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Data Intensive e-Science Instruments
Will Require SuperNetworks
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Access to CERN Large Hadron Collider
A Terabit/s WAN by 2013!

Year Production Experimental Remarks
2001 0.155 0.622-2.5 SONET/SDH
2002 0.622 2.9 SONET/SDH
DWDM; GigE Integ.
2003 2.5 10 DWDM:; 1 + 10 GigE
Integration
2005-6 10-20 2-4 X 10 A Switch;
A Provisioning
2007-8 30-40 ~100 or 1*! Gen. A Grids
2 X 40 Gbps
2009-10 60-80 ~5 X 40 or 40 or 100 Ghbps A
D &) Switching

2011-12 ~5X400r ~25X40o0r 2" Gen A Grids
~2 X 100 ~10 X 100 Terabit Networks

2013-14 ~Terabit ~MultiTbps ~Fill One Fiber




The Unrelenting Exponential Growth of Data Requires an

Exponential Growth in Bandwidth

- “Each LHC experiment foresees a recorded raw data rate of 1 to several
PetaBytes/year”

— Dr. Harvey Neuman (Cal Tech), Professor of Physics

* “The VLA facility is now able to generate 700 Gbps of astronomical data and
the Extended VLA will reach 3.2 Terabits per second by 2009.”

— Dr. Steven Durand, National Radio Astronomy Observatory, E-VLBI Workshop,
MIT Haystack Observatory., Sep 2006

« “The Global Information Grid will need to store and access exabytes of data
on a realtime basis by 2010”

— Dr. Henry Dardy (DOD), Optical Fiber Conference, Los Angeles, CA USA, Mar
2006

« “US Bancorp backs up 100 TB financial data every night — now.”

— David Grabski (VP Information Tech. US Bancorp), Qwest High Performance
Networking Summit, Denver, CO. USA, June 2006.
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Dedicated Optical Channels Makes

High Performance Cyberinfrastructure Possible

WAVELENGTH DIVISION MULTIPLEXING (WDM)

10 Gbps per User ~ 200x
Shared Internet Throughput

® EXPLOITS
— ENORMOUS BAMNMDWIDTH OF SILICA FIBER
— HIGH-GAIN WIDEBAND OFPTICAL AMPLIFIERS

Source: Steve Wallach, Chiaro Networks
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UCSD Parallel Lambdas are Driving Optical Networking ‘il?

UClrvine The Way Parallel Processors Drove 1990s Computing



National LambdaRail

Serves the University of Virginia

NLR Memhers’ PacketNet Connection Status

- “There are many potentlal prolects
- that could benefit from the use of NLR,
©including both high-end science projects,
such as astronomy, computational biology and ¢!
genomics, but also commercial applications in |
the multimedia (audio and video) domain.”--
o Malathi Veeraraghavan, Professor of =
/=~ Electrical and Computer Engineering, UVa, wx®
ucsor Pl CHEETAH CII'CUIt Switched Testbed
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The OptiPuter Project — Creating High Resolution Portals

Over Dedicated Optical Channels to Global Science Data
\ arge intomation Iechnology research Froposa OptiPuter
— Calit2 (UCSD, UCI) and UIC Lead Campuses—Larry Smarr Pl &=

— Partnering Campuses: SDSC, USC, SDSU, NCSA, NW, TA&M, UvVA,
SARA, NASA Goddard, KISTI, AIST, CRC(Canada), CICESE (Mexmo)

 Engaged Industrial Partners:
— IBM, Sun, Telcordia, Chiaro, Calient, Glimmerglass, Lucent

- $13.5 Million Over Five Years—Now In the Six and Final Yea. -~

Ii-l-l..'j'-l?

?@ NIH Biomedical Informatics
: Research Network
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My OptiPortal™ - Affordable
Termination Device for the OptlIPuter Global Backplane

« 20 Dual CPU Nodes, 20 24” Monitors, ~$50,000
* 1/4 Teraflop, 5 Terabyte Storage, 45 Mega Pixels--Nice PC!
- Scalable Adaptive Graphics Environment ( SAGE) Jason Leigh, EVL-UIC

S | Powered by Rocks . - |
U{___S owered by Rocks IIIII} Source: Phil Papadopoulos SDSC, Calit2 "



The New Science of Metagenomics

THE NEW SCIENCE OF
METAGENOMICS

“The emerging field
of metagenomics,
where the DNA of entire
communities of microbes
is studied simultaneously,

NRC Report: Revealing the Secrets of Our Microbial Planet

Metagenomic
data should

be oy cle presents the greatest opportunity
avpal:gléﬂyin -- perhaps since the invention of

the microscope —
! to revolutionize understanding of
the microbial world.” —

international
archives as
rapidly as

possible. National Research Council

March 27, 2007

UClhrvine



Marine Genome Sequencing Project —

Measuring the Genetic Diversity of Ocean Microbes
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Calit2’s Direct Access Core Architecture él MOORE

Will Create Next Generation 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
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“Instant” Global Microbial Metagenomics

CyberCommunity

Over 1300 Registered Users From 48 Countries

i MW
El
Ired
RO Australia
e
TEMERED O Fealai:
Google

g camera

Pk

Mo rth M esific
[af-

Vs

SIS

USA

United Kingdom
Germany
Canada

France

Brazil

761

JJJJJ

[ FEEITEH ]

Kazx data 22007 Curcpa Technokgies - 7=

J. Craig Venter

I N 5 T 1 T O TE

P (4




An Emerging High Performance Collaboratory

for Microbial Metagenomics

- || OptIPortals
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Genome and Medical Biosciences Building
First 10Gbps OptiPortal End Point at UC Davis

~70 Faculty
~25+ new
~700 people

Six floors
225,000 sq ft
$98M

Molecular Medicing
Genomics & B|0|

Phar (o] [oTe VAR
"’B ﬁm Engmeermg ;Ll.
Enabling Genomics Facmty Py
Imaging & Vivarium ”%
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Building a Global Collaboratorium
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Digital Cinema Standard 4k—Four Times HD!
CineGrid @ iGrid2005
K Distance Learning * ﬂﬂvw —

CinéGrid’

M e - L B R L
A New Digital Medium
for Art, Science,

and Collaboration : .P
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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
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Rocks / SAGE OptlPortals
Are Being Adopted Globally

Powered by Rocks

ROCKS

.h'-l.
I"fMi\I

glectronic

e v ‘ visualization
laboratory




EVL’s SAGE Global Visualcasting to Europe
September 2007

EVL Lambdavision SAHA Tiled display
- |
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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



StarCAVE Panoramas
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How Do You Get From Your Lab

to the National LambdaRail?

“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
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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
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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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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
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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
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Planned UCSD Production Campus Cyberinfrastructure

Supporting Data Intensive Biomedical Research

Active Data Replication

S — Eco-Friendly
' Gp.; O Storage and
5 1 Compute

“Network in a box” Wide-Area 10G
I « > 200 Connections 10 Gigabit * CENIC/HPRnNg
- - DWDM or Gray Optics * NLR Cavewave
y Up L2/L3
On-Demand Switch i | * 12 NewNet

 Cinegrid

Physical
Connections

Py NG

’ \
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I Lab I
' Here !
\ /

Repositories : I Microarray
Microscopes Mass Spec

ucCsb _ _
3 . Source: Phil Papadopoulos, SDSC/Calit2;
UClhrvine Elazar Harel, UCSD




UCSD Planned Optical Networked

Biomedical Researchers and Instruments

« Connects at 10 Gbps :
— Microarrays
San Diego — Genome Sequencers
Supercomputer — Mass Spectrometry

Center — Light and Electron
Microscopes

— Whole Body Imagers

CryoElectron
Microscopy Facility SOMAP

M .
— — Computing
— Storage
Cellular & Molecular R
Medicine East N
Calit2@uUcCsSD
Bioengineering - i
Radiology
Imaging Lab Cancer Center
National
Center for
Microscopy &
Imaging Center for La Jolla Prao

Molecular Genetics

|j Cellular & Molecular

Medicine West

Pharmaceutical
Sciences Building

Biomedical Research




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 ——




OptiPuter@UCI is Up and Working

ONS 15540 WDM at UCI
campus MPOE (CPL) 10 GE DWDM Network

=
1 GE DWDM Network ﬁ )
Line Tustin CENIC CalREN
POP

UCSD Optiputer
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Calit2 Building
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Creating a Digital Moorea
Calit2 Collaboration with UC Gump Station (UCB, UCSB)
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Calit2 ReefBot Design
for Digital Reef Mapping

to Zoom Into
Any Portion
of the Shallow Reef
to View Details Down
to ~ Centimeter



UC Systems Collaborating in Studies
Integrating Brain Imaging and Genetics
Institutional Research Program: Imaging Genetics
UCI, UCLA, UCSD, UCSF, UCDavis
Transdisciplinary: molecular to clinical
Collaborate with CallT2 for infrastructure
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