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(1)

DEFINING FEDERAL INFORMATION TECH-
NOLOGY RESEARCH AND DEVELOPMENT:
WHO? WHERE? WHAT? WHY? AND HOW
MUCH?

WEDNESDAY, JULY 7, 2004

HOUSE OF REPRESENTATIVES,
SUBCOMMITTEE ON TECHNOLOGY, INFORMATION POLICY,

INTERGOVERNMENTAL RELATIONS AND THE CENSUS,
COMMITTEE ON GOVERNMENT REFORM,

Washington, DC.
The subcommittee met, pursuant to notice, at 10:30 a.m., in room

2154, Rayburn House Office Building, Hon. Adam Putnam (chair-
man of the subcommittee) presiding.

Present: Representatives Putnam and Clay.
Staff present: Bob Dix, staff director; John Hambel, senior coun-

sel; Ursula Wojciechowski, professional staff; Juliana French, clerk;
Felipe Colon, fellow; Michelle Ash, minority senior legislative coun-
sel; Adam Bordes, minority professional staff member; and Cecelia
Morton, minority office manager.

Mr. PUTNAM. A quorum being present, this hearing of the Sub-
committee on Technology, Information Policy, Intergovernmental
Relations and the Census will come to order.

Good afternoon and welcome to the subcommittee hearing on
‘‘Defining Federal Information Technology Research and Develop-
ment. Who? Where? What? Why? and How much?’’ the purpose of
this hearing is to examine the extent of Federal funding for and
the leveraging of information technology research and development
across agencies, academia and industry.

By addressing the basic questions, this subcommittee hopes to
identify the following: How many different agencies of the Federal
Government are currently engaged in conducting or managing IT
research and development; is there an overall strategic plan that
provides an opportunity to leverage investments, both internally
and externally, and to identify complementary activities in an ef-
fort to avoid duplication; how much is being spent on an
annualized basis on information technology R & D; where and how
these investments are actually being made; what are the outcome
measurements and expectations associated with those investments;
is there a defined set of goals and objectives or focus areas that are
targeted by these efforts and what have been the recent results;
what is the role of the academic community and the private sector,
and how are these partnerships created and maintained?
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The Federal Government funds research and development to
meet the mission requirements of the departments and agencies.
Advances in the uses of IT research and development are continu-
ing to change the way those Federal agencies communicate, use in-
formation, deliver services and conduct business. The technology
and expertise generated by this endeavor may have applications
beyond the immediate goals or intent of federally funded research
and development. Federal support reflects the consensus that while
basic research is the foundation for many innovations, the rate of
return to society as a whole generated by investments and such
work is significant.

The potential benefits of federally funded R&D related to infor-
mation technology are endless. Federally funded programs have
played a crucial role in supporting long term research into the fun-
damental aspects of computing. The unanticipated results of re-
search are often as important as anticipated results. The Internet,
electronic mail and instant messaging were by-products of govern-
ment funded research from the 1960’s. Another aspect of govern-
ment funded IT R&D is that it often leads to open standards, some-
thing that many perceive as beneficial, encouraging deployment
and further investment.

Previous oversight hearings conducted by this subcommittee
have identified an important missing link in the cyber security
arena that requires further attention in the research and develop-
ment area. We have learned that inadequate tools exist today to
conduct necessary quality assurance testing of existing and emerg-
ing software and hardware products that could better identify
flaws, defects and other vulnerabilities prior to deployment. With
a renewed commitment on the part of software and hardware man-
ufacturers to quality and security of the products they introduce
into the marketplace, a collaborative approach to developing more
mature testing tools are essential to improved protection of com-
puter networks and the information assets they contain.

The outcomes achieved through public and private funding pro-
grams create a synergistic environment in which both fundamental
and application driven research is conducted, benefiting govern-
ment, industry, academia and the public. Government funding ap-
pears to have allowed research on a larger scale and with greater
diversity, vision and flexibility than would have been possible with-
out government involvement.

It is important to recognize collaborative efforts across programs
and agencies and stress the importance of leveraging efforts with
academia and the private sector. Universities, private companies,
and Federal labs are important partners in this endeavor. It will
be productive to explore new methods to encourage increased ac-
tivities by other parties in the innovation process, particularly if
the goal is to continue the technological advancement which has
been so instrumental to this Nation’s economic growth and high
standard of living.

Because investments in science and technology have resulted in
unparalleled economic growth as well as the standard of living and
quality of life, we must emphasize the importance of supporting the
efforts of IT R&D. Advances have been possible only with the sup-
port of the public and private investment in R&D, according to the
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President’s budgets. Yet challenges continue. There are many R&D
needs vying for a limited amount of R&D dollars. Federal research
and development program managers face tough choices in deciding
where the money should go and how much is appropriate for infor-
mation technology.

Further, it is important to ensure that Federal agencies are not
pursuing conflicting goals. It is essential that agencies, universities
and industry move toward a more coordinated, unified approach.
Multiple Federal agencies will need to coordinate their efforts to
ensure that new understanding of information technology and net-
work security is generated and that this knowledge is transitioned
into useful products. Academia will have developed and expanded
degree programs to ensure that an adequate work force exists to
put new tools and techniques into practice. The private sector has
a critical role to play, as it will contain the developers and suppli-
ers as well as the major purchasers of new IT technologies and
services.

Government sponsorship of research, especially in universities,
helps develop the IT talent used by industry, universities, and
other pieces of the economy. When companies create products using
the ideas and work force that results from federally sponsored re-
search, they repay the Nation in jobs, tax revenues, productivity in-
creases and global leadership.

We need a strong strategic plan to ensure that IT R&D is being
used to maximize improvement and mission goals and performance.
federally funded research and development are key endeavors with-
in the respective agencies and in cooperation with universities in
the private sector. It is essential to meet vital Federal needs and
sustain global leadership in science and in the engineering of infor-
mation technology.

I welcome today’s distinguished panel of witnesses and look for-
ward to their testimony and the opportunity to explore these mat-
ters in greater detail.

At this time I would like to recognize the distinguished ranking
member of the subcommittee, Mr. Clay, for his opening statement.
Mr. Clay.

[The prepared statement of Hon. Adam H. Putnam follows:]
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Mr. CLAY. I thank the chairman for holding today’s hearing on
what is an important but often overlooked portion of our govern-
ment’s research and development portfolio. The Federal Govern-
ment will spend approximately $60 billion on the many different
components of information technology during fiscal year 2004. In
contrast, the fiscal year 2004 budget only allocates $2.2 billion for
the Networking and Information Technology Research and Devel-
opment Program, a minimal amount considering the role of higher
performance computing and technology in our mission to enhance
government efficiency, accessibility and security for all citizens.

Although funding for IT research and development has increased
fourfold since 1990, along with an increased coordination through-
out multiple agency participants for such activity, there is a dis-
connect between the level of government funding and its impor-
tance in the development of a strong IT work force and premier
academic institutions.

Furthermore, the government’s role in IT research and develop-
ment fosters the creation of common criteria and open standards
that both government and private industry can utilize for their
benefit. When focused, the government’s investments in IT re-
search often results in jobs, economic growth, and a higher stand-
ard of living in both quantitative and qualitative terms. Moreover,
such resources permits our Nation to remain on the cutting edge
of technology in vital areas, including health care, education, man-
ufacturing, and the basic sciences.

This concludes my remarks, Mr. Chairman, and I ask that they
be included in the record.

[The prepared statement of Hon. Wm. Lacy Clay follows:]
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Mr. PUTNAM. Without objection, they will be included in the ap-
propriate place in the record.

At this time we will move to the administration of the oath. If
our witnesses would please rise and raise your right hands.

[Witnesses sworn.]
Mr. PUTNAM. Note for the record that all the witnesses re-

sponded in the affirmative, and we will move to our first panel’s
testimony. I would ask that all of our panelists adhere to the 5-
minute rule for your opening statements and we will have succes-
sive rounds of questions from the panel to get to all of your issues.

Our first witness is Dr. David Nelson. Dr. Nelson is the Director
of the National Coordination Office for IT Research and Develop-
ment and a member of the Senior Executive Service. He is respon-
sible for the coordination of planning, budget and assessment ac-
tivities for the Federal networking and information breakthrough
that advance the science of IT.

Dr. Nelson is cochair of the Interagency Working Group for the
NITRD program. Dr. Nelson joined the NCO from NASA, where he
was Deputy CIO with primary responsibility for information tech-
nology security of all NASA systems and additional responsibilities
in scientific computing and enterprise architecture. He previously
served at the Department of Energy, which he joined from Oak
Ridge National Labs, where he was research scientist working
mainly in theoretical plasma physics and its applications to fusion
energy. He is the author of numerous papers in theoretical plasma
physics, computational science and research policy. He has twice
received the President’s Meritorious Rank Award for superior sus-
tained managerial performance.

Welcome to the subcommittee. You are recognized for 5 minutes,
Dr. Nelson.

STATEMENTS OF DR. DAVID NELSON, DIRECTOR, NATIONAL
COORDINATION OFFICE FOR INFORMATION TECHNOLOGY
RESEARCH AND DEVELOPMENT (EXECUTIVE OFFICE OF
THE PRESIDENT); DR. PETER FREEMAN, CO-CHAIR OF
INTERAGENCY WORKING GROUP AND ASSISTANT DIREC-
TOR, COMPUTER AND INFORMATION SCIENCE AND ENGI-
NEERING DIRECTORATE, NATIONAL SCIENCE FOUNDATION;
DR. HRATCH SEMERJIAN, ACTING DIRECTOR, NATIONAL IN-
STITUTE OF STANDARDS AND TECHNOLOGY; AND DR. C. ED-
WARD OLIVER, ASSOCIATE DIRECTOR, OFFICE OF AD-
VANCED SCIENTIFIC COMPUTING RESEARCH, U.S. DEPART-
MENT OF ENERGY

Dr. NELSON. Thank you, Mr. Chairman and members of the sub-
committee. I have submitted my written testimony to the sub-
committee and ask that it be entered into the record, and I will
limit my oral testimony to a brief summary of four points.

Let me start by saying that I agree with many of your opening
comments, both from the majority and the minority side, with re-
gard to the importance of information technology research and de-
velopment, and I think that agreement will be shown through my
oral testimony.

First, I would like to discuss the Networking and Information
Technology Research and Development Program. This program de-
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rives from authorization in the High Performance Computing Act
of 1991.

For fiscal year 2005 the President’s budget requests slightly over
$2 billion for the program in 13 participating agencies. The pro-
gram supports long-range research as well as research infrastruc-
ture, such as research computer centers and research networks.
Performers include universities, Federal research centers and lab-
oratories, national laboratories and federally funded research and
development centers, private companies, and nonprofit organiza-
tions. Research is funded by the participating agencies through
grants, cooperative agreements, contracts, and other authorities.
The agencies work together under the program to identify research
needs, plan research programs, and review progress.

I brought along one copy of planning research needs. This is in
the high confidence software and systems research area and was
developed by one of the coordinating groups under the program.

Agencies may coordinate their selection of research performers
through joint solicitations and coordinated proposal reviews. The
program interacts with stakeholders through workshops and other
meetings and disseminates research results through publications,
reports and presentations. Often activities under the program are
conducted jointly with other Federal programs that benefit from in-
formation technology.

Historical accomplishments include the High Performance Com-
puting and Communications Initiative in the early 1990’s that
helped create modern computational science, parallel supercomput-
ers, the modern Internet and Mosaic, the first graphical Web
browser. The Next Generation Internet Initiative in the late 1990’s
helped to create the technology for today’s high bandwidth optical
networks and demonstrated the basis for today’s high performance
network computing.

The program receives advice and guidance from the President’s
Information Technology Advisory Committee, which was authorized
in the High Performance Computing Act. Members of the commit-
tee are drawn from the private sector, and I believe Dr. Ed
Lazowska, cochair of the committee, is testifying before the sub-
committee today.

Let me turn to my second main point. This concerns the value
of the government’s historical investment in information technology
research. In 1995, the National Research Council documented the
return on this investment. The study cited numerous examples of
information technologies whose roots lay in federally funded re-
search or that were nurtured through critical development periods
by Federal research. Examples include network technology in the
Internet, the Web browser, computer windowing, computer graph-
ics, reduced instruction set computers, design of very large scale in-
tegrated circuits, data storage technology, and parallel computing
architecture.

In 1999, the National Research Council extended its 1995 conclu-
sions, citing additional contributions to technology and to the econ-
omy. Federal information technology research also returns value
directly to government operations through at least two pathways,
the first through government purchase of commercial off-the-shelf
information technology products that have been invented or im-
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proved through Federal research. The second pathway is through
the development of special information technology needed for gov-
ernment missions. This is clearly shown in the government’s re-
search and development programs, where many of the specialized
information technologies have been invented or developed by the
Networking and Information Technology R&D Program, often in di-
rect partnership with the program intending to use those tech-
nologies.

Let me turn to my third point. This concerns the value of current
Federal investments in IT research. The Networking and Informa-
tion Technology R&D Program is currently working in areas such
as improving the quality and reliability of software, improving the
security of operating systems, applications and networks, making
it easier and more productive for humans to interact with computer
systems, including access by individuals with disabilities, manag-
ing resources distributed over the Internet, applying computer
modeling and simulation to scientific and engineering fields, detect-
ing and responding to natural or man-made threats, managing in-
formation intensive dynamic systems and supporting lifelong learn-
ing.

Of perhaps special interest to this subcommittee is research in
information security. Federal agencies are funding applied research
to better enable us to cope with security weaknesses in the archi-
tecture of operating systems, networks and applications, as well as
fundamental research, investigating ways to improve the intrinsic
security of these architectures. The President’s Information Tech-
nology Advisory Committee is currently studying this area and will
issue recommendations regarding Federal research investments.

A specific example of the value of current Federal investment
concerns Google, and it may serve to illustrate the value of this re-
search generally. The Digital Libraries Initiative is an ongoing part
of the program that has been sponsored by NSF, NASA, DARPA,
and NIH. A recent article points out that Google, the search engine
company that is about to issue a very significant initial public of-
fering of stock, owes its technology directly to a Digital Libraries
Initiative grant to Stanford University. Under this grant the co-
founders of Google invented, developed and tested their search al-
gorithms.

My final point concerns the management of IT research. Federal
research programs have benefited from talented research managers
in the agencies and in funded projects. Because research deals di-
rectly with the unknown and unanticipated, it must be managed
deftly. Often research failure becomes success, as intractable obsta-
cles point the way to alternative approaches. Both Federal program
managers and researchers must have good instincts regarding
when to continue the proposed research and when to abandon or
modify it.

Structures for managing and overseeing federally funded re-
search should allow program managers to alter projects in mid-
course in response to preliminary results and need to recognize
that research projects can produce valuable results even if they do
not achieve their original objectives. Failure to manage deftly risks
stifling creativity and innovation. The history of information tech-
nology research demonstrates the benefits of a flexible approach,
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and this approach is consistent with the administration’s R&D in-
vestment criteria.

This concludes my remarks. I thank the committee for the oppor-
tunity to testify.

[The prepared statement of Dr. Nelson follows:]
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Mr. PUTNAM. Thank you very much. I would ask the remaining
witnesses to please try to adhere to our 5-minute rule and check
the lights on the table.

Our next witness is Dr. Peter Freeman. Dr. Freeman is the as-
sistant director for the Computer and Information Science and En-
gineering Directorate. He was previously at Georgia Institute of
Technology as professor and founding dean of the College of Com-
puting since 1990. From 1987 to 1989 he served as division director
for computer and computational research at the National Science
Foundation and helped to formulate the High Performance Com-
puting and Communications Initiative of the Federal Government.
In addition to his many activities as dean at Georgia Tech, he
headed an NSF-funded national study of the IT worker shortage,
started an active group for deans of IT and computing, and pub-
lished several papers relating to future directions of the field. He
received his Ph.D. in computer science from Carnegie Mellon, his
M.A. in mathematics and psychology from UT Austin, and his B.S.
in Physics from Rice. His research and technical expertise has fo-
cused on software systems and their creation.

We welcome you to the subcommittee. You are recognized.
Dr. FREEMAN. Thank you, Chairman Putnam, Ranking Member

Clay. Good afternoon. It is a pleasure to be here this afternoon and
to have the opportunity to testify before you and to discuss infor-
mation technology R&D. Let me begin by clarifying some terms
that I think we will all be using this afternoon.

It is important to understand that the subject of today’s hearing,
IT R&D, is open to multiple interpretations that can lead to mis-
understandings and to differences in reported activity levels. For
example, it is often reported that a company spends a huge sum
on IT R&D, but a closer examination almost always reveals that
the vast majority of that sum is actually spent on development, not
research. In the past, the term ‘‘information technology’’ was usu-
ally taken to refer to data processing activities such as payroll, ac-
counting or inventory, not the full range of work to which the term
now often refers. I would note that the Federal R&D community
primarily uses the more general meaning of the term ‘‘information
technology.’’

Definitions of research and development are notoriously overlap-
ping and often lumped together. In the technical community, re-
search generally refers to activities that produce new knowledge,
while development refers to the use of existing knowledge to
produce new systems, products or practices. Even these very gen-
eral definitions are open to much interpretation and practice. An
important distinction, however, is that research is usually targeted
more broadly to longer term and must be provided a very broad
and loose type of oversight, while development usually has very
specific targets, has a shorter timeframe, and requires a project
management type of oversight.

Let me now outline two frameworks for discussing Federal activ-
ity in this area. The first separates IT from its usage. Very simply,
it is often useful to differentiate between IT activity and IT-enabled
activity. For example, a research project we are currently support-
ing at NSF, an assessment of voting technology and ballot design,
seeks to provide an assessment of information technologies relative
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to on-line voting and ballot design. This is certainly IT research.
It may lead to some IT development of, for example, better e-voting
systems, but use of those systems would certainly be IT-enabled ac-
tivity.

The second framework that I would note is the one we use to re-
port Federal activity in this area. The major research emphases of
the NITRD effort are called program component areas, and those
are spelled out in what we call the Blue Book, our annual supple-
ment to the President’s budgets.

Let me now turn to the questions expressed in your letter of invi-
tation. The first question was who is doing IT research and devel-
opment? I believe, as Dr. Nelson has already indicated, at least 13
agencies or major subareas of larger agencies report work in the
NITRD program that is self-identified as research. Non-U.S. Gov-
ernment personnel perform the majority of that work, as Dr. Nel-
son has indicated. There is undoubtedly additional IT research sup-
ported by the government and of course a very large amount of de-
velopment, as Ranking Member Clay’s opening statement made
note of.

The second question was where are these investments being
made. I think it is fair to say that there is some amount of invest-
ment in every State, in every research university and essentially
every company capable of providing research service to the U.S.
Government.

Your third question is what is government gaining from these in-
vestments. In general, government is gaining directly from the
technical base used by our military and for streamlined govern-
mental operations and indirectly by fostering the continuing eco-
nomic revolution that provides the innovation, productivity and
economic vigor for our Nation as a whole.

Your fourth question was why should government continue to
make those investments. I can only add that as industry often and
publicly stresses, it is because federally funded research is essen-
tial to the continued advancement of IT technology.

Your final question, how much is being spent by the Federal
Government? I believe that within the stated caveats, the cross-
cuts listed in our annual Blue Book provide a good compilation of
Federal research activity in this area.

In conclusion, let me thank you for the opportunity to appear be-
fore you today. I would ask that my fuller written statement be en-
tered into the record. I will be glad to respond to your questions.

[The prepared statement of Dr. Freeman follows:]
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Mr. PUTNAM. Thank you very much.
Our next witness is Dr. Hratch Semerjian, who is serving as Act-

ing Director of NIST. He has served as the Deputy Director of
NIST since July 2003. In this position Dr. Semerjian is responsible
for overall operation of the institute, including financial manage-
ment, human resource management facilities and information tech-
nology systems, effectiveness of NIST technical programs and for
interactions with international organizations.

Dr. Semerjian received his Master’s and Ph.D. Degrees in engi-
neering from Brown in 1977. He joined the National Bureau of
Standards, now known as NIST, where he served as director of the
Chemical Science and Technology Laboratory from April 1992
through July 2003. He has received countless awards and we wel-
come him to the subcommittee today.

You are recognized for 5 minutes.
Dr. SEMERJIAN. Thank you, Chairman Putnam and Ranking

Member Clay. Thank you for the opportunity to testify about
NIST’s contributions to Federal information technology research
and development.

The impacts of information technology on the United States and
the world economy are certainly well known. NIST plays a critical
role in building trust and confidence in information technologies
and development of secure, reliable and interoperable IT systems.
NIST’s programs help to ensure that the U.S. industry maintains
the competitive advantage vis-a-vis the rest of the world while en-
suring that U.S. Government information technology assets remain
secure.

Twenty-first century science is being pushed by continuing
progress in computing information and communication technology
and pulled by the expanding complexity, scope and scale of today’s
technological challenges. Information technology is providing the
potential for the research community to build new types of sci-
entific and engineering knowledge and to pursue research in new
ways and with increased efficacy. The key to these breakthroughs
is achieving the necessary functionality, interoperability, usability,
confidence and data protection within the IT systems that will lead
the way.

NIST is at the forefront of these developments. I’d like to give
you just a few highlights from our information technology program
which will give you a flavor of the wide array of expertise that ex-
ists at NIST. For example, NIST ensures the security, confidential-
ity, integrity and availability of information by providing standards
and guidelines, testing methodologies, and other Federal Informa-
tion Processing Standards [FIPS], in compliance with legislation
such as the Computer Security Act, the Federal Information Secu-
rity Management Act and the Cyber Security Research and Devel-
opment Act.

NIST helps mitigate the cost of inadequate software testing,
which is estimated to be around $60 billion, by developing test
methodologies for software assurance and conformity to IT stand-
ards.

NIST develops tests and measurement technology that keys the
implementation, robust operation, and continuity of operations of
the Nation’s core networking infrastructure, especially to assure
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the robustness of the systems under various failure and recovery
scenarios.

NIST enables efficient access, manipulation, and exchange of
complex information through advances in human language tech-
nology that enhances context extraction, question answering and
speech-to-text capabilities.

And NIST provides analytical, statistical and computational tools
for solving scientific and engineering problems. Some of these tools,
for example, are currently being used in the analysis of the World
Trade Center collapse. We are also collaborating with the semi-
conductor industry to create a Web-based electronic handbook of
statistical methods.

Through these efforts, NIST has developed world class com-
petencies in cyber security, software, networks information access,
mathematics, statistics and interoperability. This bundle of com-
petencies, combined with Nobel prize winning expertise in the
physical sciences, places NIST in a unique position to create an
enormous impact on the economy and innovation enterprise in the
United States. It is precisely this unique capability that attracts in-
dustry and other Federal agencies to collaborate with NIST. And
let me highlight some of these specific efforts where NIST’s exper-
tise is being put to direct use.

For example, NIST works with industry to ensure the interoper-
ability of technology specifications. Interoperability is essential to
productivity and competitiveness of many industries because effi-
cient design and manufacturing require the coordination of many
different participants and processes that rely on a digital represen-
tation of the product. To mitigate the billion dollar annual cost just
to the automotive supply chain, NIST has initiated the NIST man-
ufacturing business-to-business operability test beds, for example.

NIST assists government and industry in protection of the U.S.
borders through the development of biometrics evaluation systems,
standards and research. Two recent laws recognize this expertise
and provide specific requirements for NIST, the U.S. Patriot Act
and the Enhanced Border Security and Visa Reform Act.

NIST enhances trust and confidence in voting systems. The Help
America Vote Act provides NIST with mandates in the areas of se-
curity, hardware and software interoperability and human factors
issues. Under HAVA, NIST just recently released a study on
human factors which will be used to improve the performance and
reliability of voting machines.

And looking more into the future, NIST makes revolutionary ad-
vances in quantum communications and computing. This is really
important for the future of the country, because quantum commu-
nications offers the promise of perfectly protected messages, while
quantum computing offers the promise of dramatically increased
computing power.

NIST also utilizes information technology for knowledge manage-
ment. I think we have a knowledge-based economy, and both the
creation and dissemination of knowledge is a very important part
of what we do at NIST.

NIST works with other Federal agencies, academia and industry
to develop and promote openness and interoperability of informa-
tion technology. We work with other agencies to provide expertise
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in our own unique areas of research to DOD, DHS, HHS, DOJ and
others. We also participate in the Interagency Working Group on
Information Technology R&D, and we also cooperate with industry
on integrating information-based manufacturing systems and de-
velopment of the measurement and standards infrastructure need-
ed for the application of intelligence systems in manufacturing, de-
fense and homeland security.

In fiscal year 2004, the NIST Information Technology Laboratory
received about $48 million in appropriated funds. In addition, ITL
received about $17 million from other agencies on a reimbursable
basis. These are the words with M, not the B. The President’s 2005
budget request has an increase of $7 million for the NIST IT budg-
et.

In conclusion, NIST takes its roles in maintaining the vitality of
the U.S. information technology industry seriously in providing
unique expertise to the rest of the government and in sharing with
industry, government and universities the basic science and tech-
nology that comes from its measurement and standards research.
These brief examples of our work and accomplishments illustrate
NIST’s commitment to these roles. They also demonstrate the base
upon which NIST continues to build.

This concludes my prepared remarks. Thank you.
[The prepared statement of Dr. Semerjian follows:]
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Mr. PUTNAM. Thank you very much.
Our final witness for this panel is Dr. Carl Edward Oliver. Dr.

Oliver is the Associate Director of the Office of Advanced Comput-
ing Research for the Office of Advanced Science at the Department
of Energy. He is responsible for basic research and applied mathe-
matics, computer science and networking needs in the Office of
Science. His duties include management of the Small Business In-
novative Research Program.

Dr. Oliver came to DOE under the Intergovernmental Personnel
Act from Sandia National Laboratories. Prior to that he was the as-
sociate laboratory director for computing robotics and education at
Oak Ridge National Lab from 1995 to 2000. After receiving his
Ph.D. in mathematics in 1969 as a NASA fellow from the Univer-
sity of Alabama, he held research and management positions at the
Air Force Weapons Lab, the Air Force Office of Scientific Research
and DOE.

He has also held teaching positions at six universities, been ac-
tive on a national and international level organizing professional
society meetings for numerous academic societies and has served
on several university and Federal advisory committees and others
under the auspices of the OSTP and the National Science Founda-
tion.

Welcome to the subcommittee. You are recognized for 5 minutes.
Dr. OLIVER. Mr. Chairman, I too commend you for holding this

hearing and I appreciate the opportunity to testify on behalf of the
Department of Energy’s Office of Science on a matter of importance
to the Nation; namely, information technology research.

Dr. David Nelson and Dr. Freeman have given you some over-
view of the Federal IT R&D activities. I’ll concentrate on those
areas of the portfolio where the Office of Science focuses its efforts:
High performance computing, large scale networks and software
that enables scientists to use these resources as tools for scientific
discovery.

Ever since the inception as part of the Atomic Energy Commis-
sion immediately following World War II, the Office of Science has
blended cutting edge research and innovative problem solving to
keep the United States at the forefront of scientific discovery. Since
the 1940’s, the Office of Science supported the work of more than
40 Nobel prize winners. Research supported by the office has made
major contributions to the United States in research areas such as
magnetic resonance imaging, medical isotopes, composite materials
used in motor vehicles and x-ray diagnostic of computer chips and
other high tech materials.

Other research investments have led to such innovations as the
Nobel prize winning discovery of new forms of carbon, noninvasive
detection of cancers and other diseases, improved computer models
for understanding global climate change and new insights into the
fundamental nature of matter and energy.

High end computing has become an indispensable tool for re-
searchers across the Office of Science. Large multi-disciplinary
teams of researchers that combine the expertise of physicists,
chemists or biologists with the expertise of computer scientists and
mathematicians are working on the next generation of computa-
tional science tools that will enable the discovery and design or ad-
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vance of materials for the development of catalysts that dramati-
cally reduce the energy costs and emissions and understanding of
the dynamics of combustion systems. Each of these examples and
many more will have a significant effect on the missions of the De-
partment of Energy and then the missions of other U.S. Govern-
ment agencies.

High performance networks play a critical role as well because
they make it possible to overcome the geographical distances that
often hinder science by making all the scientific resources readily
available to scientists, regardless of their physical location. In this
area, we work in close coordination with the National Science
Foundation and university consortia such as Internet II to ensure
that scientists at universities can seamlessly access unique DOE
facilities and their scientific partners in DOE laboratories.

To develop these tools we also work closely with other agencies.
A significant part of the coordination has been described by Dr.
Nelson already. In high end computing we cochaired the High End
Computing Revitalization Task Force that was put together. This
task force identified our Nation’s critical needs in a report released
in May, and they proposed a game plan to improve U.S. computing
capabilities.

The Office of Science and other Federal agencies are working to
implement the recommendations of the task force report and to de-
velop the next generation of supercomputing capability as well as
networks needed to allow the broadest possible access to new sys-
tems.

On May the 12th of this year, Secretary Spencer Abraham an-
nounced that the Department of Energy will provide $25 million in
this fiscal year to a team led by Oak Ridge National Laboratory to
begin to build a new supercomputer for scientific research. This is
an important step toward achieving our leadership goals. When
complete, researchers will gain the ability to understand the natu-
ral world with the precision that could only be imagined a few
years ago.

It’s clear that working with our computing industry, we can build
these tools. The administration has developed a clear path forward
for revitalizing high end computing, and with vital support from
the Congress and administration I am confident we will succeed.

Once again, thank you for the opportunity to testify before the
committee on this important matter.

[The prepared statement of Dr. Oliver follows:]
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Mr. PUTNAM. Thank you very much, Dr. Oliver. I want to thank
all of you for your opening statements. Your full statement is to be
included in the record, and we will begin with questioning.

Among these two dozen or so agencies that are coordinating or,
excuse me, are engaged in Federal research, is there some collabo-
ration across those agencies to pursue an overall strategic frame-
work for research? Do they communicate with one another to avoid
duplication or to buildupon the successes that are being found?
Does the left hand know what the right hand is doing?

Dr. Freeman, you’re nodding. We’ll let you answer first.
Dr. FREEMAN. That’s fine. Thank you sir, and I think that my co-

chair of the NITRD working group, David Nelson, will add to what-
ever I may have to say.

I think the answer to your question is a very definite yes in
terms of coordination, in terms of knowing what each other is
doing. In some cases that results in joint solicitations. For example,
in the high performance computing area, we are currently coordi-
nating, or I should say collaborating with DARPA for a jointly
funded research program. We have several others in other areas al-
ready in place with DARPA. We are putting one in place with NIH,
so there are a number of examples of that sort.

The Interagency Working Group as a whole meets every 3
months at which representatives from all 13 of those agencies are
present to review budgets, to review strategic directions and, in
general, to coordinate. There are then the program coordination
areas that both Dr. Nelson and I mentioned. Those smaller, more
narrowly defined groups; for example, in the area of human com-
puter interface or in the area of high confidence or secure systems,
those smaller groups of program directors and program managers
typically meet on a monthly basis, in some cases even on a weekly
basis, because many of the primary agencies are located physically
adjacent to each other.

So there is a high degree of communication and collaboration
there.

Mr. PUTNAM. Dr. Nelson.
Dr. NELSON. I agree with the comments of Dr. Freeman and

would just add a couple of things. First, I refer to the Interagency
Working Group, which Dr. Freeman and I cochair, as our board of
directors. It sets the general directions and identifies special topics.
About a year ago, Peter and I commissioned a study of whether the
program components areas and the groups that implement them
were properly constituted, and the answer that came back from
them, and the Interagency Working Group has blessed it, is that
in general they are, but in particular we need to focus more on se-
curity. And so we have started as a cross-cutting topic looking at
how security aspects of all of our work need to be better done. It’s,
as you know, an extremely difficult topic.

The other thing that I would add is that there’s always an open
door to the involvement by additional agencies and additional pro-
grams in the work of the—and I will use the acronym here—the
NITRD program. So for example, we have the Federal Aviation Ad-
ministration, Food and Drug Administration as observers. They
don’t have much research, but they do want to use what the re-
search program produces. And we also are discussing with the De-
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partment of Homeland Security its entry in the program. So the
door is always open. Information Technology Research and Devel-
opment has an awful lot of small pieces. And so as Peter has said,
much of the detailed work is done putting those pieces together.

I mentioned before an example of research needs assessments.
That’s usually the first step. That’s one. Another example of re-
search needs assessment is the document that Peter just referred
to, which is the Federal Plan for High-End Computing, which in-
volved about 60 Federal managers from 12 agencies for about a
year. After research needs assessments is research planning. Peter
gave one example. There are many others.

The agencies share reviewers: They coordinate the solicitations;
and then they jointly review progress and, where necessary, make
changes and of course then go through another cycle of research
needs, research planning, research implementation, research re-
view.

Mr. PUTNAM. OK. Dr. Freeman, you said that they meet periodi-
cally to review strategic direction. Who sets the strategic objective,
and could you summarize what the strategic objective is currently
for Federal IT research and development.

Dr. FREEMAN. I don’t think that I or anyone is really capable of
saying what the objective is. As Dr. Nelson just indicated, there is
a fairly elaborate process of trying to understand the needs for fu-
ture research. He mentioned some of those activities. Let me share
another one with you that perhaps will illustrate the process and
thereby how the overall objectives are ultimately set.

Another activity that Dr. Nelson and I initiated, oh, probably a
year and a half ago now, was an effort by the members of our
working group to look at what are the major challenges, often
called grand challenges, that would involve information technology,
not on the research but at the usage end; for example, being able
to seamlessly access the medical records of any citizen anywhere
with appropriate privacy security, etc. It was put forth as a pos-
sible grand challenge, because we don’t really know how to do that
today. That working group, which worked for, oh, 6, 8 months, ulti-
mately came back with a set of these grand challenges that, if
achieved, would have great benefit for our society and for our econ-
omy. Taking those grand challenges, they then backed up and said,
so what research should we be doing? So for example, security was
something that was seen to be a critical component of essentially
every one of those grand challenges.

So, through this process, our members, the various agencies, and
through other processes that are not a part of the interagency ac-
tivity, because each agency has its own internal processes to bubble
up these research needs, prioritization then of those research objec-
tives will depend upon the individual agencies, upon their missions,
and upon their judgments as to which of, as Dr. Nelson has indi-
cated, the many, many objectives that one could name.

So, in sum, what we wind up with is not a single strategic objec-
tive or even a coherent set of a small number. Obviously, we can
boil those up to a high level and certainly security is a current high
objective, I believe, of all of our members. High performance com-
puting is another objective that is very important to many of the
agencies. Ease of access to large data stores is a third objective.
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But I would not characterize those as forming a strategic plan in
the same way that an individual company or an individual agency
might have.

Mr. PUTNAM. Dr. Oliver, a lot of attention has been paid to the
fact that Japan now has the fastest supercomputer, the Earth sim-
ulator, which I believe has led the United States to reassess its
high end computing R&D plans. Given where we now stand, are
the existing Federal efforts appropriately targeted to deal with the
challenge of positioning the United States as a leader in IT R&D,
or are we losing our leadership position in this area?

Dr. OLIVER. I think that the formation of the High End Comput-
ing Revitalization Task Force last summer was the right step at
the right time for us to articulate as a group of Federal agencies
and departments how to address this problem. There were lots of
meetings that were held and the report was written, and I think
the implementation plan is pretty much in place or will be soon.
So I think fully supporting that plan will lead us to a leadership
position again. There is no doubt about it.

Mr. PUTNAM. Mr. Clay.
Mr. CLAY. Thank you, Mr. Chairman. Dr. Nelson, according to

the recent report on Federal R&D released by RAND, total R&D
funding for colleges and universities grew from approximately $70
billion in fiscal year 1996 to $96 billion in fiscal year 2004. Yet only
$2.2 billion is dedicated specifically to IT research and development
through the NITRD program.

Can you tell us why it is such a small percentage of the total al-
location, and have no concerns with cyber security and national de-
fense caused your office to reevaluate its support for IT R&D fund-
ing?

Dr. NELSON. Yes, Congressman Clay, the priorities for research,
as for any other Federal program, go through many steps and have
many masters. And so addressing a question like why IT R&D is
only $2 billion is almost impossible. One could equally ask why is
it as big as it is. And I think, as you pointed out, it has grown sub-
stantially in recognition of its importance.

I would suggest though, and I think Dr. Freeman has also men-
tioned this, that much of other research has information technology
components. The term that’s used often is it’s embedded in that re-
search, and it is almost impossible to tease out how much of that
other research is information technology. But we know there is a
lot there. In other words, the amount of information technology re-
search is higher than the numbers might suggest.

The second thing that I would say is I believe the RAND study
pointed out that much of that increase went to medical schools and
was a direct result of the doubling of the National Institutes of
Health budgets, and of course that has been a national and biparti-
san priority. It is good to note that much of the improvement in
health care research has come about from better usage of informa-
tion technology, and bioinformatics is now a thriving field.

So again it’s hard to tease out, and the bottom line I can give
you is that there probably isn’t a direct answer. We can all hope
that those good research ideas are funded and that they appro-
priately impact our economy and way of life.
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But the process for arriving at it is probably beyond that of any
one person to comprehend.

Mr. CLAY. Then another question, Doctor. Tell me about, com-
pare the 2004 budget for Federal IT R&D to 2005. It’s been re-
duced by about $200 million, from $2.2 billion to $2.0. Can you tell
us why the amount requested was reduced?

Dr. NELSON. Yes. I would like, if I could, to answer that for the
record. And I will tell you why. We have a total for 2005, but be-
cause the—and I will use the term NITR&D, that’s Networking
and Information Technology R&D—program is what we call a
crosscut, you can’t get there by aggregating line items. And, there-
fore, it takes judgment and allocation to come up with either the
total or with the subcomponents. We do not yet have the 2005
numbers for those subcomponents.

And before I could address why that $200 million is approxi-
mately about 10 percent down, I would have to have a better idea
of how it matches up with the program component areas that Dr.
Freeman referred to, and therefore what the change is. I would be
happy to respond for the record, but it may take a few weeks before
we get back to you.

Mr. CLAY. That’s fine. Thank you for that response.
And Dr. Freeman, I am concerned that a large proportion of Fed-

eral R&D funds are being limited to the life sciences. Can you tell
us if the IT needs of the medical and biological research commu-
nities are being met through the current formula for Federal R&D
funding?

Dr. FREEMAN. Congressman Clay, I’m afraid in the specifics, I
am not competent to answer that question. Obviously, someone
from NIH or the medical community should address it. I would
note that through the interagency working group and our budget
reviews, we are aware that NIH is spending large sums on infor-
mation technology usage, more on the development and usage side
of the ledger than on the underlying research. But I will have to
defer to their judgment as to whether there is sufficient IT re-
search being done in the country to support those medical efforts.

Mr. CLAY. OK. Then I guess asked another way. Can you cite for
us what other Federal R&D needs would rival the need for life
science research?

Dr. FREEMAN. Well, certainly based on the demand through the
proposal submission process at NSF, there is a very large unmet
need for additional research. Let’s take the cyber security area. My
program director in this area is just in the process this week and
next of making final decisions on something like 150 proposals that
were submitted by a deadline a few weeks ago for funding specifi-
cally in the cyber security area. I have not seen the final results,
but based on previous competitions, probably at least 30 to 35 per-
cent, about a third of those proposals would be ranked by their sci-
entific peers as worthy of funding, that is, scientifically valid. We
will be lucky if we can fund 10 percent of those submitted propos-
als. So there is an overhang there of good ideas in the cyber secu-
rity area that we are simply not going to be able to fund. I suspect
that my colleague from NIST has a similar experience in that area.

Mr. CLAY. I will get to him. Thank you for your response. You
know, you guys have long responses and long opening statements,
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and they give us a limited amount of time. But I appreciate your
effort.

Dr. Oliver, in what ways can the Office of Science collaborate
with the private sector on R&D initiatives in order to find solutions
to problems facing our Nation and the international community,
such as environment and educational issues?

Dr. OLIVER. Well, we have had a long history of collaborating
with the computing vendor industry in high-end computing and
network and so forth. And, you know, we have cooperative research
and development agreements with many of the individuals who
have funding from us, especially in the DOE laboratories. And so
that has tremendous benefit in many ways with the computing in-
dustry. And the wave goes out from there. We get in machines. We
have often bought serial one of every high-end machine in the De-
partment of Energy from the beginning of time. There are a few
exceptions.

So we get them when they are raw. They don’t necessarily work.
We invest in operating systems to help make this work. We do this
in cooperation with other agencies, DARPA and 1–Ks or NSF in
another. And so we help make a machine viable. We then put on
applications software like a structural analysis code and make it
work on the machine. That makes it attractive to the aerospace
companies and so forth.

So there is a dramatic effect like that where we work with indus-
try, you know, to help in the economic sense. And, but we do it to
serve our own needs. I mean, we have to make these machines
work in order to meet the missions of the Office of Science to do
science.

Mr. CLAY. Thank you. And, finally, Dr. Semerjian. Are there spe-
cific areas of IT R&D that the government is currently not pursu-
ing but merit consideration in future strategic plans?

Dr. SEMERJIAN. Well, that is a very broad question. Probably
some of my colleagues are better prepared to answer that. But just
from our own point of view, the kind of things that we do at NIST,
I think I agree with Dr. Freeman that cyber security issues I think
really need to be addressed. Because in every application area that
we look at, whether it’s the medical records or whether it’s commu-
nication issues and national security issues, cyber security contin-
ues to be at the top of the list of issues, which is clearly under-
funded.

And I think we are very pleased that the President’s budget pro-
poses to increase the NIST part of that. But that is only a drop in
the bucket. I am sure there are many other security-related issues
in other agencies which need to be addressed.

Mr. CLAY. Thank you for your response. I thank the panel for
their indulgence. Thank you, Mr. Chairman.

Mr. PUTNAM. Thank you, Mr. Clay. I just want to followup a bit
on the coordination line of questioning. To what degree are the
classified and unclassified research initiatives coordinated? If you
take cyber security, for example, it’s certainly broader than NIST
and NSF. You have an alphabet soup of agencies within the intel-
ligence community who are also doing work. Do they share some
of their direction on research as well, or is that a world unto itself?

Dr. Nelson.
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Dr. NELSON. I can speak to the relationship between the classi-
fied world and the unclassified. I personally have high security
clearances, but the NITRD program is totally unclassified. Now, I
believe there is reasonably good coordination between the classified
side and the unclassified. And I will say how that occurs. Several
of the agencies that participate in the NITRD program, in particu-
lar the National Security Agency, the National Nuclear Security
Agency, and the Defense Advanced Research Projects Agency, bring
their unclassified research to the table and work closely with agen-
cies like NSF, NIST, DOE science, and so on to get the best bang
for the buck out of that. Now, clearly, they take those results back
into the classified side, and the NITRD program does not see those.

I am aware that there are coordinating groups that deal with
classified research, in particular, the Infosec Research Council. But
I do not know whether that is broadly the case. I could mention
another agency or two that interacts with us on an informal basis,
the Central Intelligence Agency, and as I said earlier, we are talk-
ing seriously with the Department of Homeland Security about
their joining the program. So, indeed, there is coordination. As it
comes through the boundary between classified and unclassified,
I’m less knowledgeable about what goes on behind the classification
screen.

Mr. PUTNAM. So Homeland Security is not currently a part of
this NITRD program?

Dr. NELSON. That’s correct.
Mr. PUTNAM. And what is it that needs to be decided to allow

them to participate?
Dr. NELSON. As you know, they have been forming up. And

bringing all those subagencies together has been a monumental
task. So the short answer is they are still working on their re-
search agenda. They are still getting staffed up to carry out that
research agenda. And I fully expect that as soon as they have peo-
ple who are able to work—coordination takes time, it takes peo-
ple—that they will join.

Mr. PUTNAM. Well, I certainly expect them to get ramped up and
be a part of it as soon as possible. They are an important piece,
and they are a relatively new agency, but they are no longer a new
agency and that excuse only carries you so long.

Dr. NELSON. Yes, sir.
Dr. SEMERJIAN. If I could add on the classified versus unclassi-

fied issue. We do have a close working relationship with NSA. It
is formally recognized that NIST provides the standards for the un-
classified world, so to speak, and NSA for the classified. And we
do work closely with them, since some of the technologies are uti-
lized on both sides of the fence. So at least in terms of standard
issues, cyber security-related standards, we have a very good work-
ing relationship with NSA.

Mr. PUTNAM. Good. I want to give all of you the opportunity, be-
cause we were cut short on the opening statements, but we have
another panel that we need to move to. I want to give any or all
of you, if you have something that you wish to add to this conversa-
tion, something you wish you had been asked, now is the time. So
we will begin with Dr. Oliver, work backward, and then we will
seat the second panel. Dr. Oliver, anything to add?
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Dr. OLIVER. Nothing to add.
Dr. SEMERJIAN. (Shaking head.)
Mr. PUTNAM. Dr. Freeman.
Dr. FREEMAN. A former professor always has another word. One

topic we have not discussed today is the issue of education. That
is one that, of course, NSF has a key responsibility in. And I would
note that it is also a key element in both the research and certainly
the development aspects of information technology, to say nothing
of the utilization of it. I think that your opening statement, Con-
gressman Clay’s opening statement very aptly recognize the impor-
tance of information technology in essentially every element of our
life today. And I would only add that we must keep in mind that
educating all of our citizens at all levels of the work force, all the
way down to kindergartners, in the usage of that technology is a
key challenge that we need to keep in sight.

Mr. PUTNAM. Let me followup on that and ask you, as someone
who has come out of the academic world. Many of us are familiar
with and very concerned about the decline in math and science
skills among America’s young people, the number of degrees being
awarded to Americans in a number of these sensitive fields. I am
not asking you for a silver bullet, but what are the steps that we
can begin to take to turn that around and produce more math and
science graduates?

Dr. FREEMAN. I’m glad you didn’t ask for the silver bullet, be-
cause I certainly don’t have it and I’m not sure that I have all of
the steps. But it is something, and the reason I bring it up here
is it is a topic that I believe we must first and foremost always
keep in mind. So it is important, of course, to look at funding levels
at the substance of the research, but we must be mindful that we
have to have the educated people to carry out that research, for ex-
ample. So I think the attention of committees such as yours to the
educational issues, the attention of all of us as citizens is certainly
a first and a very necessary step to take.

Mr. PUTNAM. Dr. Oliver, I believe in some of your responsibilities
at the Department of Energy, do you have a hard time filling slots
in the Office of Science? Do you have a hard time recruiting good
people who want to work for the government doing this type of re-
search?

Dr. OLIVER. You have done your homework. Yes, it is, in many
areas, very difficult to get program managers to come and work in
D.C., though I tout the city as the greatest place to live in the
country in opportunities and everything. I mean, I think we have
a terrific, you know, organization. And the jobs are truly exciting.
And I find that it’s just getting more and more difficult in our area
and I don’t know why.

Maybe industry salaries are high, academic salaries are very
high for people in computer science, applied math, that know about
high-end computing, in tremendous demand, and I think maybe the
pool is a little small. I mean, it’s the supply and-demand situation.
Anyway, it’s very difficult for us to get people in the Office of
Science. And we have a very important challenge facing us because
I think we are an aging group, not just in information technology,
but throughout the program management staff. And it’s something
we are aware of and that we are trying to address, and we are
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looking at all of the things that you can do, knobs you can turn.
But it is indeed a challenge. So we have a lot of people with a lot
of dual jobs, dual-hatted, but they rise to the occasion.

Mr. PUTNAM. Thank you.
Dr. Nelson, final comment?
Dr. NELSON. Yes. Just one footnote in the planning and manage-

ment area. We can always do a better job of strategic planning, no
question of that. But we have to remember that in research, it’s
often the least planned and the least unexpected that yields the
biggest dividends. Who would have thought that the high perform-
ance computing program would produce the Mosaic browser, and
yet it was the NSF program at the University of Illinois that did
just that. Who would have thought that an early program to link
academic computers would have produced the Internet? But it did
just that. And so in research we always look for the revolutionary
change, the things that really improve the economy in the country.
It’s hard to plan those.

And, as I mentioned in my testimony, management of those ac-
tivities has to be very deft and sensitive. It’s very easy to stamp
out the revolutionary and it’s very hard to encourage it.

Mr. PUTNAM. Thank you very much. And I want to thank the en-
tire panel. And, with that, the subcommittee will stand in recess
while we arrange for panel two. And if you would be seated as soon
as possible. Thank you, gentlemen, very much for your contribu-
tions to this hearing.

If the second panel could please take their seats, we will begin.
The subcommittee will reconvene. And if you would please rise, and
anyone accompanying you who will assist you in answering the
questions please rise for the administration of the oath.

[Witnesses sworn.]
Mr. PUTNAM. Note for the record that all of our witnesses re-

sponded in the affirmative. And we will move to the testimony. You
will note the lights on your table. Green light means talk away.
Yellow light means bring it in for a landing. Red light means bring
it to a close.

Our first witness is Dr. Donna Fossum. Dr. Fossum is a senior
scientist and legal policy analyst in the RAND Resource Manage-
ment Department, and is program manager of the RaDiUS Project.
Prior to joining RAND, Dr. Fossum served as the legal counsel and
technology specialist of the Committee of Government Operations
here in the House of Representatives. Dr. Fossum has also served
as the deputy associate administrator of the Office of Federal Pro-
curement Policy in OMB, where she devoted much of her time to
advising the administrator for Federal procurement policy on mat-
ters involving the defense industrial base. Most recently, she
served as the senior adviser for science resources development at
NSF.

Dr. Fossum’s work for the institute has centered on developing
a comprehensive data base of the R&D activities sponsored by the
Federal Government known as RaDiUS, to facilitate the manage-
ment and content assessment of the Federal R&D portfolio. Much
of her time is also devoted to working with OSTP and other Fed-
eral agencies as well as numerous nonFederal entities to identify
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and evaluate Federal activities in every conceivable field of R&D.
Welcome to the subcommittee. You are recognized for 5 minutes.

STATEMENTS OF DONNA FOSSUM, MANAGER, RADIUS
PROJECT, RAND CORP.; EDWARD LAZOWSKA, CO-CHAIR,
PRESIDENT’S INFORMATION TECHNOLOGY ADVISORY COM-
MITTEE AND CHAIR, DEPARTMENT OF COMPUTER SCIENCE
AND ENGINEERING, UNIVERSITY OF WASHINGTON; WILLIAM
SCHERLIS, PROFESSOR, SCHOOL OF COMPUTER SCIENCE
AT CARNEGIE MELLON; AND STEPHEN SQUIRES, CHIEF
SCIENCE OFFICER, VICE PRESIDENT, HEWLETT-PACKARD

Dr. FOSSUM. Thank you. Thank you very much. I have submitted
a long statement for the record, so I will make it very short and
summarize it. First I want to express my sincere appreciation for
the hearing today, because this is a topic that often gets overlooked
and, yet it is at the heart of everybody’s life and becoming more
so.

Let me explain a little bit about the RaDiUS program and why
it even came to be. In 1992, we were supporting the work of the
White House in science and technology, and discovered that the
data that everybody wanted or needed to find out what was going
on in the world of Federal R&D and on various topics, we didn’t
have at the right level of granularity. It was at the program level,
which wasn’t adequate to answer their questions. For instance,
they wanted to know what was going on in electronics, preventing
violence in youth, automotive-related technologies, global position-
ing, aviation safety, etc.

And this is where RaDiUS was born. RaDiUS systemically tracks
all the R&D dollars that are identified by Federal agencies as being
R&D and tracks them through the layers of the bureaucracy down
to where they are actually spent—where I say ‘‘the rubber hits the
road.’’ And this is where the R&D is actually conducted. Courtesy
of the RaDiUS data system, we now have a capability that is used
extensively by many of the agencies in the Federal Government
many Federal contractors, universities, and others all over the
world to learn what R&D is being supported by the USG. Actually
we have discovered there is very little duplication of R&D in the
Federal Government, but there are many, many opportunities
where leveraging of Federal R&D dollars is not happening.

Agencies in the same red area don’t even know it, but through
RaDiUS, they can find out they are working in the same field and
can leverage their dollars more effectively.

RaDiUS, in 1998, was declared a ‘‘best practice’’ of the U.S. Gov-
ernment by the General Accounting Office. Courtesy of RaDiUS,
RAND has been able to produce two reports. ‘‘Discovery & Innova-
tion’’ has been called a chest crusher by one of our colleagues.
What it provides is the first compendium ever of all the Federal
R&D activities by State and city in the country. Where is it hap-
pening and what are they doing? This was done in 2000. It’s time
to be updated but a whole lot of it has not changed all that much.
Where it’s happening has not changed.

I will leave a copy of it with you. And already today this report
that came out a couple of months ago has been cited, ‘‘Vital As-
sets.’’ It contains the first really accurate assessment of where all
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the Federal dollars are going to universities around the country.
This kind of capability has been developed, courtesy of RaDiUS.

But that’s not what the topic of today’s hearing is. You have gone
through a wonderful list of questions to which we would all like the
answers, but the one question that has been hinted at briefly by
some of the people here that I want to focus on, which is a pivotal
question in this area, is ‘‘What is IT R&D?’’—because IT itself has
evolved so tremendously in the last 30 to 40 years, and the R&D
associated with it has evolved right with it. For instance, initially
IT was just physical components. We were building hardware. We
were looking at the mathematical equations that could be used for
pulling data together and manipulating it. At the beginning, that
was IT R&D—physical components. And there’s still a lot of that
R&D work going on. As it evolved over time, IT R&D got into new
applications and the new infrastructures. This is where you started
spawning software and other applications like data bases. Once you
put it together with infrastructure, applications, design, and devel-
opment, what you have are all kinds of ramifications and potentials
that had never been thought of in the very early days.

So what I’ve provided in my written testimony is a template of
essentially four definitions of IT R&D. One is very narrow, which
is physical components. And another is quite broad, as it includes
information technology functionalities, information technology ap-
plications and infrastructure, and the capabilities enabled by infor-
mation technology. And since we are the data people, we wanted
to give you some hard numbers to grab on to. So what is the Fed-
eral Government spending in IT R&D?

If you take a narrow definition of IT R&D as physical compo-
nents, and run it through the RaDiUS data system, we come up
with the fact that there was about $1.5 billion of IT R&D. And this
is a very conservative estimate. This is for just the physical compo-
nents. If you broaden the definition to include everything, all four
aspects, again, very conservatively, it’s over $11 billion. That’s
about 12 percent of the Federal R&D budget. By the way, we are
only talking about the ‘‘Conduct of R&D’’ when we talk about this
information. Keep in mind that one of the biggest sources of confu-
sion when we talk about R&D numbers in the Federal Government
is often they include ‘‘R&D facilities’’ as well as ‘‘R&D equipment.’’
That doesn’t get you the ‘‘conduct of R&D.’’ So in RaDiUS we only
focus on the actual conduct of R&D work. That’s what these num-
bers are.

So you have a narrow definition and a broad one.
What we cannot tell you is whether this is valuable research. We

can tell you what it is and if it is meeting objectives of the Federal
agencies. We can give you information on it. We can tell you what’s
going on. Let me give you a hint about some of this. Keep in mind,
the major agency doing R&D in IT is DOD by far. In the narrow
definition, the No. 2 agency is DOE. In the broad definition, it’s
HHS. You have all kinds of players here. NASA is a major player.
You have NSF, and the Department of Agriculture. Every part of
the Federal R&D community is working somehow in IT-related ac-
tivities.

Let me give you a little idea of who is doing what.
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Mr. PUTNAM. If you would, if you could summarize it. We have
a vote at 3:15, and I want to get through testimony before they
ring the bells.

Dr. FOSSUM. OK. You’ve got it. I will just submit this to the
record. But let’s suffice it to say that people are working at DOD
on everything from dealing with strike aircraft to virtual battle-
fields. At HHS, they are doing R&D on wireless EKG chips. They
are doing all kinds of R&D all over the government dealing with
IT. And we are here as the tool that can tell you what’s going on
where and help to better coordinate it. Thank you so much.

[The prepared statement of Dr. Fossum follows:]
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Mr. PUTNAM. Thank you very much.
Our next witness is Dr. Edward Lazowska. Dr. Lazowska is pro-

fessor and Chair of the Department of Computer Science and engi-
neering at the University of Washington. He received his Ph.D.
from the University of Toronto in 1977. He has been at the Univer-
sity of Washington since that time. His research concerns the de-
sign and analysis of distributed and parallel computer systems. He
is a member of the NSF, CISE advisory committee, Chair of the
Computing Research Association, and member of DARPA ISAT,
and a member of the technical advisory board for Microsoft re-
search.

He is a member of the NRC’s computer, science, and telecom
board, and served on the CSTB committee that produced evolving
the high performance computing and communications initiative to
support the Nation’s information infrastructure. He is a member of
the National Academy of Engineering and a fellow of the ACM and
of the high Triple E. He is a leader in the Learning Federation, a
group that is concerned with using information technology to im-
prove learning at the college level. Welcome to the subcommittee.
You are recognized for 5 minutes. I would ask all of you to please
hold tight on the 5, because there will be a vote at 3:15. Thank you.

Dr. LAZOWSKA. Thank you very much, Mr. Putnam, and the
other members of your subcommittee. It is a pleasure to be here
to testify today.

As you said in your introductory remarks, much of the gains in
productivity in the U.S. economy over the past decade, the really
unprecedented gains throughout the 1990’s, have been shown to be
due to efficiencies produced through information technology. And
IT and its advances are driving advances in all fields of science and
engineering. So what your subcommittee is asking is, how does
that happen? And the abstract answer is it’s a complex ecosystem
that involves companies and universities and the Federal Govern-
ment. It’s been working for 50 years. The United States is the
world leader in innovation in information technology today because
of some formula that none of us can quite get our hands around
but that fundamentally seems to work. So it has been a 50-year
story of success.

Every aspect of IT that we rely on today, every billion dollar sub-
industry, traces part of its origins to the federally funded univer-
sity-based research program. You have a two-page handout of my
remarks today. And on the second page is a little eye testing graph,
which I won’t try to describe to you now, but this is from a Na-
tional Academy study that Dr. Nelson referred to. And what it
shows is two dozen different billion dollar subcategories of the IT
industry. And for each one, it shows the complimentary roles of
university research funded by the Federal Government, industrial
R&D, and product development, becoming a billion dollar industry.

So the interplays are very complex, and there have been authori-
tative studies of this. But the key thing for you to understand is
the role that the Federal research program has played in all of
these technologies.

I am fond of saying if you want to do E-commerce, you have to
have a Internet, you’ve got to have Web browsers, you’ve got to
have high performance data base systems, graphical user inter-
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faces, public key cryptography for secure credit card transactions.
All of those are results of the federally sponsored research pro-
gram.

In planning policy—and a point that Dr. Freeman made very
clearly—it is important not to confuse industry R&D with research
that’s looking 5 or 10 or 15 years out. And here is just a concrete
example. I’m on the technical advisory board for Microsoft Re-
search. Microsoft advertises that it will spend $6.8 billion on R&D
this year. OK. Of that $6.8 billion, only a couple hundred million
is Microsoft Research, the organization that I advise.

$6.6 billion is engineering the next release of Word and Excel
and Power Point and Windows. This is really important. But that’s
done by taking ideas out of the R&D larder and putting them into
products. It’s engineering the next generation of the product.

Now, it sounds like I’m castigating Microsoft, but I’m not. In fact,
on the contrary, Microsoft invests about 5 percent of its R&D budg-
et in activities looking out five or 10 or 15 years. Dell, Oracle, Cisco
invest essentially nothing looking more than one product cycle out.
HP has a representative on this panel and HP does look more than
one product cycle out in a style not unlike Microsoft. So does Intel.
But many of the major IT companies don’t look more than one
product cycle out at all. And that’s what defines our future, what
makes sure that we are going to be a leader 5 and 10 and 15 years
out.

You heard from Dr. Freeman that another important characteris-
tic of the Federal research program is that it produces people. A
second graph on my handout is the Department of Commerce work
force projections for the next 10 years for various fields of science
and engineering. And what it shows is a huge work force gap in
information technology compared to any other field of science and
engineering.

The Department of Commerce projects that more than three
quarters of all the jobs that will have to be filled in all of science
and engineering in the next 10 years are IT jobs.

Recent increases in support for IT research have been important
but have fallen far short of the levels recommended by the Presi-
dent’s Information Technology Advisory Committee. Mr. Clay ob-
served a disconnect in funding choices made by agencies. The third
graph in my materials shows the increase in the government sup-
ported R&D budget over the past 30 years. And you see that the
vast majority of that is increases in the National Institutes of
Health. Every other field is essentially flatlined, although IT R&D
has doubled over that period, you can’t see the increase on a scale
that includes health and human services.

My response to your question asked of another witness about
HHS IT R&D is that largely what they do is take innovations that
DARPA and the National Science Foundation have funded and
apply them to biomedical problems, as opposed to investing in fun-
damental IT research. There are exceptions, you will hear about
the NIH bioinformatics program, but that’s a few tens of millions
of dollars new this year out of a $30-plus billion budget.

So one other point that I would make is there are, as you heard,
13 or more Federal agencies investing in IT R&D. I think if you
look at the history of innovation, it is NSF and DARPA, with work
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from Energy in high performance computing, that have driven the
lion’s share of the innovations.

A couple more points and then I will conclude. The research com-
munity has concerns with the low level of funding for the NSF
Computer and Information Science and Engineering directorate.
That budget has gone up in recent years, but the research budget
there is still only a bit more than $400 million. We have concerns
about——

Mr. PUTNAM. If you could bring it in for a landing, please, sir.
Dr. LAZOWSKA. Sure. We have concerns about DHS’s failure to

invest in cyber security R&D. DHS began a year ago with a new
$800 million research budget and proposed allocating $7 million of
that to cyber security. That is simply a failure to understand the
threat posed by cyber terrorism. And it’s not that E-Bay goes down
so you and I can’t buy stuff; it is that computers are in the control
loop of every element of the Nation’s critical infrastructure. So if
you want to attack the electric power grid, you go after the control
systems. So it’s a serious issue.

Summary. The track record is clear, the Federal R&D invest-
ment has stimulated America’s world leadership, our economic
boom, our boom in all science and engineering. Current levels of
Federal investment in IT R&D continue to be dangerously low.
Thank you.

[The prepared statement of Dr. Lazowska follows:]
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Mr. PUTNAM. Thank you very much. You all are really opening
up some fascinating pieces for us to explore on questioning.

Our next witness is Dr. William L. Scherlis. Dr. Scherlis is a pro-
fessor in the school of computer science at Carnegie Mellon and a
member of CMU’s International Software Research Institute. He is
the founding director of CMU’s Ph.D. program in software engi-
neering. He is principle investigator of the 5-year high dependabil-
ity computing project with NASA in which CMU leads the collabo-
ration with five universities to help NASA address long-term soft-
ware dependability.

His research relates to software assurance, software evolution,
and technology to support software teams. He first joined the CMU
faculty in 1980, after completing a Ph.D. in computer science at
Stanford University and an A.B. at Harvard. He interrupted his ca-
reer at CMU to serve at DARPA for 6 years, departing in 1993, as
senior executive responsible for coordination of software research.
While at DARPA, he had responsibility for research in strategy and
computer security, high performance computing, information infra-
structure, and other topics that we would be shot if we disclosed.
He has served as program chair for a number of technical con-
ferences including the ACM Foundations of Software Engineering
Symposium, and he has more than 70 scientific publications. Wel-
come to the subcommittee. You are recognized.

Dr. SCHERLIS. Thank you very much. Mr. Chairman and mem-
bers, I appreciate the opportunity to appear today to discuss R&D
for information technology. I’m going to make the case to you that
strategic Federal IT R&D is now more important than before, and
that we need proactive leadership to move it forward. We rely on
IT systems pervasively in our economy for national security, for
health care, and for the operations and safety of our infrastructure.
The industry and research community have made rapid progress in
the capability, performance, and interconnection of IT systems. But
despite this rapid progress, software and IT generally remain im-
mature as engineering disciplines. We continue to struggle with
quality challenges related to cyber security and software depend-
ability. We do not yet know how to achieve high levels of quality
in critical systems without huge sacrifices in capability and flexibil-
ity and huge costs to test and inspect.

For both cyber security and software dependability we are not in
a good state. In cyber security, our stop gaps of firewalls, spam fil-
ters, intrusion detection and the like are not slowing the growth in
exploits and vulnerabilities. This is a chart from the CERT that in-
dicates the number of incidents that have been reported year over
year. We are not succeeding in evaluation and validation. The
Common Criteria ISO 15408, for example, does not yield guaran-
tees regarding an absence of malicious code. In software depend-
ability, we cannot in general make strong promises on the basis of
testing and inspection. The coverage is not good enough. We sup-
plement this by looking at how the code was developed and who
did it. But these are poor proxies. We cannot, in general, fully
evaluate software artifacts directly. Even when we can see every
line of code, we cannot make promises about the systems we build.

It is tempting to conclude that this bad state is intrinsic to IT;
that things are the way they will be—for example, that because we
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get e-mail, we will also get huge volumes of spam. Or, that we are
at a plateau—the pace of innovation is slowing down, the 1990’s
are over. Or, that the sheer mass of the deployed base will inhibit
any fundamental change—can we switch the entire country over to
drive on the left-hand side of the road?

These conclusions are counter to the historical truth of IT for the
past 40 years. There has been a constant technology revolution
under the hood in operating systems, data bases, client server ar-
chitectures, networking, languages, and so on. The research com-
munity, the successful IT companies and their customers all know
how to handle this pace of change because they have been doing
it for so long. In many areas, it is happening right now. But not
in the most critical areas related to quality. We are almost compla-
cent with our extreme vulnerability.

However, there is reason to hope for the future. There are prom-
ising research results in the pipeline that bear on these major chal-
lenges. For example, more secure network protocols and services.
Improved identity and authorization management. Techniques for
the direct evaluation of software. Securable architectures for resil-
ient designs.

Given this, it’s tempting to think that with the large R&D budg-
ets the IT industry will take care of this and the government can
step back. And this is wrong. Part of that historical truth of the
past 40 years is that the Federal Government has consistently been
an active player and leader in that process. And I’m going to give
you four reasons why, and these reasons have to do with why in-
dustry does not in general look beyond more than one or two prod-
uct cycles out.

First, many of the most significant research results that bear on
IT quality are nonappropriable. That means that their value dif-
fuses rapidly across the market. It cannot be retained, it becomes
a public good. Only government is going to sponsor this work. Bill
Gates, for example, talks about a tool that is now used to reduce
the frequency of blue screens. This tool is based on technologies
that were developed a decade ago by my university colleagues and
sponsored by NSF and DARPA: binary decision diagrams and
model checking.

Second, the early definition of standards has a particularly sig-
nificant role in IT. This is the so-called prenormative work most
vividly illustrated by the role of the IETF in the early days of the
Internet and the role of the W3C more recently. The world of E-
commerce is held together by standards such as TCP, IP, XML,
HTTP, and so on.

Third, government is a major IT consumer. It needs to collabo-
rate with its entire simply chain, just like the auto industry. Long
ago, DARPA exerted profound influence on networking and operat-
ing systems and processor design to create an amazingly scalable
foundation for network centric warfare and modern command and
control generally. It worked directly with the vendors, the
innovators, and the researchers throughout the DOD supply chain.

And, four, the main input to the IT food chain is university re-
search and education. Without the people and expertise and the in-
novative attitude, we have nothing.
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There is another reason. IT innovation leadership is pivotal to
the future of our country. I’m here from Pittsburgh. We can argue
about the strategic necessity of leadership in steel or in consumer
electronics, but IT innovation leadership is different. We cannot
give it up. It’s a driver of productivity, as Alan Greenspan has
noted. It is a principal force multiplier in defense. And, perhaps
most importantly, we still see no bounds on the potential for creat-
ing new value, new kinds of capability and cognitive powers. The
frontier of innovation will continue to exist well beyond the frontier
of commoditization. It will be our future for a long time.

My conclusion is that we need proactive Federal R&D leadership.
We need both basic science and mission motivated Federal R&D in
order to retain our leadership position and to address the new chal-
lenges that we face. In the public private partnerships—the col-
laborations of industry, academia, and government—the govern-
ment must be a full partner. I appreciate the opportunity to appear
today.

Mr. PUTNAM. Thank you very much. I appreciate it, Dr. Scherlis.
[The prepared statement of Dr. Scherlis follows:]
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Mr. PUTNAM. Dr. Squires, you are going to have a few moments
to collect your thoughts to defend HP’s honor with regard to your
R&D budgeting. We are going to recess for a moment while we go
have one vote. It should be a fairly brief recess, and we will return
shortly. So everybody sit tight, enjoy your orange juice. And the
subcommittee will stand in recess.

[Recess.]
Mr. PUTNAM. The subcommittee will reconvene. I apologize for

the delay.
Our final witness for this panel is Dr. Stephen Squires. Dr.

Squires is the chief science officer and vice president at Hewlett-
Packard. He is also a Special Government Employee Expert Con-
sultant for the Department of Defense through the Defense Ad-
vanced Research Projects Agency [DARPA]. In that role he is a
member of the Intelligence Science Board and also served on the
Defense Science Task Force on Defense Roles and Missions for
Homeland Security and other special working groups. Previously,
he worked for NSA for 15 years on IT systems.

We look forward to your testimony. You are recognized, Dr.
Squires.

Dr. SQUIRES. Thank you for inviting me to testify. I consider it
an honor and a privilege to be here to discuss these critical issues.

I want to focus on one main issue which was in the letter that
invited me, and that issue is how the investments serve to protect
this Nation and position the United States as a leader in the infor-
mation technology arena.

My answer to this critical question is based upon my understand-
ing of the history of IT, my own direct experience and expertise in
the most advanced research and development application programs
focused on the most challenging problems facing the Nation, and
my own vision of the future.

The best way I can think of starting is to reference a paper titled
‘‘As We May Think’’ by Vannevar Bush in July 1945. It was written
in his role as Director of the Office of Scientific Research and De-
velopment, coordinating activities of some 6,000 leading American
scientists in the application of science to warfare. You should actu-
ally take a look at this article. It presents an extraordinary vision
filled with all kinds of interesting examples, including one example
called the ‘‘memex,’’ which is essentially the Internet with a web
of linked objects.

The history of information technology is dominated by fundamen-
tal devices from the invention of the transistor, the integrated cir-
cuit, and the microprocessor, along with many other devices for the
past 50 years and an extraordinary collection of systems developed
through multiple layers of modules, structures, and massive
amounts of software to support a wide range of applications.

Information technology has become increasingly pervasive. It is
hard to imagine life without it. Our national defense, homeland se-
curity, depend on it, in addition to our critical infrastructure, the
economy, and the future of science and technology.

IT industry and its applications have become a multitrillion dol-
lar sector of the global economy that is recognized as enabling a
new global dynamic. Information technology as generally viewed
today appears to be a commodity, but it is not. The larger IT com-
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panies claim to have multibillion dollar R&D programs, which they
do. But it is also very important to understand the operating point
and the time horizon of those programs.

It is natural for many people familiar with normal technologies
to believe that there has been more than enough U.S. investment
in the future of information technology and enough is enough. Let
me say now in the strongest possible terms that I believe that such
a belief is fundamentally misguided and in my opinion dangerous.

The entire field has been through multiple revolutions and ex-
traordinary advances that have been made across a wide range of
science and technology areas. But with all of these advances and
all of this investment in the past 50 years, we are really only at
the beginning of a much longer process.

As the limits of what have become conventional integrated cir-
cuits are reached, new technologies with its revolutionary implica-
tions are emerging at the atomic scale in the form of nano-tech-
nologies. New nano-devices can be integrated into new kinds of
things such as new kinds of nano-integrated circuits with extraor-
dinary properties, and properties that go beyond just computing to
include new kinds of storage, sensors, effectors, and new ways to
act with the physical world, including biological.

The advances in these new devices will enable new kinds of mod-
ules, new kinds of units of replication, and present new challenges,
challenges which simply will not be overcome by conventional in-
dustrial R&D. These, the new kinds of systems which we can imag-
ine happening and emerging over the next 50 years, or even the
next 10 or 20 years, will be far more dramatic than anything we
have seen in the last 50.

Let me just give you some examples of the role of information
technology that go beyond normal market trends: The role of infor-
mation technology in things like critical infrastructure of the coun-
try, in science and technology itself, in national defense, homeland
security, trusted information sharing, protecting individual privacy,
and the most important of all, protecting the future of civilization.

Let me briefly sketch four alternative futures. I’m just going to
call them red, orange, yellow, green in the context of an idealistic
vision, blue.

Red is essentially pre-Internet technology.
Orange is essentially an attempt to extend the red to cope with

the emerging Internet revolution.
Yellow is essentially an attempt to apply commercial Internet

technology to the challenges of the Internet.
And green is essentially the development of fundamentally more

advanced technology than commercial Internet technology for the
purpose of achieving strategic advantage. Such systems have more
advanced cybersecurity than the commercial Internet.

And then all of this is set in the context of blue, which is an
idealistic vision of the future which I call ‘‘intrinsic trust’’ and that
is the essential distinguishing characteristic of the fundamental ad-
vance needed for the future of information systems themselves.

The most challenging problems provide insight needed to estab-
lish the most effective advanced research agendas. The ideal of
blue is essential to guide the advanced research agenda for green.
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Given its own market forces, the information technology system
will simply be stuck on the yellow brick road. The insights needed
to create effective advanced research agendas emerge from inter-
disciplinary interaction among science, business, homeland security
and national defense. The interactions are more critical because
the need for public-private systems to interoperate over a wide
range of modes are all dependent upon critical and pervasive inter-
operable information systems capable of trusted information shar-
ing while protecting privacy.

I believe it is essential that the U.S. Government continue to in-
vest in advanced research and information technology focused on
protecting this Nation and ensuring that the United States contin-
ues to be the world leader in information technology. The future
leadership depends upon continuing advances in science and tech-
nology at a time when information technology itself is not only be-
coming critical and pervasive but itself going through its own re-
invention process.

Mr. PUTNAM. Does that conclude your remarks?
Dr. SQUIRES. Yes.
Mr. PUTNAM. Thank you very much, and I apologize for making

you wait.
[The prepared statement of Dr. Squires follows:]
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Mr. PUTNAM. We will begin with the questions; and I will begin
with you, Dr. Squires.

Given that there will always be a finite amount of money avail-
able for Federal research and development, are we prioritizing the
use of that funding in the most efficient manner?

Dr. SQUIRES. I don’t think efficiency is the way to think of it. If
you try to optimize the systems so that there is minimum duplica-
tion and maximum efficiency, you are very likely to lose the most
interesting and innovative system that the world will see. It is all
right for the innovation process of the national R&D agenda to be
slightly loose and informal. You always need the flexibility for a
bright young mind to come up with a new idea without having to
go through a long-drawn-out proposal process. Start soon.

The other thing is I think that there’s a general structure that
I’ve found that is useful in trying to set research agendas and that
is to focus on the fundamental technology trends, understand their
fundamental limits, and when you begin to identify a limit, look as
hard as you can for effective alternatives. If you take a look at
every major advance in information technology, you discover that
it is a result of that process.

Mr. PUTNAM. As someone who transcends the public and private
sector, is there adequate collaboration between the two?

Dr. SQUIRES. There is a lot of collaboration, but I don’t think it’s
adequate, and I will give you the main barriers. I think that the
mechanisms in place for setting agendas and for holding full and
open competitions and for negotiating the actual agreements takes
too long. It is way too burdensome and actually tends to be a dis-
incentive to people and individuals and universities and companies,
my own personal opinion, working in that way.

The phrase that I sometimes use in discussions like this, and I
say our adversaries do not have the advantage of our procurement
system.

Mr. PUTNAM. Dr. Fossum, do small startups and smaller univer-
sities with less well-established research relationships with the
Federal Government, startup companies that have a great idea
born in a garage, do they receive adequate attention, adequate op-
portunity to compete with the big, well-established companies that
are out there?

Dr. FOSSUM. In theory, yes. Is it a level playing field on paper?
Yes. But there’s an awful lot of networking, connections, and expe-
rience that go into knowing how you actually successfully get a
grant proposal through and how you actually go through a procure-
ment and become a participating competitor, so to speak. I think
it is a very large threshold for some to get across.

Actually, when you mention universities, there are over 1,800 4-
year accredited colleges and universities and professional schools in
this country, and only 80 of them receive 71 percent of the Federal
funds for R&D. It shows you the concentration of these funds. It
is an enormously concentrated world.

Mr. PUTNAM. Dr. Lazowska, is that a concern, the concentration?
Dr. LAZOWSKA. I think equity and distribution and participation

is always a concern. But I think the numbers that were just cited
need to be interpreted in light of the fact that many of those 1,800
4-year schools do not purport to have a research program. They are
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purely educational institutions. So we need to make sure that re-
search funds are equitably distributed to those best positioned to
carry out the work. And I think Federal agencies do a reasonable
job of that. There are also programs that ensure adequate research
funding to States that don’t have perhaps a full complement of re-
search institutions.

In terms of prioritization, I would just remark that the PITAC
committee in 1999 did a fairly thorough analysis and concluded
that the Federal investment in IT R&D, compared to other fields,
was dangerously inadequate; and they proposed a ramp-up which
has not been nearly met. In fact, as Mr. Clay pointed out, the
NITRD funding will actually decrease in the proposed budget. So
I think many Members of Congress are coming to the conclusion
that the Federal R&D portfolio has become unbalanced. Perhaps
that doesn’t mean we’re investing too much in some areas, but it
means we’re investing too little in others, and you have identified
a number of them today.

Mr. PUTNAM. The imbalance being toward the biological science
and CDC, health?

Dr. LAZOWSKA. I would say the imbalance is against information
technology. If you look at the role IT plays in national security, in
advancing the sciences, in driving our economy, we are investing
a relatively tiny amount of Federal money in creating the next gen-
eration of advances.

Mr. PUTNAM. Dr. Scherlis, do you have anything would you like
to add going to this?

Dr. SCHERLIS. I guess I would.
Your first question to Dr. Squires was concerning prioritization

within the R&D portfolio, and I think it’s worth clarifying a little
bit from the outside my understanding of the NITRD process. It is
not a top-down process. It involves a combination of vision and mis-
sion. The mission agencies who are collaborators within the NITRD
process identify their needs and priorities on an agency mission
basis. This is combined with input from the research community,
who drive the process on the basis of their invention and imagina-
tion and desire to explore. It’s the juxtaposition of those two things
that really creates the innovative magic that several of my col-
leagues have spoken of earlier in this hearing.

Mr. PUTNAM. Is the allocation of R&D skewed too heavily to de-
fense and defense-related research? Dr. Scherlis?

Dr. SCHERLIS. Actually, it’s interesting, the history of IT in this
country has a history that’s really largely been driven by a com-
bination of Defense and the National Science Foundation. It is a
combination of those two organizations. And it has been interesting
growing up in IT to see that IT researchers and scholars have
adopted defense metaphors. They speak in terms of survivability
and command and control. DOD has had a profound influence; and,
as a consequence of that, the mission needs of defense have been
very well met through the research community.

This has worked well because of the very farsighted, broad atti-
tude of the DOD basic science investors, those who invest 6–1 and
6–2 funds in the R&D world. It’s the supply chain management
story. They work throughout the supply chain, not just with the
prime contractors and the systems integrators but with the vendors
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and the innovators and the inventors who feed that supply chain.
They do it in a way that provides value well beyond the defense
mission. There is a leverage in that story. The leverage is that
DOD is able to buy off-the-shelf components and systems that they
can apply directly in their mission. We have pervasive applications,
spreadsheets, word processors, operating systems; and these are in-
creasingly incorporated as components into systems. They are per-
vasive not just in our offices and homes but also in our national
infrastructure and critical national security systems. So what has
happened is that the pervasive systems have become critical. This
is an inevitable and positive outcome. It’s the nature of IT that we
have come to this point. It makes these problems, in some ways,
much more significant and challenging.

Mr. PUTNAM. Dr. Fossum.
Dr. FOSSUM. I think one of the questions that you raise is about

what is defense R&D. We don’t really know how to divide R&D.
R&D doesn’t know a home agency or a discipline. It can go across
all kinds of areas. Let me give you an example.

I happened to be at the Army 1 day talking to a gentleman there
whom I literally asked ‘‘What is your major technology challenge?’’
And he said they needed a ‘‘miniature, long-life, anticorrosive fuel
cell’’ to put in every piece of equipment they deployed in the field.
And we put in the term RaDiUS—‘‘fuel cell’’ into RaDiUS and got
hits in six or seven different agencies including NIH. We shortly
were looking at an actual description of ‘‘miniature, long-life,
anticorrosive fuel cell’’ research at NIH for the artificial heart. That
is why it is very hard to talk in terms of ‘‘health’’ research versus
‘‘defense’’ research. R&D doesn’t know boundaries like that. Discov-
ery doesn’t recognize those boundaries.

Mr. PUTNAM. Dr. Squires.
Dr. SQUIRES. One thing I’d like to add to what Dr. Scherlis men-

tioned is the fact that throughout the history of advanced research
in science and technology leading to advanced products there’s a
pattern that having people able to understand and focused on the
hardest problems of the time with the resources and flexibility to
solve those problems is what leads to great invention. You don’t
make great advances by looking at the easy problem. You don’t
make great advances by doing what everybody else is doing. You
make great advances by going beyond what you normally can think
of doing and trying to invest the future.

It turns out that because of the nature of the American system,
the American economy, the role of defense in the United States and
around the world, the defense and national security system, the
homeland security system of the country has among the most chal-
lenging problems for information technology and science. It’s just
a fact, and that is a tremendous source of insight and motivation,
and the people who make the investments and set up the research
agendas normally do it in such a way that the technologies are as
much as possible dual use. Because it doesn’t do you much good to
have an advanced technology if you can’t afford it. So it’s a very
subtle, complicated and important relationship between the public
sector, the private sector, the civil agencies in the government, the
National Security Agencies, and the government how that works in
the community.
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Mr. PUTNAM. Clearly, it is an important role for defense to play
in research; and it’s allowed us to be on the cutting edge. Frankly,
it is something to be very proud of. But it’s just interesting to think
about the breadth of research that occurs in the name of defense,
whether it is an MRE in food preservation or it is training a dol-
phin to go seek out a mine and everything in between that leads
us to things like the Internet, things like GPS that are now in
every brand-new suburban sold and all of these other things.

Dr. Scherlis.
Dr. SCHERLIS. One of the reasons why it is important to focus on

mission R&D is that the needs of Federal agencies often anticipate
the market in terms of their demands for capability and quality.
In areas where they follow the marketplace they should generally
follow the marketplace with respect to acquisition as well. But in
IT, the history has always been that many mission agencies, not
just the DOD but the Department of Energy, NASA, other agen-
cies, have needs that, frankly, go beyond the needs that are evident
in the marketplace at any given moment. When they invest in a
dual-use fashion, they get this tremendous impact from the invest-
ment because it creates an economic stimulus as well as a response
to the agency needs. That actually pays off for the mission agen-
cies. It’s an important and sometimes essential payoff for those
agencies.

Dr. LAZOWSKA. I’d just add one other fact to this, and that is the
track record over many decades is that it takes about 15 years from
the invention of an idea to when it’s exploited in a billion dollar
industry. OK? So what that means in some sense there is no such
thing as just-in-time research if you are a commercial enterprise.
Companies cannot afford to be investing in innovation that is not
going to pay off for 10 or 15 years. I’m a shareholder, and you are
a shareholder, and that is not the way we make investment deci-
sions.

That speaks to the role of the Federal Government and the Fed-
eral agencies because the mission of the Federal agencies require
these advanced technologies. They support the innovation which in
many times makes its way into the private sector, but it is many
years later, and that is why the Federal Government has such an
important role.

Dr. SCHERLIS. Forgive me for prolonging the discussion, but I
have to add one more point. Mission agencies enjoy another advan-
tage, which is that they can afford to be farsighted. They don’t
have to make a quarter-by-quarter ROI case for every research in-
vestment they make. They can anticipate their needs through a
planning process, and they can respond to these needs through
their R&D mechanisms. And that, combined with the fact that they
don’t need to explicitly appropriate the value that they create
through that R&D investment, creates a tremendous synergy that
allows them to be much more aggressive and to get more leverage
for their funding.

If you look at the level of DARPA funding over these many years
as compared with R&D funding in any one of the major IT compa-
nies, it is relatively low. But DOD gets enormous impact for that
investment because they are investing in a leveraged way. They
are applying this supply chain management trick of investing
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where they see they can get the maximum impact for that invest-
ment in the long run.

Mr. PUTNAM. Are we still the cutting-edge Nation for basic re-
search?

Dr. LAZOWSKA. There have been many claims in recent years
that we are losing that edge, and the concern of PITAC has been
that we are losing that edge in information technology because the
level of investment has not kept pace with the opportunities of the
field and the increasing demands on the field. So I think there is
reason for concern, but it’s very difficult to measure.

For example, there was something in the papers a few months
ago talking about the number of physics publications in Europe
and Japan versus North America. I think we have to expect that
the rest of the world is going to start contributing at a level com-
parable to what we’re contributing. I urge to you think about the
areas in which this Nation cannot afford not to be the world leader,
and I would assert that information technology is one of those
areas. We cannot afford not to be the world leader in information
technology, because it drives everything else. It drives every other
field of science, every other field of engineering. It drives the econ-
omy. It drives defense and security. We can’t afford to fail to be the
world leader in this one field.

Mr. PUTNAM. Give me another field that we can’t afford not to
be the world leader in.

Dr. LAZOWSKA. You will have to convene another panel, sorry.
Mr. PUTNAM. If I had CDC, would they say we couldn’t afford not

to be the world leader in gnomics and biotechnology and——
Dr. LAZOWSKA. I firmly believe that 30 years ago I stumbled into

the field that underpins all other fields, OK? So I firmly believe
that this field is No. 1 in terms of the leverage that it offers.

Dr. Scherlis is talking about leverage, and this is a field that of-
fers enormous leverage in all other fields. You can’t do advances in
the biomedical sciences these days or in health care delivery with-
out advances in information technology. You know, astronomy is
digital imaging and data mining of the images.

Mr. PUTNAM. You are not supposed to say data mining anymore.
Ask these DARPA guys.

Dr. Squires.
Dr. SQUIRES. Don’t ask me that question.
I think next on my list is, obviously, nano-technology, because of

its fundamental implications. But simply investing in nano-tech-
nology without the context of its transforming effect on all of infor-
mation technology and all other science would be a mistake. As I
said in my testimony, as extraordinary as the advances have been
in the last 50 years, they were enabled by a relatively small num-
ber of fundamental device inventions and a massive number of sys-
tems structures and a massive number of software technologies;
and what we have today, as wonderful as it is from my sort of per-
spective of the future, is a really very small scale prototype of what
it could really be 50 years from now.

Mr. PUTNAM. In the green world or the blue world?
Dr. SQUIRES. Yes, the blue curve. My blue sky vision says we

need to be in this world of the green, and we need to get off the
yellow brick road. The rest of the world has seen what the U.S.
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process of invention and innovation has done. We need to get on
the new curve. Otherwise, what is the risk of having some other
part of the global community decide to get on the green curve?

Mr. PUTNAM. It is a tremendous risk. But I mean, in 1985, we
were all being told to go on to speak Japanese and that the Japa-
nese were buying up the whole Nation and they owned the motion
picture studios. And because they owned the motion picture stu-
dios, it was the end of America as we knew it.

We go through these periods, and I am not in any way arguing
with a distinguished group like yourself that it is not important for
us to continue to be the world leader in IT. I am just trying to play
devil’s advocate here.

Dr. SCHERLIS. I made a point in my testimony about the neces-
sity of IT innovation and leadership as compared with other engi-
neering disciplines. The issue is where, globally, is the focus of in-
novation and how important is it to have that focus of innovation.
The reason that IT is interesting, as compared with other building
materials—we can think of software as a kind of building mate-
rial—is that other building materials can only scale up so much.
You can only build a building that is so tall before various laws of
physics start to impede our ability to build it taller. With software,
we don’t see any such natural limits.

The Windows operating system I believe is now 50 million lines
of code. Who contemplated 50 million lines of code even 20 years
ago? Impossible. And there is no reason why we can’t go from 50
million to 50 billion and to create systems of tremendous cognitive
power, for example, that can translate languages or be autonomous
robots or cars that can drive themselves. There are many such vi-
sions.

My point is that these are no physical limits in the world of IT
that impede us from addressing those aggressive visions directly.
And in fact, as Steve Squires just said, let’s focus on the hardest
problems. What’s interesting, in fact, is that partly is what DARPA
is doing right now. They are focusing on the hard problems of cog-
nition and how to build smart systems that can learn. That is a
very good topic.

But we also need to be focusing on the bread and butter issues
of how can we make promises about the systems that we build,
how can we make dependable systems and secure systems? These
are hard problems, and these are the impediments to scaling up.

Mr. PUTNAM. You said earlier there are absolutely no bounds for
innovation to IT.

Dr. SCHERLIS. No physical bounds. There are only intellectual
bounds.

Mr. PUTNAM. Does anyone disagree with that? Anyone wish to
add to that?

So how do you jump off the yellow brick road, Dr. Squires? Is it,
as Dr. Freeman said, education, turning out more engineering and
computer scientists and graduate degrees that are home grown?
What is the trick to maintaining our leadership role in IT?

Dr. SQUIRES. I think it is important to have an effective frame-
work for thinking about these future worlds that go beyond just the
nano-devices and beyond just the applications so that you are actu-
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ally able to effectively organize the different disciplines to work
with each other.

My favorite one, which I wrote a little bit about in the testimony,
has five major layers from the bottom up: devices, modules, struc-
tures, virtualizations, and applications. Each of these is a major
discipline in itself which works with all the other disciplines; and
the most important thing is to look in, pick your favorite frame-
work—that’s my favorite one—and try to understand what the fun-
damental trends and limits are.

So, for example, in devices, the fundamental trends and limits at
the device level, these are actually running out of the ability to
build integrated circuit technology with increasing performance
and cost-effectiveness as we do it today. It costs billions of dollars
to build the next VLSI product. You can save hundreds—many or-
ders of magnitude when we transition to nano-scale self-organizing
technologies. That may be 5 years before we get the first devices,
but we certainly need the first new devices in that area.

Assuming that you can do that, you have to think what are the
new modules, units of replication, which, if we could have that new
manufacturing capability, would we choose to have? If you had
that, then what would be the new virtualizations, what would be
the new system structures, and what would be the new applica-
tions?

The interesting thing is what has happened is the transistor was
invented and all the kinds of wonderful things happened after that.
What we learned is that having multiple layers of the system work
in parallel is way better than having them work in series. So if you
have the basic and applied sciences working across the full range,
from devices to applications through those intermediate levels,
working on always the most important problems so the feedback
would be not just produce the papers, produce real stuff, real sys-
tem prototypes, real prototype products, real products which early
adopters can use sooner rather than later and get the feedback to
the system, you have the potential to bring the future into reality
sooner rather than later.

So I view this whole investment strategy as a kind of time ma-
chine. What you are actually doing with Federal R&D investment
is getting an earlier view of the future than anybody else can, Get-
ting it in the minds of the best scientists and engineers and
businesspeople in the country and making it available to the
United States and all the people of earth sooner rather than later.
And doing one more thing: Through the American system, provid-
ing the incentives so it is used for good, as opposed to used for
something else. So I can’t imagine life without being on the fron-
tier.

Mr. PUTNAM. Dr. Lazowska.
Dr. LAZOWSKA. I think the simple answer to your question is

‘‘support IT R&D by Federal agencies at the level that the Presi-
dent’s Information Technology Advisory Committee recommended
in 1999.’’ What you see from this graph that I showed you earlier
is that we’re increasing Federal R&D overall. What you see from
this graph is that Federal R&D in information technology has flat-
lined. It has fallen far below the PITAC recommendation, and it
has flat-lined, and the good news is these are very small numbers.

VerDate 11-MAY-2000 11:23 Feb 11, 2005 Jkt 000000 PO 00000 Frm 00119 Fmt 6633 Sfmt 6633 D:\DOCS\97999.TXT HGOVREF1 PsN: HGOVREF1



116

We are talking about only hundreds of millions of dollars a year.
That is not an inconsequential amount of money, but on the scale
in which the Federal Government operates or the Federal R&D op-
erates, it is inconsequential.

Our government has failed to prioritize this field. Simple as that.
What you understand very well is the role that this field plays in
our economy and in all other fields.

Mr. PUTNAM. Dr. Fossum, anything to add?
Dr. FOSSUM. Just sort of a random thought that came by. I look

back at the history of some of the things that the U.S. Government
has done in R&D over the last 50 or 60 years, and what it took
to do it. We have a history of when something is a true priority
nationally of essentially having a major program or an incubator
on it. Go back and start with the Manhattan project and look at
the form they took. If IT R&D is very important to this Nation,
which I think we all agree it is, maybe we need to look at some
models that we used before, rather than rely on the current fund-
ing streams of the current agencies. Maybe we need to rethink how
better to pull the parts together.

Mr. PUTNAM. You raised a good point, and I have forgotten most
of what I learned in junior high and high school science. All of you
operate, as Dr. Squires put it, on the frontier. There is a great deal
of apprehension and concern about our inability to attract young
people into the math, science, and engineering fields; and yet as far
back as the Manhattan project we were pretty well co-opting the
world’s talent anyway. We were offering them freedom, a safe place
to live, work, raise their family, and have a future and apply their
brilliance to productive, hopefully peaceful things, although we
could certainly have a whole other hearing on that.

But how great a crisis is that? How big a threat is that? And how
much attention should we be paying to it? Is it a natural demo-
graphic occurrence that China will produce an annual increase of
more engineering degrees than the sum of all of our schools? Or is
it truly a crisis in American higher education? We’ll start with Pro-
fessor Lazowska.

Dr. LAZOWSKA. One thing I would say we should make sure that
our immigration policies are in line with the sorts of goals you have
articulated. That is, do we allow the best students from around the
world to come to the United States and get training? And do we
allow them to remain in the United States once trained? If they re-
turn to their home countries, do we use them as agents of inter-
national cooperation or perhaps are we closing our borders and pre-
venting these smartest minds from around the world from coming
to us and learning?

Mr. PUTNAM. Anyone else before we lose power?
Dr. SCHERLIS. I just want to say that it is a serious issue and

that many universities are struggling to develop strategies to at-
tract the very best students into these fields. In our programs, we
continue to get the very best students, but, in many other pro-
grams, there are challenges. We find, for example, that applications
from overseas have gone down considerably because of this friction
at the border.
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So, yes, this is definitely an issue. The most fundamental ele-
ment of our supply chain is the people who populate it, and I think
we need to take it up explicitly.

Mr. PUTNAM. Dr. Squires, you and Dr. Scherlis, y’all were both
recruited very early in your careers into government service and
research?

Dr. SQUIRES. I was, essentially as a freshman undergraduate.
Dr. SCHERLIS. I was on the faculty at Carnegie Mellon when I

was recruited.
Dr. SQUIRES. But I recruited him.
Dr. SCHERLIS. I thought it would be an easy desk job for a couple

of years, and I could write papers in my spare time. But seriously,
it was the most exciting and demanding thing I ever did. I stayed
much longer than the usual tenure, and I continue to strongly rec-
ommend service. You talked about this with the earlier panel. We
all feel the sense of possibility and opportunity to really do some-
thing significant for the Nation. There are many good reasons to
take this up.

Mr. PUTNAM. So high turnover is a fact of life in these fields? I
mean, you said you stayed longer than normal.

Dr. SCHERLIS. The IPA law, Interagency Personnel Act, allows a
maximum stay of 4 years for somebody rotating in from a univer-
sity or a State or local government. In fact, what I did was to stay
on the IPA for 4 years; and then I rejoined as a senior executive
government employee.

Typically, rotators from universities to NSF or DARPA or other
agencies will stay between 2 and 4 years and then return so that
they don’t lose continuity in their home institutions.

Dr. LAZOWSKA. I think it helps to be part of the research commu-
nity, to work with the research community. So both NSF and
DARPA have had great success with recruiting top members of the
research community into being office directors and program man-
agers for a period of time and then sending them back.

Mr. PUTNAM. Dr. Fossum, and then we’re going to wrap it up.
Dr. FOSSUM. DARPA and NSF are stellar examples of this.

That’s not the case as I can see with a place like NASA where IT
is very critical and where they have a large budget for R&D, but
they are not real good at R&D partnering because they tend to deal
more with contract-driven R&D, then grant-driven R&D. And the
world you are talking about is where universities can coordinate
with the Federal Government to cooperate and leverage the talent
at universities is a ‘‘grant driven’’ world for the most part. In that
world, you are talking about the ‘‘science program’’ at Department
of Energy. You are talking about NSF. You are talking about NIH.

So just like we have a problem with the substantive border—per-
haps we also need to take a look at how the R&D dollars move,
and also, where the laboratories in the Federal Government will
open their doors to various and sundry people. DARPA is world fa-
mous for this. World class. Maybe we need to use them as an ex-
ample to teach a few other parts of the Federal Government how
they might do that, too.

Mr. PUTNAM. You pushed a button.
Dr. Scherlis.
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Dr. SCHERLIS. Yes. I just want to present an alternative perspec-
tive about collaboration with NASA.

Dr. FOSSUM. Oh, they do some. No doubt.
Dr. SCHERLIS. I lead a project with NASA that involves Carnegie

Mellon and five other universities, MIT, University of Southern
California, University of Washington, University of Wisconsin, and
University of Maryland. And that project is structured as a cooper-
ative agreement which allows us to collaborate directly with NASA
mission managers, mission engineers, and intramural researchers.
We find that to be a very successful structure for collaboration.
And I also want to note that at DARPA, at least to my knowledge,
most of the relationships that they build with researchers at uni-
versities are framed as contracts or cooperative agreements. The
nature of the vehicle through which the collaboration is under-
taken, is I think, less important than the culture and horizon of the
sponsoring organization.

Mr. PUTNAM. Dr. Fossum’s total agreement is noted for the
record.

Dr. FOSSUM. Yes. I just wanted to make one point. And the only
point I was trying to make is that if you look at the proportion of,
for instance, cooperative agreements, which are the vehicle that
should be used, in some agencies, they haven’t learned how to use
them quite to the extent they might want to. NASA is an example
of such an agency.

Mr. PUTNAM. One of the things that I talk about in my Rotary
Club speeches is when you look at the success of the American
military and exponentially ahead of our competitors in a variety of
fields, it’s really because of the investments that the American peo-
ple have made with their hard-earned tax dollars for decades that
yields tremendous military prowess that then translates into the
commercial sector. And, you know, people don’t normally realize it
until they hear it that they are shareholders in the success that ul-
timately not only raises our living standards but saves lives.

Our society is not particularly good at recognizing and rewarding
smart people, and yet it’s the brilliant people in laboratories, in
universities and in the Federal Government that just do tremen-
dous things to make our lives easier, better, healthier, more pro-
ductive and worthwhile. And one of the side effects, the positive
side effects among many in the dot-com boom was that it kind of
made it OK to be smart again. Working hard and being smart and
attentive and paying attention to the sciences and math and com-
puters, would get you a billion dollars or more in the case of some
of them. And, hopefully we can find some way to tap into that gen-
eration of young people who have grown up seeing that and encour-
age them to continue to pursue their studies and academics and
make it OK to be smart again.

It’s been a pleasure having such a smart panel showing their
wisdom with us.

Before we adjourn, I want to just convey to you the subcommit-
tee’s deepest appreciation for your accommodating us and dealing
with the voting schedule. Your testimony is very important to our
better understanding of Federal R&D, and we appreciate you.
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In the event that there may be additional questions that we do
not have time for today, the record shall remain open for 2 weeks
for submitted questions and answers.

Thank you all very much. The subcommittee is adjourned.
[Whereupon, at 4:38 p.m., the subcommittee was adjourned.]
[Additional information submitted for the hearing record follows:]
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