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During the last few years, a radical restructuring of optical networks supporting
e-Science projects is beginning to occur around the world. U.S. universities are
beginning to acquire access to private, high bandwidth light pipes (termed
"lambdas"”) through the National LambdaRail and the Global Lambda Integrated
Facility, providing direct access to global data repositories, scientific
instruments, and computational resources from Linux clusters in individual
user laboratories. These dedicated connections have a number of significant
advantages over shared internet connections, including high bandwidth
(10Gbps+), controlled performance (no jitter), lower cost per unit bandwidth,
and security. These lambdas enable the Grid program to be completed, in that
they add the network elements to the compute and storage elements which can
be discovered, reserved, and integrated by the Grid middleware to form global
LambdaGrids. | will describe how Service Oriented Architecture LambdaGrids
enable new capabilities in medical imaging, earth sciences, interactive ocean
observatories, and marine microbial metagenomics.
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NCSA Telnet--“Hide the Cray”

One of the Inspirations for the Metacomputer

« NCSA Telnet Provides Interactive Access
— From Macintosh or PC Computer
— To Telnet Hosts on TCP/IP Networks

Source: Larry Smarr 1985

“Metacomputer”
Coined in 1988:

A User-Defined
“Virtual PC”
Composed of
Computers, Storage,
Visualization
Tied Together

John Kogut Simulating By the Intemet
Quantum Chromodynamics
He Uses a Mac—The Mac Uses the Cray
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Foreshadowing the OptiPuter:

Using Analog Communications to Prototype the Digital Future

“What we really have to do is eliminate distance « Collaboration:
between individuals who want to interact with other — Metacomputing
people and with other computers.”
— Larry Smarr, Director, NCSA

— Remote Interactive
Visual
Supercomputing

— Telepresence

lllinois

i “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.” ATT & Sun

— Al Gore, Senator
Chair, US Senate Subcommittee on Science, Technology and Space

NCQA SIGGRAPH 1989




From Metacomputer to TeraGrid and OptlPuter:
Nearly 20 Years of Development...

[NFORMATIONWEEK
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‘Metacomputing’

OptiPuter

gurus Charles Catlett
I and Larry Smarr,
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NCSA Mosaic, a Module in NCSA Collage Desktop

Collaboration Software, Led to the Modern Web World

Mot e Licensing »@) sPYGLASS Licensees
MOSAIC
4 1993 | e
Microsoft
NCSA Collage @Emnﬂo

The world's largest particle phy

NCS
HTTPA

Open
Source

IBM WebSphere
Software
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NCSA Web Server Traffic Increase Led to

NCSA Creating the First Parallel Web Server
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Supercomputing 95
I-WAY: Information Wide Area Year

I-Way Featured:

* Networked Visualization Application Demonstrations
« OC-3 (155Mbps) Backbone

» Large-Scale Immersive Displays

 |-Soft Programming Environment

W Cellular Semiotics

Led Directly to Globus & the Grid

CitySpace



Concept of NCSA Alliance
National Technology Grid

Silicon G
raphics Pow .
—" er Grid NCsa :

E_

Image From LS Talk at Grid Workshop Argonne Sept. 1997

NCSA

University of Bincls a1 Urbana-Champaign Image from Jason Leigh, EVL, UIC S




The NCSA Alliance Research Agenda-

Create a National Scale Metacomputer

A Nationwide
Parallel Computing

Environment

How to get there? ﬂ]mugh a scalable software environment
coupling the small parallelism (afew pmcesmrs) of the desktop to the large-scale
parallelism (thousands ﬂfpmcesmrs) in Alliance machines.

Ken Kennedy, Charles F. Bender, John W.D. Connolly, John L. Hennessy,
Mary K. Vernen, and Larry Smarr

The Alliance will strive to make computing routinely
parallel, distributed, collaborative, and immersive.
--Larry Smarr, CACM Guest Editor

Il
NCSA Source: Special Issue of Comm. ACM 1997

University of Blinois al Urbana-Champaign Matianal Coammaiational Seienee: KLLIANCE




The Grid Middleware Emerges

“A source book for the history
of the future” -- Vint Cerf

Science Portals & Workbenches

Twenty-First Century Applications

Access Computational
Grid Grid

Access Services & Computational Services

Technology

Grid Services
(resource independent)

Grid Fabric

(resource dependent)

Networking, Devices and Systems

NCSA

University of BMlinois at Lirbana-Champasgn

www.mkp.com/grids
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Extending Collaboration From Telephone Conference Calls

to Access Grid International Video Meetings
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States Began to Acquire Their Own Dark Fiber Networks

-- [llinois’s I-WIRE and Indiana’s I-LIGHT
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Dedicated Optical Channels Makes

High Performance Cyberinfrastructure Possible

WAVELENGTH DIVISION MULTIPLEXING (WDM)

10 Gbps per User ~ 200x
Shared Internet Throughput

® EXPLOITS
— EMORMOQUS BANDWIDTH OF SILICA FIBER
— HIGH-GAIN WIDEBAND OPTICAL AMPLIFIERS

Source: Steve Wallach, Chiaro Networks

20 |-

10 RAMNGE OF HIGH GAIN EDFA=

g o8 | _bl |‘_

@ 4 THz

&

= 0.4 25 THz (

Ll

e CHITHR
02 |-
0-1 1I2 WDN:I:HANNI?I;S H‘f 1.5 H‘ 1I?

WA\IELENGTH{pm}‘N.ﬁ\ “|_ambdas”

1SS Parallel Lambdas are Driving Optical Networking
UCIrvine The Way Parallel Processors Drove 1990s Computing

&Y




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

NSF’s TeraGrid Has 4 x 10Gb .
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National Lambda Rail
Core Services

- WaveNet - Layer 1
— Point-to-Point 10 GE or OC-192 Waves
— Enables Big Science, Network Researchers, Production
Services
 FrameNet — Layer 2

— First Nationwide 10 Gb Ethemet Service for the R&E
Community

— GigE Interface and Non-Dedicated Service Comes With
Membership

 PacketNet — Layer 3

— Nationwide, Diverse, Redundant, Reliable Routed Network
Service

— 10 GE and 1 GE Access Part of Membership

UClIrvine
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Since 2005 Two New Calit2 Buildings Provide
New Laboratories for “Living in the Future”

& B F e
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 Up to 1000 Researchers in Two Buildings
— Linked via Dedicated Optical Networks
— International Conferences and Testbeds
New Laboratories
— Nanotechnology
— Virtual Reality, Digital Cinema
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UCSD Preparing for a World in Which
UCIrvine Distance is Eliminated...



CalitZ has Become a Global Rub Tor Optical Connections

Between University Research Centers at 10Gbps__

Maxine Brown, Tom DeFanti, Co-Chairs - “Bhga-ca

1Grid 2005 SUR

[HE GLOBAL LAMBDA INTEGRATED FACILITY
www.igrid2005.org

September 26-30, 2005
ThE ”I: Calit2 @ University of California, San Diego
I]|5E|]UE“|’ G[ﬂm California Institute for Telecomr.unications and Information Technology

| 21 Countrles Driving 50 Demonstratlons &
y / 10r10Gbps to Calit2@UCSD Building &
- Sept 2005 |



iIGrid Lambda Digital Cinema Streaming Services:
Telepresence Meeting in Calit2 Digital Cinema Auditorium
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Gigabit Fibers on the Ocean Floor-Using a SOA to

Control Sensors and HDTV Cameras Remotely
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First Remote Interactive High Definition Video
Exploration of Deep Sea Vents

20035

Exreoition o THE UnpErwaTer VoLcanoEs Galaxy XR
oF THE NORTHEAST Paciric Satellite

VISIONS N ;} CanadianU.S. Collaboration

e

Real-time Broadcasts: _
Dates: September 28th & 29th  Time: 2 to 3 pm (Pacific)

WWW.VISIONSOS . WASHINGTON.EDU
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IJCEH)
UCIrvine Source John Delaney & Deborah Kelley, UWash



High Definition Still Frame
of Hydrothermal Vent Ecology 2.3 Km Deep

Source:
John Delaney and
Research Channel,
‘U Washington

UucsD White Filamentous Bacteria on 'Pill Bug' Outer Carapace
UClIrvine




e-Science Data Intensive Science Will Require

LambdaGrid Cyberinfrastructure

.
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The OptiPuter Project — Creating High Resolution Portals

Over Dedicated Optical Channels to Global Science Data
\ arge intomation Iechnology research Froposa OptiPuter
— Calit2 (UCSD, UCI) and UIC Lead Campuses—Larry Smarr Pl &
— Partnering Campuses: SDSC, USC, SDSU, NCSA, NW, TA&M, UvVA,
SARA, NASA Goddard, KISTI, AIST, CRC(Canada), CICESE (Mexico)
 Engaged Industrial Partners:
— IBM, Sun, Telcordia, Chiaro, Calient, Glimmerglass, Lucent

 $13.5 Million Over Five Years—Now In the Fifth Year

Ii-l-l..'j'-l?

?@ NIH Biomedical Informatics
: Research Network

| NCMIR

at San Diego, an NIH supported resource center



OptiPuter Software Architecture—a Service-Oriented

Architecture (SOA) Integrating Lambdas Into the Grid

Distributed Applications/ Web Services Source: Andrew Chien, UCSD

Visualization

Telescience Data Sorvices SAGE JuxtaView

LambdaRAM Vol-a-Tile
11
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
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GTP XCP uDT

CEP LambdaStream || RBUDP

ISI@IPR | Lambdas —'r—>

UClIrvine




OptlIPuter Scalable Adaptive Graphics Environment

(SAGE) Allows Integration of HD Streams

UCIrvine
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CAMERA: Community Cyberinfrastructure
for Advanced Marine Microbial

Ecology Research and Analysis

National LambdaRail
2 Direct Connect
Computation and Storage Complex

“x'b.
"‘:__. ordon a Barry
.ﬁ" Funded by: Gordon and Betty Moore Foundation
4 Pl Larry Smarr
ﬁm 4+ Joint Partnership of:

Announced January 17, 2006
UCIrvine $24.5M Over Seven Years




Marine Genome Sequencing Project —

Measuring the Genetic Diversity of Ocean Microbes
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Calit2’s Direct Access Core Architecture JMOORE

" FOUNDATION

Will Create Next Generation Metacomputer Server
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Calit2 CAMERA Production
Compute and Storage Complex is On Line
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Use of OptiPortal
to Interactively View Microbial Genome
15:000 x 15,000 Pixels ;

"""""""""""""""""""""
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K ¢ i
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Acidobacteria bacterium Ellin345 (NCBI)
Source: Raj Singh, UCSD Soil Bacterium 5.6 Mb

UCIrvine



Use of OptiPortal
to Interactively View Microbial Genome

15,000 x 15,000 Pixels

PRI e
O S e

ucsD
UClIrvine

Acidobacteria bacterium EIllin345 (NCBI)
Source: Raj Singh, UCSD Soil Bacterium 5.6 Mb




Use of OptiPortal
to Interactively View Microbial Genome
15,000 x 15,000 Pixels :

Afd345_1143
= = | = 105 AC

UCIrvine

Source: Soil Bacterium 5.6 Mb

Raj Singh, UCSD



Calit2 is Now OptIPuter Connecting Remote OptiPortals

Creating a National-Scale SOA Metacomputer
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