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Interconnecting Regional Optical Networks
Is Driving Campus Optical Infrastructure Deployment

lacilities-beasad Regional Cptical Metwork:

Forr L S B G b 30T
IrFormashon may Sen sther aoowafr Rl es-oohe
E fiipetrter i J




The OptlPuter Project: Creating High Resolution Portals
Over Dedicated Optical Channels to Global Science Data
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My OptiPortal™ - Affordable
Termination Device for the OptiPuter Global Backplane

« 20 Dual CPU Nodes, Twenty 24” Monitors, ~$50,000 >
- 1/4 Teraflop, 5 Terabyte Storage, 45 Mega Pixels--Nice PC! &__EP“P“E’
- Scalable Adaptive Graphics Environment ( SAGE) Jason Leigh, EVL-UIC
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OptIPuter / OptiPortal

SAGE Supports Multiple High Bandwidth Applications
electronic Bltplayer MagiCCarpet
eV‘ et - S Streaming Blue Marble

laboratory Streaming animation dataset from San Diego
of tornado simulation to EVL using UDP

using UDP.
516 Mbps

~9 Gbps In Total.

SAGE Can Simultaneously Support These
Applications Without Decreasmg Thelr Performance

_ JuxtaView
Locally streaming Locally streaming the aerial
HD camera live photography of downtown

video using UDP. Chicago using TCP.
538Mbps 850 Mbps




UClrvine

Two New Calit2 Buildings Provide

“Convergence” Laboratory Facilities
— Nanotech, BioMEMS, Chips, Radio, Photonics
— Virtual Reality, Digital Clnema HDTV, Gaming

Over 1000 Reseg : o Buildings

iInked via Dedicated Optical Networks

www.calit2.net

Preparing for a World in Which
Distance is Eliminated...



Nearly One Half Billion Pixels
in Calit2 Extreme Visualization Project!

Connected at 2,000 Megabits/s!

'\.\'.

= ! ~ i
" H -|I - . F ¥ 1 _u
_ UC Irvine __—rreans [ohow |S802 I
Ty oL L ke S el RN PR

ey TR '.lfpa '.-!'L‘?'E ;i i‘_' B ol
BRG] datth VT Bk g g pon € 5"4" H*" ettt il

Lo = o S rrTY:
g I ety kil e L]

¢ . b E"J:":r .'_qlirrl.;ﬂ__- "Ell 1{_:'_ ,‘: i R
. - LS ” '}

. il BEEE Hhes B dp | EREEERET ] . i
e FHL | w e o r ¥ ! & o oaral e
3 - i b s FRELD [ A R e :
| | BEHE e R e i | e s SRR IR IS W W TR N
b W 2. 2 gt " =

§ . o D B
HiLr

nigy BREE QROAR

55 Onen RN | DB G| DERR HoRk DOQR [@RAN 16
bbiiaeeil l RRLEE DR LT TS TR i

"

1] T EEE By RO ._|_|_: ;
bl " W . .

4 L Y Y Y Y e oy
J "“"r' R el Bl W J*P‘I ) k"'-‘““!"
PR G50E | RE A 2a el

LI g | S e G o s

— W _‘!:'lf " iy r.‘ ;
— . i1l 4 R
o

|I| ' LN e
i :‘ lt “."' |;‘\1 :i-l'\:l.-' h‘ t.‘r..: l:rq g T . .
¥ 7 o B

CO0Bagsan




The Calit2@UCSD Building is Designed for Prototyping

Extremely High Bandwidth Applications

1.8 Million Feet of Caté Ethernet Cabling

24 Fiber
Pairs
to Each
Lab

3 o 1y

UCSD Has only
One 10G
CENIC |
Connection for p ?ﬁ gr 10,000
" i ividual
~30,000 Users =3 " 1 Gbps
=~ * ' Dropsinthe

Building
~1 0G per Person

S S N 150 Flber Strands to Buldlng, )
UCSD Photo: Tim Beach Experimental Roof Radio Antenna Farm
UClrvine Calit2 ’ Ubiquitous WiFi




Borderless Collaboration
Between Global University Research Centers at 10Gbps

Maxine Brown, Tom DeFanti, Co-Chairs

1Grid 2005

[HE GLOBAL LAMBDA INTEGRATED FACILITY
www.igrid2005.org

September 26-30, 2005
FhE ”[: Calit2 @ University of California, San Diego
|]|5E[WEW G[ﬂﬂ[ California Institute for Telecomr.unications and Information Technology

100Gb of Bandwidth into the Calit2@UCSD Building
More than/150Gb GLIF Transoceanic'Bandwidth!
450 Attendees, 130 Part|C|pat|ng Organizations
20 Countries Driving 49 Demonstratlons \&

# _r 1- or 10- Gbps Per I?emo



Building a Global Collaboratorium
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First Trans-Pacific Super High Definition Telepresence
Meeting Using Digital Cinema 4k Streams

Streaming 4k o
100 Times - with JPEG 2000 [EESE SRR
the Resolution Compression [R&hEICIfle
of YouTube! ', gigabit/sec [EESE

e g

Lays
Technical
Basis for
Global

Keio"University Digital
President Anzai Cinema
Sony

ucsn NTT
Chancellor Fox SGI

.-_f 1Grid 2005
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CineGrid @ iGrid2005:
Six Hours of 4K Projected in Calit2 Auditorium
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4K Distance Learning ——i

-—:lh.'.! -':'I:-I'HJ [T .- i

Rt e A o B o™ ’
! I ST e ok T, :
we s+ o R R T : s
2 e Ll T s T
dif 1T .

8 4K Digital Cinema

Source: Laurin Herr



CineGrid: A New Cyberinfrastructure

for High Resolution Media Streaming*

Source: John (JJ) Jamison, Cisco

(Westin Bldg.) Esf=c=

Seattle StarLight
Northwestern Univ
Level3 Chicago
1360 Kifer Rd. - McL
Sunny\llaelre ﬁl %I Zan
£*%3 &
- T e
- -
Equinix h&gl_
B13 W. 7th ot N [Cencwae | CiSco Has Built 10 Gige Waves on CENIC, PW,
T & NLR and Installed Large 6506 Switches for
Calit2 Access Points in San Diego, Los Angeles,
San Diego Sunnyvale, Seattle, Chicago and McLean
Fﬂm CWave core PoP for CineGrid Members
&@ Some of These Points are also GLIF GOLEs

10GE waves on NLR and CENIC (LA to SD)

UCSD
Comine - C TWatchQUARTERLY  May 2007
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Gigabit Fibers on the Ocean Floor

-- Controlling Sensors and HDTV Cameras Remotely

) www neptune washlngton ed

rir- . F ety

iy LOOKING:

_ el Aﬂ;""f | (Laboratory for the Ocean Observatory

\ L a8 Knowledge Integration Grid)

Vet \,;;,-{- " http://lookingtosea.ucsd.edu/
\ PR, o, Goal:

"'- - FOP # Plate

l \\ YR — Prototype Cyberinfrastructure for NSF’s
B aaide. TR Ocean Research Interactive Observatory
- f ity "*{'f--.-- Networks (ORION) Building on
| OptlIPuter

LOOKING NSF ITR with Pls:
— John Orcutt & Larry Smarr - UCSD
— John Delaney & Ed Lazowska -UW

,. — Mark Abbott — OSU
- NEPTUNE CI f Collaborators at:

Requreme"t . — MBARI, WHOI, NCSA, UIC, CalPoly,
¢ Node Locations UVic, CANARIE, Microsoft, NEPTUNE-
== Fiber-0ptic Cable i .
-+ Exclusive Econemic | 4 : I' J I o Canarle
I.l. L D

* Pane Ramndaries
Making Management ‘fl”
of Gigabit Flows Routine

Drlveh =

UChrvine “oh



Remote Interactive High Definition Video
of Deep Sea Hydrothermal Vents
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ucCcsp
LClrvine Source John Delaney & Deborah Kelley, UWash




Ocean Observatory Initiative

-- Initial Stages

e OOl Implementing Organizations
— Regional Scale Node " Science

- $150m’ uw Multi-scale Sistained OF]EFH[]G”S
— Global/Coastal Scale Nodes (3lnhal Prosenie

— $120m, Woods Hole Lead Ocean Eesearch
— Cyberinfrastructure \Enteractive Dbﬁ:ﬁﬁ:}
— $30m, SIO/Calit2 UCSD Marine | '

. Operations 1N
6 Year Development Effort . P 2 (,ybt}'r
Operations

Eraltime
Bi-directional

G [‘Obalf"iF Instrumert MNetwork
Coastal 10 -

Cyher
Infrastructure
1O

UClrvine

Source: John Orcultt,
Matthew Arrott, SIO/Calit2




e-Science Collaboratory Without Walls
Enabled by Uncompressed HD Telepresence

1500 Mbits/sec Calit2 to UW Research Channel Over NLR

v Tia " SN

55 May 23, 2007

UCSD John Delaney, Pl LOOKING, Neptune ’- 1’
U Clrvine Photo: Harry Ammons, SDSC ‘ -




Goal for SC’07
IHDTV Integrated into OptiPortal

B e [, i, S T,
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Moving from Compressed : e
HD to Uncompressed iHDTV Hovemlser

Reno to UW in Seattle

.....

| Source: Michael Wellings

Research Channel
Univ. Washington



Marine Genome Sequencing Project —

Measuring the Genetic Diversity of Ocean Microbes
Plus 155

Marine
Microbial Earh S :
Genomes ach oarrfessy e
~2000 United ec|fy
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CAMERA: Community Cyberinfrastructure
for Advanced Marine Microbial i
Ecology Research and Analysis tg‘

National LambdaRail

F Direct Connect Paul Gilna Ex. Dir.
,\V Computation and Storage Complex

Sh Pl Larry Smarr

.ﬁ" Funded by: Gordon and Betty Moore Foundation M aY RE
3 MOORE
‘g'ﬂ“.ﬁ- Joint Partnership of:

24 '!-.',s

camera $24.5M Over Seven Years

Announced January 17, 2006




Calit2’s Direct Access Core Architecture

Creates a SuperNetwork Metagenomics Server

Sargasso Sea Data

Sorcerer Il Expedition
(GOS)

JGI Community
Sequencing Project

Moore Marine
Microbial Project

NASA and NOAA
Satellite Data

Community Microbial
Metagenomics Data

SCRIPPS otzo

L' ﬂlrm b1
allg
#‘ l;,

Tﬁﬂ'IHPLﬂ" CTWITE

Cﬂmera I, Cralg Venter
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i Dedicated OptiPCiar _

' | Compute Farm | & | Traditional

' |(1000s of CPUs) i User

| _l :

| < . s

: ~ NP \h

| Data- S Cé

i Base a3

| Farm n S |

l u = . o

: + ! oca

: : : ; : Environment

 Flat File| | == e

' | Server . n | : Web

: Farm : : : i (other service)

____________ == "~ Local
-— | Cluster

(10,000s of CPUs)

o | TeraGrid: Cyberinfrastructure Backplane|
(scheduled activities, e.g. all by all comparison)

Source: Phil Papadopoulos, SDSC, Calit2




“Instant” Global Microbial Metagenomics

CyberCommunity

Over 1300 Registered Users From 48 Countries
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Use of Tiled Display Wall OptiPortal
to Interactively View Microbial Genome

Acidobacteria bacferium Ellin345 Soi
Bacterium 5.6 Mb; ~5000 Genes

Source: Raj Singh, UCSD




Use of Tiled Display Wall OptiPortal
to Interactively View Microbial Genome




Use of Tiled Display Wall OptiPortal
to Interactively View Microbial Genome

id345 1143
4345 1150:’51 345 1144




An Emerging High Performance Collaboratory

for Microbial Metagenomics

- || OptIPortals
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Rocks / SAGE OptlPortals
Are Being Adopted Globally
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EVL’s SAGE Global Visualcasting to Europe

September 2007
EVL Lamvbdavision . — SARA Tiked display
e
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3D OptlPortals: Calit2 StarCAVE and Varrier

Alpha Tests of Telepresence “Holodecks”
Connected at 160 Gb/s Source: Tom DeFanti, Greg Dawe, Calit2

e

ucsp 60 GB Texture Memory,

UClrvine Renders Images 3,200 Times the Speed of Single PC



How Do You Get From Your Lab

to the Regional Optical Networks?

“Research is being stalled by ‘information overload,” Mr. Bement said, because
data from digital instruments are piling up far faster than researchers can
study. In particular, he said, campus networks need to be improved. High-speed
data lines crossing the nation are the equivalent of six-lane superhighways, he
said. But networks at colleges and universities are not so capable. “Those
massive conduits are reduced to two-lane roads at most college and university
campuses,”’ he said. Improving cyberinfrastructure, he said, “will transform the
capabilities of campus-based scientists.”

-- Arden Bement, the director of the National Science Foundation

Cl Watch QUARTERLY

BT ERE R Lt B TR LY iy
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THE JUMP 1O LIGHT SPEED
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i r - Frillp Fapadepoul osand 3 Smarr
LUClrvine www.ctwatch.org




California (CENIC)
Network Directions

 More Bandwidth to Research University Campuses
— One or Two 10GE Connections to Every Campus

 More Bandwidth on the Backbone
— 40Gbps Or 100Gbps
« Support for New Protocols and Features
— IPv6 Multicast
— Jumbo Frames: 9000 (or More) Bytes v e
- “Hybrid Network” Design, Incorporating CENIC
Traditional Routed IP Service and
the New Frame and Optical Circuit Services:
— “HPRng-L3” = Routed IP Network
— “HPRNng-L2” = Switched Ethemet Network
— “HPRng-L1” = Switched Optlcal Network CalREN-XD

UCIrvine Source: Jim Dolgonas, CENIC




CENIC Switched Ethernet Network
HPRng-L2 Design
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CENIC Switched Optical Network
HPRng-L1 design

Source: Jim Dolgonas, CENIC
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UClhrvine

Campus Preparations Needed
to Accept CENIC CalREN Handoff to Campus

CENIC
A

demarc

Y
campus

t

DVWDM to CalREN

optical backbone

connections to labs
(via campus filber)

Source: Jim Dolgonas, CENIC

o
HPRng-L1 HPRng-L2

%

HPRng-L3

campus border
router




Current UCSD Experimental Optical Core:

Ready to Couple to CENIC L1, L2, L3 Services

To 105IaE ClusEr .
2 10GIgE clusk Goals by 2008: CENIC L1, L2

' | >= 50 endpoints at 10 GigE Services

>= 32 Packet switched

>= 32 Switched wavelengths
| >= 300 Connected endpoints

Ta 110G IgE clusisr
nads nedecs s and
cother suwiiche s

%h\_‘g —— Approximately 0.5 TBit/s o
erzrozzeEln | Arrive at the “Optical” Center TR
s 10 n it of Campus ff? /
e Switching will be a Hybrid —[Elesendduy]
S, Combination of: S Ewaoe
\ﬁ%&aaaum Packet, Lambda, Circuit --
205 000 oo - 00O and Packet Switches CalREMN-HPR
Mo 100 oo Already in Place Research
Cloud
=hE Funded by
TeEIeE NSF MRI Campus Research
4 pant nemr Grant — Cloud

A y— . OptIPvu-tvevrvaovra'er Router o
UCSD - ++ Source: Phil Papadopoulos, SDSC/Calit2 ‘ﬁ

UClrvine Ty (Quartzite Pl, OptiPuter co-Pl)




Planned UCSD Production Campus Cyberinfrastructure

Supporting Data Intensive Biomedical Research

Active Data Replication

e X Eco-Friendly
Y Gy, Q > Storage and
i Compute

“Network in a box” Wide-Area 10G
« > 200 Connections PR * CENIC/HPRnNg
| _ 10 Gigabit
- - - - DWDM or Gray Optics L2/L3 * NLR Cavewave
On-Demand : * 12 NewNet
_ Switch : o ,
Physical : « Cinegrid

Connections * e

A
~-CdlTIElrd

Caime U : Microarray '

S M |NCMIR
uCsDb F4 _ _
; Source: Phil Papadopoulos, SDSC/Calit2;

UClrvine Elazar Harel, UCSD
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http://nbcr.net/images/nbcr-cluster.gif
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roposai to yoperintrastructure

of OptIPuter “On-Ramps” to TeraGrid Resources

OptlIPuter + CalREN-XD + TeraGrid =
“OptiGrid”

,I / Creating a Critical Mass of End Users
R Diegol. ! on a Secure LambdaGrid
o ——




