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� 1969-90--ARPANET (Milnet split off in ‘83)

� 1981-96--BITNET/CREN

� 1981-91ish--CSNET (CSnet merged with BITNET into CREN)

� 1986-95ish—NSFNet

� Mid 90’s-Commercial Internet

� 1995-2001ish--vBNS

� 1996-97---Internet2/Abilene  

� 1997-CENIC/CalREN  (California)

� 2002-03-CENIC deploys statewide fiber backbone

� 2003-NLR (www.nlr.net) created for deploy national fiber backbone

� ��
�������������!�"
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� Originally formed to bring high speed networking to 
all higher education research institutions in CA

� Have since started to serve all educational segments 
(Pre college, 2 year colleges, 4 year non-research 
colleges) of the State 

� Advocate for broadband deployment in California
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� Mission:
“…to develop, deploy and operate leading edge network-

based services and to facilitate and coordinate their use 
for the research and education community to advance 
learning and innovation”

� Goals:
�Provide competitive advantage in global marketplace to 

education and research communities

�Provide opportunities for innovation in teaching, learning 
and research through use of the network.
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� Fiber backbone throughout California from San 
Diego, to LA, SF Bay area,  Sacramento, down 
central valley to Riverside, to San Diego (see 
attached)

� Fiber used because it
�Enables very high speed/capacity connections
�Enables bandwidth increases at small, marginal costs
� Is cost effective in the longer term
�Enables multiple networks to be operated over a single 

pair of fiber, using Dense Wave Division Multiplexing 
(DWDM)
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� 7,039 K-12 schools and 887 school districts with 
4.7M students

� 887 K-12 school districts
� 109 CCC’s with over 2.5M students
� 24 CSU campuses with over 400K students
� 10 UC campuses with over 170K students
� CalTech, Stanford, USC with over 44K students
� Nevada Educational System, Arizona State and 

University of Arizona
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�2400 miles of fiber
�Cisco optical (DWDM) equipment, switches 

and routers
�Digital CA network backbone-2.5gbps
�High Performance Research backbone-10 gbps
�XD-specialized for custom research needs
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� Fiber network supports needs of high end research-it 
is a critical component of University research

� High speed network facilitates collaboration-faculty 
and researchers do not work alone.  The network 
enables the barriers of geography to be removed

� Provides for long term cost effective network 
services
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�Research partnerships drive innovation-
$90 billion CA future market according to CA 
Public Utilities Commission for broadband 
deployment

�Magnet for corporate investment of national 
broadband infrastructure and job creation from 
countries such as India and China
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U.C. College Prep Online
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CCC Confer
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The Biology Workbench
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Virtual Education in Orange County



16

#�
�#�	����	�����'���	��0

���������

*������������%�&��������
��
�������������������� �
�����
����
��������� �

�������������������
���
�
�������
�$�
���+��	���������
��������������������
���
��
,����� �,��
�-���� �
���
-
�����!����������*���
���������
������
������
������
%�&��������������
�
������
�����
����
�����
./0�

ACME Animation
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Network Data Source: Timothy Lance, President, NYSERNet
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University of Washington JGN II Workshop
Osaka, Japan

Jan 2005

Prof. Aoyama

Prof. Smarr

Source: U Washington Research Channel

Telepresence Using 
Uncompressed 1.5 Gbps HDTV 

Streaming Over IP on Fiber Optics

Establishing TelePresence 
Between AIST (Japan) and KISTI (Korea) and PRAGMA in Calit2@UCSD Building in 2006
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Source: Charlie Zender, UCI
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LOOKING: http://lookingtosea.ucsd.edu/
(Laboratory for the Ocean Observatory Knowledge 
Integration Grid)
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� Goal: Prototype Cyberinfrastructure 
for NSF’s Ocean Research 
Interactive Observatory Networks 
(ORION) Building on OptIPuter

� Collaborators at: MBARI, WHOI, 
NCSA, UIC, CalPoly, UVic, 
CANARIE, Microsoft, NEPTUNE-
Canarie

www.neptune.washington.edu
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� Blood Flow Model: Even the extraordinarily accurate model of blood 
flow in the human arterial system is so large that it depends on the 
resources at four TeraGrid sites simultaneously: TACC, the Pittsburgh 
Supercomputing Center, the National Center for Supercomputing 
Applications in Illinois, and the San Diego Supercomputer Center. 
Using software technology from the Globus Alliance, with specialized 
tools developed at Northern Illinois University to manage the 
communication between computers, Karniadakis is able to spread his 
application across multiple computers. The total capacity of all the 
computers used is nearly 35 teraflops. 

"We take advantage of all of that," said Karniadakis, "and the fast 
network connections make it possible to synchronize and re-synchronize 
the calculations as necessary. Now we can investigate what happens 
when arterial flow is blocked at any point, as may happen in various 
disease processes, and we can design strategies to prevent or overcome 
the effects."
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QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.
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NEESgrid
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�Avoid passing traffic over commercial internet 

to:
�Obtain better performance
�Avoid unnecessary costs
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� Internet2
� AT & T Broadband/Comcast
� CA*net4
� CENIC/CalREN
� Defense Research and Education Network (DREN)
� Energy Sciences Network (ESnet)
� GEMnet
� KREONet2
� Los Nettos
� Microsoft
� Pacific Northwest Gigapop (PNWGP)
� Peer1.net
� Pointshare
� Qatar Foundation
� Singapore Advanced Research and Education Network (SingAREN)
� Taiwan Research Network (TANET2)
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�The Southern California Coastal Ocean 
Observing System, provides a rich set of 
integrated instruments in coastal waters 
spanning the U.S./Mexico border. 

�Access to high speed networking is essential 
for the technology to be adopted globally 
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CalRen Enables International 
Collaborative Experiments 

Grid Computing and High-Bandwidth 
Networking: Telescience Project UC San 
Diego

�Tele-operation of remote bio-
imaging instruments permits 
researchers to acquire and 
share data free of the 
constraints of geographical 
barriers
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CalRen Enables International 
Collaborative Experiments 

�Real-time nature of remote instrument control 
involves QoS considerations, requires very large 
bandwidth

�Collaborative instrument control free of 
geographical constraints: virtual laboratories.  A 
distributed team of researchers anywhere in the 
world can perform a complete experiment (the 
Multipurpose Virtual Laboratory at the ELETTRA 
high-energy facility in Italy).
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Visualization courtesy of Bob Patterson, NCSA. www.glif.is
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� Growing urgency for new network technologies

� Increased collaboration worldwide on“Big”
Science projects

� Exponential growth in size of data sets being 
accessed

� Need for multiple dedicated/private research 
networks

� iGRID conference in Nov. demonstrated many 
examples of high-end and lightpath network 
applications
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� End to end optical lambda/wave services
� Ends are labs/desktops at campuses

� Cross national and international network boundaries

� Ability to obtain these for short periods of times on short 
notice (user switched??)

� End-to-end switched ethernet services (same as 
above)

� New-experimental routed services (layer 3, to 
complement experimental routed services of NLR)
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http://www.cenic.org

Jim Dolgonas

jdolgonas@cenic.org

(714) 220-3464


