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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.

Calit2 is a University of California
“Institutional Innovation” Experiment on How to Invent
a Persistent Collaborative Research and Education
Environment that Provides Insight into How the UC, a
Major Research University, Might Evolve in the Future.
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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, Studentg lndustry, and the Community

POLICY, MANAGEMENT, & SGCIOECONOMIC EVOLUTION

ENVIRONMENT & CIVIL | / INTELLIGENT \ | DIGITALLY ENABLED | NEW MEDIA
INTERFACES & SOFTWARE SYSTEMS
NETWORKED INFRASTRUCTURE

MATERIALS /& DEVICES

i

Integrating Technology Consumers and Producers
Into “Living Laboratories”

ucsD ..
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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...



President Kalam of India Believes Nanobioinfotech

is the Future for 600,000 Villages

* Interactive Knowledge System

« Convergence of Info- Nano - Bio

 Make the Bandwidth Available with No Limits

« PURA--Societal Grid With Electronic Connection of a Billion People

T ONVERGENCE OF TEEH.\'M-E;{;}.E;.E;;
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Calit2 Brings Computer Scientists and Engineers

Together with Biomedical Researchers

 Some Areas of Concentration: s
— Algorithmic and System Biology CAgB
— Bioinformatics :E) INSTITUTE FOR GENOMICS AND BIOINFORMATICS
— Metagenomics e s

L,
My NanoTumor & 3%

— Cancer Genomics k. By
Center @~ Cdllera

— Human Genomic Vanauon ana visease A
— Proteomics }m} .J g ﬁ ”,
— Mitochondral Evolution '“&s = |

— Computational Biology <us National Biomedical
. Computation Resource
— Multl-scale Ce"ular ImaN5CR an NIH supported resource center
— Information Theory and Biolc gelizs{=c 1
— Telemedicine
——— lifechips
UCSD GiRD @ '

) 4
L'Clrvine Southern California Telemedicine Learning Center (TLC) "l-
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Center for Algorithmic and Systems Biology@Calit2:
Bringing World-Class Speakers to Conferences

Corer hor Algorinmia frd Bystcnm Blaogy
CASA hitp:ffcasb.ucsd, edu
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algorithmic biology

computatianal proteomics
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Nano-Structured Porous Silicon

Applied to Cancer Treatment

Nanodevices for In-vivo Detection & Treatment of Cancerous Tumors

O UINIVERSITY of CALIFDRNLA SAN INEGO | ""ITI\'FFHEII:TII I:I
LIEEC AL CENTER B FE A A AL
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BURNHAM INSTITUTI
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Nanostructured “Mother Ships”

for Delivery of Cancer Therapeutics N Y
Michael J. Sailor Research Group [RYERESIEII A, o

Chemistry and Biochemistry In vasculature tumor formation
ucsp
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Calit2 Focuses on

Three Modes of Telemedicine

- Stage 1: Institutional Telemedicine

— Large Scale Data Sharing and Visualization Primarily
Aimed at Medical Professionals

— Collaborative Systems, Real-time Video, Database-on-
Demand, Data Mining, Advanced Visualization,
Distance Training, Robotic Surgery, etc.

- Stage 2: Mobile Telemedicine

— Data Harvesting and Feedback at Point of Care
Primarily Aimed at Medical Professionals.

— Hospital Patient Tracking, Data Harvesting, Outpatient
Monitoring, Medical Assistive Devices, Wearable
Sensors, Field Deployable Units, Smart Forms, First
Responder Units, etc.

- Stage 3: Personalized Telemedicine

— Information Driven Medical Devices for Individualized
Medicine

— Smart Implants, Telemetric Microsensors, Remote
Controlled Micro-robotics, Care-at-home Devices,
Treatment Trackers, Personal Health Monitors

UClhrvine




Lifechips--Merging Two Major Industries:

Microelectronic Chips & Life Sciences

65 UCI Faculty

HEART ASSIST
PUMP

UClhrvine

‘ » f ‘ #
unibversity af califorrla, invine
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A SmartPhone Based System

to Enhance Preventive Healthcare

« Diabetes > Blood Glucose
- Congestive Heart Failure (CHF) > Body Weight and Blood Pressure
. Cardiac » EKG [ heart rhythms
i > BP (Blood Pressure)
* Hypertension > Respiration
* Asthmatics > Respiration & Blood Oxygenation
« Congestive Obstructive Pulmonary > Weight & Caloric intake
Disease(COPD) > Temperature
* Obesity

Can be easily measured / monitored

And therefore controlled before
effects are catastrophic

 |Infection

...Any chronic iliness.

7 -
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L/Clrvine Source: Paul Blair, Calit2




Telemedicine/Life Science Outreach

Calit2@UCl

Telemedicine Comes of Age —
September 2006 Igniting Technology
Panel Presentation at Calit2

Director’s Telemedicine Focus
Group — November 2006 at Calit2
~ 14 Participants

Telemedicine at UCI -'0

« Calit2 co-sponsored “International
Imaging Genomics Conference” —
Jan 2007 at Academy’s Beckman Center

* Director’s Telemedicine Workshop —
July 2007 at Calit2 ~ 40 Participants

UClhrvine




High Resolution, Low Jitter Video Diagnosis Tool

Cal-(IT)?, Qualcomm, Path 1, & UCSD Stroke Center

End-to-End QoS Management
Video Delivered Over CDMA 2000 1x EV-DO To Specialists
Viewing Station —Standard Laptop With 1xEV-DO Modems
Current Coverage 10 Mi. Around Campus

Internet

=

Video Qo3

o Vil P If I e "
UCS Prototype Led to a $5-million, 5-Year Grant from the ‘,f';
L/Clrvine National Institute of Neurological Diseases and Stroke




Wireless Internet Information System

for Medical Response in Disasters

* Funding Agency
— NIH’s National Library of Medicine

* Funding Level
— $4 million over 3 years

Aug. 22, 2006 Disaster Drill

* Project Description at Atkinson Hall

— Sophisticated Wireless Systems to Coordinate and
Enhance Care of Mass Casualties in a Natural Disaster

 Key Team Members
— PI, Leslie Lenert, M.D., School of Medicine-Now CDC - 8
WIISARD Technologies

— Co-Pl, Ramesh Rao, Division Director, Calit2 o Testedin
— MMST, First Responders, Emergency Medical

Command Center System

I 2 for Monitoring Disaster Site
ucCspD (’-l:t;

UClrvine www.wiisard.org



Calit2 Has Introduced Innovative Wireless Systems to
Support SoCal Flrst Responders

- ATHiHiﬂH HA.LL




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



Evolution is the Principle of Biological Systems:

Most of Evolutionary Time Was in the Microbial World

: You
Bacteria Archaea Eucarya | Are
G Here
Filamentous Slime
Spiroghetes bacteria Entamoabae lds als
o Methanosargina = Fungi
ram i '
; : Methanobacteriurh Halgphiles /
Protecbacigrs pﬂ-sﬂivejf Methanococgu ‘ Plants
Cyanobactert T. celer Ciliates
: Thermoprotgus ~
Planctomyce? B ;}c A \ Flagellates
g::;;’:;;: . ; Trichomonads
Th mgi-—_ Microsporidia
Aquifex Diplomonads
Much of Genome
Work Has
Occurred in
Animals

UClrvine 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.”

395 Phylotypes ‘

b
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I('D “Diversity of the Human Intestinal Microbial Flora”
UClrvine Paul B. Eckburg, et al Science (10 June 2005)




Community Cyberinfrastructure for Advanced

Marine Microbial Ecology Research and Analysis
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Marine Genome Sequencing Project —

Measuring the Genetic Diversity of Ocean Microbes
Plus 155
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CAMERA'’s Global Microbial Metagenomics CyberCommunity—Can

We Employ Social Network Software?

Over 1850 Registered Users From Over 50 Countries
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TV and Movies of 40 Years Ago
Envisioned Telepresence Displays

ROMULAN
'I'A? EMPIRE!
Co W e o

A R N
ROMULUS |

' .T_:.'.....'. !

o :
ucCcsp
LClrvine Source: Star Trek 1966-68; Barbarella 1968




Cisco Telepresence Provides Leading Edge
Commercial VTC

* 191 Cisco TelePresence

in Major Cities Globally = 85,854 TelePresence Meetings * 13,450 Meetings Avoided
. Scheduled to Date Travel
— US/Canada: 83 CTS Average to Date
3000, 46 CTS 1000 = Weekly Average is 2,263 (Based on 8 Participants)
— APAC: 17 CTS 3000, Meetings $107.60 M To Dat
4 CTS 1000 - 108,736 Hours . o Date
—Japan: 4 CTS 3000, 2 _ = Cubic Meters of Emissions
CTS 1000 = Average is 1.25 Hours Saved 16,039,052 (6,775
— Europe: 22 CTS Cars off the Road)

3000, 10 CTS 1000
— Emerging: 3 CTS

3000 Uses QoS Over Shared Internet ~ 15 mbps
* Overall Average

Utilization is 45%

Cisco Bought WebEXx

L/Clrvine Source: Cisco 3/22/08




Dedicated Optical Channels Makes

High Performance Cyberinfrastructure Possible

WAVELENGTH DIVISION MULTIPLEXING (WDM)

10 Gbps per User ~ 500x
Shared Internet Throughput

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

Source: Steve Wallach, Chiaro Networks

20 -
1o L RANGE OF HIGH GAIN EDFAs
| B
E " 4 THz
2
A 25 THz (
Ll
= CHITARRID
0.2 -
o | WDM GHANNELS an H .
2t e e a7
WAVELENGTH (pm) “| ambdas”

— Single 10G Lightpath to Individual Users e
UCSD Enables Data-Intensive Science ‘113;

LClrvine with High Performance Collaboration



National Lambda Rail (NLR) Provides

Cyberinfrastructure Backbone for U.S. Researchers

Seamie
! : Paci I[‘:NQ;H‘IWES' Gigapop

T

Postiand

A

Links Two
Dozen State and
Regional Optical
wie Networks

Ny
fios Amgetes =

s >
Calit J_

Pacfic Morthawest

Blgapop
j Pk PO

I UV fper mowis

Florida LambdaRail

= LT Wrave

ucsp NLR 4 x 10Gb Lambdas Initially

LUClrvine Capable of 40 x 10Gb wavelengths at Buildout



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



First Trans-Pacific Super High Definition Telepresence
Meeting Using Digital Cinema 4k Streams

= 4k = 4000x2000 Pixe

100 Times
the Resolution
of YouTube!

= 4xHD Streaming 4k

with JPEG 2000 JFSS Sty
o CineGrid
2 gigabit/sec i

S et

= |
| Lays

Technical
Basis for

Global

Digital
Cinema

" Sony
ucsn NTT

/ ghangol BEEeX SCl

1Grid 2005

P (4

CaI|t2@UCSD Auditorium



Cisco CWave for 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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The OptlPuter Project: Creating High Resolution Portals
Over Dedicated Optical Channels to Global Science Data

a|NCMIR

ar hon . an kLT ranmeTs e

OptiPuter

vucsD UCalit2 (UCSD, UCI) and UIC Lead Campuses—Larry Smarr PI

Scalable
Adaptive
Graphics
Environment
(SAGE)

O/ | et

$13.5M
Over
Five
Years

Picture
Source:
Mark
Ellisman,
David Lee,
Jason Leigh

niv. Partners: SDSC, USC, SDSU, NW, TA&M, UVA, SARA, KISTI, AIST "l—"

L lrvine [Industry: IBM, Sun, Telcordia, Chiaro, Calient, Glimmerglass, Lucent



My OptiPortal™ - Affordable
Termination Device for the OptlIPuter Global Backplane

« 20 Dual CPU Nodes, 20 24” Monitors, ~$50,000 ‘ I|”Tjr“,;hr
« 1/4 Teraflop, 5 Terabyte Storage, 45 Mega Pixels--Nice PC! e V boratory

- Scalable Adaptive Graphics Environment ( SAGE) Jason Leigh, EVL-UIC

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



Beyond 4k —
From 8 Megapixels Towards a Billion Pixels

Calit2@UCI Apple Tiled Display Wall
en by 25 Dual-Processor G5s

YD A5 oY | ]

Digital Cameras

Digital Cinema

e & 255 “PE{2=One Foot Resolution
USGS Images of La Jolla, CA

P GRAVITY

Faader ol Granhics, FicealMaafian aed Tmaglng Terhnafog @

UCsSD Source: Falko Kuester, Calit2@UCI
U Clrvine NSF Infrastructure Grant




Calit2 Microbial Metagenomics Cluster-
Next Generation Optically Linked Science Data Server

e L7 T A Y A

~
I e

|
1

Source: Phil Papadopoulos, SDSC, Calit2
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OptiPlanet Collaboratory Persistent Infrastructure
Supporting Microbial Research

Photo Credit: Alan Decker
' OptiFPuter
/ &=
= Ginger
RS i Armbrust’s
~ 7 , W Diatoms:
B A Micrographs,
e " Chromosomes,

—— 'i.__ L . - :
- Genetic

4 THOTV: 1500 Mbits/sec Calit2 to -:riiiﬂ
% UW Research Y

I

il MH

I

g, if r f
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UW’s Research Channel

Michael Wellings



UCIrvine

OptlPortals
Are Being Adopted Globally

. —
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Green
Initiative:

Can Optical
Fiber Replace
Airline Travel
for Continuing

Collaborations

OptiPuter

OO CAaaseT
Collaboratory
R ek ST T R

L) Lter I.l:-.'. ‘= Mgt A Habnsbe. Dens Fre s, DA Teas U
ﬁ"‘-—r!t Thodluifaley codvis puiu kb

refimy Frae oo o S B Ba bow, vl o cuipea i S22 200 B USCSE

") 1’
UClhrvine Source: Maxine Brown, OptlPuter Project Manager "t



AARNet International Network

FRAMKRLIRT
M SEATTLE

PALLY ALTE)
7 L ANGLLLY
1o

HOIELL

UClhrvine




“Using the Link to Build the Link”
Calit2 and Univ. Melbourne Technology Teams

| &= B B No Calit2 Person Physically Flew to Australia to Bring This Up! "l:tw

UClrvine www.calit2.net/newsroom/release.ohp?id=1219



3D OptlPortals: Calit2 StarCAVE and Varrier

Alpha Tests of Telepresence “Holodecks”

15 Meyer Sound
Speakers +
Subwoofer

Connected at 20 Gb/s to CENIC, NLR, GLIF

30 HD
Projectors!

~ | i
" oy
-

~Passive Polarization--
_—"Optimized the
Polarization'Separation
and Minimized Attenuation

UClhrvine Cluster with 30 Nvidia 5600 cards-60 GB Texture Memory



StarCAVE Panoramas
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roposai to yoperintrastructure

of OptiPuter “On-Ramps” to Global Resources

UC Research Council
Subcommittee of VCRs/CIOs
Are Planning UC-Wide Buildout

,I / Creating a Critical Mass of End Users
! on a Secure LambdaGrid

an Diegol /

LClrvine Source: Fran Berman, SDSC , Larry Smarr, Calit2




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




Planned UCSD Research

= —muigggberinfrastructure LambdaGpid—

Active Data Replication

Eco-Friendly
Storage and Compute

Wide-Area 10G
* Cenic/HPR
* NLR Cavewave
* Cinegrid

“Network in a box “
* > 200 Connections
* DWDM or Gray

VVV

On-Demand Physical 10 Gigabit
Connections L2/L3 Switch

—y

OptiFuter
— L

~y,

/

' Your !
' Lab |

———————————

& ,.j
«f: camera o B
' FINCMIR : : = \

NBCR 72T

LU Clrvine Source:Phil Papadopoulos, SDSC/Calit2



http://nbcr.net/images/nbcr-cluster.gif
https://www.nbcr.net/forum/templates/subSilver/images/nbcr-logo.jpg
http://images.google.com/imgres?imgurl=http://flash.bitplane.com/aic_img/NCMIR/logo.jpg&imgrefurl=http://www.advanced-imaging-center.org/aic_partnerView.cfm%3FKeyID%3D47&h=100&w=260&sz=14&hl=en&start=14&sig2=FpZXkF1dG8MLB7Yair7Etg&um=1&tbnid=nNWBDwbC1SLNOM:&tbnh=43&tbnw=112&ei=lrkJR7qUDZ6oggO6_eXeAw&prev=/images%3Fq%3DNCMIR%2Blogo%26svnum%3D10%26um%3D1%26hl%3Den%26rls%3Dcom.microsoft:en-us:IE-SearchBox%26rlz%3D1I7IBMA%26sa%3DN

UCSD Planned Optical Networked

Biomedical Researchers and Instruments

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