do not use the same classification, a GIS system
cannot understand those different databases.

Dr. MASYS. I would just say briefly, it is clear networks have
their highest value when information changes fast or is of very
large volume, and in the medical domain it is interesting, however,
that we have two bottlenecks. We have these clinical scanners
driven by computers, which generate massive data sets, which then
have two bottlenecks.

One is, to do the kind of rendering you saw on that TV screen
takes hours with current computers, and the other thing is to try
and transmit those images across tl- 3 country, where there may be
a specialist who knows that particular rare disorder.

Similarly, it is faster to use a reel of tape and a jet airplane right
now, than to move that over a network. So we have a number of
challenges in medical data.

Senator Ross. Mr Chairman, I recognize the time constraints. I
see there is a vote on.

Senator GORE. Just to follow up from what you said there, there
is a joke in the Soviet Unionthey have a tremendous sense of
humor about their predicaments from time to timeabout a deci-
sion to change what side of the highway they drove on. The upshot
of the story is that they decided to compromise and have the trucks
do it the first year and automobiles the next year.

Somebody has used the phrase, "a graphic jam." What we have
here when different databases and different standards and differ-
ent formats, it is almost like the cars running into the trucks. It
makes the entire information highway system unusable. That is
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why we need a national approach and a national network, and a
continuing effort to address these problems of standards and access
and so forth, when they come up.

One final point. I used an example, Senator Robb, right at the
very beginning of the hearing, that builds on this LANDSAT data-
base.

It was amazing to me to find out that after all the money we
have spent taking these pictures and getting this information
stored, 95 percent of the pictures taken of the earth's surface by
LANDSAT have never been seen by a single human being. Yet if
we can use the kind of data management that was demonstrated
here, we can very quicKty pull out useful information from virtual-
ly all of the stored pictures.

Well, we had a lot of detailed questions about some of the techni-
cal issues and some of the policy issues. Again, apologies for not
spending more time with you directly in questions and answers,
but when we come back after this vote we will go to panel 3.

Again, to the members of this panel, thank you very much. We
appreciate it. We will be back in about in about ten minutes.

[Recess.]
Senator GORE. Welcome. Let me welcome our third panel, Dr.

John Seely Brown, Vice President for Advanced Research at the
Xerox Palo Alto Research Center; Mr. Ted Nelson with Autodesk,
Incorporated in Sausalito; Dr. Irving Wladawsky-Berger, Vice
President and Site General Manager with IBM in Kingston, New
York; and Mr. Richard T. Wood, Senior Vice President for Business
Development of University Microfilms, Incorporated, in Ann Arbor.

Let me announce that during the break, Senator Bryan and Sen-
ator Robb were added as co-sponsors of S. 1067, so we made a little
progress on the bill even during the break. I am pleased and grate-
ful to them for joining as co-sponsors.

I know that members of this panel have been made aware of the
limitations on time I apologize fo- the fact that 'e got so absorbed
in the presentations of our earlier panels that we used a good bit of
time, but I want to assure you that we are greatly interested in
what you have to say.

If you can summarize it, we will be looking carefully at the full
texts of your prepared statements, but at this point, if you can
make such presentation as you feel is appropriate to get at the es-
sence of what you have to tell us, we would appreciate it.

We will begin with Dr. Brown. Thank you very much for being
here. Please proceed.

STATEMENT OF JOHN SEELY BROWN, VICE PRESIDENT,
ADVANCED RESEARCH, XEROX PALO ALTO RESEARCH CENTER

Dr. BROWN. Thank you very much, Mr. Chairman. It is a great
opportunity to be here.

Very briefly, I would like to focus on what I consider to be the
major theme for our attention today and that is: how can we cap-
italize on the Nation's knowledge better, knowledge both in the
forms of the explicit knowledge that is recorded in the archives, in
our books in our libraries and so on, and also the knowledge that is
tacitly held presently in our own heads.
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More concretely, how can we make better use of what we know?
This is the major challenge, and I see it as a major reason for the
informational infrastructure you are really pushing for.

What I would like to do is focus my comments on two issues.
First, how can we actually come to understand the role of docu-
ments in our society and use them more effectively. Second, a topic
that has not come up thus far today is, how can we use such infor-
mational infrastructures to radically facilitate more effective col-
laborative work?

First, think about documents. Why should we find documents in-
teresting in the first place? Why should we care about how to store,
retrieve, or manipulate information in the form of documents?

I hold there are two reasons. The first is to recognize of course,
that documents are really the medium in which our culture makes
advances and in which we are able to record our accumulated
knowledge.

Similarly, documents can be viewed as the glue enabling organi-
zations, corporations, to function. In some ways, documents are
almost like an interchange protocol people use in working more ef-
fectively together.

So documents are very important. And documents vire going to
become even more important as we get the right types of informa-
tional infrastructures in place.

But the curious thing is that from a technological perspective, we
tend to confuse documents as just being simple ASCII text. This
morning you saw dramatic exampls to the contrary, (e.g., dynamic
images and animation), but in fact even the most popular types of
documentsbooks and papersai-e really quite different from
simple ASCII files.

Documents include objects, graphics, images, text, layout, font, et
cetera, et cetcra, structured in order to facilitate human compre-
hension--human comprehension! I want to concentrate on this.

Curiously, you all know the adage: a picture is worth 1,000
words. This is an absolute truism from the point of view of how the
human mind functions. However, from a technological perspective,
it is just the oppositebasically a picture image of those 1,000
words of text takes 50 to 100 times more in storage space for a com-
puter system than 1,000 written words of text would consume. So
what is optimal for the human mind turns out to be not very opti-
mal for current technological devices in terms of storage and band
width requirements.

The informational infrastructure you are proposing now enables
us, perhaps for the first time, to give justice to documents of old
and documents of new.

I say documents of new, because it is clear that documents today
are becoming much more image-intensive. For example, today we
saw various types of multimedia documents, video documents were
shown here; and the demands those types of documents put on our
informational infrastructure are even greater.

In order to bring a marriage between the way humans can best
understand information and how to find the information they
want, we have to rethink the capacity requirements for informa-
tional infrastructures. Your bill does this.
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The second point I wanted to present is the notion of collabora-
tive work. Now, why do we care about collaborative work? In some
sense, collaboration is probably the way we achieve most of our cre-
ativity. Also, collaboration is how we in fact conduct most of our
daily affairs. Ironically, I think most of us in this room spend at
least 50 percent of our time in meetings and perhaps the other 50
percent, like myself, in travelling to meetings, using classical types
of infrastructuresroads, planes, etc. Somehow, we have to find a
way to break that bottleneck.

Senator GORE. What bottleneck is that, again?
Dr. BROWN. The bottleneck in having to come together in order

to have effective meetings and effective collaboration.
Senator GORE. Come together physically in order to come togeth-

er mentally?
Dr. BROWN. Right. So what we really need to do is think about a

use of your informational infrastructures in order to achieve a kind
of co-presence without actual presence. I think if we could do that,
our productivity could go up dramatically.

Senator GORE. That it, where they come up with this word colla-
boratory.

Dr. BROWN. Correct. I think we have focused on collaboratory
discussions in the past primarily from the scientific or research
community point of view.

I want to dwell on two different aspects of that notior of collabo-
ration or collaboratory. The first comes from the perspntive of a
large corporation. A multi-national corporation like Xerox tends to
have design teams of 50, 100 or 150 people working on projects with
people spread all over the Nation, or all over the world. It is an
incredibly inefficient operation to try to bring coordination using
current technology to make teams optimally synergistic.

The kinds of informational infrastructures we are talking about
here could radicalize the way we could make decentralized design
teams, product teams perform effectively.

Senator GORE. So you are giving us a real world example of how
your company, Xerox, could better compete with others around the
world, by being able to have your research and design people in
various physical locations communicate with each other with
high--

Dr. BROWN. With high band-width information channels.
Senator GORE [continuing]. Volumes of information going back

and forth so that they could collaborate without everybody getting
on the airlines and flying all over the place arid trying to coordi-
nate their schedules and so forth. In that way, they would be able
to mentally work together and collaborate without everybody
flyir to one physical location.

Yuu think that would help your ability to compete?
Dr. BROWN. Absolutely. I think it would help our ability to com-

pete and the Nation's ability to compete. I think we waste a tre-
mendous amount of time.

Senator GORE. You are pretty certain of that?
Dr. BROWN. I am pretty certain of that fact.
A good share of our research in terms of how to streamline our

own internal processes are aimed now at finding radical ways to
bring about effective collaboration, which turn again on the effec-
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tive use of the band-width that your type of national infrastructure
could provide.

In summary, let me make a pun.
Senator GORE. I know the answer to this, I think, but for the

record, why can your company not spend the money to put in place
a three or four or five gigabit connection between your various lo-cations?

Dr. BROWN. We can spend the money to do some very simple pro-totypes that use fairly low band-width nets, but, basically, wecannot leverage the kind of vast infrastructure you are talkingabout operating at all our different branches all over the countryand all over the world and also interact with our supplier corpora-tions.
Seriat Or GORE. Just as a delivery company could not bt..1d the

interstate highway system.
Dr. BROWN. Not and stay in business. Right.
In summary, I think it is interesting to step back and recognize

we are really looking at two types of collaboration here. The firstpart of my statement deals with how do we more effectively col-
laborate with the past; how do we rapidly interact with the ar-chives; how do we rapidly access what is already kncwn. That is acollaboration with the past.

On the other hand, how do we more effectively collaborate with
the present in terms of being able to achieve a sort of co-presencewithout physical presence?

Thank you.
[The statement followsl
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by

John See/y Brown,

Vice President, Adsanced Research,

XEROX Palo Aho Research Center (PARC)

CAPITALIZING ON THE NATION'S KNOWLEDGE:
MAKING USE OF WHAT WE KNOW

INTRODUCTION

In its potential to amplas ;troth( tise and umosatise practises in the r rm ial
)ears of international competition that lw ahead, the Naturnal Researr h aml

Friot anon Network ofWrs an estrume1) est iting prospect Along with its

generally remgniied possibilities for researrh and edmation, we find latent
within this high-performara e nr !work means to 0%eikome simie of the prewnt

and future t hallengs to tlw nalaun's entire nianufai wring and ter hnologu al

base

The immense power (if information tei hnolug) tu hi lp us to meet tlw nation's

dt 'nand for knowledge is unquestionable But the niformation 4' lplOsilln,

int teasIng compleuty, and the es er au eIeraung pare of (1).inge are already

oseriandening "knotsWdge workers " From our perspei tise we we a high
lwrtinmante network augnu rild with Ilw appropriate know letlbe tools as

both helping to meet tlww general i hallenges, and also pros tiling the natiun's
rewarch and Manufatturmg base with the means to ret ogni/e, salu and
i apitalize upon tfw naiion's knowledge

Two sorts of work plaint es that are two ral in all areas uf society in the age of
information tt hnolugy r an be smt(ssfull) supported by a high performame

network One is «diaboration --- the s)nergista work pradues of groups of

people And the second is interpretation --- Ow 5)nthe,is of raw data into

sumething intelligible The testimun) that fullows attempts briefls to highlight
the s;gnificame of thew pr.( M es and to gne some induation of hos% an
effertise netwurk r an support them
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SUPPORTING COLLABORATION AND INTERPRETATION

1. Leveraging the nation's knowledge basc Empowering collaboration

If ts e hate been able to see further, a Is by standing

on the shoulders of our predecessors

A well designed National Research and Nur abon Nehsork %sill be as important

and significant for adsancing the nation's scientific, technn al, manufacturing
and r ultural resoun es at the end of the century as the adt ent of the public
library system at the beginning and the deselopment of the national highway
system m the mrddle libraries are not, 11 should be remembered, merely
passise repositories of information. they are at tore centers with formal and
informal resoun es to hely people gather. deselop. and eschange knowledge
Similarly, the highways are not merely a means of trawl. but also an important
step in allotting separate plat es tr) mterac I pruritic lite!) The promise of a
sophisticated network, then, hes in its potential to be not lust a means for
est hange and retries at but also the lot us of synergi-tn c ollaboration

Collaboratise groups ate parlor ularly 'rots lq ful %OM( Os of insight and learning

They prot id(' resoun es that are more than the sum of their parts The

Japanee, in partic olar !lase shown us the t alue of r ollaboratne work To meet

the demands of the future we need 'Iot only to aorplrly collaborabse pr ac tu es
in t ht. lot al ssorkplacre, but also to enable theni to or r ur in netts orks at ross the

nation

Lntil now. spar e and timr has e bec n eller tear barriers to good collaboration
But if sse an understand hots to bridge them edit ientl) ssith information
ter hnology, vte can build J natiunal r ollaboratI\ e database and infrastrur ture -

a Collabot Ant), that t JO bring people and ft4t,ttilft es tOget bet JI foss time
and spat e to altoss them to work produt list-Is in wats that hase not pet musty
been poss

In partir olio a national netts urk alNilit lIt'd .silh krichs ledge sets ets r In Witte
imbsidual talent ssith or ganitational resourt es Me 's. tOSIS turner t tsar. one
inst,,,ric 0 ot this student t hip designers .t ore 4,, en Jt t Os% tO the knowledge
sers er s that assembled de igns into pat kas,es that t ould be c ost eller Inel)

11 "4.1gefult)<1 1984

n r- (-_,OJU
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produced in VLSI process lines This is only one example Many more could

be given to show how such direct access could rekindle the passion for design
(mechanical, chemical, electrical, biotechnological, etc.) among students and

designers in our society. Moreover, this system could rapidly spread current

approaches to design through the technological infrastructure and thereby keep

industrial and other designers, the hall-life of whose skills is continually falling,

in active touch with contemporary knowledge, practices, and developments.
Thus the network could be used to update the skill base of technical workforce,

which now often has an active hie of only five or fewer years Such accessible

learning resources are becoming increasingly vital to the survival of our rapidly

changing manufacturing base

A high-performance network will give large organizations access to the
creativity and independence of small suppliers and individuals outside the
organization and in other parts of the country It will thereby help build new
and valuable webs connecting large and small in important strategic alhances.

The concentration of creative talent pools in malor metropolitan areas will then
not be such a problem for the development of other areas In connecting the

large and the sniall, vve may be able both to unkash and to distribute more

evenly the nation's creative resources

Two vectors of collaboration standing on shoulders, not toes

Productive, synergistic collaboration i already a key, though often overlooked.

ingredient of effective working It has two vectors In one obvious direction,

we interact with contemporaries --, communicating with colleagues, forming
alliances, and thereby being elevated onto their shoulders, not standing on

their toes In other less-recognized direction, we collaborate actively vvith

the past, drawing on the wisdom of preciecessors to provide a foundation for

our ideas In constitutional theory and law, for instance, understanding
historical precedent is immensely important It is less obvious but equally true

that all knowledge workers interpret and interact with thc rec ords of the past

Mong both vectors, the aim is to develop nev% insights and practices. to
understand and advanc e what has been done, and to put energy mto
unduplaated effort In shurt to make %%ork both smarter and more efficie nt

To do this, %%e need good ai ess to both pa.,i and (untemporar researlh

1; September 1989 page 3
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If the Senate, its members and staff, and its records were scattered across the
nation, the impediments to efficient work practice would be overwhelming.
This is in some sense the state of the research community and its records,
which are of necessity and for some wry good reasons scattered across the
nation Furthermore, in distributed manufacturing organizations, the problem
of coordinating the knowledge base and presenting the duplication of effort m

iarge product teams is becoming increasingly difficult. Much time is wasted
rediscovering what someone else is doing or has done or in trying to find what
related work is asallable Practical, efficient, high-performance networks linking

workers with each other could dramatically increase the productivity of an the
different sites. The problems of separation might be overcome, whde all the
adsantages of broad geographical distribution would remam.

2. Beyond search and :etrieval --- interpretive synthesis

In finding precedents for their arguments. lawyers, judges, and scholars know
they are not merely undertaking a task of search and retriesal They are actisely
producing an interpre use synthesis out of their sources This process is not
resersed for lawyers, judges, and scholars alone. All knowledge workers, in
manufacturing, in marketing. in sales, in ,:ustomer sersice, now find themselves

insolsed .n complex processes, making sease of and making judgements about
emerging and incomplete data All face the demands of both producing and
actinf upon interpretwe syntheses. As the amount of data they must work with
continues to increase dramatically, they must be helped sieve through the
haystacks of inconsequentiality to reach that important needle

Donald Schon of the Massachuwtts Institute of Technology has described this
proi_ess as "seeing as"

When a :iractitioner makes sense or a situation he percemes ' be

unique. lie sees it as something ilread) present in his repertoire To see

thts site (Schon's example ilere .s drawn from architecture/ as that one is

not to subsume the first under a tamillar categor) or rule It is, rather,

to see the untamiliar situation as both similar to and different from the
familiar one wthout l fir)t being able to sai, similar .ir diiferent %%ith
respect to hat [Mc k tlec like Pt u fawner 1979 p

sepit,mber t489

358

Page 4



355

Statement by John Seely Brown

While data may sometimes be readily found, its interpretation and use are acts

of "seeing as" in which the ability to separate what is relevant from what is not

is crucial Such decisions are reached through a process of judicious
tnterconnecting, interaction, and interweaving of fragments cf information

The challerge of very large, linked databases is therefore not simply onc of size

alone. As information systems continue to expand almost exponentially,
navigation through the data is of course a problem, but knowing what to look

for and what to do with what is found are at heart of the challenge
Navigational aids will need to offer capacities beyond search and retrieval to be

useful They will have to enable people to get a sight of the whole forest as

well as the individual trees to empower them to "see as," to support their
interactive sense making, and to allow them to cope with in order to capitalize

upon, the data they are recewing

Getting from raw data to a use insight s omplex prol ess that tempts us to

add to T S Ehot's couplet

l%here is the Wisdom we have lo_t in the Knowledge?

Where is the Knowledge we have lost n the Information ?

the extra question

Where is the Information we have lost in the Data?

With supercomputers capable of churning out masses of data, the prospect of

getting lost is very real

Information from data
Extracting information from data invokes the ability to find or induce recurrent

patterns As we 5( an reams of data, implicitly what we are often looking for are

patterns that match or resemble what we already know In this process we are

giving shape 70 or putting an interpretation on th raw data before us

To match this sort of mIi it process of inference, transformation, and
selection, vve tan cri%p,age krowledge robots as the next gi neration of smart

navigotional rbds lisno%%bots" would first traverse the data, testing established

patterns against the emerging stream until a set of adequate matches is

1' September 1989 page 5
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produced in a process of searching "key patterns " Visualizing searches are
particularly important because of the uncanny ability of the human eye to
detect structural patterns m a visual field --- hence the power of "seeing as "
With better visual selection and presentation of data, this ability can be more
readily put to use. One of the original motives for building a high-performance

network was, after all, to provide users of supercomputers in remote sites with

opportunities to see structure in the flow of data from a visual display.

Knowledge from information

From the crude pattern matching of the first pass, the knowbot could reduce
raw data to relevant information In the next pass, it might be able to interpret
explanatory hypotheses fin the spirit of analysis) that link information The

knowbot could search the information for instances that confirm or offer
counter examples of the relevant hypothesis. Having first found the
irl'ormation, the next stage refines and enriches the thesis it supports.

In doing this, the knowbot, like a librarian developing a better understanding of

what a reader is looking for, becomes a repository of accumulated and
specialized knowledge As a result, the interactions of the knowledge worker
and the knowbot become involved in a bootstrappmg process, each developing

a continually more powerful ability to make sense of the data.

In this stage, the knowbot searches not so much for information as for the links
that bind information Into hypotheses This also gives rise to the prospect of
electronic serendipity, whereby the search tool actually produces connections
that would not otherwise have been made This is a process of automated
theory formation that can produce new theories for verification.

Wisdom from knowledge

The final step involves understanding relevant theses suitable for apphcahon in
a particular case. The knowbot now functions like an efficient, personalized
reference assistant, who can find signifmant cases that permit arguments to be

made from past events to future ones, enabling researchers to see what part of

history might be applied to current conditions, to recognize how one Instance
prov ides adequate precedent for another This movement from the
development to the deployment of a thesis is a significant characteristic of
expertise t is not normally believed that technology can be directly effective

15 September 1189 page 6
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in the development of wisdom, it is possible, hotteter, to use technology to
provide aids to help adtance that detelopment

This sort of interpretation through a process of continual refinement, because it

feeds off the assumptions underlying an argument is particularly effectite at
exposing those assumptions This facility becomes critical in helping knowledge

workers refine their productwe interpretations and make insightful judgement
calls

CURRENT RESEARCH

Giten the two central concerns outlined abote ,-- supporting colLboration and
aiding interpretation --, research at Xerox PARC has in part focused on
exploiting and enlarging intelligent access to and collaboration with documents

This is etnient both in the Corporation's pwcItn t families and in the processes
tt ith which it designs, dein ers, and maintains its products Much of this work is
proprietary and stil! under detelopment, therefore here we shall be sketching
out the areas of interest rather than the detailed results

1. The documents of the future

Xerox is currently conducting research into the sorts of docurnen, 'hat will
traterse information highways of the future and the sort of tools eibic will be
needed to work productitely with them They are thus heatily dependent on
the networks and infrastructure that will handle documents while they are
simultaneously pushing at the frontier of adtances in their design and use.

We begin with the premise that documents, broadly defined, are the substrate
of collaboratite work and innotation Without documents to construct,
construe, examine, pass around, alter, and amend, our culture could not hate
adtanced to the stage it has reat hed and would not be able to continue to
adtance But we are etidently mot ing into a new era of documents And our
aim is to move beyond reproduction of inert documents and beyond the
handling of images to the creation, storage, and retrietal of "smart" docunwnts,
supported by an array of intelligent document sert ices Documents now, for
instance, come) more and more images The\ are ako beoming increasingly
interadit e The richer (and N mark r) tht get the rIttup worn they need on any
document highways

15 September 1q89 Page 7
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The imphcations of such a trend are very serious for any national infrastructure
For people, a picture is worth a thousand words. But for a computer, in terms

of storage, a simple image can occupy the space of a 50,000 words Consider a

standard page of 500 words. It requires about 2500 bytes or 20,000 bits. An

Image at fax quality, however, requires about 40,000 bits per square inch. At

about 100 square inches to a page that's approximately 4 million bits per page
16 levels of gray bring this to about 16 million bits, which when compressed by

a factor of 10 still leaves us w.,11 1 6 milhon bits compared to our 10,000 bits for

a page of text. And this is without considering color or anything so ambitious
as animation or video streams.

The conclusion of this abstruse calculation is that data highways that now lust

suffice for passing text around are going to collapse under the demand of the
image rich, smart documents of the future. Copiers and sophisticated scanners

process text at about 60 pages per minute. R is easy to see how documents

only slightly more complex could quickly saturate existing national networks

Yet it is increasingly complex documents that offer the greatest capacity for
effective communication and innovation

2. Tools for the documents of the future

It is a mistake to believe that when people are pined by complex documents,

work will continue lust as before The telephone, the photocopier, the
electronic typewriter, and the desktop yorkstation helped to change office
practices significantly and were themselves changed in the process. As

complex document-processing capabilities are introduced, this reciprocal

process will continue, throwing up new demands and new functionalities At

Xerox PARC, we have been exploring several instances and dimensions of this

Among others, we have focused on

Media Space -- product and process

A powerful array ot tools is necessary to facilitate the collaboration and
distribution of work wadi( es within the structures typk al of decentrall7ed,
multinational corporations and between such organizations and their web of

smaller suppliers

15 Septomber 198q page 8
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But these tools may not just enable collabora(ion They can, for instance,

capture previously uncollected but xaluable information Some will, for
instance, embody not lust the product but the process of the exolution of an
idea. And for many of us the process is essential to a full understanding of the

end result. It is also xital for learning from errors and disambiguating results

In one of the Media Space studies at Xerox PARC the intention was to explore

the mterattions and the needs of designers (three architects, in this instance)

working on a complex design (an office space) Each was unknown to the other

and all three were separated from each other Their work was mediated by a

computational ideo medium The system allowed them naturally to tapture

their dexeloping thought patterns Not only were the architetts able to reath a

rich tollaboratne design remarkably quit kly, despite haying nexer worked
together or in this way before, but hen t tame to presenting their design to
their chent, they were able to use hat the mediating dex ic us had retorded to

reveal the informatne and omplex exnlution of the design, thereby rendering
the truly innatixe end produc t more understandable

One essential element of this (omit ate, mediated, nt t,%ork intensi\ e dixttIbured

work system was its ability to r;.oduce a senw of t o-presente (much richer
than tele( onfurem ing) that simultant ously proyidt d mthout extra murhead a
means to tapture experience for feeding and strut turing organizational
memory

Information acces needles and h,Astar ks

In these do( unwnts, sear( Fling, i e hate suggt.sted, mil by wry (WI( relit
The m her the dot uments and the larger the database, the more t omplex the

search It may be ery min h the sear( h for a needle in a hay slat k. extept

that we often begin the seaith nut only fa( ed with the hastack, but also not
quite knowing that it is a rwedle we want out of it Then the sort of sy inbiotu

pattern matching we d s( ribed aboxe be( ornes Int reasingly important

Early MI in .3 (0113ple scan h in [Tartu IlLir the idea of what is want qi is often

only partially coherent But a mum st (an be refined through series ot

sot ext.tyc iterations Thix alk tor tools that ,111 ,Yith Indy , I exan,plt

modyl I I eir properties, and through a si ries ut or rations rt.tr.eYals, anti

1; Sept. mber 1,fdfi page 9
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Statement I:1 John Seely Brown

refinements reach a more articulate and more accurate understanding of the
query and ultimately, of course, an answer. It is thus important that national
networks have the bandwidth to support these kinds of iterative se-rches

Work practices --- the role of informal settings

Informal work practices are little understood and much under-appreciated. The
casual chat around the coffee pot, for example, can not only be highly
informative, it can also provide relaxed and therefore spontaneous and creative
circumstances that are hard to duplicate in formal surroundings Our study
with the media-space voice and video link from Palo Alto, California to Portland,
Oregon was an attempt to understand the informal practices of workplace
communication and to thscoser how they are helped or inhibited with complex,
high-bandwidth links It is clearly wrong to beliee that just because people
can see and hear each other they will be able to interact spontaneously and
creatively as they once did in informal settings. New theories of organizational
behavior are lust beginning to realize how Important informal narratives and
exchanges are for the production and dissemination of organizational
knowledge Systems that can support them thus offer a resource for
organizational "bootstrapping," that (an remain informal while making a %nal
contribution to the organization.

These are the sort of informative studies that help reveal what the propertiet-
and needs of a high-bandwidth network w,l be

CONCLUSION

The aim of this testimony has been to throw enthusiastic support behind the
concept and the potential of the National Research and Education Network In
conclusion, it is important to note that in order to fulfill that potential, we must
not lose track of one central factor We hase argued that the abilities to meet
present and future challenges of information technology are latent within this
exciting prospect The solution to these challenges is not, it must be
emphasized how eser, wholly technological In order to bung out the beneficial
potential latent within a high-perforiname network, it is essential to understand
and le%erage the ( omplexity and the ri( hness of ordinar} isork practices In our
urge for technological achancement these ( an too easih be merlooked

i 1 September i 48,) page 10
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Statement by lohn Seely Brown

Higher-quality tools are not necessarily the result of increasingly higher
bandwidths. The "Post-lt" has immense functionality, but very low technology.
Moreover, increasingly higher-bandwidths often serves to make technology
more complex and burdensome As we build more powerful work tools, we
must make the linking of people and machines symbiotic and synergistic rather

than independent and potentially antagonistic Arid to do this, it is necessary to
understand the nature and the subtleties of seccessful work practices and to
shape new work practices accordingly.

In particular, machines need to reflect their users closely For instance, each

community of experts traffics in distinct vocabulary and sets of mental models.
Experts in a particalar subject matter frame their hypotheses in their terms,
which tend to be specialized and restricted hut highly resourceful. Thus it may
be less important to capture the breadth of "natural language" than to be able
to reflect the language of the specific community of users in the system itself.

To make high-performance computers readily available to, for example,
designers, engineers, and so forth, major advances in software will be required

For major advances, these cannot be merely libraries of canned procedures or

subroutines They must he rich, flexible, speciahzed programming languages
and environments that directly reify the abstractions of their users or the
subject matter This is, of course, only a single example of the way in which
machines should reflect the rich practices of the people for whom they are
designed.

Finally, to add one small caveat, we should all remain aware of the national
need to explore the vast spaces of novel architectures for special-purpose
supercomputers Large, general-purpose computers are unquestionably
important But a significant amount of capacity is devoted to maintainmg their

generality It may often be more efficient to uw special-purpose, dedicated
processors whose arc hitec tures more naturally mirror the struc tore of the
problem space to be exp.ured for specific tasks rather than always to resort to
the power of general-purpose ones To this end, ue must learn to think

pansis ely about nonstandard ar( hite( tures and approaches to high
performance computing

15 September 1989 page 1
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Senator GORE. I really like that statement. Thank you.
We are going to go next to Dr. Irving Wladawsky-Berger, who is

with IBM.
I appreciate the chance to work with you in the past in thinking

through some of these things, and thanks for joining us here today.
Please proceed.

STATEMENT OF DR. IRVING WLADAWSKY, DSD VICE PRESIDENT-
SITE GENERAL MANAGER, INTERNATIONAL BUSINESS MA-
CHINES CORP.

Dr. WLADAWSKY. Thank you, Senator Gore, Senator Robb. Let me
just tell you briefly wnat I do. I am a Vice President in IBM's Data
Systems Division, which is the division responsible for large sys-
tems development and manufacture.

I have direct responsibility for our high end operating system
software as well as major portions of our super computing efforts. I
am also a member, as is John Seely Brown, of the Computer Sci-
ences Board of the National Research Council. So the subjects we
are discussing here are really close to my heart, let alone my over-
all professional intere...t.

In the interest of time, let me go straight to try to answer some
of the questions that you asked me to focus on in the testimony,
starting with the question of what are some of the potential bene-
fits of an information infrastructure.

As we all know, technology is advancing at an extremely fast
rate. We have a lot of great technology out there in computing
power, in storage technology power and in communications power.
As we look into the future, it will only come at us faster and faster
and faster.

I view the key benefit of the High Performance Computing Act
as giving us the opportunity to take advantage of these technol-
ogies and translate them into leading edge applications that benefit
our country.

In other words, by building a common infrastructure, a whole va-
riety of people can buiid applications on top of that, and we enable
those solutions to happen. People can concentrate on solving prob-
lemsnamely, the applicationsrather than having to concentrate
on building the basic infrastructure.

Imagine where we would be in our transportation system if every
time we left home we had to worry about whether the roads are
paved, whether the g..3oline stations are there, whether there is a
place to have lunch. I do not think we would take as many trips as
we do, and I do not think we would go very far.

A lot of building applications, especially advanced applications, is
in that state. A lot of people have to do a lot more than they would
like because there is a lot of infrastructure missing.

Now what are some of the examples of the wonderful applica-
tions that we can see the infrastructure making possible? We have
discussed many of them throughout the morning. Let me just
quickly go over some of them.

Some are applications designed to keep us at the vcry
edge of science and engineering, and the recml OSTP reports, the
latest one of which came out last week, cite t...e111 very wevi: map-
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ping the human genome or advanced materials so we can build
very light airplanes and so on. Those are wonderful applicatitzs.
We should build them, and we fully support those efforts.

I think, however, that as a Nation we have to strive not just to
be at the leading edge in developing new technologies but we
should also try to transfer the benefits of high performance com-
puting technology to as many people as possible, doing as many ap-
plications as possible. In fact, that is where I see the benefits of the
High Performance Computing Act. How can we get applications to
happen that affect our country's competitiveness and our quality of
life?

We in IBM are doing a lot for our own interest to make sure that
as many people as possible can build applications so that they buy
our computers. Other vendors do the same thing.

The NSF centers are doing a remarkable job in expanding the
use of high performance computing, and a number of state univer-
sities are doing similar jobs as well. More and more state universi-
ties have now set up super computer centers to help their research
programs as well as state industries.

Let me just talk about one really interesting effort that address-
es a question Senator Robb asked before. In South Carolina, Paul
Huray, who used to be in Washington until recently, is trying to
build a technology center linking the University of South Carolina,
Clemson University, the technical college system of the state and
private industry so that you can take the terrific skills in our uni-
versities, two-year colleges, four-year colleges, graduate schools and
now make them available not just to large firms but to small and
intermediate firms, tool and die manufacturers, people designing
screws, whatever you have to do.

The states by following the leadership of the NSF centers, are
now building their own networks in the states, and the tool and die
manufacturer will know that by being hooked up in this state they
are also hooked up into the whole Nation's infrastructure because
in the center of the state their super computer will be hooked up to
the follow-ons of the NSF net.

Scientific and engineering applications are very important. We
also saw a wonderful example which John talked about in libraries
and what it means to have online documents and what it means to
have National Institute of Health medical databases and geophysi-
cal databases available to everybody.

Now with the massive computational power available and with
the massive storage available and with the networks that we can
put in place now, we are really in the position to give access to the
best facilities in the coun4 to just about everybody.

Any physician in whatever small, remote part of the country
should be able to have access to the NIH databases so that they
can understand what is going on, and if they can get their magnet-
ic resonance imageswe saw the power of thatand ship that
around and get it to the right expert or the right super computing
ap lication, they can do superb diagnosis.

nator Gore, you mentioned education before. I must tell you. I
have small children, and I have watched them interact with Super
Mario. It is clear that something fascinating is going on.

Senator GORE. Super Mario Brothers 2.

3 7,
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Dr. WLADAWSKY. They do both 1 and 2. They started with 1, and
we had to go out and buy 2.

What is clear is that there is a marriage of the technologies of
learning and the technologies of entertainment that will enable us
to have children not just being educated but enjoying, being se-
duced by it instead of dropping out of school, which is what too
many have been doing.

What is fascinating is that a lot of the same technologies for
computer animation, which is what would enable a lc.,,t, of the excit-
ing learning tools, are the technologies that you would use in com-
puter visualization, which is what you would use for computer fluid
dynamic simulation.

So some of the things can come together, and it is a matter of
getting the right applications.

Let me just finish by encouraging us not just to focus on the
grand challenge applications. As a country, we always get excited
by who hit the ball the farthest. We really want to swing out over
the fences, but we really have to ask ourselves a few other ex-
tremely important questions like how do we design higher quality
cars, higher quality screws from tool arid die manufacturers, how
can we get medicines to market faster, how can we put information
technologies to use in educating our children.

I truly view the High Performance Computing Act as giving us a
really effective way to now take on and answer those questions.

Thank you.
[The statement and questions and answers follow:]
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STATEMENT OF IRVING WLADAWSKY-BERGER
BEFORE THE

SUBCCMMITFEE ON SC/ENCE, TECHNOLOGY AND SPACE
SENATE OF THE UNITED STATES

SEPTEMBER 15, 1989

Thank you, Mr. Chairman. My name is Irving Wladawsky-Berger. I

am a vice president of IBM's Data Systems Division, the part of

our company responsible for large systems development and

manufacturing. I have direct responsibility for IBM's operating

systems software for large systems, as well as major portions of

our supercomputing efforts. I am a member of the Computer

Sciences and Technology Board of the National Research Council.

So, the areas covered in the High Performance Computing Act are

very close to me.

As we all know, information systems technologies have been

advancing at a very rapid pace, and will continue to do so well

into the future.. This is true in the actual computing

capabilities of the largest systems as well as in small systems

which bring considerable power to the desktop, It is true in

technologies that store ever increasing amounts of information,

p.rmitting people to access large data bases and libraries that

increasingly contain not only traditional data -- or words and

numbers -- but also images, or pictures, including full motion

video images. It is also true in communication technology,

where information is transmitted at much higher speeds than

previously possible.
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The High Performance Computing Act of 1989 offers the opportunity

to take advantage of these advances in technology and translate

them into leading-edge applications that will benefit our country

in a variety of ways. By concentrating our efforts on

applications, we will provide solutions to some of our country's

most critical problems. And in so doing, we will advance the

state of the art of high performance computing by stretching the

technology to meet the application challenges,

To date, mucn of the work in high performance computing has

focused on advanced scientific and engineering applications. The

number of users of supercomputers has significantly increased in

the last few years primarily in oir larger universities,

industries and governme aboratorics. Exciting "grand

challenge" applications e been identified in the recent

reports of the Office of Science and Technology rolicy (OSTP).

These arc very important efforts designed to keep our country at

the leading edge of supercomputing technology and applications.

We support these efforts, and the ob)ectives of the OSTP Federal

High Performance Computing Program.

But there is an additional, very important direction that wc must

pu-suc, one in which this Act can take a lead role. As a nation,

we must strive not only to keep high performance computing

technology at the leading edge, but we must transfer the benefits

of high performance computing technology to a wider set of people

performing a variety of more fundamental applications directly

-2-
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affecting our country's competitiveness. Let me talk about some

examples.

Hoping to encourage the growth of applications, IBM has

established two Numerically Intensive Computing Centers in the

United States that serve to assist custcmers in this area and

help IBM research and development learn from these appl,.cation

requirements. The Centers are located in Kingston, New York and

Palo Alto, California. Application areas supported include

structural analysis, fluid dynamics, computational chemistry and

physics, reservoir simulation, seismic data processing, circuit

design, nuclear engineering, atmospheric scjences, and financial

analysis. Each of these Centers establishes joint activities

with engineering and scientific organizations in both the

industrial and academic communities in order to expand the number

of existing applications for large IBM systems and to advance

high performance _omputing generally.

IBM is certainly not alone. Similar programs to expand the use

of supercomputing are being uadertaken by other vendors, the

National Science Foundation Supercomputing Centers, and a growing

number of universities. In fact, a number of states are

establishing supercomputer centers to assist in economic

development and strengthen scientific research. One noteworthy

example in South Carolina will link the University of South

Carolina, Clemson University, the Technical College System of the

State, and private industry to bring world-class high performance

-3-
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computing applications to small and medium sized companies

throughout the region.

Because the skills needed to develop such a system are

significant, they will be contained in the un.:versity. These

high performance computing experts will develop applications for

use by industry employees with a minimum of computer knowledge

and ability. The State hopes to 'improve the productivity and

competitiveness of its existing companies and, it is anticipated,

this service will offer significant advantages in drawing new

companies into the state. This is a model that needs to be

encouraged and replicated.

Replication and evolution of efforts such as this, however, will

require focus not only on increasing the speed of computation but

on advancing technologies for storage and ret-ieval of

information, including storage of images, sounds and pictures.

Such advances are critical both tc scientific and engineering

applications, as well as to many other advanced applications that

manipulate vast quantities of data. Two examples include

computer access to the contents of the Library of Congress or the

medical data bases of the National institutes of Health.

Additional applications, however, are limitless.

With such massive computational power and information available,

the challenge is to establish an infrastructure to give access to

as many people as possible. Senator Gore, this is the idea

-4-
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behind your "National Data Highway", an interstate system for the

transport of one of the most Important products of the 21st

century and beyond -- information. Technology is aiding the

creation of such a network. In fact, only two weeks ago IBM

demonstrated a new semiconductor chip able to trarsmit and

receive data over fiber optic lines at speeds of a billion bits a

second. These new optoelectronic chips are 50 times denser than

earlier components, and contain 8,000 specialized transistors on

a device the size of a human fingernail.

Imagine the capabilities of such au integrated system combining

powerful computing, limitless data bases, and a comprehensive

network. It could help scientists in their struggle to better

understand the structure of human cells in an effort to win the

battle against AIDS or Alzheimer's disease or multiple sclerosis

or cancer. Access to such capabilities would help them model

cells and simulate disease processes in a computer where their

evolution could take place in minutes rather than months or years

in the laboratory. Further, consider the benefit to physicians

throughout the country who would have the capability to transmit

medical images and data in real time to specialists either a

human expert, or an advanced medical computer application -- for

rapid, sophisticated analysis irrespective of the patient's

geographic location.

Consider the impact such a system could have in helping solve the

education crisis facing our country. Such facilities, bringing

-5-
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new creativity to education with techniques ; visualization

and interactive computer animation, could be a significant aid to

teachers in their challenging work.

Imagine young children carrying on a computer generated and

controlled dialogue with animate_ characters who would not only

entertain them but teach them as well. As the children get

older, imagine incredible, visual simulations of world events,

chemical processes, biological problems, or literature which the

student would not only see, but interact with, As they movp onto

higher education, think about the benefit of students and

researchers having access to the Library of Congress through a

high performance computer network. The potectial is enormous.

All of this and more would be possible with high performance

computers and sophisticated networks. But if we are to realize

such useful applications for high performance computing, we must

move beyond our traditional approaches which have tended to focus

on developing ever more advanced technology rather than focusinr-

on its application.

Sometimes we are obsessed with hitting home runs rather than

concentrating on the fundamentals that score runs and win games.

Our focus is on wnose machine is the fastest, whose "grand

challenges" are grandest, who gets the most prestigious award.

While all of this is important, we must not lose sight of the

other -- perhaps less glamorous, but possibly more important --

-6--
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questions: How do we design higher quality cars; How do we

bring medicines to market more quickly; How can we apply

information technologies to assist in the education of our

children? Answers to these questions will come by focusing on

designing high performance computers that exploit the advances in

technology AND by focusing on applications -- that is, the

software that instructs the computer to perform specific tasks

and solve specific problems.

To achieve these objectives, significant work will be required in

the hardware, software and networking areas. work the private

sector does best should be left to the private sector, including

hardware and software design and manufacture, and the operation

of the highly complex network required to communicate between

systems and to exchange information. Our government, however,

can be of tremendous assistance by focusing attention on the use

of high performance computing to strengthen both American

competitiveness and scientific advance; by serving as a catalyst,

using high performance computing to advance national interests;

and by participating with the private sector in funding programs

and transferring critical skills.

The National Science Foundztion Supercomputer Center approach is

a very good start, one that has served as a catalyst to efforts

by state governments and universities. We must make sure that

these Centers remain strong. Programs to improve access to these

-7-
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facilities by small and medium sized companies -- such as the

effort in South Carolina -- would provide a tool that could

strengthen these firmF. competitive posture at a price they could

afford. Finally, government assistance in the construction of a

nationwide network, built witt expansion potential in mind, could

make a profound contribution to a trull national high performance

computing capability that would benefit us all.

In summary, we support the objectives of the High Perf3rmance

Computing Act of 1989, though we do have some concerns ii.volving

standards and intellectual property aspects of the bill. We

encourage a national plan with an application focus supported by

a comprehensive network. We believe the time 'pr action is now,

and we are persuaded that work resulting from Implementation of

the High Performance Computing Act will encourage governments and

the private sector to build advanced applications faster than

they otherwise would. We are pleased to work with Congress

toward Implementation of such a plan,

-8-
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QLESTIOFE OF SENATOR CORE AND ME AFSWERS THERETO

STANDARDS

Qi: What are the principal issues in ensuring that users can
effectively and conveniently access and integrate
information from a variety of databases and a variety of
networks?

Al: The principal issue in ensuring that users can access and
integrate information from multiple sources is to ensure
that open interface or protocol standards are available as
necessary to provide a common basis for the meaningful
exchange of information. This does not preclude the use of
proprietary approaches in either databases or networks since
the open interface or protocol standard becomes the access
and interchange mechanism. Fundamentally this has been the
purpose of the development of the Open System
Interconnection (OSI) and office system standards which have
been developed in recent years as an aid to facilitating the
exchange of information in tne Information Technology
industry.

Q2: Will standardization create undesirable side effects? What
can be done to reduce them?

A2: The development of standards often involves the selection of
one technical approach or specification over another. The
proponents of approaches not selected as the standard may
feel disadvantaged since their choice was not accepted.
However, experience has shown that when standards are
developed in an open voluntary consensus process in which
all interested parties have an opportunity to participate,
the resulting standards that are developed provide
significant benefits to users, manufacturers and others.

Q3: Who should be in charge of developing the necessary
standards?

,

A3: There already exists within the information technology (IT)
industry a standards development mechanism which has for
many years proven its ability to develop standards that are
both technically and economically useful to manufacturers
..nd users. This work takes place in the ISO/IEC Joint
Technical Committee 1 (JTC/1). The JTC/1 committee has the
primary IT industry responsibility for the development of
international standards across a wide variety of IT subjects
including data formats, database standards,
telecommunications, prog:amming languages, etc. The ISO/IEC
standardization work is conducted on an international basis
to further ensure worldwide agreement. It is a voluntary
consensus based process with strong and active participation
by users, manufacturers, governments and other interested
parties. The ISO/IEC JTC/1 committee is and should remain
the primary organization for the development of IT
standards.

-1-
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NETWORK SECURITY

Q1: How serious do you think computer viruses are? Do you think
that technological fixes exist?

Al: Computer viruses are a relatively new problcm to the
computer industry. No system is immune to harmful code.
The number of known incidents, although relatively small,
appears to be increasing, and is thus becoming more serious.
Today's defenses against viruses rely on effective security
practices by users. These practices include making frequent
hack-up copies of important data, controlling the source of
software, and using virus detection programs that are
available from IBM and other vendors: In nete we rely on
diligence and technology for protectione

Technology does exist that is beginning to be used to
k:nhance several aspects of computer security, including
virus prevention, Cryptography has long been used to
prevent disclosure of sensitive data. More recently, led by
the banking community, cryptography has been applied to
prevent data or communications from unauthorized
modification.

IBM offers an array of products to protect systems from
unauthorized access, and new technological measures are
being sought to further address this new threat of viruses.
In addition, IBM continues to emphasize the importance of
good general security practices, management controls dnd
user education for safeguarding data and preventing the
introduction of viruses.

Q2: Could concerns about computer security prevent the
widespread adopticn of computer networks?

A2: Computer security concerns need to be evaluated balancing
the risk of viral infection or security breaches against the
benefits of an open network enabling the rapid flow of
time-sensitive information among users. Good general
security practices will reduce che risk of accidental viral
infection, and anti-virus practices will aid in the
prevention, detection and spread of a virus. Effective
security software and consistent applications and procedures
will help to minimize some of the risks. Thus, while these
concerns must not be ignored, IBM believes the far reaching
benefits society derives from the use of computer networks
will result in their continued and increased use. Security,
however, is an important requirement for widespread adoption
of computer networks. Two key requirements are:
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1) positive identification of users accessing the
network and;

2) controls over what those users can do on the
network.

These requirements can be met with today's technologies, but
not all systems and manufacturers implementacions employ
them, nor are system procedures across current research and
education networks structured to require them. User
identification can be validated via passwords or more
sophisticated mechanisms employing "smart cards" containing
elvi^tronic circuitry embedded on a credit card sized token
or various biometric mechanisms, such as electronic
signature verification. Today's network protocols allow for
security functions to authenticate the Identity and source
of requests, validating the successful transmission of the
communication, and authenticating the contents of the
delivered message. As noted in response to question 1, such
mechanisms are most often implemented with cryr ographic
algorithms.

Q3: A particularly frightening thought is that the databases we
are talking abou, will be penetrated and altered. A

database is not very useful if users cannot be certain that
the data in it is correct. Are there ways to ensure that
databases have not been altered?

A3: Yes, many database products contain security control
mechanisms based on authorizing particular users to specific
portions of the database. The security process, therefore,
is to ensure positive identification of the requesting user,
and to conduct the administrative task of specifying the
rules and rights of access for users. The size of this task
depends on how complex an authorization structure is desired
by the data owner. It is trivial to set up rules such as:
anyone can read the data, but only a specified list of
individuals are allowed to modify the data. More complex
rules would be required to let various individuals have
update rights to different portions of data.- But this is an
administrative task and does not require new database
technology.

Q4: I would think that there would be a lot of money to be made
in computer security. Dr. Waladawsky-Berger, what is IBM
doing ir this area?

A4: IBM's commitment to data security is a long standing
tradition. We have had a corporate data security policy
since 1973, under which we ensure data security is a basic
design criterion for future systems and products.

IBM continues to work extensively in many areas of computer
security by marketing security products, but more
importantly by upgrading the system security functions la
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the processors, operating systems, database managers, and
communications products that make up a total system. We
recently (October 24) announced our directions in computer
security for a broad range of computer users. Key iters
announce include new more secure operating systems, meeting
the Department of Defense Trusted System Criteria, a new
family of cryptographic products for enciphering data
transmissions, message authentication, and user
identification; security consulting services to assist
customers in assessing risks and formulating control
policies; and guidance to our customers regarding anti-virus
measures and detection programs. We believe proper security
controls are a requirement for continued growth of the
computer industry and we are working to provide those
solutions across our products.
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DATA TOOLS

Ql: Do researchers have the tools necessary to cope with all
ttat information?

02: What kind of software and hardware are your companies
developing to deal with all this data?

Al&2:
Data base technology has made 1.-qe strides in the past 10
years both in the software used to create and retrieve the
information and the cost per bit of storing the information.

However, researchers today do not have many of the tools
necessary at their disposal to easily create terrabyte
databases for specific disciplines and easily search the
information in the database in the languages of the
researchers: This is a complex problem that grows in
complexity when data such as Earth Resources Data is stored
in differently structured databases in different physical
centers with different access policies, etc.

The Federal Government can help here by establishing centers
that will organize important research information, and by
working with vendors of hardware and software, thus ensuring
that the data structures and query systems lend themselves
to efficient retrieval in the language of the researchers.

IBM will continue to improve Its cost per byte of storing
information and the retrieval systems needed for both
hierarcnical and relational data. However, more work is
needed and can be accomplished via government sponsored
centers focused on discipline specific data such as DNA or
molecular structures. Here, knowledge based systems, which
we are also working on, can be valuable aides in the
creation and retrieval process.

in addition to the on-line or immediate access part of the
databases, there is an importaht area that IBM is working on
relating to backup and archival systems. The key idea
oehind these systems is that infrequently used data is moved
to a more cost effective media along with an increase L
time to retrieve it. This provides a good balance between
cost and performance and is critical to very large
databases.

03: In five years, what will I be able to do with my personal
computer that I can't do now? What kind of data will be at
my fingertips and what will I be able to do with it?

Q4: What about in 10 years?

05: What can the federal government do to speed along these
developments?
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In general, one has only to look at the types of power and
data that are available on today's mainframes to see the
kinds of power that will be available in a perzonal computer
in the next 5 years. This power will be used to allow
researchers to communicate with the personal computer using
a more direct form of interaction. An experimental
workstation interface, jointly developed with the laboratory
for Solid State Physics at Cornell, is one of the steps
being taken in this direction. This interface will allow
physics researchers to point and click on a periodic table
to bring up models of the individual elements that can be
combined to form new solid state compounds.

The Federal Government can help by supporting the
researchers in universities who work on projects with
industry and government to make the strides that help make
researchers more productive and private industry more
competitive.

2
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NETWORKING AND DATABASES IN OTHER COUNTRIES

Q1: Have its potential strengths or weaknesses been evaluated?
What do you think of Minitel?

Q2: What can the U.S. learn from the French that would help us
to tackle our evolving systems?

Alb2:
Minitel has had mixed success. Altho,;,4h the growth figures
for Minitel terminals have continueo to increase, so have
the give-aways of these terminals to households and
businesses by the French Telecom. In a recent study
aut%ored by Gilles Ghesquiere and co-published by Samara
Assc,ciates, Cambridge Massachusetts and Communications
Trends Inc., Larchmont, N.Y., over 50% of the Minitel
households said they would return their terminals if the
French Telecom charged approximately $2.00/month. In
addition, the growth rate for average usage/terminal has
been declining and was lower in 1988 than 1987. Moreover,
heavy users declined 7% in the three years ending in 1988.
One of the reasons for this decline in usage of Minitel is
the provision of free terminals. Minitel provides free
terminals placing them in the hands of users that have
little interest, ability or resources to use the service.

Another point that is critical in viewing future services
such as this is the overall systcm design. The computing
paradigm has changed since the French did their initial
study in the 1970s. At that time, there were no PCs in the
home. Today in the US, over 20% of the households have
PC's. The resulting overall system design using dumb
terminals for the end user places the computing load at a
central site and requires a more significant and costly
transport service.

The paradigm shift of PCs and intelligent intermediate nodes
of today drives a different overall systems design. Pivotal
here is the trade-off between computing at different stages
in the network and overall telecommunications costs. The
power of end user terminals or workstations will continue to
increase well beyond the capability of the centralized host
of the 1970's. The technology and cost trade-offs arc very
different with this distributed computing paradigm. This
places computing power in the user's home and intermediate
nodes in the network to help with the user interface,
information requests and presentation of results. The hosts
arc still used to manage the large databases, but their role
in the network is quite different.

oo (33
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The lesson the U.S. can learn from the French Minitel
initiative is that whatever we do, our efforts should be
structured to allow for future technological advances, for
this new technology will yield the greatest overall cost
benefits. Other important issues are fixed pricing for the
services vs. metered pricing currently in Minitel, and
issues of competition. Competition is key in the deployment
of the service to permit the best market driven approach for
the end users and data providers.

384
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THE SOFTWARE GAP

Ql: Haw serious is this pr blem in the area of data management?
Do we have the programs needed to handle the data that
supercomputers can process?

Al: Many supercomputer applications are characterized by the
need to process very large amounts of data such as for
seismic exploration. These data are typically arranged in
simple structures such as large arrays. The problem in
supercomputing is usually either the complexity of ths
algorithm which is applied against these data andtar in che
shear volume of data which have to be processed and stored.
The challenge of data management in supercomputing is to
handle input and output in snch a way that the slow acce-s
to disks and tapes does not oecome the bottleneck for thv
overall application. Hardware improvements such as
increased channel and access speed, and splitting the data
across multiple channels and/or disk heads, will help to
ease this par.dcular problem. IBM is working in all of
these areas. Of equal importance are the database systems
and algorithms that take advantage of specific disciplinary
databases and help the supercomputer users to create and
easily retrinve the information in the language of the
supercomputer user.

02: Is the gap between computer hardware and the computer
software growing?

A2: Generally the progress in hardware technology has been much
more rapid than in software engineering, which has had few
significant breakthroughs since the invention cf high level
languages such as Fortran 30 years ago. There have been
some quantitative improvements in the modularity of code
functions, improved data structures and more disciplined
flow control, but no fundamental breakthroughs for improving
programmer productivity. Completely new approaches such as
functional lanauages are being developed, but have not yet
made significan'- -aroads in the daily practice of data
processing. As a result of this, the software gap is
growing.

03: What can be done to reduce this gap and what role should the
federal government play in this effort?

A3: Standards and open systems such as UNIX will ease
re-useability and transportability of code and increase
productivity. The federal government can help in
encouraging the setting of standards through participation
in open standard-setting committees.
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Government support for research into highly parallel system
software and algorithms would be helpful. Many of the
applications currently run on today's supercomputers could
benefit from these emerging hardware architectures. Another

area where government support is essential involves research
into new computing paradigms, such as the recent DARPA
project for supporting neural network research. This
research could also help in finding the really fresh new
approaches needed to overcome the software gap.

Q4: I understand that many of the new massively-parallel
supercomputers are particularly good at handling huge data

sets. Why is that?

A4: Massively-parallel supercomputers often have extremely large
real memories (up to several thonsand megabytes) which is

key to effective handling of very large data-sets. Combined
with this is a very high peak performance (speed), which in
many cases can actually be exploited for real application

programs.

QS: Does the software exist to properly exploit these new
massively-parallel machines?

A5: The software for exploiting massively-paraliel machines is
in its early stages of development. On an absolute seal^
these computers are still harder to use than conventional
machines, but the promise of nearly unlimited performance
and very good price/performance are such powerful incentives
that these machines will enter the mainstream of large-scale
computing in the next few years, Some of the critical
software components that need to be addressed are; compiling
and debugging, as well as algorithms for many of the key
application areas such as fluids, molecular modeling,
structures, weather, etc.
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NEW TECEDKWAC!

Ql: Do you expect the steady, rapid improvement of data storage
devices to continue? Will new approaches be required, or
can we just keep improving the present kinds of storage
media?

Al: In the field of data storage technologies and products, I
continue to see rapid advancement of technologies critical
to the evolution of advanced storage devices. Conventional
inductive magnetic recording technologies continue to lead
the parade as higher and higher areal densities are
achieved. The evolution to smaller hard disk diameters
resulting in higher performance and higher reliability
products has been a boom to all data processing systems
designers and users. The hard disk business is
conservatively estimated at $205 today worldwide and can
easily be projected to double in the next 3-5 years.

Flexible modia, such as magnetic coating on a flexible
substrate like my1ar continues to employ the latest
technology improvements such as rotating heads from video
recording type products. Both the hard disk and the
magnetic tape have benefitted from advanced technologies
such as improved magnetic particles, thin film coatings on
hard disks, thin film magnetic transducers and the very
critical low cost LSI circuitry required to perform the
signal processing to enable high density magnetic recording
cmbmdiments. Continued government focus on magnetics
research would be helpful.

There is an exc:.ting new technology on the horizon being
driven currentll by the consumer market, the optical storage
area. The CD-disk is currently in most households where
hi-fidelity sound reproduction is desired. The current
trends to utilize solid state laser read/write optical heads
in combination with either a phase-change or a thin film
magneto-optic material can produce areal bi, densities
approximately 5 times higher than convention inductive
magnetic recording technologies. The introduction of these
magneto-optic or phase change optical storage products has
lleen slow to start due to their current low performance
characteristics compared to that of the hard disk or the
flexible tape products. Currently, their cost is high due
to low volume demands. The capability to employ the
removability and interchangeability of the optical disk is a
significant advantage over 'he rigid disk storage product
and this interchangeability, coupled with future
techno:ogical advancement, will result in future optical
storage products that could one day replace many rigid disk
products currently used.

P.?
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During the next ten years, it is clear that inductive
magnetic recording (including magneto-resistive reading) and
optical storage will be the major ,Loduct technologies in
contemporary dataprocessing installations. There remains
considerable growth for these technological capabilities
with current evolutionary progress to be the mainstay of
data storage in the near term. It is quite possible that
the technologies already in hand in this area could produce
products to satisfy dataprocessing demand for the next ten
years.

Q2: If data densities improved a thousand-fold, what kinds of
applications would be possible?

A2: Assuming tnat the technological progress projected follows
historical lines; i.e., performance parametrics also Improve
consistently with recording densities, but not necessarily
at the same rate, then many of the current applications
associated with imaging will be expanded and become common
place. Since both major storage technologies are considered
to be semi or permanent storage, then the projected future
high densities are also considered to be semi or permanent
storage. Such high efficiency storage capabilities would
permit a major penetration of conventional paper and
microfilm storage.

Automated digital storage techniques permit on-line
accessibility as well as computer manipulation of large
databases. It would entirely modernize existing business and
governmental operations. Printed documents, although still
in use, would becom2 largely obsolete being replaced by work
stations directly accessing large interactive databases.
Consistent with high density storage technologies, data
compression technology will be used extensively to enhance
storage capabilities even further, cut down on the bulkiness
of documents, drawings and picture storage requirements.
The marriage of digitized data intermixed with digitized
pictures, graphs and drawings will become common place and
one could predict that interactive, high definition video
could be stored in the same data structures.

I would not be stretching my imaginPtion too far in
predicting great change.s in the work place if data
processing capabilities improved by a factor of 100 - 1000X
at roughly the same cost, i.e., a price/performance
Improvement of laX. This would enable individuals, as well
as business and the government, to have broad-scale access
to on line databases with flexible data communication
capabilities such that distributed databases, as well as
large centralized databases, could flourish interchangeably.
I could see interactive video being used extensively in the
work place.

See
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Q3: Can.Swe predict what the limit is? Or will we one day be
able to have the entire Library of Congress stored on a
cartridge that would fit in a shirt pocket?

A3: From my experience, to predict a limit is nearly impossible
since our vision is clouded by the technolcgical progress
that we can foresee. For the present let it suffice to say
that I see no practical limit such as the magic 1000x over
the next 10 years. Today it is not a hazardous prediction
to envision terrabyte storage systems that could fit into a
package the size of an average refrigerator within the next
2-5 years, at a price every medium to large size
dataprocessing installation can afford and would install.
By that same process your every day personal computer would
have a gigabyte of rapidly accessible data %.ia an optical
disk drive.

As for one day being able to have the entire Library of
Congress stored on a cartridge that would fit in a shirt
pocket, that is possible, although highly unlikely. One of
the major problems of the technology advances that I have
targeted is that they require extreme precision to maintain
reliability. Therefore cleanliness, and more importantly,
environmental control are required. The major impediment to
technological progress is removability which requires
mechanical components and tolerances not amenable to high
precision electro-mecbanical storage elements. Although the
servo-controlled access mechanisms for optical storage
systems of today have demonstra--d significant progress over
those used in hard disk files, L. 1 fact still remains that
the removability of the optical disk is a limit to the
storage efficiency of that technology.

Just as in the case of the hard disk, totally enclosed
(non-removable) optical storage elements will be a way of
the future to achieve the efficient storage required to
fulfill the very large, on-line storage systems of the
future. So in net, while it is possible to predict the
capability to store a database the approximate size of the
Library of Congress on a cartridge (about the size of a 3.5
inch optical disk of today) that could flt into one's shirt
pocket, I doubt that one could be made in the next 10 -15
years. Rather, one might predict that the actual data could
be stored in a volume that is much less than a cubic foot of
space, but the total electronics, environmental controls and
nower system could enlarge the package to the size of a
small refrigerator.

I would not hazard a guess about what might happen in the
period much beyond the year 2000. Some new technology or
significant breakthrough in one of the existing
technologies, could enable advancements yielding
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capabilities beyond cme's perspective. Although there are
proposals for three-dimensional storage arrays today, most
suffer from a depreciation of another dimension; i.e., to
gain volumetric efficiency one must give up reliability or
performance. To be practical, a storage system of the
future mmst yield enhancements in areal densities as well as
improved reliability, improved performance and no increase
in cost!!! Now that sounds like a big job, but history is
an excellent teacher, and electromagnetic storage systems
have delivered on these factors over the past 40 years.
There is little evidence this progress will not continue
well into the next century.

390
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Senator GORE. So this can help us not only to sequence the
human genome but also to make a better mousetrap or a better
computer chip?

Dr. WLADAWSKY. Absolutely.
Senator GORE. Thank you.
Our third witness will be Mr. Richard T. Wood, Senior Vice

President for Business Development at University Microfilms,
which distributes journals on optical disks for use by libraries and
businesses.

Please proceed.

STATEMENT OF RICHARD T. WOOD, SENIOR VICE PRESIDENT
FOR BUSINESS DEVELOPMENT, UNIVERSITY MICROFILMS, INC.

Mr. WOOD. Thank you very much, Senator. We welcome the op-
portunity to comment.

As you mentioned, we launched several products this year which,
for us, were innovative and for libraries as well. And the proof of
our success was the fact that I went down to the business school
library at the University of Michigan at 7.00 a.m. on Sunday and
found students queued up to use the system. So, it was nice to see

Several thoughts. One is the fact that I think the costs that we
are contemplated to develop this system is probably much too low.
I do not think that is a negative. I just think it is more realistic to
think that the cost structure is going to be extremely high and that
the ongoing costs are going to be extremely high as well.

I also would like to see as part of the development of the infra-
structure that we consider building up the resources of the univer-
sities at the local level.

One of the things that we have found in working with universi-
tie3 is the fact that many of them have not adequately invested in
the correct amount of computerization at the library level, and
that is partially due to the way they fund the libraries and the fact
that, for example, those funds come out of a capital budget rather
than a materials budget.

I think the concept that you are contemplating requires addition-
al focus. I think your choices are going to be so wide as to what you
v.ant to put on the network system that we are going to have to
make priorities in deciding which goes first, and I would like to see
the focus be on that.

If I can bet anything, I think the bet is going to be that you are
going to have much more demand almost exponentially than you
forecast today.

Senator GORE. May I interject there?
Mr. WOOD. Surely.
Senator GORE. I agree with you. The model I have in mind re-

quires that we install some high-capacity network links and then,
as a result of that exponentially increasing demand, one will be
able to charge user fees and private incentive-driven companies,
state and even local governments will build the equivalent of
feeder lines, and then the expansion will come very rapidly because
of that increasing demand.

I think the cost of the initial backbone network and the initial
digital data library is, in fact, quite low. But the full use of it and

391
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the expansion of it, of course, will involve much more money. But,
by that time, we will have a fuller private sector participation in
this and much more available sources of money to fmance it. I am
sorry to interject that.

Mr. WOOD. That is precisely the point I wanted to make.
I think in addition to that I want to emphasize that the private

sector very much wants to participate in the development and in
the use of the proposed systems, and I think speaking as a publish-
er and speaking as an information provider, we very much want to
participate in a very positive way in the use of the system.

We hope that as the bill develops you will encourage the private
sector involvement.

[The statement and queslons and answers followl

3 9 2
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STAMENT OF RIOIARD T WOOD, SENIOR VICE PRESIDENT, BUSINESS DEVEILP.ETI.

MICROFI 115, INC., BELL & HCWELL INFOINATICIN CCMPANY

University Microfilms, Inc. ((MI), a Bell & Howell
information company, is pleased to have the opportunity to
comment on S. 1067 and the need to provide Americans with
greater access tn information. In particular, I would like
to provide insights from our own market experience, as a
leading information provider.

Electronic technology is altering the way information is
gatLered, produced, published, distributed, accessed and
retrieved. It is a time of change and challenge for
authors, publishers, information centers and users alike.
While technology, of itself, will not increase directly the
sum of knowledge, it does make it more malleable and more
accessible. It has been our experience that it expands the
total universe of users and improves the quality of
research.

The concept of a national information network is seductive.
Much of the technology is either available or within reach.
The question of how to fund, however, is a serious issue.
More importantly, what information should be carried on
these proposed electronic highways and is it worth the high
levc1 of investments? Also, what are the roles of the
private and government sectors? I would like to reflect on
these issves in the process of describing several innovative
electronic information programs recently undertaken by UMI.

UMI APPLICATIONS

After a year long market test and many years of development,
UMI released in January 1989, Business Periodicals Ondisc
(B100), a database of 125 CD-ROMs. BPO integrates fully
searchable ASCII coded abstract and index data with the
fulltext facsimile images of the pages of 325 business
periodicals. Search and retrieval is done at an advanced,
but standard personal computer. Search results and
facsimile article pages are laser printed. Each transaction
is recorded and is the basis for tracking what is printed
by: publisher, journal, issue, article, and page. Royalfles
are paid to publishers accordingly. A publisher and a
library for the first time, now can track intelligently what
has been reproduced from a publication. The commercial
success of BPO is not yet assured, although the response to
date is most encouraging.
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Also in 1989, UMI, The Institute of Electrical and
Electronics Engineers, Inc. (IEEE), and The Institution of
Electrical Engineers (IEE) jointly initiatcd a market test
of a CD-ROM database of IEEE/IEE journals, confert,nce
proceedings and standards, linked to equivalent INSPEC index
and abstract records. As in the BPO product, pages are
laser printed and transactions reccrded for tracking
purposes. Considerable experienc has i,een gained already
from twelve diverse test sites within tne U.S. and Britain.
Product/market decisions will be made jointly later this
Fall.

The CD-ROM format was chosen because of its relatively low
edition costs and the availability of inexpensive disc
drives. The favorable economics were achieved thanks to the
success and scale of the compact disc music industry.
However, UMI remains media independent and will continue to
use the best and most economical distribution medium
available that meets market needs. In any event, the amount
of data being handled is not trivial. For example, the 600M
pages (63 Gbytes of data) currently in the BPO product areon 125 CD-ROMs. The UMI/IEEE/1EE product contains an
additional 20 discs or 10 Gbytes of data. When we consider
the fact that there are approximately 200M periodicals
published worldwide, one realizes that the universo is
astonishingly large. Clearly hierarchical priorities need
to be applied in selecting what deserves to be stored
electronically.

We foresee the ability to receive ASCII fulltext tapes
directly from publishers, ,:sing Standard Generalized markup
Language (SGML). The difficulties associated with
integrating graphics in the page make-up are considerable
and we expect that it will be three to five years hence,
before direct publisher input is practical. UMI assisted in
underwriting tne SGML effort and believes that both image
and ASCII fulltext data must be considered in any
information system design.

After nearly two years of market experience, it is clear
that users relish accessing information electronically. Two
market imperatives have emerged: the need for networking and
the need for large scale storage devices. Ma is working
now to develop local network solutions, in order to bring
workstation costs below 55m each. we are testing also a
270-disc jukebox that was made in Britain by Next
Technology. Several large computer technology firms are
also working with us to find generic solutions to these
issues.
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IMPACT ON PUBLISHERS

UMI has developed the first generation single-user
workstation of large-scale local CD-ROM storage of
electronically published information. There is a
demonstrated demand for this type of primary information in
the marketplace. The immediate access to source material,
the ability to retrieve high-quality graphics, and the
simple, straightforward interface for the use of the system
have proven very interesting and useful. Acceptance of the
system has been outstanding, with the main user
disappointment being that not enough material is yet
available in the database for complete searching of a topic.

The next major development step for UMI is to begin large-
scale production of electronic versions of the techaical
information needed by researchers, in cooperation with the
major publishers worldwide. As indicated, the very large
volume of data this represents necessitates expanding the
UMI system from single-user access to multi-user access.

Some assert that advances in 'schnology will require a
rewrite of tne copyright law. "e the contrary, UmI feels
that the copyright law works wel.. UMI has been successful
in securing the cooperation of piblishers in developing the
electronic products and is li:ensed by the individual
publisher by contract. Since beiAg founded fifty years ago,
UMI has observed the copyright consistently and has
served as a useful bridge betweeL publibaters, libraries, and
users alike.

Publishers are concerned rightly about the impact of
technology. Photocomposition is already extensively used to
both lower costs and create derivative products.
Nevertheless, the economics of publishing are usually
precariously balanced. A loss of income from one format can
endanger the whole. Consequently, technology is approached
cautiously. The printed book or journal remains a very low
cost distribution medium. It will continue to be valued as
the primary source, because it delivers information
exceedingly well: graphics, photographs, and color included.

Our experience to date indicates that a plurality of
distributed formats will coexist, for the foreseeable
future. Format cannibalization is a major market issue for
publishers and information providers, however.
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RECOMMENDATIONS

In order to reach the researchers around the country, there
needs to exist a high speed, high volume wide area network
such as the proposed NREN. Additionally, a general
upgrading of local computer equipment to handle high
quality, high speed, and high volume transmissions of date
locally and from a centralized source will be needed. Costs
of creating national and local networks for centralized
distribution of information will be large -- possibly too
great for any one organization to effect alone. To acaieva
th. network objectives cost effectively requires close
cooperation with the private sector. Standardization will
be necessary for linking researchers to information
providers, such as UMI. Public policy must foster
standardization and encourage private sector initiative and
involvement.

The electronic networking of resear:hers within the United
States will be an ultimate necessity for scientific and
commercial competitive progress. In some instances.
researchers have already built their own professional
networks, albeit on a reduced scale. It is our
recommendation that a national effort be undertaken to
design and implement a high speed, high capacity network,
but that commercial investments of telecommunication
companies. computer technology firms. and information
companies be elicited first. We also urgr, focusing on ways
to encourage the development and retooling of academic and
research institutions so that they can build local area
netoorks and make better use of information already
distributed electronically.

If the object of the proposed national network is to simply
distribute already published materials. than the high
investment is unjustified. If this information is worth
distributing electronically, the private sector will do it.

The development of a national information infrastructure
will permit access to more source information than through
traditional library means. This will reduce the amount of
time needed to access and transmit data necessary for
governmental and business decision research and analysis.
Publishers may be more willing to allow electronic versions
of their source publications with the wider distribution of
the electronic network. The pinpointing of information
needs would potentially reduce the waste of collecting too
much general material. Ultimately, it could reduce the
overhead of archiving multiple sources of decaying publis;led
materials.

The cost of such a national system will be enormously high.
Usage cannot be free and ongoing maintenance costs will be
substantial. Because no economical model exists, we are not
yet convinced that centralized distribution is a viable ost
alternative to distributed information datao.ses.
Government should not become, in our opinion, trs chief
information producer or provider.

For our part, UHT will continue its development of a
flexible interface that would permit many types of software
users to access the UmI resources.
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%ESTI= OF SeaTOR GORE AND THE ANSWERS THERETO

We have already heard mune a bit Mott the need for standards Progress is being lade to create
Dimuter retvorkirw starelards. althotapi man lore reed to te etre before the lre31 is built. The situation
Is gorse elm It come to Oda formats ard Odessa softiare. There are a teal Wet Irg array of different lays to

store ra1 access data. If electronic daunts ars going to replace pacer, me reed to have sole :gement cn

they lel II be rcprementei in a csecuter. Ikric reeds to be dam to ewe trot users can easily access differel

system ard trumfer deta anti software totem different systems

INN are the principal issues in ensuring that users can effectively sr.
Integrate Informt Icn friss a variety of databsses ard a variety of retiorks?

W ill stardardizat len create Wes bible side effects? *at cm be dam to reice them?

Wo shiuld be In crone of drAiloptro the recessary stallerds?

conveniently axess erd

A-1. STANDARDS

Good progress Is being made on network standards. Our only concern in that
regard Is that the network conform to the principle standard (OS! model). It

should allow the transmission of voice, data, facsimile (i.e., built-in error
correction) and full motion v'deo. It should also allow for sub-channels,
principally fcr tha simultaneous transmission of multiple information formats.
Finally, it should easily interface at the local level with the most prevalent
Local Area Network (LAN) standards. X-Windows client server model would be a
good operating environment.

As far as data formatting and database software are concerned we do not
advocate presently any standards in this area We view this entire area stoll as
maturing and we feel that advocA ing standards at this time truld only stifle
innovation. There are however, b4.48 suggestions we could make In this regard

Database Software -- Deveiw software so that the retrieval engine is
functionally separate from the user Interface, and so that the communication
betmeen the two Is carried on by sone type of standard command set perhaps a
modified version of the Standard Query Language (SOL). Finally, it would be
worthwhile to define a minimum set of these search commands that every search
engine would understand. In this way, plenty of room for innovation would be
left per individual developers, while the ability to communicate with the
databases exists.

Data Formatting -- Data should be represented in standard form wherever
posJible.

Text -- Standard ANSI or ASCII format.

Compound Document Format -- TIFF and CCITT Gp iv are both standard
ways to deal with multiple format page data. TIFF allows the user to
define a page composed of many parts In niffering formats

Color images, Animation, Sound, or Full-Text video -- These 'rich'
data formats can be represented by proposed standard formats such as
CD-ROM/XA. Dvl or CD-I.

Standards adopted too early can create undesirable side effects by stifling
creativity and erecting barriers to change. All standards should move through
one of the existing standards-sett'ng organizations. NISO and eventually ISO
should be the ultimate standard setting/ratification bodies.
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Q-2. COMMERCIAL INFORMATIal WENDORS

Tour company is One Of many selling electronic data. In
addition to Universty Microfilms, there are many online database
companies, Dialog, Lexis,Nomis, and so on.

o What kind of data products do you expect to be offered in the
coming years: What is on the drawing board at MI?

o Am I right in assuming that MI would like to have access to
the, network ve are discussing?

o How much would UMI be willing to pay for such access?

A-2 ODMMERC1AL INFORMATION VENDORS

MI, In cooperation with publishers, anticipates that it wili
have nearly two thousand periodicals available as full-text image
products by the end of 1990. The literature will be business.
general, and scientific and technical, and will be tied onto
searchable abstract and index databases.

MI would Indeed look forward to accessing the proposed
network, based on an appropriate fee. The fee could be
transactionally based, or be computed on access time, or be a fixed
fee. Wait works best can be worked out later. It Is Impossible for
se to quote what Uldi would pay for such access, because we do not
know exactly what the economics for the network are. For example, we
need to be able to model how much of various kinds of data can be
simultaneously acclaimed by users before we could calculate what
access to the network would be worth. Access COStS wcmld have to be
COmOetitIve with other means of delivery, of course.
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Q-3. ELECTRONIC COMIGHT

One big challenge posed by having books and journals online is
copyright protection. How can an author know that his copyright will
be protected if his work is ollinel How can h collect his royalties
if anyone can print out his work with a push of a button This could

make the problem of illegal Xeroxing look trivial. How can an author
make sure someone does not plagiarize or alter his work.

rou have faced many of these problems at your company. How
have you taken care of the concerns of authors and publishers,

A-3. ELECTRONIC COPYRIGHT

UM1 contracts directly with copyright holders for permissions
to publish or republish their information. We pay royalty fees to
the cOpyright holders for the use of their materials in the case
of the electronic full-text products, we capture at the workstation
level an abbreviated standard serial code for each article printed.
This code Is a mechanism to pay royalties to copyright holders and to
evaluate what and how information is being used. In many cases
libraries attach debit card boxes to the workstations and the Patron
pays for each page printed. Debit card readers or coln boxes are
attached to most xerographic copiers In libraries today. The
international Standard Serial Number (ISSN) for each Serial volume
and issue is also applicable to electronic networking.

Currently, UM1 provides only 'bit mapped' facsimile images of
full-text Pages, so that the text itself is not alterable
electronically. This means that 'what you see is z",it you get." to
Quote Flip Wilson. ASCII downloaded data Is manipulable, however,
and copyright holders have a legitimate concerr that their
information could be stolen. transmitted, or alter-ad illegally
There is no Immediate safeguard against the unlawful downloading and
Use of ASCII data. In some instances, online services permit
downloading and charge a transactional fee, Just as If it was
printed. In addition some CD-ROM products permit downloading of
bibliographic data on local workstations, as part of the suoscription
pr ice.
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0-4. BrEMORKINGAND DATABASES EN OTNER COUNTRIES

France has made considerable .fnvestment in the development and
implementation of national online system known as Min4tel, which
reportedly allows 6 million French telephone users to easily access
over 10,000 data bases.

o Rave its potential strengths or weaknesses been evaluated?
What do you think of Minitel'

o What can the U.S. learn from the French that would help us to
tackle our evolving systems?

A-4 NETWORKING AND DATABASES IN OTHER COUNTRIES

MINITEL has been a showcase for videotex, but It is not clear
that it has been a commercial success. The various videotex
experiments here in the United States have been disappointing and
investors have lost significant amounts of Money. For more
simplistic applications, the MINITEL terminal Is perhaps acceptable.
hut it Is relatively slow (only 1200 b/s, I believe) intelligence
and memory Is Quite limited. Many of the available databases are
casual In nature. My understanding is that while the overall volume
of usage Is growing, the individual usage is flat, or even declining.

One lesson to be learned from MINITEL Is the need for
compatibility and standardization. For example, the Canadian and
FrenCh videotex terminals are incompatible, which means higher costs
for each. The second lesson Is that people will buy Information
electronically only if I. meets a real need.
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Q-5. NETWORKS VERSUS OPTICAL DISCS

Pour crepany makes optical disks which can be used by single

zomputer or accessed over a computer network. At some universities.

your customers Are starting to use your product on central computer

which is connected to network and can serve users all over campas.

In the future, single optical disk library could serve users

nationwide.

o What are the benefits of having a centrally-managed online

database versus having every user with his or her own set of

optical disks? What are the disadvantages?

o What is the appropriate technology mix, and what applications

are appropricte for the optical disk technology?

o When you look et the way that technology is moving, do you

think things will become more or less centralized?

A-5 NETWORKS VERSUS OPTICAL DISKS

We believe that there will be a mix between locally distributed

databases and centralized services. Basically the mIx will be a

function of demand and economics. Heavily and widely used data will

be required locally, wherxas secondary and retrospective data could

be accessed remotely. We nave found with CD-ROM databases that user

demand grew enormously A Single cent.'allzed service most likely
could not accommodate economically millions of users simultaneously.

Information will not necessarily be cheaper Just because It is

delivered electronically. A printed page remains an inexpensive

distribution medium, :nd it Is cheaper to deliver a book on
'dinosaurs" by overnIsnt express, than It will be to send and print

It electronically.
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Senator GORE. Thank you very much.
Mr. Ted Nelson is from Autodesk, Incorporated, one of the inven-

tors of the Hypertext system for organizing, combining and trans-
mitting video images, text, and other electronic data. We appreci-
ate your presentation here, Mr. Nelson.

STATEMENT OF TED NELSON, AUTODESK, INC., SAUSALITO, CA

Mr. NELSON. Thank you. I am not only honored to be here, I am
very moved because for so many years I have been consigned to the
lunatic fringe of computerdomin fact, thought by some to define
the lunatic fringe of computerdom.

Senator GORE. And you feel at home here today?
Mr. NELSON. Well, when I said personal computers would replace

the typewriter, they thought I was crazy and when I said Hyper-
text is the new step in literature, they said I was crazy. And when
I said on-line libraries were coming, they said I was crazy. And
when I said open Hypertext publishing was coming, they said I was
crazy. And now they call me a visionary. So, that is fine.

There are two cures for paranoia which is believing what others
do not believe. The first cure, of course, is to change your mind and
start believing what the other people believe. And the much better
route is to persuade them, which seems to be happening.

The Hypertext concept which has caught on very widely is
simply that nonsequential writing is going to be a very important
new medium and hypermedia, another current term I coined long
ago, which means interactive presentationsyou were speaking
yourself, Senator, of the kid being able to explore dinosaurs and go
from object to object like a frog going from lily pad to lily pad look-
ing at this and then at that, studying one thing and then another.

I think this is certainly the way we are going to go now that we
have the beginnings of technology in place. But having it on a
video disk is only ayou see the good news with video disks is you
have 400 million bytes-40 million bytes on your desk top. And the
bad news is that you only have 40 million bytes on your desk top.

Seriat Or GORE. Which translates to about an hour's worth of vid-
eotape.

Mr. NELSON. If you are running it sequentially.
Senator GORE. If you slice it up in little still pictures, then it is

millions.
Mr. NELSON. Well, hypermedia has no running time. In other

words, you can spend your whole life contemplatir . one sentence,
of course, or you can hop around like crazy.

But the real issue is what are we going to do when we have the
capability and what I mean by open Hypertext publishing means
this: that not only are individual authors creating materials in
which material connects every which way and the reader can
follow it, not only are they creating it so that the sophisticated
reader can best explore this material. Imagine, for example, if the
Congressional Record being rather than one long sequence of talk
and patter were organized--

Senator GORE. I beg your pardon?
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Mr. NELSON. Scented talcum powder or organized into sections
which you could branch to in different ways and find the parts that
you wanted threaded through in many different ways.

Okay, this is different from the data base notion which we have
heard a lot about today which means searching through materials
that you can riffle that are like virtual file cards. The hypertext
notion is jumping from one thing to another, but open hypertext
means that different people can start contributing all over.

Imagine, for example, one of the projects we are working on, a
hypertext of World War II to which every participant is invited to
make a contribution attaching it to that story which is most rele-
vant and to the generals you met or the people you shot or what-
ever you did. The ability to create, to publish disagreements that
are attached right to the article that you are disagreeing with, en-
dorsements, reexplanations, taking the material that is already
there and saying no, this is a better way to look at it so that rather
than having the separate contributions in far-flung places through-
out the corpus, they can actually be attached where people can find
them.

The easiest way to say it is I have a dream, okay. The year 2020,
the 2020 vision. A billion people are at their screens around the
planet, each one able to bring forth any paragraph, any sentence,
any fragment, any footnote, any illustration essentially in thc
length of time it takes you to reach the other side of the country
on the telephone.

Now, it strikes me as very funny that people are not surprised
that they can reach somebody on the other side of the continent by
telephone and yet the idea that they could draw these things from
a massive library seems very startling.

We are going to have to have this kind of controversy manage-
ment system to prevent the ecological disasters of tomorrow and to
deal with the decision processes of the future.

What my Projec.. Xanadu has been concerned with for the last 29
yearsI stress that I have been doing this for 29 yearshas been
trying to create the software for this world of the future beginning
with, shall we say, a data management system which will be sold
by Autodisk, by the way.

This was a gang of ne'er-do-wells operating in an atmosphere
somewhere between Camelot and the Manhattan Project for a long
time. We achieved legitimacy last year when Autodisk, a very rich
company, bought us and has put several millon dollars into it.

What it is going to do is essentially change the way that data
structures are used. Instead of the silly files which we use now on
computers which have 8.3 characters in their name and everyone
in the world who uses a computer has a drawerful of things that
cannot be found, little disks on which things have inc.,mprehensi-
ble names whose connections are unknown.

The problem is to manage this connection to learn how every-
thing attaches to it together. And so, creating software for manag-
ing these connections and these attachments is what we havo been
about.

But the purpose of this software has not been merely to make
things easier for computer users. The purpose of this software has
been to create the open hypermedia publishing of tomorrow where
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the billions of people can get at the connected material and make
their comments.

So, that brings me to the last point. In approximately two
yearsand. again, this is conjecturalwe have a handout over
herewe will be starting what we call public access Xanadu, which
will be the publishing system.

We are not asking for government subsidies for this. We want to
use your high band with network because we believe we can
absorbwe believe that the capacities of the information providers
of this nation are going to absorb your band within probably three
months or so after it opens.

It is like the first Xerox machines. You may recallI was in var-
ious committee meetings where they were trying to decide whether
a university could use a whole Xerox machine, you see. This is
true. Back in 1960 they said well, we only make three copies a
month. Why would we ever do that?

So, within a week, of course, the entire capability was sopped up.
Similarly for open hypertext publishing. Let me state that we are
going to allow people to publish materials in an open hypertext
format starting roughly in the middle of 1991. We will have fran-
chise operation information stands rather like McDonald's called
Xanadu stands where you can come in, start your account, and use
this from home, either publishing or pulling in stuff from the base
which is published already.

And we have been building this wftware, looking forward to the
billions of people using billions of documents, and this required a
very different software direction.

And we look on you to give us the pathways, the superhighways
for information to carry this stuff. But we think that the private
sector may be able to do a iot :nore than you think for the d.gital
libraries of tomorrow.

Thank you.
[The statement follows]
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Statement to the Senate Commerce Committee by
Theodor Holm Nelson, Distinguished Fellow, Autodesk, Inc., and Director
of Public-Access Xanadu, 15 September 1989.

I am grateful for this opportunity to represent my company and
the aspirations of many people in the computer field. I think I
speak for a large number of sophisticated computer people and
others concemed with communication in the world of tomorrow.

TITANIC CHANGE

We stand at the threshold of a titanic change in the ust and
availability of the written word, a new era of electronic literature.

I am not talking about "data bases," as we already see them in
commercial use, for those have reached roughly the limit of their
usefulness. The kinds of starching, flipping and scanning that they
make convenient are useful in many ways to researchers, both
academic and commercial, but they are difficult and largely
irrelevant to the main uses of the written word: learning, study,
finding out different points of view, browsing and skimming.

Nor kin I talking about "videotext," a collective term for various
low-grade services that have been devised for people who are
basically uninterested in the written word.

Nor am I talking about the alleged joys of "CP ";:uM," 0.1e selling
of computer disks with a lot of stuff on them for desktop use.

Nor am I talking about "electronic mail," the increasingly popular
use of computers to push letters back and forth between users at
high speed, permitting individuals t ) exchange many communiques
a day.

Nor am I talking about "teleconferencing," v.% hich in its current
form is like long electronic scrolls to which diffen.nt people add
comment-.

Nor am I talking about "bulletin boards," computer storage
systems used to hold and forward materials placed on them by
random outsiders.

I am talking about the coming hypertext revolution.
Hyperext, I believe, is not just the latest fad in computerdom. It is
the next step in civilization, and it represents a quantum step in the
use, delivery and meaning of the written word comparable to that
offered by Gutenberg's printing press.
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The hypertext revolution will be Lek,: of on-line publishing to
compter screens, by and for people using computer screens.

HYPERTEXT

Hypertext means non-sequential writing. It is practical only on
computer screens.

Writing, as I believe Marshall McLuhan observed, derives its form
from the medium of paper. Writing has been sequential because
books were necessarily sequential. We have put numbers on our
pages in the past because that was the only way to fmd your way
around those physical objects of paper called books and magazines.
But on the computer screen we no longer need numbered pages,
since the reader at the screen can jump to whatever he or she wants
to see next. And this leads to deep changes in the way we organize
what is written and shown graphically.

The sophisticated reader does not usually read sequentially.
Picking up a book, he or she flips through it, looks at the
beginning, the end, the middle, the pictures; and with each step,
leaming more, decides what to do next. But, curiously, we still
write as though the reader is going to read the first word, and then
the second, and so on.

The computer screen is changing all that. Already, in numerous
systems (such as Apple's Hypercard and Owl's Guide), users are
reading and writing in nonlinear form.

THE UNIVERSAL REPOSITORY

It was in anticipation of these developments that I began this work
twenty-nine years ago, and my work since then has been concemed
with expanding the hypertext idea to a universal publishing system.
Now the world is ready, and in the meantime the group I have
gotten together has been preparing the, software.

The best way to explain the overall vision is in teems of what we
do not have yet.

There is not currently any convenient place where you can put data
so that people can send for pieces of it and automatically pay you a
royalty. Nor is there currently any place where you can fmd
someone else's data and link your own data to parts of it. Nor is
there currently any place where you can publish electronically a
commcnt on something else that is already published electronically.

These things we intend to create, in the form of a unified
repository for the storage and transmission of published data, with
automatic proportiaonl royalty payments to the publisher.
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We hear of people creating special data repositories for music, for
literature, for history, for scientific data, for graphics. This is
crazy. Everything ties together. The only reasonable approach is
to create a unifying repository where ALL types of data may be
stored. And the only reasonable person to keep track of the
integrity of each piece of data is its owner or publisher, who must
also be responsible for its content (just as the publisher is now).

Such a repository may grow, we think, to hold all collectively all
the writings and storage of humankind.

Such a repositcry cannot be kept on a big computer mainframe,
because it is going to be immense, and because it has to be kept
safe. It will be too big to put in one place and it wow(' not be safe
if it were in only one place. So it must be distributed on a network
of many computers.

But a new kind of software is needed for this plan: a computer
program that can keep track of any and all connections among
these data, and keep these connections orderly as this great
network of stored material grows and grows and grows.

PROJECT XANADU

For years I have called this work "Project Xanadu," and it has
consisted of both aspects: the plan for a world-wide respository,
and the software necessary to make it happen. Over the years the
plan became more and more detailed, and I managed to assemble
an extraordinary team to do the work-- the best and the brightest
and most idealistic progrimmers I could fmd. Notable among
these are Roger Gregory, Mark Miller, Roland King, and Eric
Hill: I brought them together a decade ago and paid them nothing,
and they brilliantly designed and programmed an overall systcm
with extraordinary possibilities for immense worldwide growth.
More recently they were joined by Enk Drexler, the author of
Engines of Creanon, and together they have brilliantly designed
the present system. All this is described in my book Literary
Machines.

We divided Project Xanadu into two parts: Xanadu Operating
Company, Inc., to create the software and market it to business and
Lidustry, and what is tentatively called PAX, Public-Access
Xanadu, to market this repository publishing scheme with
automatic royalty.

Last year, after twenty-eight years ^.* work, Xanadu Operating
Company was bought by At todesk, Inc., a world leader in
software development. The chief product of Autodesk is
Autocad®, the world-wide standard for computar-aided design,

407



404

which holds about 50% of the world market. Not merely
throughout the United States, Europe and capitalist Asia, but even
in the Soviet Union and China, the Autocad program is the
standard.

The purchase of Xanadu Operating Company by Autodesk has
meant new resources for the completion of the Xanadu program
and its sale to business and industry, which will begin in 1990.
This signals a new era in the interconnection of data. No longer
must large projects and complex information be divided into
separate data chunks, called "files," which must be stored under a
lot of different names and be kept track of on paper. With
Xanadull" storage it will be possible to bind together huge
conglomerates of data, containing many different types of data
format, into unified structures with alternative versions, historical
backtrack through changes, and with variants and overlays and
different viewpoints on the same material. But most important
will be its connections: inks among pans of the material and links
to outside structures. Users may take note of relationships, make
comments, and follow these connections interactively on their
computer screens. (Through another kind of connection, called
transclusion, the same materials may be used in many different
structures without copying those materials in the new places.)

I would like use this oppornmity to explain and advertise this
system further, but that would be irrelevant and improper. . am
here to explain how this system foretells a vast growth in the
transmission of digital information, and a vast growth in the need
for bandwidth throughout the United States of America.

CONNECTED INSTANT PUBLISHING

There aie already numerous hypertext products on the market,
including GUIDE from OWL Intemational, Hypercard from
Apple, Notecards, llypIlties, and others. All these suffer from
mutual incompatibility. This means that people creating works in
one hypertext system canPot connt ct them to works in others.
This is only one asrect of the brutal ;ncornpatibilities we now see
in the computer world.

Universal interconnection and possible standardization.
The Xanadu program should be able to change all that, by
providing linkage forms 'and new methods of data standardization)
that will allow materials with many origins to share storage, to be
linked together, and to be used together. Thus there is some hope
for a new era of compatibility.

Open hypertext publishing.
More than this: we may look forward to open hypertext
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publishing. where an author or commentator may add links to

material prepared by someone else. This is a unique and

potentially sweeping new aspect ofpublishing. I have discussed its

ramifications, and ways to keep it orderly, in my book Literary

Machines and elsewhere.

We live in an age of onrushing change, with greater problems than

ever before; to some of us it appears that only this new prospect of

open hypertext publishing, with its potential for clarifying and
sifting information in a great worldwide round-table forum, offers

us hope of survival.

Instantaneous delivery.
Startling to most people is the notion that published materials can

be delivered right away-- potentially in seconds-- to a vast network

of users, on their demand. But the technology exists; it is merely

the problem of designing an integrated and useful service that

holds this back. We believe that the type of linked and transclusive

hypertext publishing offerzd by the Xanadu system is the

integrated and useful service that the world hat been waiting for.

Universal access.
Materials stored on the PAX" publishing system will be available

throughout the world's telephone nttworks, as well as over

specialized connection systems that it may be convenient to set up.

So essentially anybody can get at and use these materials.

In principle this is no different from your ability now to order

books, journals and reprints from various sources-- publishers.

libraries and retrieval services-- throughout the world. But the

rapidity and ease of access should make a dramatic difference in

the way that scholarly, scientific, artistic and other material will be

accessible to everyone.

A franch4ing model.
We capect that the PAX system will be expanded, not through the

backing of governments or libraries, which are very short on

funds, or through large corporations, which are very short on

innovation. We expect this to grow through a well-known and

popular system known as franchising-- the system that has made

the golden arches of McDonald's better known than the Arch of

Triumph or the great arch of St. Louis. Again, I will not dwell on

this marketing point, which I have made in my writings.

THE MANIFEST DESTINY OF LITERATURE

Fans of the Xanadu project, those who believe in it, consider i

be aot just an off-the-wall technical development, but something

very difterent: the natural nextstage of the written word.

Hypertext is not an exotic idea out of Silicon Valley (as some have
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alleged), but a form of writing that has been implicit in the written
word since it began. But it could not unfold until a technical basis
could be found for it, a technical basis we have now found in
computer storage and on the comruter screen. knd the
instantaneous delivery of literature literature in the broadest
sense, the dissemination and presemation of prepued information
packages that can include graphics, sound, video, statistics,
laboratory information and anything else we ever digitize should
seem no more exotic to us than the instantaneous delivery of the
human voice across the telephone, or the instantaneous delivery of
the human comedy by television.

THE NEED FOR BANDWIDTH

This brings me to the punch line. The Xanadu system, or
something very lilce it, is inevitable and vital to help us with
infomution to conquer the problems of tomorrow. But if millions
of people are going to use this new form of publishing and I am
certain that they are, both as receivers and creators then we are
all going to need all the bandwidth we can get. Fiber is good for
us, both medically and electronically. I say let's put in all the
information piping we can get. As a scientific community we need
it. As a free people we need it. From every mountainside let
circuits ring, and let the chips install where they may.
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Senator GORE. Let me just say that I have, I hope, a full appre-
ciation for what the private sector can and will do in this, and I
have said repeatedly that I think this entire project ought to be in
large part transitioned to the private sector.

When you get over the hump and you have the capacity for user
fees and you have the ease of continuing self-financing, I fully
agree with that. I think there are a lot of functions that will prob-
ably have to remain with the government, such as standardization
and copyright issues. But I agree with you on the dynamic role of
the private sector in all this.

I am really excited by the presentations on this panel and those
that have been made throughout the day.

I always finish one of these hearings realizing that we could have
had three times as much time allotted and still not gotten all the
useful interchanges accomplished. So, I do reiterate my apology for
not having as much time as we would like to spend with this panel.
But they were very provocative presentations.

Senator Robb and I both had planned on the hearing finishing
up like about 45 minutes ago, so we are both late to other things.
But I would like to thank all of our witnesses today and announce
that we are going to move forward rapidly with the legislation as
rapidly as we possible can.

The legislation has been introduced in the exact same form by
the chairman of our counterpart subcommittee in the House of
Representatives.

The Bush administration has put its stamp of approval on this
initiative, so we are going to move forward very rapidly. We will be
drawing on the continuing advice of the people here on this panel
and the other panels for help in that.

Before we close, did you have any comments?
Senator Rosa. Mr. Chairman, I echo your comments, and I ap-

preciate the fact that you held this hearing, and I join you in
thanking this panel and the others for adding to our knowledge.
And I look forward to working with you.

Senator Gorr& Thank you very much. The hearing is adjourned.
[Whereupon, at 12:45 p.m., the subcommittee adjourned, subject

to the call of the chair.]
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ADDITIONAL ARTICLES, LEITERS, AND STATEMENTS

STAMM Or . HEM REMY, U.S. SENATOR MI NEBRASKA

Mr. Chairman and members of the Subcommittee I am pleased to

support S. 1067, The National High-Performance Computing

Technology Act of 1989: This forward-looking initiative will

help create the necessary infrastructure and network to

revolutionize the way we live our daily lives.

The realization of this bill's goals are important not only

for reasons of economic competitiveness or scientific research,

but perhaps more importantly for the educational opportunities it

will provide, An extensive computer network that provides

access to databases -- text, video, sound and others -- allowing

ordinary citizens to tap into the vast spectrum of information

will mark a qualitative leap in the availability of information.

I appreciate Senator Gore's desire to develop computer

technology that is not driven by military or strategic thinking.

All too often our technological initiatives are oriented to

achieving military advantage. Peaceful applications of

technology have fewer advocates than military applications. A

tool which will permit a 10-year-old to explore and achieve

greater understanding with more complete freedom may appear less

exciting than the roar of a fighter ',ombers or the killing

capacity of a new weapon.

(409)
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Fear of a perceived enemy creates an urgency that requires

the commitment of vast resources to the cause. The desire for

new knowledge is a more eassive urge with less political value.

Moreover, new discoveries very often threaten the status quo.

Thera are few things worse than having your children come home

from school after learning something that has caused them to

conclude their parents are wrong.

Whdle this initiative is important, it should be viewed as a

first step that ultimately leads to the achievemeht of our

ultimate endeavor: creating a system that serves children.

Children both in urban and rural areas who have traditionally

found themselves dependent on limited resources all of a sudden

can have access to virtually unlimited material. Materials tnat

will allow them to learn a language, to explore science, to

improve mathematical skills, or to pursue any other line of

questioning.

The objective of any system we develop must focus on the

needs of a 10-year-old rather than on the economic needs of

businesses. I believe that it will work for business if it works

for the child. I do not believe that the opposite will

necessarily hold.

I look forward to working with Senator Gore and other

members of the Suocommittee to see that the bill is enacted.
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STATEMENT FOR THE RECORD

FROM THE

ASSOCIATION OF AMERICAN PUBLISHERS

FOR THE SEPTEMBER 15, 1989 HEARING

ON

COMPUTER TECHNOLOGY

AND

THE NEw ACE OF INFORMATION

There are several concerns held by book and Journal Publishers as
they consider the new technologies represented by a Natior.al Digital
Lthyary System. These concerns are identified below:

SYSTEM INTEGRITY*

Before a publisher will t,ust data to such a system. there must be
assurances abou- the integrity of the system. A work must be able to
be maintained in contert exactly aS it was when entered unless the
copyright holder authorizes changes.

The pertinent Provision of the copyright law stipulates that no
'derivative work (work derived from the original) can b. created
without permission of the copyright owner. Hence, the unit of
information Placed in such a system must 1..e secure from any
imPermissable tampering while It is in the system. However, the
creator of the document (author or publisher) should be able to take
the original work out of the system and modify it to create an amended
amended version, and should be able to allow cha-ges to be made by
those who are authorized to do so by license o, othet arrdngement with
the copyright holder.

ATTRIBUTION:

Along with the issue of integrity is the question of attribution.
Will oxcerpts of the information stored in the system in machine-
readable form be able to be viewed or stored locally (i.e On a
reader's personal terminal), If so, will the re.rder be able to store
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excerpts of the work or only the entire unit of information? If
,-..xcerpts are permitted, could they be dissociated from data on
attribution so that at a later reading, the user will have no way to
track the source of the excerpt (in other words, the copyright
holder)? The system should provide that such at,ribution remains
inseparable from the ar'icle or any part thereof.

LOSS OF FREE WILL:

fould a publisher be co-opted by establishment of a national digital
library system that is ostensibly voluntary, but in point of fact is
not? In other words, if an electronic sYstem becomes the prime or
only place people check for bibliographic references, does a
Publisher's refusal to participate effectively shut the
non-participant out of the marketolace? Such a system could coerce
Publishers into accepting terms that would otherwise be unacceptable
led possibly harmful to the continued existence of the underlying
materials

SIANDARDS:

In order to create a National Digital Library. there must be standards
fol storage of information, for search protocols, for display and
Presentation. For example, standards concerning treatment of graphics
raise the question of how the standards will be set and whether they
will be equally appropriate for a highly technical document ';hat needs
optimum resolution for graphics and for less graphically oriented
materials? Is there a way to vary the graphics to meet the needs of
the publisher without driving costs up?

REVENUE AND LOSS POTENTIAL:

In order to encourage development of a National Digital Library
System, there must be incentives to encourage authors and publishers
to Put documents into the sYstem. Publishers of traditional journals
in print form must be convinced that the revenue potential from use of
their materials in the system will make UP for lost subscription
income from the paper copies no longer needed.

Similarly. If a publisher decides not to participate, does the fact
that his competitors choose to participate coerce participation at the
threat of lost market share, What marketplace pressures are brought
to bear? what existing markets could a National Digital Library
System displace,

PARTICIPANTS:

Who is best suited in the new electronic media marketplace? If
private sector entities alone are involved, then develoPment is based
on the degree of investment the private sector is willing to make.
Costs would have to be structured to allow investors to recoup
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investment. However, if the government develops the system with tax
money invested in research and development and the technology is
available to all private sector entities, will the costs be more
reasonable and will the resulting larger market mean more income for
participating Publishers,

DESIGN AND STRUCTURE MUST ANTICIPATE USE OF COPYRIGHTEU MATERIALS:

S. 1067 contemplates the creation of a National Research and
Education Network. Whether the initial information stored in the
system is Public domsin government data or copyrighted materials does
not change the fact that a system that ultimately intends to include
copyrighted material must consider copyright issues at its inception.

Use of public domain materials only could create an expectation in the
user commurity that any information in the system could be uted freely
without regard to copyright This expectation would be hard to
,overse when the system progresses to the inclusion of copyrighted
materials.

OTHER ISSUES:

Other intellectual property concerns have direct parallels in the
print world. Laws exist to deal with an unscrupulous colleague, who
in an attempt to discredit another, issues false information in
someone else's name A National Digital LIbrarY System will not have
to track usage to be able to confirm this. All that the Plaintiff
would have to Prove is that the defendant had access to the
information in the system. If someone manipulates an existing work
and creates a new work, existing copyright law applies - and the new
"author would be judged by the substantial similarity and access
tests already in existence. Public Policy and privacy Questions
should be considered, but these can be viewed from the print
persPectiNda.

CONCLUSION:

The Association of American Publishers submits this statement for the
record in order to create an awareness of the issues outlined above.
AAP takes no position on the National Digital Library System.
However, if such a system is to be created, and if it is to include
copyrighted works, then any inquiry into its development must include
concern for the rights of the copyright holders of the works that will
be in the system.
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