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Education in California — Overview

m University of California — 9 (10) campuses

m 3 Private Research Universities — Caltech, Stanford,
University of Southern California

m California State University — 23 campuses
m Community Colleges — over 100

m Other independent institutions of higher education —
over 100

m K-12 schools — over 9000

m Various government labs and university affiliated
research institutes



State of Networking in 1996

m 4-CNET connected the CSU system with
extension out to community colleges

m Most institutions had their own commodity
Internet connections

m UC operated some private leased lines
m No statewide K-12 network

m Some individual county and school district
networks



Corporation for Education Network Initiatives in California

CalREN-2 Network

Phase 1 - 1998
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California State University and California Community Colleges

m 4CNet

(Cable & Wireless)

Qwest Co-ocated Backbone Node Y-'('—Wb)—\
© (50 Corlocated Backbone Node ATM (45MD) s
@ Catornia State University Site ATM (155Mb) s Dave Reese
@ Catornia Community Collegs Stts ATM (622Mp) August 4,2000
\ B CotormaCommuty Clge Dt b 90NET(24G°)'—/ dave@csu.net



Corporation for Education Network Initiatives in California

CalREN-2 Network

Phase 2 - 2000

NevadaNet (Reno)
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5 ‘ ESNET
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C Berkele :
UC San Flalr.isc 4‘) Abllene
Stanford g %)

P m—— |\ CSU Stockton CENIC ISP Service
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UCB. UCD. UCSF \\ NevadaNet (Las Vegas)
CSU, UCSC, Stanford, A
ucop (Possible future iink) 3 o
CSU San Luis Ohisp}K\
\
\
\
O JPL Catech
UC Santa Barbara o a0
0k Southern California \o& H P NS Abilene
0C-12¢ GigaPOP R
— OC 48 USC, ISI, UCLA, UCI, Caltech, \
CSU, JPL, UCR, UCSB P ESNET
s CUDI (Mexico)

May 2000



Digital California Project

m DCP - Digital California Project — extend connectivity
to (public) K-12 schools

m Funded from California State in FY 2000/01

m $32M through University of California Implementation
through CENIC

m Program Steering Committee - Advisory board of
Involved constituents from K-20

m Subsequent budget reductions -- $26M -$21M - $14M
— eliminated as direct funding for 2004-05 — now
what?



CADES ==, | DIGITAL CALIFORNIA PROJECT
A P HUB AND NODE SITES
o, Ll e LATA BOUNDARIES

CIRCUIT LEGEND

§
H
il

COONDRERORD

\ =
) o
{
-
8 a7 25
12 a5 18
53
52 2
A LI 46
76 5% Py
57 9
49 28 4 3
g 5
2138 1 3
i 3
3 2
s
35
27

Califoria County Superintondent
Service Regions

County Region ID_County _Reglon
" .

%
cenic

o

“ViNewde | 4]%jownge | 0] Corporation for Education

::mu | : :;::::. | :" Network Initiatives in California

4 Bume 2|33 | Riverside | 19

3 Colaveras | 0| 34 Sacramento | 3| \ NETWORK DESIGN TEAM

€ comsa | 3|35 SamBewte | 5|

7] ConmaComnl_4 [36] S Sameral DAVE REESE

3 EiDorado I n:mr..’;n{ CHIEF NETWORK ARCHITECT

e i ey DIGITAL CALIFORNIA PROJECT
3 DCP NETWORK DESIGN LIAISONS

{ North Coast/1, Paul Tichinin
Northeastern/2, Russell Selken
Capital/3, Bob Carter
Bay/4, Mac Carey

Losesn 3
19 Los Angeles | 11

= 1 South Bay/5, David Barnett
T Marposa | 7|51
e P i e MAP LAYOUT AND DRAWING BY Zellar:ll‘e’rrlalls. ”‘ I::":elh:d‘
§ Marcs o DR. ART SERABIAN ent alley/7, erabian
26 Mono 0 INFORMATION SYSTEMS AND TECHNOLOGY Costa del Sur/8, John Lindsay
27, Monterey £l FRESNO COUNTY OFFICE OF EDUCATION Southern/9, Skip Sharp
28 Mapa 57 %
[ 9 evsas |3 [sa1 DR PRTER 9 MEHAR SUPERINTEIORNY. RIMS/10, Douglas Slonkosky
Los Angeles/11, James Magill
Copyright © 2000 100 0 100 .ﬁﬁ;——s—:""“

Fresno County Superintendent of Schools




Redesigning CalREN

m In late 1999, with the approaching end of current
SONET contracts (late 2002), CENIC began thinking
about the next generation CalREN

m User demand:
— Reliable ‘commodity’ network
— High bandwidth (IP) network in support of research (Abilene)
— Some demand for dedicated resources

— Significant demand for experimental and research networks
at level 3, level 2 and even level 1

m This formed the thinking for an integrated
Infrastructure built on dark fiber



NETWORK DEVELOPMENT AND EVOLUTION
FOR CALIFORNIA RESEARCH AND EDUCATION COMMUNITY

Responsible Entities Network Type/Capabilities Users

CENIC: CalREN

M“‘g\cp’
9‘” Network Researchers

Large Applications
Users

__ CENIC: CalRE

All K=20
California
Research/
Education Users

CENIC: Calf

Commercial Companies Commodity Internet Services to General Public




CALREN-DC
Digital California

m [P based network. 2.5-10 GB

m Serves-140 H.E institutions; 8000+
elementary and high schools

m 8.0 million+ student, faculty and staff users

m |2 connectivity and commodity ISP services.



CALREN-HPR

High Performance Research Network

m |P network: 10Gb, potentially several wavelengths

m 50+ Research institutions, National Laboratories and
San Diego Super-computing Center in California

m California component of Internet2 with 10G and OC-
12 connections

m Serves hundreds of researchers, demanding
applications



CALREN-XD

Experimental/Development Network

m 10.0 Gb Wavelengths and Dark Fiber

m Potential for Wavelength Switching and
Special Network Configurations

m California Component of NLR
m Special applications, e.g. Teragrid

m Serves Network Researchers in California
Research Institutions — primarily four UC
Institutes; USC’s ISI; Stanford; and Caltech



CALREN - today

m 3 backbones — one commodity, one

m Integrated at t
evel, separab

m Separate loca

oroduction, one research oriented, sharing
ohysical resources where applicable

ne physical and operations
e at the link and network levels

solution from long-haul solution

(due to different possibilities, players)

m Combination of dark fiber and wavelengths
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Northern California

L. B”k'fliy Sacramento

| @ UC, Davis Med Center

San Francisco

LUC, San Fr'ancisco'
X @ stockton
Stanford &

Sunnyvale

UC, Santa Cruz .

Primary Backbohe (Cisco 15808)

Central Valley

Chico Connection

Metro Network (1 Dave Reese
Pacific Bell Gigaman Detober 20, 2002




Southern California

UC, Santa Barbara

Los Angeles @ UC Riverside

Primary Backbone (Cisco 15808)
Central Valley (Cisco 15808)

Chico Connection (2xGig-Ethernet)
Metro Network (15540)

Pacific Bell Gigamant October 20, 2002
ucsh/sbse

Dave Reese




CalRen DC

Calren/DC/HPR/XD POP HPR

" XD
Architecture
Long Haul DWDM
0OC48/0C192/10GIigE .
DWDM 19 Gig E or OC192
Gig E

CalREN/DC




Relation to National and International Nets

m CALREN connects to Abilene at LA and SNY
m CALREN is an integral part of NLR (LA-SNY)
m CALREN connects to Federal Networks (SNY)

nternational Connections through
PACIFICWAVE - a joint project of CENIC and

PNWG (Seattle)



Abilene (Internet2) backbone 2004

Seatlle

Chicago New York

Washington

Los Angeles

Atlanta

e 0C-192¢

s OC-48C
Houston




National Connections - NLR

National LambdaRail Architecture

Ogdeny/
Salt Loke City

© 2004 National LambdaRail For more information regarding NLR see http://www.nir.net or contact info@nir.net




International R&E Networks
connecting to US

starlight

Canada

pacific wave ~—_
< Europe
XSE =
™~ manlan
Australia ampath

Mexico

S. America



2005 NSF-IRNC related Pacific Connections (10G)
| |

IEEAF Link
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PacificWave

Partnership between CENIC and PNWGP (Pacific
Northwest Gigapop - Seattle)

Concept: an extensible, geographically dispersed
peering fabric so that you can connect at any one
location on the fabric and have the option to peer with
any other participant, regardless of where they are
connected

Uses 10G wave to connect the physical exchange
points and build VLANS to interconnect peers

Recently received funding from NSF-IRNC program to
extend capabilities and provide support for
International connections through PacificWave



PacificWave Seattle

10GE NLR Lambda
to STARLIGHT

\/

ATTBI/Comcast TANET2/TWAREN
CA*NET4 - = SingAREN
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ESnet = ®e Microsoft
S
N
GEMnet e,
&y
KREONet2
IEEAF 10GE NLR Lambda
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Pacific Wave - Los Angeles

10 GE Lambda
To Seattle PWave
(via Sunnyvale)

Qatar Foundation

Abilene

WTWAR EN

NI/SINET TRANSPAC AARNet CENIC (HPR)

Los Nettos =

1 Gigabit — =———— zrEaaas planned

10 Gigabit w=sssm = = ®m 1 planned



What's next? — development of Calren-XD

m Some waves are in use — Teragrid (LA to San
Deigo), Optiputer (San Diego to LA to
Chicago), CaveWave (San Diego to Chicago)

m More to come. Many (5+7?) will be brought up
In support of IGRID’05 (San Diego) and SC'05
(Seattle).

m Layer 1 switching for CALREN-XD, NLR,
HOPI and GLIF through PacificWave
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