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Two New Calit2 Buildings Provide

1 UC Irvine

UClIrvine

New Laboratorles for “Living in the Future”

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

Over 1000 Re Y. : o Buildings

www.calit2.net

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



Calit2 Brings Computer Scientists and Engineers

Together with Biomedical Researchers

» Some Areas of Concentration: C §B
— Algorithmic and System Biology Y. &

— Bioinformatics = INSTITUTE FOR GENOMICS AND BIOINFORMATICS
. _— University of California, Irvine
— Metagenomics S Y
Pl

— Cancer Genomics lB;,NanoTumor

s rsease & CAMera

— Human Genomic Variauon ana visease Morin Micubicl Eecogy

— Proteomics }l %F{S[(g‘;—-l -

- MitOChOndrial EVO'UtiOnl anter for Structural Geanomies
— Computational Biology

s National B_iomedical
— Multi-Scale Cellular IméN%CR Fomputation Resouree

| an NIH supported resource center

— Information Theory and Biol aieli3si(#.¢ (et fiies 421
— Telemedicine

UCIrvine Southern California Telemedicine Learning Center (TLC)

at San Diego, an NIH supported resource center
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Seiley for faerim ane Sy Fiooy Calit2 Facilitated Formation of
CASB http://casb,ucsd.edu ; .
omber : the Center for Algorithmic and

algorithmic biology Systems Biology

computational proteomics
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Mass Spectrometers as “Sensors” of the Coastal Desert

Ecosystem-the Search for Natural Products

- Each Time the Environment Is “Sensed” Upwards of
1 Million Mass Spectra Will be Recorded CA@B

* Test and Refine Theories of Peptide Fragmentation Through
Algorithms that Interpret Mass Spectra

« Automate the Integration of Peptide Identification with Genome
Maps, Protein Interaction Networks, Pathways, Subcellular
Locations, Gene Ontologies, Splice Isoforms, and Post-
Translational Modifications

 Develop a Combination of Experimental and Computational
Protocols to Characterize by High-Resolution Mass-
Spectrometry (FTICR) Non-Ribosomal Peptides and Cognate
Non-Ribosomal Peptide (NRP) Synthetases, a Class of Natural
Products
— First Attempt To Sequence NRPs DeNovo Using Mass Spectrometry

&’

UCIrvine Source: Pavel Pevzner, CASB, UCSD




The OptlPuter Project: Creating High Resolution Portals
Over Dedicated Optical Channels to Global Science Data
Z|NCMIR '

2 [NATIONAL ¢ Scalable
= ~— Adaptive
o e Graphics
Environment
(SAGE)

glectronic

eV | iz

Now in
Sixth and
Final Year

Picture

Source:

Mark

OptiPuter Y Ellisman,
& - i : - 1 !“4 : David Lee,
Jason Leigh

vUCSD Calit2 (UCSD, UCI) and UIC Lead Campuses—Larry Smarr PI -
Univ. Partners: SDSC, USC, SDSU, NW, TA&M, UvA, SARA, KISTI, AIST "l_’

UCIrvine Industry: IBM, Sun, Telcordia, Chiaro, Calient, Glimmerglass, Lucent



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

« 20 Dual CPU Nodes, 20 24” Monitors, ~$50,000 ‘ .l.JTjrn“u .
* 1/4 Teraflop, 5 Terabyte Storage, 45 Mega Pixels--Nice PC! e V ------

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

UCSD Powered by Rocks SPh
: Source: Phil Papadopoulos SDSC, Calit2 "t



GIS Portal for Analyzing Toxicological Events

from the Aftermath of Hurricanes Katrina & Rita

]

e odt  Pew  Goo Qootmads  Took Hep

Do BT R D0 S ntn e uced me E0E00 i sshene r St et ot me o 220

= e
- |{Ca

w3 s ([Tl zea

& e e = ettt [l Pign Pt [ ieeerecre Foere S Temrieeee #od B (ebscence cnbbch 8 teleprene < ridien 8 Satme - ceet S Eabma - satats [C] IR nteemt ] EKFTE Lgn

d} NIEHS
S Pdara | et of

gy DmirsrremalMasth Srimces
U5 Haisad Iesdiaies o 5eekh

Environmental Health Science Data Resource Portal

I2oour tre site I pre Formmntes o |[imriaitnagery and Gis eees Lavers ] Rectaced pats |

1he Gl spzbem below incorporates high-resohudon aenal phetograpay of the Humicane-Katrisa impactzd arza tzken just & pavs after the burricene with

KIEHE Mztural Tisaster dzmagrapsic ang nfrascuctural doka; as wzll 22 potential sourcas of znerormentzl contzminadon 'n alabama; ¥ississiopl, Logisianz, and Tesas.
F i g Ls 5 2 i

R To croate 8 map suitable for printing: Encar a tide for tha map and przss the “Prnting Formzt” butten.
Azout the Lik Eite e T

A Map Titha Here: |

Pra-Foemstted Maps T 3

. 1} 2o In 2 Fan &1 ZoomBat & Quary £ Zaumn g
acrzh Imagery and GIS
Dats Lavers | kpede Mg

2R femili Chniviant Belnes

I Hal DA

Restrizted Data

! sty Housdanse
1 [zt sourcanes

o
R Emal Imodaa

L4 Large Immge

v Oty

W e Looktere Spemome, o [Emazusen |
o TRD ZE Feporklog Fezliltdes Cally

i el il Freioed g Lisl 3l | e D st ads

" Clty Sita EPAT  [LA05a1055957

P Civitod Domope
B ncerare Darsgs
Sxterzlee Dowage

[ SiteMame  |3FRICUCTURE STREET LARDFILL
Streal 1 |AJUKDANCT STRCET

I
|
| stvest? |
|

B abebrogear Demspe |
B lcosd Cily |HEw® DRLEANS
S Btk | 2 (71286
A Const] L [ Country [[COUNTRY
Cecst] b [ Country FIP | COUNTRY_TIF,
L~ P FE— - S p— — =l s —— —

=
z|

% NIEHS

=y National Institute of
g Environmental Health Sciences

/‘ v LL.5. National Institutes of Haalth

Keith Pezzoli, Robert Tukey,
Hiram Sarabia, llya Zaslavsky,
Marie Lynn Miranda, William
A. Suk, Abel Lin, and Mark
Ellisman Environmental Health
Perspectives 115, 564 (2007)

at San Diego, an NIH supported resource center



NIEHS Portal Finding Drinking Water Surface Intakes

and Toxics Release Inventory (TRIl) Facilities
"ﬁGridSphere Portal - Microsoft Internet Explore NOW at: http://WWW'apps.niehs.nih.QOV/katrina/
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http://www-apps.niehs.nih.gov/katrina/

Launch Images to OptiPortal
from Web Browser Portal Using EVL’s LambdaCam

s R v an ran -

lays at any of the NIEHS

255 (outside of the

ATIONAL CENTER for
ICROSCOPY and

MAGING RESEARCH

at San Diego, an NIH supported resource center




Prototyping the PC of 2015
One Hundred Million Pixels Connected at 10Gbps

Calit2 Working with NASA, USGS, NOAA, NIEHS, EPA, SDSU, SDSC, Duke, ...
100M Pixel Tiled Wall in Calit2@UCSD Building
- -~ -




The Ocean Observatories Initiative (OOI) -- a Networked
Infrastructure Of Science-Driven Sensor Systems

' - - . !
Obsérvatories at Thrée Scales A’ Withinthe' 8 the Ntions! Science Foundation's Ocoan Observstories |8
mltiative (OO1) was created to support developmant uf ocean abuwnn
rlu at lhm scales: global, regional, and coastal, NEPTUNE will propose
Global Network of Permanant and l:o htcnrnt a rnqr-unﬂ-tulr component of the OO,

Relocatable Doep-Sea Buoys. ‘--_ . #

“ "Regional (Plate-Scale)
| Geean Obseratory

COASTAL

LEO15 Inset Courtesy
of Rutgers University,
e 2 BN Institute of Marine and
CONSORTIUM FOR =~ oL | N A S ws [l Coastal Sciences

Ocean | eadership

MESCOVERY = UNDERSTANDING = ACTION

UCIrvine




OOl Will Address Science Questions
on Coastal, Regional, and Global Scales, Linked by a Common

Instrument, Infrastructure, and Information Management System

Source: John Orcutt,
Matthew Arrott, SIO/Calit2

Science

Science Program Operations

25 o 30 Year Multi-scale Sustained
Ocean Presence :

OOl Cl Team:
- UCSD

Integrated Observatory

. Network »SI0, Calit2, SDSC
OMar'?e _ * Rutgers
erations .
IZIIZF_-'JH'iIEEEﬁ'aﬂ.TiIHIE'E-IFIJzITI'.'E p CYber . WHOI
Operations Raytheon
Real-time Bidirectional
Instrument Network
~ Implementing Joany
Coastal/Global Organizations A program of ]G UCEARDGRAFHIC
Cyber | 4
I ascructired) impleme™®"" JOI Awards, Funded by NSF:
Sen « Regional Scale Node

iy — ~$150M, UWash
: @# - Global/Coastal Scale Nodes

— ~$100M, Woods Hole Lead
UCSD Construc5:t|Yon Program « Cyberinfrastructure "ZI;
, ear e : ‘
UCIrvine $30M, SIO/Calit2 UCSD




OOl Ci

Science Activity Model

OCEAN DEESERVATORIES IMITIATIVE

Model Source: John Orcutt- SIO; Matt Arrott, Calit2
Assimilate
Observe Rnclo
Schedule Evaluate
Collect o=
Process
Exploit Understanding
Plan
Task Test OOI Mid Atlantic Bight
Control
Coastal Array Deployment
ONR Gliders w,

Assimilate measurement products from
multiple observing systems to establish
the initial conditions for a network of
ocean modeling systems

NOAA CODAR
Network

NASA satellites ==

Harvard Ocean Modeling System
+ - = -=Hegional Ocean Modeling System
Princeton Ocean Modeling System

T2 - 80 7
T

100 T

Use modeling results to guide the tasking

bserving programs performed by the -,
twork of sensor platforms

UClrvine




OOl CI

Physical Network Buildout

OCEAN DEEERVATORIES IMITIATIVE

N =
Mid Atlantic
Extended Draft Platform

Subduction Zone

Node-4

Axial
Node-3
Mid Plate
Node-5
Bla_nco Pacific City
Shore
Node-2 Station
Hydrate Ridge

Node-1

Pacific Northwest

Endurance Array

UClrvine

Warrenton

Shore
Station

ClI Core Functionality

T CI Core Functionality
0-LOocatex i
(Primary)
Coastal-Global
Functionality
San Diego

(Secondary)

i

Internet2 / National Lambda Rail
10 Gigabit Backbone

| Regional
Corlgcated Functionality
Coastal-Global
Functionality i|

i

Coastal-Global
Functionality

iy

Woods Hole

Boulder (tbd)

Irminger Sea

Discus Buoy

Station Papa

Discus Buoy

55 South

Dizcus Buoy

Mid Atlantic Bight

Pioneear Array




Towards a Total Knowledge Integration System

for the Coastal Zone—SensorNets Linked to Fiber Cable

Moorings
« Ships

« Autonomous Vehicles

« Satellite Remote Sensing

* Drifters

 Long Range HF Radar

* Near-Shore Waves/Currents

« COAMPS Wind Model
 Nested ROMS Models

- Data Assimilation and Modeling
« Data Systems

Yellow—Proposed Inltlal OptiPuter Backbone

COCMP

Coastal Ocean Currents Monitoring Program




Use OptliPuter to Couple Data Assimilation Models
to Remote Data Sources and Analysis in Near Real Time

Visualization: Philip Weber, Matthew Arrott, Calit2 ~Source: SCCOO0S

8 LoNnG RANGE
COVERAGE WITH
~150KM RANGE

e b’ % [ 5 VLl e
UCIrvine "l_)

http://ourocean.jpl.nasa.gov/



Northeastern Regional Coastal Ocean Observing System
Will Add Pioneer Array
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Ocean Sensing Systems —

Paradigm Shift

OCEAN DEESERVATORIES IMITIATIVE

Platform-centric Net-centric, Distributed
Sensing Systems Autonomous Sensing Systems

et T . — e
Uncerta_in,Unkn-oww?ﬁwronment
I - S‘LE‘;. -
Uncertain Communication

LE B

S ) No maps
Self-navigating RS

LUJCSD Similar in Shift to Net-centric Warfighting
UClIrvine




Location of Global Moorings--Part of
the Coastal/Global Network of Ocean Observatories
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UClIrvine Source: SIO, UCSD




Extended Draft Platform (V)I
Proposed Deployment Mid- Atlantic a

OCEAN DEESERVATORIES IMITIATIVE

Berger, J., UCSD/SIO O'Sullivan, J., TECHNIP
Halkyard, J., Offshore Engineering Consultants,
Orcutt, J., UCSD/SIO




Gigabit Fibers on the Ocean Floor

-- Controlling Sensors and HDTV Cameras Remotely

“wwwne ' fi'illh'e";washin ton.edt
s SRy it gty LOOKING:
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T, i Aﬁ,";’fm . (Laboratory for the Ocean Observatory
[Emerr N 75 Knowledge Integration Grid)
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A « Goal: P J
5 T/ e S — Prototype Cyberinfrastructure for NSF’s
W) aian e \ A, Ocean Research Interactive Observatory
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— John Orcutt & Larry Smarr - UCSD
— John Delaney & Ed Lazowska -UW
f — Mark Abbott — OSU
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Laboratory for the ocean observatory knowledsge integration crid



ucspD
UClIrvine

Mooring and Instrument for

the Regional Cabled Node a

OCEAN DEESERVATORIES IMITIATIVE
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Electro/Fiber Optic Cable Enables
Remote Interactlve HD Imaging of Deep Sea Vent

Source:
John Delaney and
Research Channel,

U Washington

White Filamentous Bacterla on 'P|II Bug' Outer Carapace S

UCSD High Definition Still Frame

UClIrvine of Hydrothermal Vent Ecology 2.3 Km Deep



Global Access to SensorNets via Internet

Creates Environmental Observatories

ucCcsD
UCIrvine



International Threats to Coral Reefs and Ocean Biology

-- Urgent Need for SensorNets

g T

A

[ Very Low Impact (<1.4) [] Medium lmpact (4.95-8.47) High Impact {12-15.5%)
[ Low Impact (1.4-495) [ Medium High Impact {8.47-12) I Yery High Impact {>15,52)

A Global Map of Human Impact on Marine Ecosystems

Science December 14, 2007 Science February 15, 2008
NEVWSFOCUS o ag g : 3 e

| Science May 14, 2007

UClIrvine
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" A World Without.Corals? o £ s



Coral Reef Environmental

Observatory Network (CREON)

www.coralreefeon.org/

Coral Species Diversity
2-50 51-100

101-150

by
151 - 200 [ 201 - 250 [ 251 - 300 [ 3047 - 350 I 351 - 400 [N 401 - 450 [N 451 - 500 I 501 - 550 I 551 700

NSF Collaboration:
UCSB and AS/NMMBA

GBR

Source: Stuart Kininmonth, AIMS
Source : Fang-Pang Lin, NCHC
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http://www.coralreefeon.org/index.cfm

Taiwan’s Kenting's Underwater Observatory

 Deployed off Southern Taiwan 2004
— Features 10 Underwater Cameras
— Setup To Monitor Different Habitats on The Coral Reef
— Currently Used by Taiwan’s Academia Sinica and NMMBA

 On-Shore Video Servers are Used to Convert Analog Signals to Digital
MJPEG Video Streams
— Remote Observatory, Low Bandwidth (~1 Mbps)

— Video Resolution: 320x240 Pixels
— Effective Transfer Rate: 1 Frame/sec OPEN SOUPCFDAT/\% TURBINE INITIATIVE

UClIrvine Source: Ebbe Strandell, NCHC



Open Source DataTurbine Initiative

www.dataturbine.org e T

* In-Network Buffered Data Management and

Archiving for Streaming Data

— Scalable Support for In-Network Intelligent Routing,
Data Processing, Filtering, and Topology Management

— Robust Bridge Environment Between Diverse Data
Sources and Distributed Data Destinations

W, »

Data

— Optimized for High-speed Streaming Data Sourgs BN Dats prerge s
- All-Software Solution (Java) bms B et
— OPEN SOURCE SOFTWARE - Apache 2.0 License = b VI
- Used In NSF, NASA, NOAA, DOE Projects Sourgs

— Developed by Creare Inc., (www.creare.com)
— NSF support from SDCI program (Sept 07)

. (2

Source: Tony Fountain, Sameer Tilak

OPEN SOURCE DAT(T@’TUQBWF INITIATIVE

UClIrvine



http://www.moore.org/

New Year’s Challenge: Streaming Underwater Video
From Taiwan’s Kenting Reef to Calit2’s OptIPortal

March 26, 2008

P4 a—
JFITIN i \ VI

ucsD V.
UCSD: Rajvikram Singh, Sameer Tilak, Jurgen Schulze, Tony Fountain, Peter Arzberger ’

UCIrvine NcHc : Ebbe Strandell, Sun-In Lin, Yao-Tsung Wang, Fang-Pang Lin



The Kenting

“Bandwidth Bottleneck”

« Currently Limited Bandwidth Access to Underwater Cameras
— Two ADSL Cables

 Bandwidth Less Than a Megabit/ Sec

— Severely Limits Video Resolution and Frame Rate

+ Kenting Would Benefit From Much Higher Bandwidth
1980

N
»

ﬂk

1240

Kenting

LICSD 240 Video v

—>

UClIrvine 320




Embed Stream Analysis into Network

HD Video Will Increase Accuracy

Source: MBARI and Dr. Laurent Itti of USC’s iLab

Detection &
Classification

Video Collected by ROV or

Cabled Camera Processing on

Beowulf Cluster
GB Ethernet
Between Nodes

SDI over
Fiber
Interlaced SDI
over

Capture Control

Sony Digital BetaCAM Recorder \fiber
| OOK|NG

UClIrvine

Laboratory for the ccean cbservatory knowledge integration crid



Realtime Sensornets on the Davis Reef Australia

With High Speed Wireless Link
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UCIrvine AIMS Australia.
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Moorea Coral Reef LTER Site

Current Bandwidth ~ 100kbps, But Fiber Optic Cable by 2010

« LTER Established Sept. 2004

— Pls: Russ Schmitt, Sally Holbrook,
Pete Edmunds, Bob Carpenter
Deputy Director: Andy Brooks

« 20 Investigators
— UC Santa Barbara
— CSU Northridge
— UC San Diego / Scripps
— UC Santa Cruz
— UC Davis / Bodega Marine Lab
— University of Hawaii

 Field Operations Based from
UC Berkeley Gump Research Station

: @, LTER

UClrvine




Creating a Digital Moorea
Calit2 Collaboration at UC Gump Station (UCB, UCSB)
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From Flipper Net to High Speed Wireless:

UClIrvine

The Calit2 ReefPole

)

Cables and Acoustic Modems

Above surface equipment:
* Solar panels

* WiFi antenna

* Weather station

* VideoCam

* Navigation light

* Instrument box

Instruments & Sensors




Calit2 ReefBot Design
for Digital Reef Mapping

s

Use The Reef GIS
to Zoom Into
Any Portion

of the Shallow Reef
to View Details Down
to ~ Centimeter



ReefBot Is a Mobile

Networked Sensor platform

* Potential Reef Sensor Suite
— Water sampling
— Computed currents
— Temperature, turbidity
— Digital photographic mapping
— Wave/surf conditions
— Accurate bathymetry
— Acoustic monitoring

« Collected data can be used for multiple studies
— Population studies (fish, corals etc)
— Bleaching, crown of thorns monitoring
— Growth/destruction profiling
— Post event assessment
— Profiling for current/turbidity/siltatation

UClIrvine




CAMERA: Community Cyberinfrastructure

for Advanced Marine Microbial _
Ecology Research and Analysis &g‘
National LambdaRail
b Direct Connect Paul Gilna Ex. Dir.

| Computation and Storage Complex

T Pl Larry Smarr
; Funded by: Gordon and Betty Moore Foundation a'al
“ MOORE

‘!.ﬁ #.f Joint Partnership of:
'




Marine Genome Sequencing Project —

Measuring the Genetic Diversity of Ocean Microbes

Canada
United Stat
ni e. eed

.° Ocean Data

Mexico :‘ F;uerto Rico
L]
Honduras S
Costa Rica % Panama Ceo,
. . ® o,
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Zanzibar & : : ﬁ e e, e Vanuatu French Jeoe®® S v
° - (T LW ] i
ooeychelles = 'Cocos- ¢ e s 8.y 17samples 'y Fiji Tongapoly"es.'ﬁ
. Madagascar Keeling Is. Vs o0 ¢ .k
: - * fols]
4 oo Australia  * ¢ ®® New Caledonia  Islands
L ] [ ] o
® e °® _ . .
South Africa = "% B samples

‘- Analyzed ® Sampled, but not Analyzed |

MARINE Sorcerer |l Data Will Double
e SIS Number of Proteins in GenBank!

P i

IMITIATIVE

?MOORE J. Craig Venter

UClIrvine
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Moore Foundation Funded the Venter Institute to Provide

the Full Genome Sequence of 155+ Marine Microbes
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Calit2 Microbial Metagenomics Cluster
Production System
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Calit2’s Direct Access Core Architecture @MOORE

FOUNDATIO

Has Created Next Generation Metagenomics Server
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Use of Tiled Display Wall OptiPortal
to Interactively View Microbial Genome

W Acidobacteria bacterium Ellin345 "l-"
% Soil Bacterium 5.6 Mb
Source: Rai Sinah. UCSD



Use of Tiled Display Wall OptiPortal
to Interactively View Microbial Genome
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Use of Tiled Display Wall OptiPortal
to Interactively View Microbial Genome
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OptiPlanet Collaboratory Persistent Infrastructure
Between Calit2 and U Washington
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Comparative Analysis of Coral Reefs
to Infer Human Impact

ECOLOGY

Life on the Mean Reefs

The short, nasty existence for reef-dwelling fish at two primeval atolls suggests that
intensive fishing elsewhere has skewed predator-prey dynamics

Sandin SA, Smith JE, DeMartini EE, Dinsdale EA, Donner SD, et al. (2008)
Baselines and Degradation of Coral Reefs in the Northern Line Islands.

UClIrvine

PLoS ONE 3(2): e1548
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Ecology of Four Coral Atolls
in the Northern Line Islands
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Sandin SA, Smith JE, DeMartini EE,
Dinsdale EA, Donner SD, et al. (2008)
Baselines and Degradation of Coral

Reefs in the Northern Line Islands.
PLoS ONE 3(2): e1548
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Coral-Microbe-Viral Associations

Change with Environment and Stress
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Coral Reef Microbial Ecology—

More Potential Pathogens With People
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Potential pathogens = Enterobacteria, Staphylococcus,
Streptococcus, E. coli, Vibrios, some plant pathogens

LICSD Dinsdale EA, Pantos O, Smriga S, Edwards RA, Angly F, et al (2008)

x . Microbial Ecology of Four Coral Atolls in the Northern Line Islands.
UCIrvine PLoS ONE 3(2): e1584. doi:10.1371/journal.pone.0001584
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