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Calit2 is using 10 gigabit/s optical paths to connect people and devices on
local, regional, national, and global scales. On campus this cyberinfrastructure
connects a variety of data-intensive biomedical instruments (DNA arrays,
genome sequencers, mass spectrographs) to distributed computing/storage.
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Calit2 Continues to Pursue

Its Initial Mission:

Envisioning How the Extension of Innovative
Telecommunications and Information Technologies
Throughout the Physical World
will Transform Critical Applications
Important to the California Economy and
its Citizens’ Quality Of Life.

UClIrvine Calit2 Review Report: p.1




Two New Calit2 Buildings Provide
New Laboratories for “Living in the Future”

“Convergence” Laboratory Facilities
— Nanotech, BioMEMS, Chips, Radio, Photonics
— Virtual Reality, Digital Cinema, HDTV, Gaming
Over 1000 Researchers in Two Buildings
— Linked via Dedicated Optical Networks

Preparing for a World in Which
Distance is Eliminated... www.calit2.net

UCIrvine $100M From State for New Facilities



The Calit2@UCSD Building is Designed for Prototyping

UClIrvine

Extremely High Bandwidth Applications
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Calit2--A Systems Approach to the Future of the Internet

and its Transformation of Our Society

Calit2 Has Assembled a Complex Social Network
of Over 350 UC San Diego & UC Irvine Faculty
From Two Dozen Departments
Working in Multidisciplinary Teams
With Staff, Students, Industry, angAfienNGommunity

POLICY, MANAGEMENT, & SOCIOECONOMIC EVOLUTION

ENVIRONMENT & CIVIL INTELLIGENT 'JI!‘.-HTMLI.‘Ir EHAHLE‘l NEW MEDIA
INTERFACES & SOFTWARE SYSTEMS|
NETWORKED INFRASTRUCTURE

MATERIALS & DEVICES

i

Integrating Technology Consumers and Producers

Into “Living Laboratories fl“;

UCIrvine www.calit2.net
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In Spite of the Bubble Bursting,

Calit2 Has Partnered with over 130 Companies
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Federal Agencies Have Funded $350 Million

to Over 300 Calit2 Affiliated Grants
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Calit2 Brings Computer Scientists and Engineers

Together with Biomedical Researchers

« Some Areas of Concentration: C §B
— Algorithmic and System Biology NS
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Challenge: What is the Appropriate Data Infrastructure

for a 215t Century Data-Intensive BioMedical Campus?

 Needed: a High Performance Biological Data Storage, Analysis,
and Dissemination Cyberinfrastructure that Connects:

— Genomic and Metagenomic Sequences

— MicroArrays

— Proteomics

— Cellular Pathways

— Federated Repositories of Multi-Scale Images

— Full Body to Microscopy

*  With Interactive Remote Control of Scientific Instruments
* Multi-level Storage and Scalable Computing
- Scalable Laboratory Visualization and Analysis Facilities

* High Definition Collaboration Facilities

UClIrvine
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Shared Internet Bandwidth:

Unpredictable, Widely Varying, Jitter, Asymmetric
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Dedicated Optical Fiber Channels Makes

High Performance Cyberinfrastructure Possible
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UCSD Parallel Lambdas are Driving Optical Networking
UCIrvine The Way Parallel Processors Drove 1990s Computing

“Lambdas”
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The OptlPuter Project: Creating High Resolution Portals
Over Dedicated Optical Channels to Global Science Data
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UCSD Planned Optical Networked

Biomedical Researchers and Instruments

« Connects at 10 Gbps :

CryoElectron Natural — Microarrays
Microscopy Facility  Sciences SDNAP G S
Building San Diego — Genome Sequencers
Supercomputer — Mass Spectrometry
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M :
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— Storage

Cellular & Molecular P
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Conceptual Architecture to Physically Connect
Campus Resources Using Fiber Optic Networks
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UCSD Structural T
Engineering Dept. g
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<UCSD 7 Racks plus Takes up 2 Parking Data Power
Jacobs Network Spaces Cooling

«  Measure and Control Energy Usage:
— Sun Has Shown up to 40% Reduction in Energy
— Active Management of Disks, CPUs, etc.
— Measures Temperature at 40 Points (5 Spots in 8 Racks)
— Power Utilization in Each of the 8 Racks

UCSD (Calit2 & School of Medicine)
Bought Two Sun Boxes

_ : May 2008
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Planned UCSD Energy Instrumented

== Cyberinfrastructure ..
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National Lambda Rail (NLR) Provides
Cyberinfrastructure Backbone for U.S. Researchers

Links Two
Dozen State and
Regional Optical
Networks

lacksowmville

Pacific Northwest

Gigapop % NLR POP

I WM Fiber Route

Florida LambdaRail

10G Wave

UCSD NLR 4 x 10Gb Lambdas Initially
UCIrvine Capable of 40 x 10Gb wavelengths at Buildout




CENIC/NLR/GLIF Extend Optical Networks

Outside Campus Boundaries to Remote Resources
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Instrument Control Services: UCSD/Osaka Univ.

Link Enables Real-Time Instrument Steering and HDTV

Most Powerful Electron
Microscope in the World
- Q§a_ka, apan

UC IRVINE

Source: Mark Elllsman, UCSD



roposai to yperintrastructure

of OptIPuter “On-Ramps” to NLR & TeraGrld Resources

orid Networ
Incorporating Tradltlonal Routed IP Service and
the New Frame and Optical Circuit Services:
Layer 3: Routed IP Network
Layer 2: Switched Ethernet Network
Layer 1: SW|tched Optical Network

UT-Austin

@ NSF Petascale Supercomputers

/! Creating a Critical Mass of End Users
on a Secure LambdaGrid ’,ZI;
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UClIrvine Source: Fran Berman, SDSC , Larry Smarr, Calit2



An OptiPuter Worked Example From

The New Science of Metagenomics

THE NEW SCIENCE OF

METAGENOMICS

NRC Report: Revealing the Secrets of Our Microbial Planet “The emerging field
Port of metagenomics,

where the DNA of entire
communities of microbes
is studied simultaneously,

Metagenomic
data should

°e :;;a clle _ presents the greatest opportunity
avpal:|a|;(|:eyin -- 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
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Evolution is the Principle of Biological Systems:

Most of Evolutionary Time Was in the Microbial World
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UClIrvine Source: Carl Woese, et al




The Human Microbiome is the Next Large NIH Drive

to Understand Human Health and Disease

- “A majority of the bacterial sequences corresponded to uncultivated
species and novel microorganisms.”

- “We discovered significant inter-subject variability.”

« “Characterization of this immensely diverse ecosystem is the first step in
elucidating its role in health and disease.”
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Marine Genome Sequencing Project —

Measuring the Genetic Diversity of Ocean Microbes
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Calit2 Microbial Metagenomics Cluster-
Next Generation Optically Linked Science Data Server

Source: Phil Papadopoulos, SDSC, Calit2
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CAMERA'’s

Global Microbial Metagenomics CyberCommunity

Over 2010 Registered Users From Over 50 Countries
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Use of Tiled Display Wall OptiPortal
to Interactively View Microbial Genome

Powarad byRocks | } Acidobacteria bacterium Ellin345
UClIrvine A Soil Bacterium 5.6 Mb



Use of Tiled Display Wall OptiPortal
to Interactively View Microbial Genome

UCIrvine

Source: Raj Singh, UCSD



Use of Tiled Display Wall OptiPortal
to Interactively View Microbial Genome
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Interactive Exploration of Marine Genomes
Usmg 100 Million Pixels
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The Calit2 200 Megapixel OptIPortals at UCSD and UCI
Are Now a Gbit/s HD Collaboratory

NASA Ames Visit Feb. 29, 2008
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OptiPlanet Collaboratory Persistent Infrastructure
Supporting Microbial Research
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OptlPortals
Are Being Adopted Globally
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