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Executive Summary 
 
Dramatically improved broadband infrastructure and transformative broadband applications are 
crucial to our nation’s continued leadership and competitiveness.  This is not a time when we can 
afford to stand still.  The U.S. no longer leads the world in residential broadband speeds, 
penetration, or affordability.  Unless we respond, the invention and widespread adoption of the 
transformative applications that will drive the new economy will occur outside of the U.S. 
 
We propose an aggressive national broadband strategy that tightly couples innovation in our 
universities to a rapid upgrading of our commercial broadband infrastructure.  This investment 
will enable a new generation of innovators and innovations on university campuses, emanating 
outward to the communities and regions surrounding those campuses, and to our nation at large.  
The university community brought us ARPANET in the 1970’s, the Internet in the 1980’s, the 
graphical World Wide Web browser in the 1990’s, and Google and Facebook in the current 
decade.  These and other transformative innovations from America’s universities have generated 
countless millions of jobs and countless billions of dollars in economic growth, making America 
the world leader in information technology.  The potential for America’s future is limitless if we 
support the unique innovative strengths of our universities. 
 
We recommend that under the American Recovery and Reinvestment Act (ARRA), a strong 
partnership be formed between the National Telecommunications and Information 
Administration (NTIA) and the National Science Foundation (NSF).  NSF’s $200 million 
“Academic Research Infrastructure” competition and NSF’s $400 million “Major Research 
Instrumentation” competition will provide more than half a billion dollars for the university 
community to propose “point of the spear” projects to deploy next-generation science 
infrastructure that will drive innovation, while NSF’s core programs will provide expanded 
support for research into new network designs, capabilities, and applications.  Complementing 
these NSF investments, NTIA would provide $930 million to launch next-generation network 
infrastructure for research and education. 
 
Our institutions of higher education are the right core engine to launch the ARRA broadband 
strategy.  The partnership between NSF and NTIA will set the stage to roll out transformative 
applications and dramatically improved broadband infrastructure to society at large, 
revolutionizing health care, energy efficiency, education, transportation, public safety, and civic 
engagement, while improving sustainability and accelerating our economy through innovation. 
 
America’s Broadband Future 
 
America’s broadband future is to lead internationally in the invention and widespread adoption 
of transformative applications that can exist only in a world of dramatically improved broadband 
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infrastructure.  This is a future that goes dramatically beyond merely making email or web 
browsing faster or creating new ways to watch television.  It is a future in which telemedicine 
delivers efficient and personalized healthcare to citizens across the land; telepresence saves 
energy costs in travel and sparks new forms of collaboration and social interaction; eLearning 
and eScience provide high-quality education to the under-served and allow all citizens to access 
scientific instruments and data; eGovernment creates a truly engaged and participatory 
democracy for one and all. 
 
Transformative applications and dramatically improved broadband infrastructure are crucial to 
our nation’s continued leadership and competitiveness.  Our world is becoming increasingly 
data-rich and data-driven.  Our economy must take advantage of data sources that are 
exponentially growing.  Our networks must evolve to keep up.  However, there is a chicken-and-
egg problem:  transformative applications are necessary to stimulate dramatically improved 
broadband infrastructure, but dramatically improved broadband infrastructure is necessary to 
stimulate transformative applications. 
 
This is not a time when we can afford to stand still.  The U.S. no longer leads the world in 
residential broadband speeds, penetration, or affordability.  In most of these measures the U.S. 
has dropped from the top 5 to at least the low teens as we have watched nations such as Japan, 
Korea, France, Sweden and the Netherlands find ways to make 100 Mbps residential services 
available, with some of these countries promising 1000 Mbps (1 Gbps) by 2012.  In contrast, few 
Americans have more than single-digit Mbps access in their homes or small businesses.  Unless 
we respond, the invention and widespread adoption of the transformative applications that will 
drive the new economy will occur outside of the U.S. 
 
We believe that advanced broadband infrastructure can literally change our entire economy, 
making it more efficient, more competitive, cost-effectively greener, and better equipped to deal 
with the pressing challenges of our time.  This will be critical in driving demand and 
empowering all members of our 21st century communities across the dimensions of health care, 
energy efficiency, education, transportation, public safety, and civic engagement while 
improving sustainability and transforming our economy through innovation. 
 
We propose an aggressive national broadband strategy that tightly couples innovation in our 
universities to a rapid upgrading of our commercial broadband infrastructure.  We believe that a 
“being pulled from the future” strategy can, in a small number of years, generate huge economic 
stimulus and result in waves of transformative innovation emanating from Gbps-enabled 
university faculty, staff, and student innovators, impacting businesses and consumers nationwide. 
 
Jump-starting the national broadband strategy with a comprehensive, coordinated and aggressive 
investment in our universities, the nation’s most strategic keystone institutions is exactly the 
kind of targeted investment imagined in the American Recovery and Reinvestment Act.  This 
investment will enable a new generation of innovators and innovations on university campuses, 
emanating outward to the communities and regions surrounding those campuses, and to our 
nation at large, including un-served and under-served regions and populations. 
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The university community brought us ARPANET in the 1970’s, the Internet in the 1980’s, the 
graphical World Wide Web browser in the 1990’s, and Google and Facebook in the current 
decade.  These and other transformative innovations from America’s universities have generated 
countless millions of jobs and countless billions of dollars in economic growth, making America 
the world leader in information technology.  Remarkably, in none of these cases was it evident at 
the outset what these innovations would enable – the impact in each case was vastly greater than 
anyone would have predicted.  The potential for America’s future is limitless if we support the 
unique innovative strengths of our universities. 
 
Why Use Research and Education as the Core Engine to Launch the ARRA Broadband 
Strategy? 
 
! Universities house large numbers of innovators – students and researchers spanning 

undergraduate, graduate, and postdoctoral students as well as faculty. 
 
! Universities are engines of innovation, catalysts for local, regional and national economic 

growth, and drivers of broadband infrastructure and application innovation and deployment. 
 
! Universities are fertile ground for cultivating and unleashing disruptive technologies. 
 
! Over the past four decades, University-driven networking programs have successfully 

achieved enormous leverage and partnership across and among industry, health care and 
government.  America crucially needs this level of open non-proprietary synergy as it strives 
to rapidly unleash and support next-generation networking to achieve transformations in 
economic competitiveness, environmental sustainability and cost-effective health care. 

 
! One of the few places in the U.S. where the gigabit interfaces on most laptops can be 

meaningfully engaged today is on the campuses of our research universities, where high-
speed broadband underlies the sophisticated cyberinfrastructure routinely applied to eScience 
and eLearning. 

 
! Universities are at the heart of demanding, advanced scientific applications.  Solving 

complex problems in science will require major advances in applications driving network 
technologies to support large data and collaborative environments.  Universities will continue 
to be the early developers of the applications our society needs to remain competitive!  
Researchers and students on our campuses have brought us the major changes in broadband 
capabilities over the past four decades – for example, in the 1980’s CSNET and NSFNET 
provided a critically important stimulus to the early growth of the Internet by bringing 
academic researchers and students online across the United States, at first in their labs, then 
in their dorm rooms.  We can do exactly the same thing again. 

 
! University researchers have a track record of building systems software that lowers the 

barrier-to-entry for creating new applications that leverage the available bandwidth. This 
systems software includes the network-capable operating systems of the 1980’s, the 
middleware and grid technologies of the 1990’s, and the wide-area networks services of the 
most recent decade. 
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! University researchers have also provided cutting edge health research, medical education, 

and clinical care to millions of patients, and have begun to extend that health care to rural 
areas via tele-health broadband. 

 
! Colleges and universities are now educating tomorrow’s doctors, nurses, teachers, police, 

firefighters, managers and government leaders, who must be able to apply tomorrow’s 
technologies in the performance of their duties. 

 
! Throughout the nation, including rural areas, colleges and universities are centers of 

community, culture, information, training, medicine, employment and social interaction. 
 
! The research and education community has four decades of experience in planning, 

deploying and managing broadband networks.  Campus networks are often the largest and 
most complex networks in a community, serving tens of thousands of customers at higher 
speeds than what is available to homes and businesses.  Through some 30 state-based and 
regional consortia, they manage and operate advanced optical network infrastructures 
encompassing most of the states to serve the education community from pre-primary up, and 
often also serving the regional health industry; state and local government agencies and 
economic development initiatives. 

 
! Collectively the university community has deployed, managed, and operated high 

performance optical nationwide backbone capabilities that link all the regional networks and 
universities together to enable researchers, educators and students at all levels to 
communicate and collaborate, learn, innovate, and discover.  

 
In short, the research and education community has the knowledge, the experience, and the 
foundation network infrastructure in place to jump-start a national broadband vision and strategy, 
leveraging Federal ARRA investments in ways that will spread broadband, create jobs, improve 
health, push the frontiers of science, and educate young people.  Achieving this vision requires 
revolutionary advances in America’s networking capability, and rapid but comprehensive and 
cohesive deployment of broadband capabilities into every geographic part of our nation to serve 
research and education, healthcare, energy efficiency, education, transportation, public safety, 
civic engagement, and broad economic development. 
 
Needed:  An NTIA Initiative Supported by the NSF 
 
The ARRA legislation creates a Broadband Technology Opportunities Program (BTOP) within 
the National Telecommunications and Information Administration (NTIA), which is intended to 
improve access to broadband for consumers in un-served and under-served areas of the country 
and improve broadband capabilities for schools, libraries, health care providers, colleges, 
universities, public safety agencies, strategic job creating facilities and more.  Organizations that 
provide outreach, education, training and access for the un-served and under-served are to be 
directly supported.  Through these activities the ARRA is intended to stimulate demand for 
broadband, economic growth, and job creation. 
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To launch this ambitious BTOP initiative we recommend that a strong partnership be formed 
between the National Telecommunications and Information Administration (NTIA) and the 
National Science Foundation (NSF).  The NSF has played and will continue to play the role of 
supporting the development, deployment, and utilization of the most advanced networking 
capabilities and network applications for the research community.  NSF’s constituency is the 
universities.  As a result, NTIA can leverage NSF’s direct reach into academia and its experience 
and the successes it has enabled for American higher education. 
 
Universities are small cities, and therefore advances in university environments where the future 
will be rapidly prototyped are naturally stress-tested and can be rapidly moved to real cities.  A 
set of coordinated investments that begin with research universities can expand to engage 
thousands of additional college and university campuses across the nation as anchor partners in 
restoring the nation’s leadership in broadband deployment, utilization, and innovation for all 
Americans. 
 
As part of the initiative universities will be expected to reach out to their surrounding 
communities, partnering with local governments or private sector carriers, to expand high-speed 
connectivity into the neighborhoods and community surrounding campuses where their faculty, 
staff, and half their students live.  These “concentrations of advanced broadband and innovation” 
will serve as the catalyst for driving demand and leading to the next step in a national broadband 
strategy – expanding advanced high-speed broadband to every home, school, and business in the 
nation. 
 
There is a long and highly successful tradition of major research universities partnering with 
smaller institutions in un-served and under-served regions of the nation to provide advanced 
connectivity, making these smaller institutions and regions more competitive.  These efforts will 
continue, through the GigaPoPs (Gigabit-per-second Points of Presence) and RONs (Regional 
Optical Networks) that are the heart of these regional initiatives that embrace NSF’s EPSCoR 
(Experimental Program to Stimulate Competitive Research) institutions.  Universities will 
require their regional and national networks to partner with efforts (Federal and state) to reach 
out and connect their medical facilities with rural and under-served populations.  They will be 
expected to partner with their states to connect, upgrade and extend networks connecting K-12 
schools, libraries, public safety institutions, government buildings, elder-care centers and the 
like.   
 
What Investments are Needed from NSF and NTIA through ARRA? 

 
Executing a comprehensive and cohesive long range networking infrastructure plan for the 
research and education community will take several billion dollars over the next decade.  As part 
of the ARRA it is proposed that NSF and NTIA team on the initial stages of this effort.  In 
particular, NSF’s $200 million “Academic Research Infrastructure” competition and NSF’s $400 
million “Major Research Instrumentation” competition provide more than half a billion dollars 
for the community to propose “point of the spear” projects to deploy next-generation “research 
enabled” science infrastructure that will enable next-generation eScience and eLearning 
applications.  NSF’s regular core programs will also continue to fund advanced research into 
new network designs and capabilities – for example, programs to improve the production and 



 6

quality of  the software in networks and at their endpoints, to enhance the security of these 
components, to improve the attribution and resolution of network-based misbehavior, and to 
encourage the collaboration of computing and non-computing specialists to address issues of 
how best to use the increased  capacity appropriately and to the benefit of society. 
 
Complementing the NSF leading edge applications, NTIA would provide $930 million to launch 
next-generation network infrastructure for research and education.  While the program needs to 
be shaped through the NTIA’s planning process, we would suggest the following general 
approach: 

  
! Institutional Infrastructure – $700 Million  

 
$600 million would be used to provide high-speed campus wired and wireless network 
upgrades for 400 institutions. This would provide the traditional shared Internet with the 
much greater capacity that is needed by the continued exponential growth of demand, 
while providing researchers for the first time with dedicated ultra-bandwidth data-
intensive optical lightpaths  This would allow students and faculty across disciplines to 
“live in the future” with ubiquitous high-speed connectivity, access to cloud computing 
facilities, the opportunity to inject new functionality and capabilities into the network, 
widespread adoption of high-definition teleconferencing to support multi-institutional 
teams, etc. 
 
$100 million would be used to create advanced wireless and sensor networks at 100-150 
research-oriented colleges and universities (Carnegie Doctoral/STEM and Doctoral / 
Professional institutions).  This would allow large-scale experimentation with next-
generation wireless network technology (such as cognitive radios), hands-on experiences 
for students, and a means by which students on those campuses may participate 24x7 via 
wireless in new national research experiments. 
 

! Gigabit Points of Presence (GigaPoPs) and Regional Optical Networks (RONs) – $190 
Million 

 
$120 million would be used to capitalize both shared and dedicated 10 Gbps connections 
from existing regional networks to 100-150 research-oriented colleges and universities 
(Carnegie Doctoral/STEM and Doctoral/Professional institutions).  Networking is a 
geographic activity; this program would be structured similarly to the extremely well 
conceived NSF Connections program, with proposals expected from geographical 
clusters of institutions on behalf of the GigaPoPs and RONs that serve them. 
 
$70 million would be used to capitalize 1 Gbps connections to an additional 250-300 
colleges and universities, again through a program that extends the existing regional 
network programs.  As part of this, NTIA will invest in upgrades to the broad range of 
under-served campuses, including Tribal Colleges and Universities, Hispanic Serving 
Institutions, Historically Black Colleges and Universities (HBCUs), Alaska Native 
Serving Institutions, Native Hawaiian Serving Institutions, minority-serving institutions, 
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EPSCoR institutions, community colleges and the like, to increase their links to the rest 
of the world. 
 

! National Backbones and International Connectivity – $40 million 
 

$40 million would be used to greatly expand the national and international 
cyberinfrastructure backbone by enabling the national backbone network to advance to 
world-leading 100 Gbps capability and to “light up” dozens of dedicated data intensive 
lightpaths. This can be enabled building on prior investments by National LambdaRail 
and Internet2. 

 
Payoff from these Investments 
 
The big payoff to the economy and society of these investments will be the longer-term 
transformations described earlier, but the immediate stimulus to the economy in the form of jobs 
will be significant in the 12-18 month time frame, and will help to stabilize the country’s rapid 
decline in high-tech employment.  Upgrades to campus connectivity could be accomplished 
within the first 12 months, with the bulk of the dollars going to telecommunications and cable 
suppliers, construction/installation companies, and network equipment manufacturers. 
 
The Information Technology and Innovation Foundation conducted a study of the job-creating 
effects of new investments in broadband, using standard economic techniques for estimating 
direct, indirect and induced, and “network effect” job categories.  Based upon the ITIF’s 
methodology, the investment outlined in this proposal would result in the first year in 5,920 
direct jobs, 15,421 indirect and induced jobs, and 24,783 jobs from the “network effect,” for a 
total of 46,124 new or saved jobs, most in the private sector and many in small businesses. 
 
The Bigger Picture 
 
The university community brought us ARPANET in the 1970’s, the Internet in the 1980’s, the 
graphical World Wide Web browser in the 1990’s, and Google and Facebook in the current 
decade.  The potential for America’s future is limitless if we support our unique innovative 
strengths in our universities.  Our institutions of higher education are the right core engine to 
launch the ARRA broadband strategy. 
 
To fully realize the nation’s broadband future, additional investments beyond ARRA will be 
needed.  The investment described here, though, is a vital first step.  As we enter the new era of 
innovation, infrastructure that sparks the creativity and training opportunities for a new 
generation of educated citizens becomes more crucial than ever. The partnership between NSF 
and NTIA will ensure that the resulting infrastructure continues to be the most advanced in the 
world.  This investment and this partnership will set the stage to roll out to society at large, 
transforming health care, energy efficiency, education, transportation, public safety, and civic 
engagement while improving sustainability and transforming our economy through innovation. 
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In addition to the long-term benefits of this investment, the immediate economic benefits of 
infrastructure deployment will result in new jobs and greater financial security for companies 
and industry sectors that need it. 
 
 
 
 
The plan described in this essay has been drafted by Ed Lazowska (University of Washington 
and the Computing Community Consortium), Larry Smarr (Calit2 and UCSD), Peter Lee 
(Carnegie Mellon University and the Computing Research Association), Chip Elliott (BBN 
Technologies and the GENI Project Office), Tom West (National LambdaRail), David Lassner 
(University of Hawaii), Doug Van Houweling (Internet2), and Gary Bachula (Internet2), in 
consultation with many others. 
 
This plan has been formally endorsed by Internet2, National LambdaRail, the Computing 
Community Consortium, the Computing Research Association, EDUCAUSE, The Quilt, 
StateNets, and the EPSCoR/IDeA Foundation. 
 
 

                    

                   

 

 

 
An earlier version of this essay, titled “Infrastructure for eScience and eLearning in Higher 
Education,” is available at http://www.cra.org/ccc/initiatives, along with essays on a number of 
related topics, including “Information Technology R&D and U.S. Innovation,” “Innovation in 
Networking,” “Big-Data Computing,” and “Security is Not a Commodity:  The Road Forward 
for Cybersecurity Research.”
 
 


