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| R&E Networking in USA

© 1969-90--ARPANET (Milnet split off in “83)
' 1981-96-BITNET/CREN
81-91ish--CSNET (CSnet merged with BITNET into CREN)
95ish—NSFNet
-Commercial Internet
sh--vBNS
rnet2/Abilene
N (California)

tatewide fiber backbone

ed for deploy national fiber backbone



' CENIC-the Company

riginally formed to bring high speed networking to
\ higher education research institutions in CA

1 since started to serve all educational segments
ege, 2 year colleges, 4 year non-research
the State

dband deployment in California




CENI C Mission and Goals

4_-Mission:
““...to develop, deploy and operate leading edge network-
based services and to facilitate and coordinate their use

or the research and education community to advance
rning and innovation”

apetitive advantage in global marketplace to
esearch communities

Innovation in teaching, learning
e network.
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CENIC’s CalREN Network

= Fiber backbone throughout California from San
Diego, to LA, SF Bay area, Sacramento, down

gcentral valley to Riverside, to San Diego (see
ned)

ed because it

high speed/capacity connections

1dth increases at small, marginal costs
e longer term

to be operated over a single
e Division Multiplexing
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EN Optical (Fiber) Backbone
ing California’s Research and
Education Community

e s




Who We Serve

.

/M students

' K-12 school districts

“CC’s with over 2.5M students

ampuses with over 400K students
puses with over 170K students

ford, USC with over 44K students
stem, Arizona State and

7,039 K-12 schools and 88’7 school districts with
i.




' Network Description

\J

2400 miles of fiber

0 optical (DWDM) equipment, switches
\ outers

—

§ CA network backbone-2.5gbps

\ ance Research backbone-10 gbps

or custom research needs



ered Network . . .

hi yramid

NETWORK DEVELOPMENT AND EVOLUTION

FOR CALIFORNIA RESEARCH AND EDUCATION COMMUNITY

Responsibie Entities MNetwork Type/Capabilities Users

CENIC: CalRENS] %“4 Metwork Ressarchers

CENIC: CalREN:H : g~ Large Applications
T Users

CENIC: Calf : All K—20

] 3 California
Research/
Education Users

Commerclal Companies Commodity Internet Services to General Public




CalREN

Fiber network supports needs of high end research-it
a critical component of University research

peed network facilitates collaboration-faculty
archers do not work alone. The network
parriers of geography to be removed

erm cost effective network



" CalREN:

‘Benefits to California’s Econom y

~ #®Research partnerships drive innovation-

i 90 billion CA future market according to CA
‘\ 1Ic Utilities Commission for broadband

ent
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Magn: corporate investment of national

astructure and job creation from
\ ndia and China
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10 :-helps UC prepare high
100l students for college.

U.C. College Prep Online

)| '@ L) _ It is not possible to
e provide a teacher of
R - advanced mathematics
y PREPARING STUDENTS FOR COLLEGE SINCE 1999 .- :j ' Wlthln every hlgh SChOOI
T events: in California. There are
E - UCCP Online Teaching & Learning Institute 2005 not enough teaCherS in ]
i enough places to meet |
- online tutoring and AP Exam prep available F\Pcalc;ilus the need_ UCCP de“v

(>

HF

o . Advanced Placement
- Dffer online courses to your students with UCCP 4
m = Ii,f(t:(:F‘ multimedia content awailable through Classroom Learning E (AP) ’ h O n O rs, a n d p'r

| AP Environmenlal AP Courses th rough

Science

Login ‘ - UCCP is an official services provider the state .

- Online tutoring available

SERVICES
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'CCC Confer

er leverages
1igh speed to
1ts and faculty
y to

alls with

Confer office | " “

Hours "

Used in 109 California L
Community Colleges

System Wide. =

| Click Here To Test Drive The New CCC Confer 2005 Model

Meet | Confer

| oG

Meet "% Confer 2 ) Confer

[ > Meet & conter

| == Office Hours

AtIoN

| == Live Onling Training

Anytime, Anywhere Just the Phone Virtual Office Space

CalREN-DC

| SCHEDULE

| 2> heet & Confer Request

| == Office Hours Request

[ 2> call confer Request

| TRAINING

| RESOURCES

[ ARCHIVES

| => Meet & Confer

Usea the phone and tha
Intarnat to maat, collaborate
ar train In real-tima.

Learn More

View S =how

Demo Room

Experience the Power of CCC Confer

Whether yvou need to get together with one calleague or many, one student or a whole

group, CCC Confer is YOUR system-wide e-conferencing solution. All yvou need is your
camputer and a phone —the semwice is provided to you at no cost. Collaborate, meet,
train, educate in real time..regularly scheduled or on-the-fly. Get ready to Confer.

Here's a conferance call
=anvice for those who just
want to usea the phone.

Learn More

Faculty and students can
interact using the phone and
the Intemat for meetings,
tutoring, counsaling and more.

Learn More
Demo Room
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CENIC enables interactive learning.

/

f

Le Biology Workbench

e Bio
supports
idgtificati
\manipulation
sequences. Itt
used by, universit

faculty nationwide in
biology-courses.

CalREN-DC



mtakes the distance out of

:_'-I:'ea rning.

- Virtual Education in Orange County

Instead of reading about space history in
textbooks, students from Brea Junior High
School toured the Smithsonian National Air
and Space Museum guided by LeRoy
London, director of educational outreach.

Educators in Orange County enjoy direct

access to nationally renowned researchers

- . and practitioners and to their colleagues
== . \- h in the county and beyond.

C
_-l—-—l-l.-l. - I:-’-;-

CalREN-DC Videoconferencing Se

—



C does digital media.

ACME Animation

Twice wee
classrooms
\ \occupational ¢
\ community colle
\California State
to Studlo‘xprofessm
Disney, DreamWorks, @

Warner Brothers. The
college matriculation rate o
ACME high school.
participants.has. reaChed
91%. .

CalREN-DC



owour network has to be there
n you are.

h
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v.ef

on the weekend

We're ready to respond to <
24 hours a day; 7 days a week,

(andleap year)



rom "Supercomputer-Centric”
to "Supernetwork-Centric”
Cyberinfrastructure

1.E+06 -

Terabit/s

4

32x10Gb “Lambdas” [~
Bandwidth of NYSERNet

Research Network Backbones \ .
L 4

Gigabit/s

60 TFLOP Altix

1 GFLOP Cray2

Optical WAN Research Bandwidth

Has Grown Much Faster Than
Supercomputer Speed!

(Sd0O14H) peads Bunndwo)
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HD Streams Over Lambdas Will
- Radically Transform Network
Collaboration

University of Washington " ——

-

-

* JGN Il Work$h3p

Osaka, Japan
‘Th ; E)f Smarr -ﬂ

Jan 2005
Telepresence Using
Prof. Aoyama Uncompressed. 1.5 Gbps HDTV -
' 5 %m_i__r__l ver IP on Fiber Optics . |
: o ;:,

!

- L

o sgkan

Establishing TelePresence
Between AIST (Japan) and KISTHKorea) and-PRAGMA in Calit2@
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V. ariations of the Earth Surface
nperature Over One Thousand Years

Departures in temperature in °C (from the 19080 value)

Chesrvatiors Nerhem Hemisghere prowy data W&*A":Lw Praections  Sveral modals
ohseryatens al SRES envelog

o S—

PR (PCC
ot ' INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE

257 Source: Charlie Zender, UCI
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b and Grid Services to Lambdas
ide Real Time Control of Ocean
Observatories

LOOKING: http://lookingtosea.ucsd.edu/
( aboratory for the cean bservatory nowledge
tegration rid)

B North™ ¥

s @ Goal: Prototype Cyberinfrastructure
- W for NSF’s Ocean Research

Interactive Observatory Networks
(ORION) Building on OptIPute

Collaborators at: MBARI, W.
SA, UIC, CalPoly, UVlc

= Fiber-Optic Cable i \ e () () o
a O

| =+ Exclusive Economic | »
' Zone Boundaries



-/
!af Networking in Support

of Medical Sciences

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
plications in Illinois, and the San Diego Supercomputer Center.

g software technology from the Globus Alliance, with specialized
eveloped at Northern Illinois University to manage the

ication between computers, Karniadakis is able to spread his

n across multiple computers. The total capacity of all the
sed 1s nearly 35 teraflops.

age of all of that," said Karniadakis, "and the fast

1S make it possible to synchronize and re-synchronize
essary. Now we can investigate what happens
>ked at any point, as may happen in various

n design strategies to prevent or overcome

22 =



/ do you want to go?

¢ st Bandwidth Awarded at SC05

On Novem
2005, CalTe
Stanford Li
. Accelerator C
. \and the Fermi
" National
Accelerator Cente
Was aW-arded for QuickTime™ and a r

TIFF (Uncompressed) decompressor
are needed to see this picture.

their entry:
“Distributed
TeraByte Particle
Physics Data
Sample Analysis”
measuring 131.57

Gbps of IP traffic.

CalREN-XD eXperimental/ [_)._.__e_____xglo
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ing up quake research.
V. NEESgrid

..
NEESit [P — ; One of the beauties
i G e e o B of the NEESgrid will
be its power as a
) teleobservation and
o= teleoperation tool. In
e 2 Bupowecs | Cmdtemon other words,
- = researchers will be

e [, S s able to control B

o= SDSC experimental tools —
such as a

l ' I‘Rﬂm"” seismograph, a

robot — at remc
sites from thei

Remote Collaborafor

CalREN-HPR High Performance Resez



"

o
4]

S

':ﬂélr Wave C I I

Ry

—_— ey W

r
-

& it -
/ — L9
G /:’_\\ AR *
Er& PACIFIC

~— . 155, 622 Mbps

. 2.5 Gbps

. 10 Gbps
Planned

~— ™ Peering

# International PoP

# Peering Point

The fruit of a.collaboration bety

Gigapop and-USC, Pacific Wave is ¢
efficiency of IP-traffic among participani



”ernatlonal Exchanges to

Support Interconnection of
R&E Networks

Avoid passing traffic over commercial internet




/an Int_ei;national C ction & Exchange partnership of
& State R&E) & CENIC,

/ PNWGR{

I

orations with StarLic

'k partners, and partiall

rGEMND et
e AWIDE

TrefhePAC

155, 622 Mbps
2.5 Gbps
. 10 Gbps
Planned
— -~ Peering

AARNeT
~ * International PoP

* Peering Point
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Wave Participants . ..
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| PACIFIC
A
CA
CEN
Defens
Energy
AEMnet
. KREONet2
‘. Los Nettos
.. Microsoft
Pacific Northwest Gig
Peert.net" .
Pointshare .
Qatar Foundation-_
Singapore Advanced Research and Educatic
Taiwan Research Network (FANET2)

e

e



' !se of International Collaboration

o

The Southern California Coastal Ocean
ODbserving System, provides a rich set of
\ orated 1instruments 1n coastal waters

g the U.S./Mexico border.

BBEESSHO high speed networking is essential
ech to be adopted globally

.




Ren Enables International
Collaborative Experiments

Computing and High-Bandwidth
{ Wworking: Telescience Project UC San

Te\i\op
|mag| g instrL

researchers to &

share data free 0
constraints of: geograp
barriers ~

._‘__
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2en Enables International
Collaborative Experiments
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Changes in R&E
mpacting Networking Needs

I
4
G

nc

\ Scieng

""-,I 1",'
I"'... 1\_‘

\ . EXpone
"-accessed

"Need for multipl
networks

iGRID conference in Nov. de

examples of h1gh-end-and llght
applications



tlal List of Future CENIC Net
Services

Ends are labs/desktops at campuses

oss national and international network boundaries

\ ity to obtain these for short periods of times on short
\ B Svitched??)

abeve).

New- experlmental rout

complement. experlmenta OU

S

.
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Questions?

http://www.cenic.org

Jim Dolgonas

lolgonas @ cenic.org

)-3464



