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AGENDA for THIS AFTERNOON
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ÅHonored to be here

ÅFriends in Japan for many years

ÅUS-Japan Workshop on Future Networking

ÅCo-chaired workshop with Prof. Tomonori 
Aoyama of Keio University
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MY CONTEXT

ÅComputer science research; very early user of 
ARPAnet

ÅResponsible for major campus network 
deployment at Georgia Tech

ÅResponsibility at National Science 
Foundation (NSF) 2002-2006 for U.S. basic 
research in ICT

ÅExecutive sponsor for starting GENI and 
FIND

ÅNow a private citizen

ÅSpeaking only for myself - no official 
involvement (but staying aware)
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TODAYôS OBJECTIVES

1) Provide historical context for understanding 

networking activities in the U.S.

2) Provide information on current networking 

R&D activities in the U.S.

3) NOT addressing deployment

Note: Although this talk is US -centric, there is a lot of good 

work going on in Japan and elsewhere
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BEGINNING OF COMPUTER NETWORKS

ÅLate 1950õs, early 60õs:Communications studies for 
U.S. military by Baran, others; research by Kleinrock 
and others on network fundamentals

ÅMid - to late-60õs:Defense department (Advanced 
Projects Research Agency - ARPA) built early 
networks, largely at universities and labs

ÅDevelopment of TCP/IP protocols (Kahn and Cerf) 

Å1970õs: Usage spread in ICT research 
community, leading to early civilian efforts funded 
by NSF (TheoryNet  - Landweber, others)
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EARLY HISTORY (continued)

ÅMid -1980õs:Broader scientific community began 
to use networking (NSF supercomputer centers); 
development of CSNet, then NSFnet

ÅLate 1980õs, early 1990õs:expansion of military 
and scientific usage, first commercial usage; 
merging of ARPAnet and NSFnet to form Internet

ÅMid -1990õs:Development of browsers and Web 
led to explosion of usage

ÅLate 1990õs:Dot-com expansion (bubble)
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CONTEXT

ÅFacts needed to understand networking in the U.S.

ÅOutside of the technical aspects

ÅThree major players; all play a role, but none dominate

- government

- industry

- research community

ÅSource of fundamentalinnovations in U.S. (e.g.
transistor, laser, computer networks, browser, radical 
new applications) is usually a university and/or a basic 
science lab in industry 
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CONTEXT (government)

ÅMost university research funding comes from US 
Government (USG), but is only loosely guided

ÅUSG funding comes from multiple agencies 
(NSF, DARPA, NIH, DoE), but is only loosely 
coordinated

ÅUSG programs are proposedby Executive Branch 
(President) but fundedby Congress;  differences in 
objectives may exist

ÅLevel of funding has been very inadequate for some 
years

ÅDifferent Administrations (presidents) have different 
priorities for S&T (including none)
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CONTEXT (government: NSF)
ÅPrimary USG agency for supporting basicresearch and 
scientific education

ÅInvestigator driven (not top -down), broad range of work

ÅOnly gives financial support.  Does not doresearch.  
Does not operate facilities or networks.

ÅSupports work in all areas of science & 
engineering, except clinical research (done by NIH).

ÅAlmost all funding goes to university researchers

ÅAll funding decisions made on the basis of careful peer-
review

ÅFunding primarily only to U.S. organizations
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CONTEXT (industry)

ÅVery little fundamental research today in industry labs

ÅNetworks are designed, owned, and operated by private 
companies

ÅCompanies operate under laws and regulations set by 
USG (very loose in past; now changing) but receive very 
few funds (only for basic research or services)

ÅNetworking operates under even lessregulation 
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INDUSTRY CONTEXT (continued)

ÅEquipment manufacturers (Cisco, HP, Intel,é) do not 
operate networks and have very limited research

ÅòCommon carriersó (ATT, Verizon, Comcast, é) design 
and operate networks, but have very little research

ÅLarge difference between startups and big companies

ÅNew players like Google and Microsoft complicate 
picture
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CONTEXT (research community)

ÅUniversity researchers largely 
uncoordinated, focused on individual research 
objectives, constrained by university culture (e.g. 
tenure, lack of funding)

ÅIndustry researchers focused on short-term 
objectives driven by corporate need to make consistent 
profits

ÅAll have been victims of the great success of todayõs 
Internet  
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RECENT HISTORY (~1999 to ~2006)

ÅGrowing concern expressed in the technical 
community about future network capabilities 
and lack of innovative research

ÅAt the same time, rapid expansion of critical 
use of the Internet for many purposes by many 
users

ÅNSF took the lead in addressing the situation
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The Future Global Network

Should
ÅBe worthy of societyõs trust
ð Even for managing and operating critical infrastructures 

ÅProvide a bridge between physical  and virtual 
worlds
ð Via instrumented and managed sensorized physical 

environments

ÅSupport pervasive computing
ð From wireless devices to supercomputers

ð From wireless channels to all optical light -paths

ÅEnable further innovations in research and 
commerce
ð Seamless access to networked 

instruments, supercomputers, storage, etc

ÅCreate a world in which we would want to live
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Challenges

ÅTechnical (e.g. security)

ÅSocial (e.g. childrenõs use)

ÅPolitical (e.g. posting false info)

ÅPolicy (e.g. access)

ÅLegal (e.g. copyright)

These fundamental issues are closely 

intertwined and must be addressed if we 

are to realize the opportunities before us.
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There are fundamental issues with the current 

architecture and many of its mechanisms that 

cannot be fixed incrementally with additional 

engineering workarounds.


