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Large Data Challenge: Average Throughput to End User

on Shared Internet is 10-100 Mbps
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Transferring 1 TB:
--50 Mbps = 2 Days
--10 Gbps = 15 Minutes




WAN Solution-Dedicated 10Gbps Lightpaths:
Ties Together State & Regional Optical Networks
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The Global Lambda Integrated Facility--
Creating a Planetary-Scale High Bandwidth Collaboratory

Research Innovation Labs Linked by 10G Dedicated Lambdas
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The OptlPuter Project: Creating High Resolution Portals
Over Dedicated Optical Channels to Global Science Data
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OptiPuter Software Architecture--a Service-Oriented

Architecture Integrating Lambdas Into the Grid
Distributed Applications/ Webh Services
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OptlPortals Scale to 1/3 Billion Pixels Enabling Viewing
of Very Large Images or Many Simultaneous Images

Bushfires
October 2007
San Diego

Source: Falko Kuester, Calit2@UCSD



MIT’s Ed DeLong and Darwin Project Team Using
OptIPortaI to Analyze 10km Ocean Mlcroblal Simulation
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AESOP Display built by Calit2 for KAUST --
King Abdullah University of Science & Technology
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Sharp Corp. Has Built an Immersive Room
With Nearly Seamless LCDs

156 60”LCDs for the 5D Miracle Tour at
the Hui Ten Bosch Theme Park in Nagasaki
Opened April 29, 2011
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http://sharp-world.com/corporate/news/110426.html



The Latest OptlIPuter Innovation:
Quickly Deployable Nearly Seamless OptlPortables

45 minute setup, 15 minute tear-down with two people (possible with one)

Image From the Calit2 KAUST Lab



3D Stereo Head Tracked OptlPortal:
NexCAVE

Array of JVC HDTV 3D LCD Screens
KAUST NexCAVE = 22.5MPixels

www.calit2.net/newsroom/article.php?id=1584
Source: Tom DeFanti, Calit2@UCSD




High Definition Video Connected OptlPortals:

NASA Supports
Two Virtual
Institutes

LifeSize HD

Calit2@UCSD 10Gbps Link to
NASA Ames Lunar Science Institute, Mountain View, CA

-~ V.
OptiPuter Source: Falko Kuester, Kai Doerr Calit2; "l’
& & Michael Sims, Larry Edwards, Estelle Dodson NASA '



OptliPuter Persistent Infrastructure Enables
Calit2 and U Washington CAMERA Collaboratory
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Using Supernetworks to Couple End User’s OptiPortal

to Remote Supercomputers and Visualization Servers

Source: Mike Norman,

Rick Wagner, SDSC Argonne NL
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Real-Time Interactive
Volume Rendering Streamed
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20 30” (2560 x 1600 pixel) LCD panels 129 TB RAM
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Is Built on NLR/I2 Optical Infrastructure
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Next Great Planetary Instrument:

The Square Kilometer Array Requires Dedicated Fiber

www.skatelescope.org
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Campus Bridging: UCSD is Creating a Campus-Scale

High Performance CI for Data-Intensive Research
* Focus on Data-Intensive Cyberinfrastructure
April 2009

No Data —_— cvbe::;r:rsﬂtr;cture
Bottlenecks =\ 2

--Design for
Gigabit/s
Data Flows

centralized disk
storage

condo clusters

co-location facilities

Report of the UCSD Research Cyberinfrastructure Design Team [it}

research.ucsd.edu/documents/rcidt/RCIDTReportFinal2009.pdf



Campus Preparations Needed
to Accept CENIC CalREN Handoff to Campus

CENIC
A

demarc

\
campus

t MA?A-
DWDM to CalREN Cen |C
optical backbone 10GE
e A
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campus border

connections to labs router
(via campus fiber)

Source: Jim Dolgonas, CENIC



Current UCSD Prototype Optical Core:

Bridging End-Users to CENIC L1, L2, L3 Services

To 10GigE cluster
node interfaces

Enpoints:
%‘ — >= 60 endpoints at 10 GigE
| >= 32 Packet switched
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other switches
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The GreenLight Project: Instrumenting the Energy Cost

of Data-Intensive Science

Focus on 5 Data-Intensive Communities:
— Metagenomics 4
— Ocean Observing bl W .
— Microscopy o [
— Bioinformatics = -
— Digital Media > oY (inteD St
« Measure, Monitor, & Web Publish AARISTACR T
Real-Time Sensor Outputs I —

— Via Service-oriented Architectures
— Allow Researchers Anywhere To Study Computing Energy Cost
— Connected with 10Gbps Lambdas to End Users and SDSC

* Developing Middleware that Automates Optimal Choice
of Compute/RAM Power Strategies for Desired Greenness

« Data Center for UCSD School of Medicine lllumina
Next Gen Sequencer Storage & Processing

SDSC Source: Tom DeFanti, Calit2; GreenLight PI




UCSD Campus Investment in Fiber Enables

Consolidation of Energy Efficient Computing & Storage
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SDSC Data Oasis —
3 Different Types of Storage

HPC Storage (Lustre-Based PFS)

» Purpose: Transient Storage to Support HPC, HPD, and Visualization
« Access Mechanisms: Lustre Parallel File System Client

Project (Traditional File Server) Storage

» Purpose: Typical Project / User Storage Needs
» Access Mechanisms: NFS/CIFS “Network Drives”

Cloud Storage

- ) * Purpose: Long-Term Storage of Data that will be Infrequently Accessed
~» Access Mechanisms: S3 interfaces, DropBox-esq web interface, CommVault

Coupled with 10G Lambda to Amazon Over CENIC

SDHSC




Rapid Evolution of 10GbE Port Prices

Makes Campus-Scale 10Gbps Cl Affordable

* Port Pricing is Falling
* Density is Rising — Dramatically
» Cost of 10GbE Approaching Cluster HPC Interconnects

$80K/port
Chiaro
(60 Max)

$ 5K
Force 10
(40 max) ~$1000

(300+ Max)
$ 500 /
Arista
O $ 400
48 ports Arista
@ 48 ports

2005 2007 2009 2010
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| - "
SDSC Source: Philip Papadopoulos, SDSC/Calit2 "t



Arista Enables SDSC’s Massive Parallel

10G Switched Data Analysis Resource
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 Phase0: > 8GB/s Sustained Today
 Phase l: > 50 GB/sec for Lustre (May 2011)
:Phase ll: >100 GB/s (Feb 2012)

SDSC Source: Philip Papadopoulos, SDSC/Calit2
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OptiPlanet Collaboratory:
Enabled by 10Gbps “End-to-End” Lightpaths

HD/4k Live Video

Local or Remote

Instruments
End User - "T?a..

OptiPortal

10G
Lightpaths

TeraGrid

amazon
webservices"

Optical Switch
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Data Repositories & Clusters HD/4k Video Repositories




You Can Download This Presentation
at Ismarr.calit2.net
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