Supercomputer End Users:
the OptlPuter Killer Application

Keynote
TeraGrid ‘08
Las Vegas, NV
June 11, 2008

Dr. Larry Smarr

Director, California Institute for Telecommunications and
Information Technology

Harry E. Gruber Professor,
- Dept. of Computer Science and Engineering

&Epﬂputﬂ'r Jacobs School of Engineering, UCSD




Abstract

During the last few years, a radical restructuring of optical networks
supporting e-Science projects has occurred around the world. U.S.
universities are beginning to acquire access to high bandwidth lightwaves
(termed "lambdas") on fiber optics through the National LambdaRail,
Internet2's Circuit Services, and the Global Lambda Integrated Facility. The
NSF-funded OptlPuter project explores how user controlled 1- or 10- Gbps
lambdas can provide direct access to global data repositories, scientific
instruments, and computational resources from the researcher's Linux
clusters in their campus laboratories. These end user clusters are
reconfigured as "OptlPortals," providing the end user with local scalable
visualization, computing, and storage. | will describe how this user
configurable OptlPuter global platform opens new frontiers in collaborative
work environments, digital cinema, biomedical instruments,and marine
microbial metagenomics. However, a major new user community should be
end users of TeraGrid, allowing them to directly optically connect to the
remote Tera or Peta-scale resource from their local laboratories.
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Interactive Supercomputing Collaboratory Prototype:

Using Analog Communications to Prototype the Fiber Optic Future

“What we really have to do is eliminate distance between

individuals who want to interact with other people and SlGG RAPH 1989

with other computers.”
— Larry Smarr, Director, NCSA

g “We're using satellite technology...
to demo what It might be like to have
high-speed fiber-optic links between
advanced computers

in two different geographic locations.”

— Al Gore, Senator
Chair, US Senate Subcommittee on Science, Technology and Space
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Chesapeake Bay Simulation Collaboratory : vBNS Linked
CAVE, ImmersaDesk, Power Wall, and Workstation

Alliance Project: Collaborative Video Production
via Tele-Immersion and Virtual Director

Alliance Application Technologies
Environmental Hydrology Team

Alliance 1997

ALLIANCE

-
. OptiPuter Donna Cox, Robert Patterson, Stuart Levy, NCSA Virtual Director Team "l_
o Glenn Wheless, Old Dominion Univ. '



ASCI Brought Power Wallls
to the Frontier of Supercomputlng
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LLNL Wall--20 MPixels (3x5 Projectors)
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An Early sPPM Simulation Run
P — Source: LLNL



60 Million Pixels Projected Wall
Driven By Commodity PC Cluster

At 15 Frames/s, The System Can Display 2.7 GB/Sec

OptiPuter Source: Philip D. Heermann,
& DOE ASCI Program



Oak Ridge National Laboratory Uses
Tiled Projector Walls to Analyze Simulations

2004

OptiPuter 35Mpixel EVEREST Display ORNL
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Challenge: Average Throughput of NASA Data Products
to End User is ~ 50 Mbps

- EOS Active Network Testing [ REI T sansan
________ N AQUA Mission Destinations T
RSS Montana_ May 1 4 7
o (R | . e e Boston U
Sz T E Wisconsin o LI
0 p Litiiiad 150 & Bl
Hay 1 4 7 Hay 1 ¢ 7 w100 3 =, [T
UCSB Colo State £ S0 TR S A
. 120 . gg "1 - May 1 4 7 SLE.IE'IY SE
g " . £ 10 3 w g =l
— p LixrsTlr] 20
Hagy 1 4 7 May 1 4« 1\ 5 L 0 =1 5 LLLILlI}]
JPL-AIRS NSIDC u e
w 120 [l w 12 f==e
& w0 || Arizona & 6=
Hos 1 4 7 Eiﬂ " IRCIRNS Moy 1 4 7 WAH-GHRC
ucsD = 20 [T o 25
gig _____ Hau 1 4 7 e 12 ________ Tested
= 20 HINE Hay 1 4 7 May 2008
0
st Internet2 Backbone.is 10,000 Mbps!
=1 Throughput is <0.5% to End User
OptiPuter

P o— http://ensight.eos.nasa.gov/Missions/aqua/index.shtml



Dedicated Optical Fiber Channels Makes

High Performance Cyberinfrastructure Possible

WAVELENGTH DIVISION MULTIPLEXING (WDM)

10 Gbps per User ~ 500x
Shared Internet Throughput

®* EXPLOITS
— EMORMOUS BANDWIDTH OF SILICA FIBER
— HIGH-GAIN WIDEBAND OPTICAL AMPLIFIERS
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ObtiPuter Parallel Lambdas are Driving Optical Networking
- P The Way Parallel Processors Drove 1990s Computing




9GbpsOut of 10 Gbps Disk-to-Disk Performance

Using LambdaStream between EVL and Calit2
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San Diego to Chicago Chicago to San Diego

CAVEWave: TeraGrid:

20 senders to 20 receivers (point to point )

Effective Throughput = 9.01 Gbps
(San Diego to Chicago)
450.5 Mbps disk to disk transfer per stream

Effective Throughput = 9.30 Gbps
(Chicago to San Diego)
465 Mbps disk to disk transfer per stream

20 senders to 20 receivers (point to point)

Effective Throughput = 9.02 Gbps
(San Diego to Chicago)
451 Mbps disk to disk transfer per stream

Effective Throughput = 9.22 Gbps
(Chicago to San Diego)
461 Mbps disk to disk transfer per stream

Dataset: 220GB Satellite Imagery of Chicago courtesy USGS.
Each file is 5000 x 5000 RGB image with a size of 75MB i.e ~ 3000 files
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Source: Venkatram
OptiPuter Vishwanath, UIC EVL
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Presenter
Presentation Notes
The filesystem used is XFS.

In this experiment, we had  a LambdaRAM server at Chicago(San Diego) read the data from disk and stream it out to a LambdaRAM client at San Diego(Chicago). In this case, we had the LambdaRAM server fetch an entire 75MB from disk and send this to the remote LambdaRAM client. This Client would then write this data out to disk. 

The results from Chicago to San Diego are better as we have SATA drives at Vellum(San Diego).



States Have Been Acquiring Their Own Dark Fiber

for a Decade -- lllinois’s I-WIRE and Indiana’s I-LIGHT

Starlight

Argonne MNU-Chicago)

1999
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State and Regional
Optical Networks

T UChicago

Numbes indicatls Sber count(sirands) catlett@mos. anl gov
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Interconnecting Regional Optical Networks

Is Driving Campus Optical Infrastructure Deployment
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National Lambda Rail (NLR) Provides
Cyberinfrastructure Backbone for U.S. Researchers

Cleveland Bastorn

oy E Interconnects
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Circuit Network -
Under Development & LR POP
Florida LambdaRail . OWOM Fiber Route
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.

NLR 40 x 10Gb Wavelengths
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NLR/I2 Is Connected Internationally via
Global Lambda Integrated Facility
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Two New Calit2 Buildings Provide

New

i,

‘ UC Irvine

—

Opt!Puter

Laboratories for “Living in the Future”

« “Convergence” Laboratory Facilities

— Nanotech, BioMEMS, Chips, Radio, Photonics
— Virtual Reality, Digital Cinema, HDTV, Gaming
Over 1000 .Rasoake | : lldings

www.calit2.net

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



Calit2 Has Become a Global Hub for Optical Connections
Between University Research Centers at 1OGbps

Maxine Brown, Tom DeFanti, Co-Chairs

1Grid 2005

THE GLOBAL LAMBDA INTEGRATED FACILITY
www.igrid2005.org

the L[ September 26-30, 2005
. E Calit? @ University of California, San Diego
D|5E[WE[1|’ Gfﬂﬂ[ California Institute for Telecomr.unications and Information Technology

= 21 Countries Driving 50 Demonstratlons
éﬁ' Using 1 or 10Gbps nghitpaths ‘&
1OOGb of Bandwidth into the Callt)’Z@UCSD Building kK

Cant 9ONNR



The OptlPuter Project: Creating High Resolution Portals

Over Dedicated Optical Channels to Global Science Data
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OptlPuter / OptlPortal

C\AAI_\ A __ __ 1" _ "

I\/IaglcCarpet
Streaming Blue Marble
dataset from San Diego
to EVL using UDP.

6. 7Gbps

Scalable Adaptive Graphics Environment (

Bitplayer
Streaming animation
of tornado simulation
using UDP.

516 Mbps

glectronic

ev ‘ visualization
laboratory

~9 Gbps In Total.
SAGE Can Simultaneously Support These
Applications Without Decreasing Their Performance

JuxtaView
Locally streaming the aerial
photography of downtown
Chicago using TCP.

850 Mbps

Locally streamlng
HD camera live
video using UDP.
538Mbps



Presenter
Presentation Notes
SAGE lets you select protocol for each application you run. 
TCP is fair − congested circuits make bandwidth small. TCP also has lots of latency. TCP works well on low-latency LANs. Works well on WAN (high latency) if “tuned.”


SAGE OptlPortals

Have Been Adopted Worldwide

Africa

South
America

hCean Augtr : Ocean
- i
E :
1
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&Ppﬂpmer www.evl.uic.edu/cavern/optiplanet/OptIiPortals_Worldwide.html ‘l_




OptlPuter Software Architecture--a Service-Oriented

Architecture Integrating Lambdas Into the Grid

Distributed Applications/ Web Services

Visualization

Telescience :
Data Services SAGE JuxtaView

LambdaRAM Vol-a-Tile
I
Distributed Virtual Computer (DVC) API
DVC Configuration DVC Runtime Library
DVC Services DVC Job DVC
Scheduling Communication
DVC Core Services
Resource Namespace Security High Speed Storage
Identify/Acquire Management Management Communication Services
Globus
PIN/PDC GRAM GSl XIO RobuStore
. jmm—
Discovery [ dL 1
and ontrol GTP Xcp || upT

%
Opt!Puter Lam b d as
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CEP LambdaStream || RBUDP




LambdaRAM: Clustered Memory To Provide

Low Latency Access To Large Remote Data Sets

 Giant Pool of Cluster Memory Provides Visualization of the
Low-Latency Access to Large Remote Pre-Fetch Algorithm
Data Sets - -

— Data Is Prefetched Dynamically

— LambdaStream Protocol Integrated into
JuxtaView Montage Viewer

e 3 Gbps Experiments from Chicago to
Amsterdam to UIC

— LambdaRAM Accessed Data From
Amsterdam Faster Than From Local Disk B

none Displayed fegion

May 2004
Data on Disk In
Amsterdam
— : 4.
Source: David Lee,‘ )
OptiPuter Jason Leigh ’t
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Distributed Supercomputing:
NASA MAP '06 System Configuration Using NLR

Portland, Oregon GEOSH Forecast

NEXT-GENERATION NETWORKS
Mational Lambda Rail {10 - 40 Gb/s)

DATA PORTAL - CENTRAL ARCHITECTURAL ELEMENT

PORTAL PROVIDES INITIAL CONDITIONS FOR
COMPUTE NODES, DATA FOR VISUALIZATION, SERVER
FOR GDS OPERATIONS IN THE FIELD

CISTO (GSFQ) &
GES DAAC DATA

PORTALS

~ WRF
(Regional Forecast)
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ELse EXTERNAL
: COLLABORATORS

¥V (586), B. Womack (Northrop), P. Webster (606);D. Duffy (CSC), M. Whitehead (GSC); H=Mitchell
(610.3), J. Delabeaujardiere (610.3), R. Jones (GST)




LambdaRAM for Data Pre-Fetching:

LambdaGrid Enables Low-Latency Remote Data Access

200 Cluster Nodes - 800GB RAM, NASA Ames Cluster Pl ann Ed
Project

MERRA Datain
LambdaRAM

EVL is working with
NASA Goddard and its
Modeling, Analysis and

Prediction (MAP) Program on

Tropical Hurricane Analysis

] J s s
600TB MERRA Data Store, NASA GSFC

1.2 TB LambdaRAM encompassing Two Clusters

LambdaRAM uses the entire memory of one or more clusters to
mitigate latency. In current trials, LambdaRAM has achieved a
Improvement in accessing remote data. Also, LambdaRAM provides

access; i.e., application codes do not need to be modified.

P (04
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Opt!Puter .
&= P Source:Venkatram Vishwanath, EVL, UIC



Presenter
Presentation Notes
MERRA: MODERN ERA RETROSPECTIVE-ANALYSIS FOR RESEARCH AND APPLICATIONS
Retrospective-analyses (or reanalyses) have been a critical tool in studying weather and climate variability for the last 15 years. Reanalyses blend the continuity and breadth of output data of a numerical model with the constraint of vast quantities of observational data


CAMERA: Community Cyberinfrastructure
for Advanced Marine Microbial

Ecology Research and Analysis k@'

National LambdaRail
Direct Connect o) e B o

;H;f Computation and Storage Complex
al™ Pl Larry Smarr
.é Funded by: Gordon and Betty Moore Foundation YO
.
4 . e
i Joint Partnership of:

Announced January 17, 2006—
&= $24.5M Over Seven Years

OptiPuter
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CAMERA's Direct Access Core Architecture: éMOORE

FOUNDATION

An OptlPuter Metagenomics Metacomputer

Sargasso Sea Data ——————————————————————————— : Powered by Rocks ._
Sorcerer |l Expedition Dedicated | _
(GOS) Compute Farm | Traditional

(1000s of CPUs) ! User

JGI Community ! g
Sequencing Project ! \h
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Microbial Project Earm

+ Web Services

User
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SDSC TeraGrid: Cyberinfrastructure Backplane

SAN DIEGD squncuumﬁn (ENTER (scheduled activities, e.g. all by all comparison)
OptiPuter J. Craig Venter (10,000s of CPUS)
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Calit2 Microbial Metagenomics Cluster-
Next Generaﬂon Optlcally Lmked Science Data Server

Source Phl| Papadopoulos SDSC CaI|t2
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Presenter
Presentation Notes
This is a production cluster with it’s own Force10 e1200 switch. It is connected to quartzite and is labeled as the “CAMERA Force10 E1200”.
We built CAMERA this way because of technology deployed successfully in Quartzite


CAMERA'’s

Global Microbial Metagenomics CyberCommunity

Over 2010 Registered Users From Over 50 Countries
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e-Science Collaboratory Without Walls Enabled by
Uncompressed HD Telepresence Over 10Gbps

IHDTV: 1500 Mbits/sec Calit2 to UW Research Channel Over NLR

UNIVERSITY OF W fTv O F
WASHINGTON \)\ _JTON

L

John Delaney, Pl LOOKING, Neptune

OptiPuter

& Photo: Harry Ammons, SDSC



The Calit2 1/4 Gigapixel OptlPortals at UCSD and UCI
Are Joined to Form a Gbit/s HD Collaboratory

UCSD Wall to Campus Switch at 10 Gbps
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--ml ma Calit2@ UCI mall
_ | / NASA Ames Visit Feb. 29, 2008
UCSD cluster: 15 x Quad core Dell XPS with Dual nVIDIA 5600s ‘il:?

UCI cluster: 25 x Dual Core Apple G5

Calit2@ UCSD wall
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OptiPlanet Collaboratory Persistent Infrastructure
Supporting Microbial Research

Photo Credit; Alan Decker s - \ "
' OptiPuter
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OptlPortals
Are Being Adopted Globally
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Calit2@UCI Australia
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Presentation Notes
Maybe add another slide to indicate which science groups are using this or working with this


Green
Initiative:

Can Optical
Fiber Replace
Airline Travel

for Continuing

O pt I P u te r C0||ab(??ration5

OO\ CPAaaeR
Collaboratory

high-resdlutien fmsses that sm strtched together. Ane Than the |layers am stacked 1o crekte
- Dpt uter i e s gl Hir ek Hakosaki, Db Price, NS0 Tevada, Mk Flsumeas, NOBIR, S0
— The OpmPuter receives major funding from the Hableaal Scicnce Bpundation, coopertive agregment 000225642 ta MESE

—
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Source: Maxine Brown, OptlPuter Project Manager
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Launch of the 100 Megapixel OzlPortal Over Qvidium
Compressed HD on 1 Gbps CENIC/PW/AARNet Fiber

IO7|l’ortal

IY OF ME BOURNE

e —
1 . i

—

OptiPuter
&— alit?2 net/ne alease nhn?id=

No Calit2 Person Physically Flew to Australia to Bring This Up! ‘



OptlPuterizing Australian Universities in 2008:

CENIC Coupling to AARNet

UMelbourne/Calit2 Telepresence Session May 21, 2008

Augmented by Many Physical Visits This Year
Culminating in Two Week Lecture Tour
of Australian Research Universities
by Larry Smarr October 2008

Phil Scanlan
Founder-
Australian American
Leadership Dialogue
www.aald.org

THENEIS o
MELBOURNE

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

-« Ak = 4000x2000 Pi = 4xHD Streaming 4k
100 Times with JPEG 2000 C oot e G
. CineGrid
the Resolution compression - ENSENN
of YouTube! gacnt/sec

Lays
Technical
Basis for

Global
Digital
Cinema

Sony
NTT
SGl

Calit2@UCSD Auditorium



From Digital Cinema to Scientific Visualization:
JPL Simulation of Monterey Bay
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Source: Donna Cox, Robert Patterson, NCSA
o Funded by NSF LOOKING Grant
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Rendering Supercomputer Data
at Digital Cinema Resolution

OptiPuter

& Source: Donna Cox, Robert Patterson, Bob Wilhelmson, NCSA



R SAGE Global Visualcasting to Europe
September 2007

EVL Lambdavision SARA Tiled display

LRSI TS
BRI AR s
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Creating a California Cyberinfrastructure
of OptIPuter “On-Ramps” to NLR & TeraGrid Resources

=
La Lhe ity

ot TeraGrid- f

LIPS F ERhoma

Lixi Angpehes Tkt

SR, | T

\ Creating a Critical Mass of
N E\ N OptlPuter End Users on
TR x f a Secure LambdaGrid
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e SDSCE——

< OptiPuter Source: Fran Berman, SDSC , Larry Smarr, Calit2



CENIC’s New “Hybrid Network” - Traditional Routed IP
and the New Switched Ethernet and Optical Services

t 2%
DWDM to CalREN cenic
optical backbone 10GE
~$14m  CENIC
Invested 4
in
Upgrade HPRng-L1 HPRng-L2 HPRng-L3
demarc H I
\J
campus
Now
Campuses
Need to campus border
Upgrade connections to labs router
. (via campus fiber)
OptiPuter

& Source: Jim Dolgonas, CENIC



The “Golden Spike” UCSD Experimental Optical Core:

Ready to Couple Users to CENIC L1, L2, L3 Services

Goals by 20(?8: | CENIC L1, L2
>= 60 endpoints at 10 GigE Services
>= 30 Packet switched

>= 30 Switched wavelengths

>= 400 Connected endpoints %

Approximately 0.5 Tbps
Arrive at the “Optical” Center
of Hybrid Campus Switch

Funded by
NSF MRI
er Grant

Source: Phil Pabadopoulos SDSC/Calit2
Opt!Puter ’
_— P SDSC (Quartzite PI, OptlPuter co-Pl)




Calit2 Sunlight
Optical Exchange Contains Quartzite
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Next Step: Experiment on OptlPuter/OptlPortal
with Remote Supercomputer Power User

1 Billion Light-year Pencil

From a 20483 Hydro/N-Body Simulation

M. Norman, R. Harkness, P. Paschos
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Working on Putting in
Calit2 StarCAVE

Structure of the Intergalactic Medium

1.3 M SUs, NERSC Seaborg
170 TB output

Source: Michael Norman, SDSC, UCSD

—
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The Livermore Lightcone: 8 Large AMR Simulations
Covering 10 Billion Years “Look Back Time”

e 1.5MSUon LLNL Thunder
e (Generated 200 TB Data

e 0.4 M SU Allocated on
SDSC DataStar for
Data Analysis Alone

5123 Base Grid, 7
Levels of Adaptive
Refinement=>»65,000
Spatial Dynamic
Range

—

t..?pﬂpmer Source: Michael Norman, SDSC, UCSD
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An 8192 x 8192 Image Extracted from Tile 8:
How to Display/Explore?

Digital Cinema Working on
Image

Putting it on
Calit2
HIPerWall
OptlPortal
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200 Million Pixels of Viewing Real Estate
For Visually Analyzing Supercomputer Datasets

Goal: Link Norman’s Lab OptiPortal
Over Quartzite, CENIC, NLR/TeraGrid to

Petascale Track 2 at Ranger@TACC and Kraken@NICS ‘fl:?
& by October 2008 >

OptiPuter
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