The Future Applications of
Australia’s National Broadband Network

Digital Futures Keynote Address
Plenary Hall, Wrest Point Hotel
Hobart, Tasmania, Australia
August 10, 2009

Dr. Larry Smarr

Director, California Institute for Telecommunications and
Information Technology

Harry E. Gruber Professor,

AUSTRALIAN Dept. of Computer Science and Engineering
AMERICAN

= LEADERSHIP Jacobs School of Engineering, UCSD
"~ DIALOGUE




Tasmania Has Taken the Lead for Australia

In Fiber to the Premise (FTTP)

« Tasmanian Collaborative Optical Leading Testbed
— Five Years of Experience Since the Proposal

— South Hobart & New Town in the South, Devonport in the
NorthWest Connected 2006-08 — 1200 Premises

— First of Its Kind and Scale in Australia

 Wide Range of Applications:
— High Speed Internet
— Multiple Voice Lines Using Voice Over IP (VOIP)
— Digital Broadcast TV )
— Video on Demand (VOD) " emanian tlactronic commercs cantre pay Lt
— High Speed Data Networks/Virtual Private Networks (VPN)
— Video Conferencing

— Video Security TS
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Digital Future of Tasmania--A Five Year Vision

2011 — 2012 Focus

 Transition of Government Services to Digital Delivery
— Lifestyle and Economic Parity
— Between Rural, Regional and Urban Tasmania
— Increase Efficiency in Energy and Natural Resources

Management and Consumption fm
 Implement State-Wide In Tasmania: ~r
— Virtual Home Care System —~
. Tasmania
— Virtual Class Rooms Explove Hhe possivilities

— Smart Utilities Grid

— Virtual Management of All Irrigation/Water Systems
— Next Generation Municipal Management

— Services Tasmania ln The Home

AUSTRALIAN [ . [‘v




Premier Bartlett

On 218t Century Infrastructure

 For most of the 20th century, Tasmania’s economic
development was underpinned and driven by a far-sighted
Investment in hydro electricity.

« Tasmania’s future will be closely tied to our ability as a State
to stay connected to a fast-paced world.

« Telecommunications infrastructure will be to the 21st Century
what the dams, poles and wires of the Hydro were to the 20th.

3 March, 2009
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In Japan, FTTH Has Become the Dominant Broadband--

Subscribers to “Slow” 40 Mbps ADSL Are Decreasing!
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Globally Fiber to the Premise is Growing Rapidly,

Mostly In Asia

Europe, FTTP
Middle East, Connections
Azfg;ﬂ Growing at
47 Million ~30%/year
Households
with FTTH : .
End of 2009 Sg\l,r;amvgglt
_ by 2012
Americas
23M
130 Million hsla
Households SoM
with FTTH
In 2013
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A View Into the Future of NBN Applications:

University Research Using Dedicated 10Gbps Lightpaths

ﬁ NATIONAL LAMBDARAIL
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NSF’'s OptlPuter Project: Using Supernetworks
to Meet the Needs of Data-Intensive Researchers

OptlPortal—
Termination
Device
for the
OptlPuter
Global
Backplane
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Use of OptlPortal to Interactively View
Multi-Scale Biomedical Imaging

Source:
Mark
Ellisman,
David

Green: Purkinje Cells - [ A __ L, ¥ NCMIR Lee,
Red: Glial Cells : (L g~ P |NATIONAL CENTER o SR TR

. MICROSCOPY and
Light Blue: Nuclear DNA
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IMAGING RESEARCH Leigh
at San Diego, an NIH supported resource center

AusTRALIAN ~ TWO-Photon Laser Confocal Microscope Montage of Ph *
AMERICAN 40x36=1440 Images in 3 Channels of a Mid-Sagittal Section "t’
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Scalable Displays Allow Both
Global Content and Fine Detall
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Allows for Interactive Zooming
from Cerebellum to Individual Neurons

Source:
Mark
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Empowering the
“Digital Education Revolution”
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Department of Energy Office of Science
Leading Edge Applications of Petascale Computers
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OptlPortals: Scaling up the Personal Computer
For Supernetwork Connected Data-Intensive Users
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Mediterranean Archaeological Network (MedArchNet)
Online Atlas, Cyberinfrastructure and Portal-Based Science Environments

7. |Portal/Node
| DAAHL Website

N. Africa
Legend
IR Processing [ Data Storage M Visualization

( : I S A; DAH Saone %

Center of Interdisciplinary Science for Art, Architecture, and Archaeology

UC San Diego Division, California Institute for Telecommunications and Information Technology




Interactive VR Streamed Live from Tokyo to Calit2
Over Dedicated GigE and Projected at 4k Resolutlon
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Calit2 Microbial Metagenomics Cluster-
Gene
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Remote Interactive High Definition Video
of Deep Sea Hydrothermal Vents
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The Large Hadron Collider

Uses a Global Fiber Infrastructure To Connect Its Users

CERN Unveils Global Grid For Particle Physics Research

The network can pull in the IT power of more than 140 r:.nrnputer ::enters ||1 33 r:.n:runtnes to crunch an
expected 15 million GB of data every year. ‘ ) :

By Antone Gonsalves
Information\Week

October 3, 2006 04:5F PM

‘ G

e The grid relies on optical flbernetworks to dlstrlbut data from
CERN to 11 major computer centers in Europe, North America,
and Asia

 The grid is capable of routinely processing 250,000 jobs a day

« The data flow will be ~6 Gigabits/sec or 15 million gigabytes a
year for 10 to 15 years
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Next Great Planetary Instrument:

The Square Kilometer Array Requires Dedicated Fiber

Long-hau lnks www.skatelescope.org

(2 Thit/s per station)

Sianal Analusis Archive
F'I'l‘.‘lthSSI‘.'II‘E linciiding &
imaging) Diskribution

Cosmic RFI
Waves
Short-haul links

(8o GhitJ’EEﬂ per antenna) Schematic of SKA signal flow Advances in

Radio Quiet Reserve

Transfers Of
1 TByte Images
World-wide
AUSTRALIAN WIII Be Needed
AMERIEAN Every Minute!
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It Is Essential to Couple University

Innovations to NBN Buildout

Australia’s Academic DARWIN NeW FTTP
and Research Network Ap p | | Cat| O nS 5'10
® Cairns Years Ahead

@ Townsville

ALICE SPRINGS ® Rockhampton

BRISBANE

ARMIDALE

PERTH

CANBERRA SYDNEY

ADELAIDE

AARNet POP MELBOURNE

@
m— < 155 Mbps
m— < 622 Mbps
< 2.5 Gbps HOBART

AUSTRALIAN < Ph %
AMERICAN = <10Gbps rz_ )
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AARNet

& the NBN

&P aar

Australia's Academic

and Research Metwork

2001 2009 2017
Most homes: 40-800 Kbps 1-20 Mbps 25-500 Mbps
Leading-edge homes 4-8 Mbps 100-200 Mbps |2.5-5.0 Gbps
Businesses 4-8 Mbps 100-200 Mbps |2.5-5.0 Gbps
Research centres 40-400 Mbps | 1-10 Gbps 25-250 Gbps

AUSTRALIAN
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Source: Chris Hancock, AARNet CEO




AARNet Roadmap

Aggressively Growing to Meet Research Needs

Today 1-3 years 3 -5 years

Research & S
Collab. tools LightPaths

CPE ;

Lambda
Paths

Network P2P 1G
Services Ethernet

IP
Backbone

80 x 100G

DWDM Near National National
Backbone 8 x 10G 8 X 40G
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Global Innovation Centers are Being Connected
with 10,000 Megabits/sec Clear Channel Lightpaths

AARNet

GUIF Map 2000 Global Lambds infegrmted Facility Visualtzation by FAobert Patterson, NCSA, University of illinols st Urbana-Chempaign Dtz Complintion by Maxme O. Brown. Univerafy of ilinots at Chicega Earth Texture. vislbicearth.naas.gov

Interconnects OptlPortals at

AUSTRALIAN Public Research Innovation Centers
G922, AMERICAN
== LEADERSHIP

—————" Source: Maxine Brown, UIC and Robert Patterson, NCSA




Use University Campuses

as Green IT Testbeds

« Campuses are Small Cities
— Consolidated Clusters over Dedicated Optical Channels
— Low Energy Mobile Infrastructure
— Sensors and Actuators in Intelligent Buildings
— Low Carbon Transportation System
— Smart Electricity Grid
— Ubiquitous Teleconferencing
— Research on How to Change End User Behavior
o Calit2is Partnering with UCSD and UCI
— “Green Living Laboratories of the Future”
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Using High Definition to Link the Calit2 Buildings:
Living Greener

June 2, 2008 i
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Cisco on Cisco

TelePresence Deployment Overview

Changing the Waﬂ/ we Work, Live, Play a

533 Cisco TelePresence
major cities globally
= US/Canada: 108 CTS 3000, 109 CTS

1000, 6 CTS 3200, 90 CTS 500, 3
CTS1300

= APAC: 29 CTS 3000, 34 CTS 1000, 14
CTS 500, 3 CTS 3200, 1 CTS1300

= Japan: 7 CTS 3000, 2 CTS 1000, 1
CTS 500, 1 CTS 3200, 1 CTS1300

= Europe: 31 CTS 3000, 35 CTS 1000, 5
CTS3200, 27CTS500, 2 CTS1300

» Emerging: 14 CTS 3000, 3 CTS1000,
1 CTS3200, 7 CTS 500

163 Major Cities in 45
countries

» 355K TelePresence
meetings scheduled to
date. (Weekly average
utilization in the past
30 days is 21,522
meetings)

» 473K hours (average meeting is
1.25 hrs)

= 27K+ meetings with customers to
discuss Cisco Technology over
TelePresence

nd Learn
= 68K+ meetings avoided

travel

= Conservative estimate of cost

savings and productivity
improvement

~ROOLCKNA £~ N muy
oy 1 LU uUuLe

= Metric tons of emissions saved::

149,018

= Equal to >25,000+ cars off the road




Green
Initiative:

Can Optical
Fiber Replace
Airline Travel

for Continuing

O pt I P u te r Collab(??rations

OO\ CPAaaeR
Collaboratory

s that am stitched together, ABE Shar the Layers sre stacked 1o Erekbe

St Toer o Rk Flsmas, NCMIR, WCSD,

hinY-rasSlutcm misg ey ko
Dpt uter i i el Hir ki Hakasaks, Dabna Price, i
gLr The OpmPufer receives major funding from the Hateaal Sence Bpundatian, coopemtive agregment OC-0225642 b UMESEE
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International Network Australia's Acaderic

and Research Metwork

AARNet
International
Network

B~ §
LoRtoix S aaiT i, S
by ‘J:-anln‘url ¢ --,,._;.‘1’
{ Y A s e Seattle R
Madrid S oy Eeljlng . B i T SoRs
i Rome S oul, . Tukyu loAlto T % 9 New York
e losngeles |
{ ,"c- Talpat d ;
5 .IHongKtmg
s Mumbal Hanol -.
Bangkok ™, Cruezan En:y :
' ¥
Kuala Lumpur & '
KEY i
® Other R&E POPs
- Other R&E Netwaorks .
® AARNet POP @ Cape Town
= 155Mbps : T -® puckland
——— < 522Mbps
< 1Gbps
< 2.5Gbps
— < 10Gbps
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Beyond VTCs--Optical Fiber Telepresence
Will Accelerate Rate of Global Discovery

By,
AUSTRALIAN

il A Qvidium Compressed High Definiti

= on Video ‘il—?
Z 5. Leaoesue Qyer 1 Gbps AARNet/Pacific Wave/CENIC Lightpath s
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Australian American Leadership Dialogue Project Link
“Sewing Together Rooms” at U Melbourne and UCSD

Calit2 and Univ. Melbourne
Technology Teams

AUSTRALIANN 5 Calit2 Person Physically Flew to Australia to Bring This Up! ’l-‘;

gz  AMERICAN
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Victoria Premier, Senator Conroy, and
Australian Deputy Prime Minister Asking Questions

=

AUSTRALIAN
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University of Melbourne Vice Chancellor Glyn Davis
In Calit2 Replies to Question from Australia
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UM Professor Graeme Jackson Planning
Brain Surgery for Severe Epilepsy

AUSTRALIA
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OptiPlanet Collaboratory Persistent Infrastructure
Between Calit2 and U Washington

== \
OptiPuter ‘
&
‘ Ginger
: Armbrust’s 2 a1
Sdlat. B Diatoms: e
_ = J £ . un
v . Micrographs, ~
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UW'’s Research Channel

Michael Wellings



Live surgical
demonstration
performed at
Kyushu
University (Japan)
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Medical
Videoconference

Professor Stitz
(Royal Brisbane Hospital)
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&P aar

Australia’s Academic
and Research Network




1/3 Billion Pixel OptlPortal Linked to NASA Goddard
Earth Satellite Images of October 2007 Wildfires
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Remote Control of Scientific Instruments:
Live Session with JPL and Mars Rover from Calit2
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Just in Time OptlPlanet Collaboratory:
Live Session Between NASA Ames and Calit2@UCSD

Feb 19, 2009
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Source: Falko Kuester, Calit2; Michael Sims,

From Start to
This Image in
Less Than 2 Weeks!

View from NASA Ames
Lunar Science Institute
Mountain View, CA

Virtual Handshake

HD compressed 6:1

NASA Interest
In Supporting
Virtual Institutes




Telepresence Meeting
Using Digital Cinema 4k Streams

=" Ak = 4000x20 s = 4xHD Streaming 4k [PEERSS
100 Times with JPEG GRSty
the Resolution 2000 \\ [/ //
of YouTube! Compression |z
% - Y5 Ghit/sec

Lays
Technical
Basis for
Global
University [ElIeliE]
“ Président AnzaijielgEne

' Sony
UCSD NTT

Chancellor Fox SGI

Calit2@UCSD Auditorium



EVL’'s SAGE OptlPortal VisualCasting

Multi-Site OptlPuter Collaboratory

Total Aggregate VisualCasting Bandwidth for Nov. 18, 2008
Sustained 10,000-20,000 Mbps!
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CENIC
has
Invested
~s14m  CENIC
in A
Upgrade
demarc
CENIC is
Preparing
$10M
14 Campus v
NSF-ARl  CaMpus
Proposal
Now
Campuses
Need to
Upgrade
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CENIC’s New “Hybrid Network” - Traditional Routed IP
and the New Switched Ethernet and Optical Services

t

DWDM to CalREN
optical backbone

HPRng-L1 HPRng-L2

connections to labs
(via campus fiber)

Source: Jim Dolgonas, CENIC

10GE

HPRng-L3

campus border
router




The “Golden Spike” UCSD Experimental Optical Core:

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

End State 2008:

>= 60 endpoints at 10 GigE
>= 30 Packet switched

>= 30 Switched wavelengths
>= 400 Connected endpoints

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

Source: Phil Papadopoulos, SDSC/Calit2
Funded

(Quartzite MRI PI, OptIPuter co-Pl)
A by NSF
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The GreenLight Project:

Instrumenting the Energy Cost of Computational Science

« Focus on 5 Communities with At-Scale Computing Needs:
— Metagenomics s | ‘
— Ocean Observing e it

— Microscopy
— Bioinformatics el
— Digital Media C > convey :,@ vyl

* Measure, Monitor, & Web Publish A ARisTAER L N
Real T|me SenSOr OUtpUtS l(nl(m(oupmms

— Via Service-oriented Architectures
— Allow Researchers Anywhere To Study Computing Energy Cost
— Enable Scientists To Explore Tactics For Maximizing Work/Watt

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

e Partnering With Minority-Serving Institutions -
Cyberinfrastructure Empowerment Coalition @

AUSTRALIAN
w4, AMERICAN
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" DIALOGUE Source: Tom DeFanti, Calit2; GreenLight PI




Real-Time Monitoring of Building Energy Usage:
UCSD Has 34 Buildings On- L|ne

Real Time Cost PerHour  § 2,570
Real Time kW Usage 3'3 238 kW

Vista

Current Month:

Monthly Cost (5) 18,564 67,143
k\Wh del 213,4[][} KWh 789,923 K\Wh
Previous Month: —

Monthly Cost (5) 478 157,643

kVvh del
oo

al = 4 bt I- -_ S, e A ‘-' A k- s S -. N T o ek oo - i
AUSTRALIAN http /Imscada01. ucsd edullon v,
AMERICAN ’Z_
LEADERSHIP

DIALOGUE



http://mscada01.ucsd.edu/ion/�

Power Management in Mixed Use Buildings:

The UCSD CSE Building is Energy Instrumented

« 500 Occupants, 750 Computers

« Detailed Instrumentation to Measure &% éf‘
Macro and Micro-Scale Power Use oy R
— 39 Sensor Pods, 156 Radios, 70 Circuits S

— Subsystems: Air Conditioning & Lighting i T
VIP.MSCADAO1 VIP.MSCADAO1
T;t 580 l
:i: Hi | 560 ﬂ vy
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Tl I il 1 o N
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Emerging “Smart Grid” - High Voltage DC Electrical Lines

Are Widely Used for Crossing Sea Lanes

2
24 I3

29
2@" 2]
:2 5 28

A B &xisting Source: http://en.wikipediaorg/wiki/List_of HVDC prOJects
Xy A;fRfjéiﬁN [ under construction J Jmesserly, et al. ’Z_
= Cptions under consideratio
Z LEADERSHIP \ensun \asrEtian

= = HYNC inte =t in wereste =
DIALOGUE Medium to large HVDC interconnectionz in western Europe.



HVDC Submarine Cable Link
Between Australia and Tasmania
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The Data-Intensive Research “OptlPlatform” Backplane
for Cyberlnfrastructure A 1OGbps nghtpath Cloud

End User

OptlPortal

Optical
Switch
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