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1 ICT R&D
1.1
NITRD: Networking and Information
Technology Research and Development ICT
R&D
4
1980 1991 8
6 2010 13
43 embedded defense
activities 2011
43 !
ICT R&D
234 ARRA American Recovery and Reinvestment
Act 2009 8 6,100
2008 2010 29 150

FY 2011 Networking and Information Technology Research and Development: Supplement to the

President’s Budget, National Coordination Office for Networking and Information Technology Research
and Development, February 2010

Analytical Perspectives, Budget of the United States Government, Fiscal Year 2011, Office of Management

and Budget, February 2011

3 Science and Technoloqy Priorities for the FY 2011 Budget, Executive Office of the President, August 2009

Statement of Dr. John P. Holdren, Director, Office of Science and Technology Policy to the Committee on

Science and Technology, United States House of Representatives, on Research and Development in the

President’s Fiscal Year 2011 Budget, February 24, 2010

FY 2010 Networking and Information Technology Research and Development: Supplement to the

President’s Budget, National Coordination Office for Networking and Information Technology Research

and Development, May 2009
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1 NITRD

1-1:1991 2011 NITRD

5000
4500 -
4000 -
3500 A
3000 A
2500 +
2000 A
1500 -
1000 A
500 +

O—/F—T—7—TT 7T T T T 7T T T T T T T T T

N D B DD
o N N SIS
NN N

$ (Millions)

Fiscal Year

: National Coordination Office for Networking and Information Technology.
2011 2009

American Recovery and Reinvestment Act 8 6,100

20 10

NITRD

® EY 2009 Networking and Information Technology Research and Development: Supplement to the

President’s Budget, National Coordination Office for Networking and Information Technology Research

and Development, February 2008
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1.

2008

Comprehensive National Cybersecurity Initiative '

3 1 NITRD
12 1 R&D
#4. R&D
R&D
R&D R&D
R&D

#8

" Comprehensive National Cybersecurity Initiative (Summary), Executive Office of the President, February

2010
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8

2. Cyberspace Policy Review
2009 2
3. 2009 National Cyber Leap Year Summit
2009 ° 2009 National Cyber Leap Year
Leap
Year

8 Cyberspace Policy Review: Assuring a Trusted and Resilient Information and Communications

Infrastructure, White House, May 2009

° National Cyber Leap Year Summit 2009: Co-Chairs’Report, Septerber 2009

Washington|CORE Page 4
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4, Networking and Information
Technology Workforce Study  *° PCAST
President’s Council of Advisors on Science and Technology 2009

NITRD 1 EU
NIT

Network and Information Technology

NIT
5. R&D
Harnessing the Power of Digital Data for Science and Society >  NITRD
NITRD
digital scientific data universe
ICT R&D

10" Networking and Information Technology Workforce Study: Final Report, SRI International, May 2009

11| eadership Under Challenge: Information Technology R&D in a Competitive World, President’s Council

of Advisors on Science and Technology, August 2007

12 Harnessing the Power of Digital Data for Science and Society: January 2009 report of the Interagency

Working Group on Digital Data to the National Science and Technology Council, National Science and

Technology Council, January 2009
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12 NITRD

NITRD ICT R&D

1-2:NITRD

NITRD Program Coordination

White House
it Executive Office
e of the President

Ctmce of Science and Technology Follcy
|

Matlonal Eclance and Technalagy Councll

Cummiltes L
Technology
Nnranal L aardmatnn Cthee (MI30) Subovmnilles un
for KetwarkIng and Haranrking and Intarmatinn
Informatian Tochnalogy . Technology Research and
Rzzaarch and CDevelopmant |barlapnaent (IS0
Iigh Cnd Computing [1127) iz sz T
Interagency Weorkmg oonn Information Assurarce | 514)
: I ﬂlﬂ':..,“qﬂ_

Honegpzment (HCEEIK)

Inz P T ConriinaTng GER

: National Coordination Office for NITRD

Spftwars Design and
I'remetty (5100
1ommedamating [rnnp
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NITRD 2 National Science and
Technology Council
Office of
Science and Technology Policy
National Coordination Office
Director National Science Foundation
Computer and Information Science and Engineering Assistant
Director NITRD 7

Interagency Working Groups and Coordinating groups

NITRD

NITRD 1
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NITRD
PCAST: President’s Council of Advisers on Science and Technology
NITRD
PCAST PCAST NITRD
ICT R&D
NITRD PCAST 2010
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13 2011 R&D
2009 2010 2011
131 R&D 2010
1978 2011 R&D IT R&D R&D
3 2009 2009

ARRA: American Recovery and
Reinvestment Act
R&D 2004
DoD: Department of
Defense
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1-3: R&D 13

Trends in Federal R&D

n ollEs of constant B 2000 dollars

180 -

=u=Total RED

=ir=[Development

== Research

Facilities

1] | [ 11 | [ | | | I
- — g =] L] [ — w3 o
k= == = =) L1} o = (=3 =
[a2] Lua} ook [=7] o (2] = [ {m |
- - v - — - (3] (3] ™

5 RAD rupls,
W0 sl

Sowce. AdGE anabeses of RED in dnnual A0
s il AAAS g limalo:

RA&M i uilie ol RN sl RE&T fa:
1h0E Tk hgun

= ML elalis on cbtligshons w Thee 1 estesal D onicls sunesy m AAAS
W00 ALRS

: AAAS, March 2010

R&D 4

R&D
DOE: Department of Energy
NASA: National Aeronautics and Space
R&D

NIH: National Institute of Health
NSF
Administration R&D

13 Trends in Federal R& D, AAAS, March 2010
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1- 4: 1976 2010 R&D 14

Trends in R&D by Agency, FY 1976-2010

Im Rillinmes: o7 eonETant 1Y AN cedlars,

130

160

140
I All Cthar
1
EUSDA
0a EHASA
80 - B NSF
B [Eyulwin]
mDOE
40
ENIH
20

1] (| L o | L | [ o |
[ = I = | E = o g woom o E =} [=]
= = =@ & m &2 gy &h & o G = G ™
[ == . ] o & m m ;@ & e D D O D o
L e R R R R SR L B o B o L |

Source: AAAS Regort Rescanch & Dovclagrment sonics.

£ 2005 ARAS

B ARRA Funding

T PO saneed T AT e seres Baleedd esslimialess
THIE 194 1|E|IITF!=. ara Ml 4sia on ot H!ﬁrflﬁ."- I el aderall unids FLIrAsY AMS

: AAAS, December 2009

1 Trends in Federal R& D by Agency, FY 1976-2010, AAASS, December 2009
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1.3.2
R&D 2008 11
2009 4 29 National Academy of Sciences
GDP
3 1 GDP 3
5 EU R&D GDP
1- 5: R&D GDP
National R&D Investment
porcent of @i

AL DR = e e e e e e e e e e e e e o e e e e e e e e e

b1 R

R © =w=Couth Karsa

2.50 —- Japan

—a—LL5,
BB o " md=Talwan
160 —- e mmemememe e - =#=EL-27
= hins

1.0 == mmmememaene

0L B0 — I

0.00 T T T T T T 1

& £ ¥ & 3 B8 Zz T o 2 £ & B
:"_l::léll'ffl:l il:.LéJ [aim Scence and |echinolomy ndizatars, May 200, &‘ AMS

: American Association for the Advancement of Science, March 2010

15 Remarks by the President at the National A cademy of Sciences Annual Meeting, White House, April 2009
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NSF DOE Office of Science
NIST: National Institute of Standards and Technology ICT R&D
7 10
2007 GDP 14 R&D 2.6 3,640
3 1 R&D
GDP 3 2007 560 13 187
373
R&D
3
R&D
R&D
1.3.3 2011 R&D
2009 8 Office of Management and Budget
OSTP: Office of Science and Technology Policy R&D
16
2011 4

16 science and Technology Priorities for the FY 2011 Budget, op. cit
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[ ]
[ ]
ICT 3 4
ICT R&D 2011
2011 R&D 2010 0.3 1,481
R&D
4.4 3.9
35 11 R&D 4.8
R&D 5.8 DoD
DARPA 3.7 6.7 o
6 2010 2011 R&D
NIST NASA NSF
DHS: Department of Homeland Security DOA: Department of Agriculture
DoD DoD DHS VA:

Department of Veterans Affairs
2009

17 Obama 2011 Budget Proposal Details Range of New R&D Priorities, AAAS Analyst Says, AAAS, March

2010
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1- 6: 2011 R&D 18

FY 2011 RED Budget Request

Parcant Changs from Fy 2070

NIST

MASA

NOAR

HSF

DOE Energy
DOE Defense
EFA

USGS

DOE Science
HIH

VA

DoT

DoD

USDA

DHS

M.

-15% 0% -5l L) % 0% 19% 20% 25%

Sourca; OME R&D budget dala, ageney budoal ustifications, and alér agency documents. h‘ AAAK}
DDA ALl i

: AAAS, March 2010

18 U.S. Federal Spending by Agency, FY2010, AAAS, March 2010.
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14 2010 2011 ICT R&D
1.4.1 2010 2011 NITRD

1 2010 NITRD 2011

R&D 2010
2011 ICT
NSF DOE
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19

1-1: 2010 2011 NITRD
NITRD 2010 2011
100 100
National Institutes of Health 1200.9 1234.8 3
National Science Foundation 1090.5 1170.1 7
Office of Secretary of Defense 583.2 516.0 -11
Department of Energy 482.4 510.1 6
Defense Advanced Research Project 554.7 500.8 -10
Agency
National Institute for Standards and 77.4 92.4 19
Technology
National Aeronautics and Space Administration 82.0 81.7 0
National Security Agency 155.8 72.2 -54
Agency for Health Research and 27.6 31.5 14
Quality
National Oceanic and Atmospheric 26.3 26.3 0
Administration
DOE National Nuclear Security 13.0 14.0 8
Administration
Environmental Protection Agency 6.3 6.3 0
National Archives and Records 4.5 4.5 0
Administration
4304.6 4260.7 -1

: President’s FY 2011 Budget Request, February 2010

19 FY 2011 Networking and Information Technology Research and Development: Supplement to the

President’s Budget, op.cit.
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2009 ARRA: American Recovery and Reinvestment Act
215 R&D NITRD 8
6,130 2
[ ]
[ ] -
R&D
o T
20
1- 2: 2009 ARRA: American Recovery and Reinvestment
Act NITRD
100
National Institutes of Health 167.8
National Science Foundation 347.2
Department of Energy 161.8
National Institute for Standards and Technology 1.5
National Aeronautics and Space Administration 18.0
National Oceanic and Atmospheric Administration 165.0
861.3

: American Recovery & Reinvestment Act of 2009

20 Fy 2011 Networking and Information Technology Research and Development: Supplement to the

President ’st, op. cit.
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ARRA 2009 2 2010
ARRA
R&D
NITRD ARRA ICT
NIH NSF
NIST
“ smart grid ”
DOE NASA

NOAA: National Oceanic and Atmospheric Administration ARRA

142 ARRA ICT R&D
ARRA R&D
ARRA
R&D
ARRA R&D
ARRA
R&D
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ARRA R&D
R&D R&D

ARRA
ARRA
ARRA
OSTP STAR Science
and Technology in the American Recovery

ARRA R&D
ARRA Computing Community
Consortium CCC 2 NSF Computing Innovation
Fellows ClFellows 1800
CCC 3
[ ]
[ ]
[ ]
CCC
ClFellows 60
2
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143 2010 2011 NITRD
NITRD PCA: Program
Component Areas 3 2010
2011
HEC I&A PCA NSF DoD DOE NASA

PCA 2 Oak
Ridge National Laboratory Jaguar 2.3

University of Tennessee Kraken 1.1 NASA
NASA Ames Research Center Pleiades 0.67
ARRA HEC
R&D DARPA
HPCS: High Productivity Computing Systems R&D
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1-3: 2010 2011 PCA NITRD 2

PCA 2010 2011

100 100

1469.4 1502.3 2
HEC I&A: High End Computing Infrastructure

& Applications
R&D 480.6 401.2 -17
HEC R&D: High End Computing Research &

Development

371.5 349.0 -6
CSIA: Cyber Security & Information Assurance
- 1149.3 1156.2 1
HCI & IM: Human-Computer Interaction &
Information Management
LSN: Large Scale 385.6 368.7 -4
Networking
SDP: Software Design & 168.4 190.7 13
Productivity
HCSS: 137.6 147.4 7
High Confidence Software & Systems
IT SEW: Social, 142.2 145.2 2
Economic, & Workforce Implications of IT
4304.6 4260.7 -1

: President’s FY 2008 and FY 2009 Budget Requests

2l FY 2011Networking and Information Technology Research and Development: Supplement to the

President’s FY 2011 Budget, op. cit.
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HEC R&D
2011 17
National Security Agency
DARPA Federal
Plan for High-End Computing #
PCA
CISA
6
mission assurance
SDP
13 NSF NSF

22 Eederal Plan for High-End Computing: Report of the High-End Computing Revitalization Task Force,
May 2004
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1.4.4 NITRD2010 2011

Department of Defense

DoD
ICT R&D
High Performance Computing Modernization
DARPA High Productivity Computing Systems
National Cyber Security Initiative DAPRA
National Cyber Range
NSA DARPA Regina Dugan DAPRA
Anthony Tether 23
DARPA Tether
Dugan
ICT R&D DARPA
DoD ICT R&D 2010 12 9,370 2011
16 10 8,900

23 pentagon Research Director Visits Universities in Bid to Re-energize Partnerships, New York Times,

October 2009
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Department of Energy

SC: Office of Science ASCR:
Advanced Scientific Computing Research ICT R&D
SciDAC
INCITE DOE
SC ESnet
ARRA ESnet
2
Cray Leadership
Jagura ARRA 500
TOP 500 list **
SC DARPA  HPCS ASCR
DOE National Nuclear Security Administration
ICT R&D
Comprehensive Test Ban Treat
ASCI:
Accelerated Strategic Computing Initiative
ASCI
Advanced Simulation and Computing IBM SGI HP
3D
DOE ICT R&D 2010 9,540 2011 6
5 2410
24 Top 500 Supercomputer Sites
Washington|CORE Page 26
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National Science Foundation

NSF m

ICT 2011
ICT R&D
Comprehensive National Cybersecurity Initiative
- Cyber-Physical Systems
Cyberlearning Transforming
Education, Science and Engineering
Cyber-enabled Discovery and Innovation

NSF
Blue Water System IBM 2011
NSF
Trustworthy Computing
Cyber-enabled Discovery and Innovation initiative NSF
5 2008
NSF
Computer and Information Sciences and
Engineering Directorate Jeanette Wing ¢ ?
IT
NSF ICT R&D 2010 12 90 2011 3 12
3,480

Washington|CORE Page 27
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National Institute of Standards & Technology

NIST 2 IT R&D T ITL:
Information Technology Laboratory

NIST ImL

EEEL: Electronics and Electrical Engineering

Laboratory

IT
NIST ICT R&D 2010 7,740 2011 19
9,240

Washington|CORE Page 28
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15 ICTR&D
1.5.1 ICT R&D
2009
2008
2009
ARRA American Recovery and Reinvestment Act of 2009 * 2010
ICT R&D
2009 2 12 ARRA 7
8,900 2
3
5,000
ARRA  R&D 215 2
35 ICT R&D 4 8 6,100
R&D ICT R&D
2010 ICT R&D 2009 11
ARRA 2010
2009 33

% A merican Recovery and Reinvestment Act of 2009, Wikipedia, 2009

26 AAASAnalysis of R&D in EY 2009 Stimulus A ppropriations, American Association of Arts and Sciences,
February 12, 2009
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super-majority

Health Care Reform Act

2010 3
ICT R&D
ICT R&D
NITRD R&D
15.2 IT R&D
2008
178 253 4
57 41 2
110 111
House Energy and
Commerce Committee Henry Waxman
ICT R&D
2008 Sherman Boehlert
Bart Gordon
Gordon R&D
R&D
ICT R&D
2012
Washington|CORE Page 30
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2012 11

27

Daniel K. Inouye
- Appropriations

Chairman

Thad Cochran
Appropriations

Ranking Member

Barbara Mikulski
Appropriations

Chairman )
Commerce, Justice,

Science, and Related Agencies

Richard Shelby
Appropriations

Commerce, Justice,
Ranking Member Science, and Related Agencies

John D. (Jay) Rockefeller,
\Y -

Commerce Science, and
Trans portation

Chairman

27 United States Senate Elections. 2012, Wikipedia, 2009
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2010

3

2012

11

27

Kay Bailey Hutchison

Commerce Science, and
- Transportation
Ranking Member
Bill Nelson
Commerce Science, and
- Transportation
Chairman (Science
and Space)
David Vitter
Commerce Science, and
- Trans portation
(Science
Ranking Member and Space)
John Kerry
Commerce Science, and
- Trans portation
Chairman
Communications, Technology,
and the Internet
John Ensign

Ranking Member

Commerce Science,
Trans portation

and

Communications, Technology,

and the Internet
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2012 11

27

David Obey
Appropriations

Chairman

Jerry Lewis

Appropriations

Ranking Member

Alan Mollohan Appropriations

Commerce, Justice,
Chairman Science, and Related Agencies )

Frank R. Wolf Appropriations

Commerce, Justice,
Science, and Related Agencies )

Ranking Member

Henry A. Waxman Energy
_ and Commerce
Chairman

Joe Barton Energy

and Commerce

Ranking Member

Rick Boucher Energy
and Commerce

Chairman

Communications, Technology,
and the Internet
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2010

3

2012

11

27

Cliff Stearns

Ranking Member

Energy
and Commerce

Communications, Technology,
and the Internet

Bart Gordon

Chairman

Science and Technology

Ralph Hall

Ranking Member

Science and Technology

Dan Lipinski

Chairman

Science and Technology

Research and Science
Education

Vernon Ehlers

Ranking Member

Science and Technology

Research and Science
Education
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1.6
ICT R&D
NSF
ICT
2
ICT R&D
R&D
NITRD
2
2 3
www.research.gov
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NITRD
NITRD
NNI National Nanotechnology Initiative
2000 NIRTD
NNI
NNI 25
13 NNI 60
28
ICT
R&D ICT R&D
OSTP Tom Kalil
ICT R&D 21
CCC Computing Community Consortium
ICT
19 Kalil 2011
ICT R&D
2011
2012

29

2 gee W. Patrick McCray, “Unintended consequences: What ten years of the National Nanotechnology
Initiative can tell us about federal R&D,” at http://www.scienceprogress.org/2010/03/unintended-

consequences/.

2 The white papers are available at http://www.cra.org/ccc/initiatives.php.
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2009-2010 2011 ICT R&D
1
30
31
2
R&D 1.1
“60 60-Day Review ” http://www.whitehouse.gov/cyberreview/
2009 5
6 2009 12
Microsoft Howard Schmidt
3
2 R&D

30 High Performance Computing and U.S. Manufacturing Roundtable White Paper, Council on

Competitiveness, February 2010

31 International Assessment of Research and Development in Simulation-Based Engineering and Science,

World Technology Evaluation Center, 2009
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NSF DoD
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2 R&D
2.1
211

Arpanet 30

1960
1960
1970
TCP/IP 1980 DNS IP IP
Multicast DNSSEC IPSEC BGP IPv6 HTTP
— IP
trusted
IP
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SONET ATM P
“IP IP over glass

Ethernet
P
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New Generation
Networks

TCP/IP

212

New Generation Network

AKARI 11 New
Generation Network Architecture: AKARI Conceptual Design verl.l
AKARI

%2 New Generation Network Architecture: AKARI Conceptual Design (verl.l), National Institute of
Information and Communications Technology, Japan, October 2008,

http://nag nict.go.jp/topics/AKARI fulltext e translated version 1 1.pdf
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2 R&D Federal Plan for Advanced
Networking Research and Development 33 R&D
Interagency Task Force on Advanced Networking

QoS

3 NSF
4 DARPA DOE

33 Federal Plan for Advanced Networking Research and Development, Interagency Task Force on Advanced
Networking Research and Development, National Science and Technology Council, USA, September
2008, http://www nitrd.gov/pubs/ITEAN-FI NA L.pdf
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2.2 R&D
221 R&D

NITRD
NITRD 1990

High Performance Computing and Communications Initiative

R&D 3 1
2
3
DoD MANETS
1 NSF DARPA
1 R&D DARPA DOE NSF
1
4
2 NSF DOE NIST
DoD
3 4
2.2.2
R&D
advocacy committee 2
R&D
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2 1 R&D Federal Plan for
Advanced Networking Research and Development 34 National
Science and Technology Council NITRD
Interagency Task Force on Advanced Networking
DoD DOE NASA NIST NSF 10
4

1.

2.

3.

4,

5 foundations

3 op.cit, http://www nitrd.gov/pubs/ITEAN-FINA L.pdf
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. QoS MPLS GMPLS

° 11 ”

[ ]

[ ]

2 NetSE: Network Science and
Engineering NetSE Research Agenda *°

Computing Community Consortium
National Science Foundation NetSE NetSE Council
3

1.

2.

3.

NetSE NetSE Research Agenda

3 Network Science and Engineering (NetSE) Research Agenda, Network Science and Engineering Council,

Computing Research A ssociation, September 2009.
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2.3 NSF R&D

NSF
CISE:
Directorate for Computer and Information Science and Engineering
CISE Carnegie Mellon University
Jeannette Wing

Wing CISE Peter Freeman
Freeman
GENI: Global Environment for Network Innovations
GENI

Wing ¢ computational thinking ”

Freeman
Wing

R&D Wing NSF

% GENI NSF

36 John Markoff, “Scientists Strive to Map the Shape-Shifting Net,” The New York Times, 1 March 2010, at
http://mwww nytimes.com/2010/03/02/science/02topo html.
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2.3.1 FIND
NSF FIND: Future Internet Design 2006
4,000 NeTS: Networking Technology and
Systems 1,500
37 “10 15 11
NSF
NSF
FIND
3 FIND
FIND
26

Principal Investigators

FIND

38

Mobile Personal Sensing

UCLA Deborah Estrin

Enabling Post-disaster

Communication

Robin

Kravets

WINLAB S. Jain

37 http://www nets-find net/

38 gpring 2009 Find meeting, April 6-7, 2009
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Cache-and-Forward Architecture for

mobile content Delivery

Hidden Metric Spaces and Navigability of

CAIDA Cooperative Association

complex Networks for Internet Data Analysis  Dmitri
Krioukov
Can random access be Mung Chiang
optimal?
User-Oriented Networking
ICSI International Computer
Science Institutes  Mark Allman
NetServ NetServ - Henning
dynamic in-network service deployment Schulzrinne
Redundant
Traffic Elimination as a Network-Wide Service Aditya Akella
Telcordia Technologies Rajesh
Synthesis and Debugging of network | Talpade
Configurations: Case Study of a Government Collaboration
Infrastructure
T. S. Eugene Ng
The Struggle for Network Control: How Can
Distributed and Centralized Controls Effectively Collaborate?
Impact of Communications Law and Economics | UCI Scott Jordan
upon Network Architecture
Washington|CORE Page 48
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Optical Network Architecture MIT

Vincent Chan

2008 FIND 1 3 NSF FIND
2

NSF NeTS NetSE
FIND NSF 2008 4
FIND Pl 2

3 FIND 2
NSF
FIND FIND
FIND
° Ambient Networks EU
6 FP6

Wireless World Initiative

o Extreme Wirelessing
Raytheon BBN
Technologies NSF DARPA
NDF BBN FIND 2
e SWITCHNET FIND

39 Background Document, Fifth FIND Pl meeting, April 2008
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QoS Quality of Service

o Towards Principles of Network
Configuration Telcordia Technologies
2.3.2 GENI
2004 NSF Guru Parulkar
GENI: Global Environment for Networking
Innovations
Larry Peterson Peterson
PlanetLab GENI FIND
NSF GENI
40 CISE  Peter Freeman GENI
GENI 2007 GENI GPO: GENI Project Office
750 GPO GENI GENI
NSF 2008 46
Freeman GENI
NSF NSF Major Equipment and Research
Facilities Construction CISE
GENI
Freeman

40" GENI - Exploring Networks of the Future, http://www.geni net/
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GENI
GENI GENI
DARPA DARPA
NSF
GENI NSF
CCC: Computing Community Consortium
CCC
CCC GENI GENI Science Council
GENI Science
Plan for GENI GENI
41
CRA:
Computing Research Association CCcC CcccC
CRA 2.3.6
1 Spiral 1 GENI GENI
29
42
GENI PlanetLab
1

41 GENI Science Council Named, Computing Research Policy Blog, March, 2007

42 GENI at a Glance, GENI Project Office, April 2009
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GENI 2 2 Spiral 2 2008 2008-2009
43,44
* GENI D&P GENI D&P Control Framework BBN
Technologie Brig Elliott 1,150
GENI
GENI
GENI
2008 10 GENI 1
GENI
2009 10 GENI
1 GPO 2
2 GENI
33
1 2
2 GENI

shakedown experiments

* GENI D&P GENI D&P Infrastructure BBN Technologies Brig Elliott
1,045
40 2 2
Internet2 National Lambda Rail

43 GENI Funded Projects, NSF, retrieved February 2010

44 GENI Funded Projects, NSF, retrieved February 2010
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build-outs GENI 13
GENI
3
meso-scale

1.

GENI
2' 13 13 ”

21
3. Arista Cisco HP Juniper NEC GENI

AT&T Nicira

* Open Research

Testbed for Underwater Ad Hoc and Sensor Networks

Milica Stojanovic

* IAD IAD
Equipment for Cross-Layer Wireless Protocols Design and Prototyping

Guevara Noubir

”

ambient intelligence

empower
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IAD IAD Instrumentation of a Measurement and Test System for
Open Spectrum Wireless Communication and Networking Bin
Wang
QoS
Intelligent soft-decision cognitive sensing paradigm
* Pre-design Study Group Proposal BBN

Technologies Brig Elliott

GENI GPO GENI

GPO GPO
GPO GENI

GENI

The Orbit Radio Grid as a Flexible Large-Scale Community
Testbed for Next-Generation Wireless Network Research

Dipankar Raychaudhuri

400 ORBIT
NSF NRT
2003-2007 ORBIT 2005

ORBIT NSF
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GENI
ORBIT
27 7
* Evolutionary Development of an Advanced
Distributed Testbed John Regehr
Whole
NewlLab
3
Emulab PlanetLab
* Keeping Emulab Tuned and Humming John
Regehr
Emulab
¢ operating
system ” DETER
20
1 4
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OpenFlow WiMax
2009 12 GPO NSF 4,500 5
2.3.3 6 GENI GENI Engineering Conference
6 GENI The sixth GENI Engineering Conference 2009 11
16 17 GENI ® 11 16
4
GENI
1 Larry Peterson
PlanetLab Control Framework Cluster
2 GENI Robert Ricci
ProtoGENI Control Framework Cluster
3 ORCA llia Baldine
ORCA Control Framework Cluster
4 RBIT ORBIT lvan Seskar
Control Framework Cluster

GENI 1 ”

452020 Vision: Why you won t recognize the ‘Net in 10 years, Network World, January 2010

46 sSixth GENI Engineering Conference, November 2009
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3

11 17 GENI GENI GENI
1 2 2
Stanford Clean Slate Project
GENI
OpenFlow GENI

NASA
GENI

GENI

GENI
GENI
GENI
2.34 FIND GENI
2008 FIND GENI FIND
49 3
50 100 NSF
FIND
GENI
GENI
GENI

GENI Science Plan
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4 GENI 2 3

GENI

GENI
GENI

2.3.5 FIND NetSE

NSF
2007 12 CISE Wing
National Science Board NetSE: Network
Science and Engineering 42008 5
NetSE 8

CISE NetSE
GENI NetSE
49,50 GENI

47 Network Science and Engineering, Jeannette M. Wing, Presentation Delivered to the National Science

Board, December 2007

48 Network Science and Engineering: Call for a Research Agenda, Jeannette M. Wing, Presentation Delivered

at Stanford University, May 2008

49 Charter of the Network Science and Engineering Council, Computing Community Consortium, March
2008
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GENI
NetSE

9 CISE NetSE
Meeting CISE 2009
Programs NetSE

NetSE

51

CISE  NetSE

NetSE  FIND FIND
NetSE 2010 CISE

NetSE
Wing

2008
NetSE Informational
Cross-Cutting

0 NetSE Council Update, Hllen Zegura, Geni Engineering Conference, March 2008

1 NSF Program Solicitation: CISE Cross-Cutting Programs: FY 2009 and FY 2010
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Electricity: 1800.. Electricity: Today.

What are the analogies...
.. for Network Architecture and Design?

Wing 1800
1800

NetSE 48
52 NetSE
5 120 300 4

FieldStream: Network Data Services for Exposure Biology

Studies in Natural Environments Deepak Genesan

2 NSF A ward Search for Network Science and Engineering, February 2010
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Jun Xu UCLA Mani
Srivastava Anind Dey Santosh Kumar
BAWSN: body area wireless sensor network
motion artifacts
BAWSN
FieldStream
BAWSN
Improving Internet Incentives
Jean Walrand
3
i)
ii)
iii)
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Atheory of network architecture

Steven Low
“ RYF: robust yet fragile ”
Platys: From Position to Place
in Next Generation Networks Timothy Finin

Romit Roy Choudhury

“ " " ”
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position
NetSE
2009 9 NetSE NetSE NetSE Research Agenda
53
2009 FIND
FIND
1
GENI GENI GENI
FIND

2009 FIND
David Clark “

3 Network Science and Engineering (NetSE) Research Agenda, NetSE Council, September 2009.
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” > Clark

DNS

2.3.6
CRA: Computing Research Association
NSF Board of
Directors Executive Director Andrew
Bernat CRA NSF 2006 9
NSF 397 cooperative Agreement  CRA
CCC: Computing Community Consortium CCC

visioning activities
CCC

55

4 Architecture from the Top Down, David Clark, Spring 2009 FIND Meeting, A pril 2009

%5 The Computing Community Consortium, Award Abstract, NSF September 2006
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2007 5 CCcC Ed Lazowska Andy Bernat CccCcC
% ccc GENI
CRA/ICCC GENI

GENI GENI Community Advisory Board

NSF CCC GENI GENI
GENI Science Council CcccC Georgia Tech
Ellen Zegura

GENI FIND 2008 NSF NetSE
FIND NSF CCC GENI
GENI NetSE NetSE
2009 9 NetSE NetSE Research Agenda
NetSE
CCC CRA CcCC GENI
CCC NSF CISE Peter Freeman
GENI
Wing NetSE CCC NSF  GENI
NetSE

GENI NSF CCcC
CCC “
vision documents ” NSF

CCC Cyber-physical systems
networked robotics Big

Data

%% The Computing Community Consortium — The Way Forward, Computing Research News, May 2007
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CCccC NetSE GENI
CCC NetSE
NSF
NSF CcCC
CCcC
NSF
CCcC CCC
CCC
CCC
2009
American Recovery and Reinvestment Act of 2009 IT R&D
2.3.7 FIND FIND Observer Panel
NSF 2009 FIND FIND FIND
Observer Panel * Google Vint Cerf
Cisco MIT Bruce Davie Microsoft Albert Greenberg
Sun Microsystems Susan Landau
University of Delaware David Sincoskie 2009 4 6
7 FIND %8
FIND 3 49 3 4 50 100

FIND

> EIND Observer Panel Report, April 2009

58 Spring 2009 Find Meeting, A pril 2009
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FIND
NSF FIND
FIND
FIND NSF
4 5 3 4
1,000 2,000
18
2.3.8 FIA: Future Internet Architectures
FIND 5 Pl
CISE
NSF
2010 CISE
Future Internet
2 4 59
FIA CISE NSF
MIT  David Clark 2009 10 12 15

Future Internet Architecture Summit 60

%9 call for Participants Future Internet A rchitectures Summit, September 2009

60 Workshop: Future Internet Architecture Summit, NSF Award 1000965, October 2009
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1.
2.
3.
4.,
5.
NSF 2 2010 1
FIA: Future Internet Architecture ®
2010 4 22 “
Trustworthines
reliability
CISE
Trustworthy Computing FIND NetSE CISE
2.3.9 FIND/GENI/NetSE/FIA
NSF
NSF New

Generation Network Research
FIND GENI FIA

61 Meeting Summary, NSF Future Internet Summit, Washington, DC, October 12-15, 2009

%2 Future Internet Architectures (FIA) Program Solicitation, NSF, January 2010
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NetSE

NetSE
FIND GENI FIA
NetSE
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2.4 R&D

NSF
NSF “ ”
NIH

241 DARPA: CORONET

DARPA: Defense Advanced Research Projects Agency 2006

CORONET: Dynamic Multi-Terabit Core Optical Networks: Architecture, Protocols,

Control and Management DARPA  CORONET
CORONET
CORONET 2 1 P
2

CORONET 2010
1,600

3 Dynamic_Multi-Terabit Core Optical Networks: Architecture, Protocols, Control and M anagement
(CORONET), DA RPA Broad Agency Announcement, August 2006
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CORONET

2-1:

BARPA)

Network Requirements

CORONET

CORONET

High-Level CORONET Program Goals

Today's State-of-
the-Art Networks

64

STO

Seratagic Tachnalogy Offics

High-Level CORONET
Program Goals

Maxirum Fiber Capacity Upto 1.6 This Up to 16 This

Bit Rate par Wavelangth 10 or 40 Ghi's 40 or 100 Gb/s, or more
Mandirmum Bit Rate per Stream 40 Gbfs Upto1 This
Aggragate Metwork Demand Up to 10 This Up to 100 This
End-to-End MNetwork Services IP, SONET IP {75%z) and L-Services (25%1)

Optical-Layer Multicasting Typically Mot Possible Basic Requirement
Parformance Monitonng Mastly in Electrical Layer| In Electrical and Optical Layers
Optical-Layer Configurability Slow, Often Marual Fast, Fully Automatic

< 100 msec (CONUS)
Max Speed of Service Setup Hours to Weeks < 250 msec (Global)
Speed of Dedicated Protection = B0 mses = 50 msec

Spead of Shared Restoration™

50 to 100's m=ec (Ring)
| Sec’s to Min's___ (Mesh) |

* From How Many Failuras:

—DARPA/STO

Typically, One Failure

Appraved for Public Relevse, Diviribedon Unfiwited

< 100 msec (CONUS)
< 250 msec (Global)

Uip to Three Faiiures

CORONET -4

DARPA

DARPA

DWDM: dense wave-division multiplexing

“ »

colors

64 Optical Networking in the Network of the Future, Joe Berthold, Ciena, 2007
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DWDM
1
100
CORONET
IP
DWDM
CORONET 1 2008 BBN BBN
Technologies ® Telcordia
BBN 20 570
“BBN slow-setup-time
BBN P

8 BBN Technologies Awarded $5.7 Million in Defense Funding to Design Faster, More Dynamic, More
Secure, M ore Robust Optical Network, BBN Press Release, March 2008.

56 Telcordia Selected By DARPA To Support U.S. Global Networking Infrastructure Initiative, Telcordia

Press Release, June 2008.
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AT&T AT&T Labs Research AT&T
AT&T Government Solutions Nortel
“CORONET 1 IP
2
IEEE BBN CORONET
67
3
2.4.2 ESnet OSCARS
DOE OSCARS: On-
Demand Secure Circuit and Advance Reservation System A-
A
2004 OSCARS 2 Internet2
SDN: Science Data Network ESnet4
% SDN
A\

®7 |nternational Conference on Photonics in Switching 2009, Pisa, Italy, September 2009

®8 ESnet's OSCARS Allows Users to Reserve Bandwidth, Lawrence Berkeley National Laboratory, July 2009
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2 BRUW % OSCARS
BRUW SDN 6,000

70

CORONET 100 OSCARS
10 HTML
CORONET
OSCARS ESnet 2 IP
1 A
1 10
ESnet ESnet 4

71

8 OSCARSand BRUW, Internet2, June 2007

0 Berkeley Lab to Develop World s Fastest Computer Network, Scientific Computing, Scientific Computing,
2009

"1 Networking for the Future of DOE Science, Lawrence Berkeley National Laboratory, 2008
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2-2: ESnet4

ESnet4 Planed Configuration
40-50 Gbps in 2009-2010, 160-400 Gbps in 2011-2012 CERN (30 Gbps)

Canada
Canada (CANARIE)

(CANARIE) AsiaPagific  GLORIAD

N hina) \
Science Data
Network Core ~‘
(2O
-y

Y| N

Asia-Pacific CERN (30 Gbps)

=

o

01625 miles / 2545 km —»

South America

<
©
s
3
< (AMPATH)

San Diegé« .

South America N Jacksonville
(AMPATH)

& IP core hubs

SDN (switch) hubs
Primary DOE Labs

EEJ High speed cross-connects

= Production IP core (L0Gbps) «

B B sDN core (20-30-40Gbps) <
Core network fber pathis MANS (20-60 Ghps) or
with Ineternet2/Abilene ~ 14,000 miles /24,000 km backbone loops for site access

(]:[) Possible hubs === [nternational connections
< 2700 miles /4300 km >

Department of Energy

OSCARS M- CORONET NSF

CHEETAH DRAGON 2 BRUW HOPI
CANARIE  UCLP GEANT BoD AMPS
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2.4.3 Stanford University
Clean Slate Internet Design Program

72 Deutsche

Telecom NEC NTT Xilinx NSF
NEC
Clean Slate Lab B2 450

2020 POMI: Programmable Open Mobile Internet 2020
NSF 1,000 POMI 2020

OpenFlow

GENI
GENI
NSF  FIND/NetSE

2 Clean Sate, an Interdisciplinary Research Program, Stanford University

3 stanford, Deutsche Telekom, NEC form Clean Slate Lab to prototype 'disruptive' new Internet technologies,

Stanford University, December 2008,
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2.4.4 DARPA National Cyber Range

DARPA NCR: National Cyber Range GENI

74,75

Comprehensive National Cybersecurity Initiative e

NCR
GENI NCR
1 2 3 4
72009 1 DARPA 1
8

e BAE Systems Information and Electronic Systems Integration —
327 9,634

e General Dynamics Advanced Information Systems

194 4,094
e Johns Hopkins Applied Physics Laboratory —
733 6,805

e Lockheed Martin Simulation, Training and Support STS
536 9,656

e Northrop Grumman Intelligence, Surveillance and Reconnaissance Systems
34 4,097

"4 National Cyber Range, DA RPA, 2009

> Broad Agency Announcement: National Cyber Range, DARPA, May 2008

’® Comprehensive National Cybersecurity Initiative: Legal Authorities and Policy Considerations,

Congressional Research Service, March 2009

"7 National Cyber Range Proposers’ Day, DA RPA 2008
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e Science Applications International Corp SAIC

282 1,725
. SPARTA 860 3,617
DARPA 1 1
2 4

NCR 2 1

NCR 3 1 NCR

1 GENI GENI
1
DARPA
245 HIP Host Identity Protocol
HIP: Host Identity Protocol
IP
IP
HIP P
IP
DNS
DNS IP
HIP Internet Research Task Force HIP

HIP Research Group Internet
Engineering Task Force " HIP HIP Working Group
"8 Host Identity Protocol (HIP) Research Group, | RTF
9 Host Identity Protocol (hip) Working Group, | ETF, Decernrber 2009
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HIP
HI
IP HI
P HI
HIP
DNS HIP HIP
rendezvous server
NAT: network address translation HIP
HIP-unaware HIP
API
HIP 2 ——HIP HIP
Architecture RFC 4423 % Host Identity Protocol RFC 5201 ®——
Juniper Networks David Ward
Boeing Company Tom Henderson
2.4.6 ResiliNets : Resilient and Survivable
Networks
Resilinets ERCIM: European

Research Consortium for Informatics and Mathematics

Lancaster University

80 RFC 4423: Host Identity Protocol (HIP) Architecture, | ETF, May 2006

81 RFC 4423: Host Identity Protocol (HIP) Architecture, | ETF, May 2006

82 ResiliNets: Resilient and Survivable Networks, ERCIM, 2010
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GpENI Great Plains
Environment for Network Innovation

GpENI DANTE  NORDUnet
GENI
GENI 8 GENI

83 Measurement, Monitoring, and Outreach in the Great Plains Environment for Network Innovation, GENI

Project Office

Washington|CORE Page 80



IT R&D 2010 3

2.5
3
1 2009 1
2
NSF  DARPA
ESnet4 OSCARS DOE 5,000
NSF
GENI  FIA
FIND/SetSE GENI NSF
4 5 3
NSF
GENI NetSE
DARPA NCR DARPA
1 7
3 4 1
DARPA CORONET 1
100
DWDM DARPA GENI
NSF
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2
5 10
IPv4
IPv6 DNS DNSSEC
2
2 2
3
1983 1 ARPA NCP
TCP/IP APRPA
A DWDM
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