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Where is Telecommunications Research Performed?
A Historic Shift

70% Percent Of The Papers Published
IEEE Transactions On Communications
U.S. Industry

Non-U.S. Universities 85%
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Calit2 -- Research and Living Laboratories
on the Future of the Internet

UC San Diego & UC Irvine Faculty

Working in Multidisciplinary Teams
With Students, Industry, and the Community

POLICY, MANAGEMENT, & SOCIOECONOMIC EVOLUTION
ENVIRONMENT & CIVIL INTELLIGENT DIGITALLY ENABLED | NEW MEDIA
INTERFACES & SOFTWARE SYSTEMS

NETWORKED INFRASTRUCTURE
MATERIALS & DEVICES

EDUCATION
INDUSTRY

www.calit2.net
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Two New Calit2 Buildings Will Provide

a Persistent Collaboration “Living Laboratory”

« Will Create New Laboratory Facilities

| Aoaledlil — Nano, MEMS, RF, Optical, Visualization

% \ §/ * International Conferences and Testbeds

b [N  Over 1000 Researchers in Two Buildings
\ i/ « 150 Optical Fibers into UCSD Building
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UCSD California Provided $100M for Buildings
UClIrvine Industry Partners $85M, Federal Grants $250M



The Internet Is Extending Throughout the Physical World

A Mobile Internet Powered by a Planetary Computer

 Emergence of a Distributed Planetary Computer
— Parallel Lambda Optical Backbone

— Storage of Data Everywhere

— Scalable Distributed Computing Power
Wireless Access--Anywhere, Anytime

— Broadband Speeds

— “Always Best Connected”

Billions of New Wireless Internet End Points
— Information Appliances

— Sensors and Actuators

— Embedded Processors

Transformational From Medicine to Transportation

“The all optical fibersphere in the center finds its complement in

|B[@=NPE the wireless ethersphere on the edge of the network.” i‘}
UClrvine --George Gilder ‘t




Dedicated Optical Channels Makes

High Performance Cyberinfrastructure Possible

WAVELENGTH DIVISION MULTIPLEXING (WDM)

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

Source: Steve Wallach, Chiaro Networks
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UClIrvine The Way Parallel Processors Drove 1990s Computing




From “Supercomputer—Centric”

to “Supernetwork-Centric” Cyberinfrastructure
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Seattle NSF’s TeraGrid Has 4 x 10Gb International
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The DoD Global Information Grid

Optical IP Terrestrial Backbone

Source: Bob Young, SAIC

Optical IP terrestrial backbone with Investment $800+M

a ubiquitous presence. Mitigates

3: SSU0+
constraints in terrestrial bandwidth. FY03: $500+M

* Requests for Proposals

* Contract awards
* Site surveys

* Diverse physical access to the
network, the near term effort

secure, robust
« CONUS & OCONUS

* Key to integrated net-centric

* Installations begin

FY04: S300M

* Complete al installations
* Provide minimum 100 Mbps per site per

transformation service
Todai: Tomorrow:
NIPR GSR Voice, Video, and Data
JWICS SIPR (COINS) Legacy at

Unclassified IP  sc| |p Voice Unclassified, Secret, and SCI

Secret IP l

AFSCN
DSN

DRSN
DVS




The OptliPuter Project —

Removing Bandwidth as an Obstacle In Data Intensive Sciences

 NSF Large Information Technology Research Proposal
— Calit2 (UCSD, UCI) and UIC Lead Campuses—Larry Smarr PI
— Partnering Campuses: USC, SDSU, NW, TA&M, UvA, SARA, NASA

* Industrial Partners
— IBM, Sun, Telcordia, Chiaro, Calient, Glimmerglass, Lucent —1

« $13.5 Million Over Five Years &E)pthuter
« Extending the Grid Middleware to Control Optical Circuits

NSF EarthScope
and ORION

Kilauea
Kaolkl  , Summit

NIH Biomedical Informatics

Copyright 2001, NEMIR
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Realizing the Dream:
High Resolution Portals to Global Science Data

150 Mpixel Microscopy Montage
On an OptlPuter Scalable Display

T

et .
iy %
- Mt

s ";,f NATIONAL CENTER for
MICROSCOPY and

IMAGING RESEARCH
at San Diego, an NIH supported resource center

9
UCsD 30 MPixel SunScreen Display Driven by a gource: Mark Ellisman,

UCIrvine 20-node Sun Opteron Visualization Cluster David Lee, Jason Leigh



The LambdaGrid Control Plane Paradigm Shift

from Commercial Practice

Traditional Provider Services: OptlPuter:
Invisible, Static Resources, Distributed Device, Dynamic Services,
Centralized Management Visible & Accessible Resources,

Integrated As Required By Apps

= Invisible Nodes, ]
Elements,
Hierarchical,
Centrally Controlled,
] Fairly Static

I

Limited Functionality, N
: lexibili Flexibility
[B[GS oY 'exibility &

UClrvine Source: Joe Mambretti. Oliver Yu. George Clapp

Unlimited Functionality,




End-to-End Optical Circuits:

a Campus-‘_Scalethuter

%2?;&;;:2: ToCENICA | & 2o ’ .\ Campus Provided
I} =k . o0 F . Dedicated Fibers
. ¢ S Between Sites Linking

Linux Clusters
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The OptlIPuter LambdaGrid

Is Rapidly Expanding

StarLight UIC EVL U Amsterdam
Chicago
PNWGP
Seattle
NetherLight
Amsterdam
CAVEwave/NL —— 1 GE Lambda

NASA R — 10 GE Lambda
Ames
NASA NASA Goddard

JPL NLR NLR

SDSU

CENIC/Abilene

Shared Network

CICESE

via CUDI

UCSD CENIC 2%
San Diego "t)
Source: Greg Hidley, Aaron Chin, Calit2

UClIrvine GigaPOP




Lambdas Provide Global Access
to Large Data Objects and Remote Instruments

Global Lambda Integrated Facility (GLIF)
Integrated Research Lambda Network
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Calit2@UCSD Building will House

a Photonics Networking Laboratory

* Networking “Living Lab” Testbed Core
— Unconventional Coding [ —
— High Capacity Networking
— Bidirectional Architectures
— Hybrid Signal Processing

* Interconnected to OptiPuter
— Access to Real World Network Flows 1 |
— Allows System Tests of New Concepts '- _,

UClIrvine



Peering Into The Future

1000x Goals for 2015
« Home Bandwidth
— Today: Mbit/s Cable/ DSL 15 Years ~ 1000x

— 2015: Gbit/s to the Home
Information Appliances
— Today: GHz PCs

— 2015: Terahertz Ubiquitous Embedded Computing
Personal Storage

— Today: 100 GBytes PC or Tivo

— 2015: 100 TBytes Personal Storage Available Everywhere
Visual Interface

— Today: 1M Pixels PC Screen or HD TV

— 2015: GigaPixel Wallpaper

&t

UClIrvine

with Moore’s Law




Multiple HD Streams Over Lambdas

Will Radically Transform Campus Collaboration
T B

Telepresence Using Uncompressed 1.5 i
Gbps HDTV Streaming Over IP on Fiber |
Optics--

1000 x Home Cable “HDTV” Bandwidth!

Osaka, Japan
Jan 2005

UcCcsD

UCIrvine Source: U Washington Research Channel



@
0
o
= A
>
< 5
nrv_l
c &
» o
QO C
(@) N -
¥
En
O
% E
o LL
C £
.muo
=

Multi-G

Balboa Park, San Diego

http://gigapxl.orc

The Gigapxl Project

UCIrvine
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Large Image with Enormous Detail
Require Interactive LambdaVision Systems

http://gigapxl.org “@,ﬂ % \E - y _}ffF \
' "3 B | ';/-fa- _ The OptlIPuter
& Project is
Pursuing
Obtaining some
of these Images
for
e e o LambdaVision
O 100M Pixel

Walls

= ¢ _. = One Square Inch
| e : S Shot From 100

Yards




Toward an Interactive Gigapixel Display

Scalable Adaptive sl - calit2is Building a LambdaVision Wall in

Graphics Environment =& Each of the UCI & UCSD Buildings
(SAGE) Controls: i | T

NSF e
100 Megapixels LambdaVision
Display MRI@UIC

— 55-Panel 1

1/4 TeraFLOP %10
— Driven by 30-Node # |
Cluster of 64-bit
Dual Opterons

1/3 Terabit/sec 1/10

— 30 x 10GE
interfaces

— Linked to OptiPuter: e

1/8 TB RAM
60 TB Disk




An Explosion in Wireless Internet Connectivity

is Occuring

Broadband Cellular Internet Plus...

\

Fiber — Multi-billion $

~

10 Gbps

E-Band Market
Opportunity
$1B+

1 Gbps

Point to Point Microwave
$2B-$3B/Year ;- N\

802.16 “Wi-Max’

$2-$4B in 5 years
802.11 a/blg
10 Mbp

Short <1km Short/Medium Medium 2-5 km Medium/Long >5 km Long >10 km
CBD/Dense 1-2km Industrial Residential Rural

Band

COMMUNICATLONS
CORBEPORATION

100 Mbps

INOOE$< OIPEY ZHO09 B OSH J—\




The Center for Pervasive Communications and Computing
Will Have a Major Presence in the Calit2@UCI Building

Center for Pervasive € B UCivine
Communications and Computing Q) o

‘i[‘)

408 Engineering Tower
University of California, Irvine
Irvine, CA 926972625
cpcc-infogguci.edu

CPCC Inauguration

Owight Decker, Chaimman and CEOQ, Conexant Systems; Henry Samueli, CTO and Co-Founder, Broadeom Corp.; Gray Dawvis, Gowvemor, State of California; Ralph J. Cicerone,
Chancellor, UC Irvine; Micolaos G. Mexopoulos, Dean, The Henry Samueli School of Bngineering

C*" MNDSPEED swioﬁ!_ﬂﬁi ’t

CONEXANT"™ BUILD IT FIRST




CWC and Calit2 are Strong Partners

Center for
Wireless Communications

Two Dozen ECE and CSE Faculty

i Architecture Changing
Mi RdF A/D Smart Antennas ChModuII%tuzer Media Access Environment
D:SIC Adaptive Arrays M ?tr'mle A° ng Scheduling Protocols
_ witiple ACCeSS| IEnd-to-End QoS | |Multi-Resolution
Materials Compression Hand-Off

UClIrvine




Semi Content in Electronic Systems ($)

20%
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Network Endpoints Are Becoming

Complex Systems-on-Chip

Source: Rajesh Gupta, UCSD
Director, Center for Microsystems Engineering

Two Trends:
* More Use of Chips with “Embedded Intelllgenf?
* Networking of These Chips N
S5, b,
T,

Early 80's Early 90's Late 90's Here

Decade



The UCSD Program in

Embedded Systems & Software

LE‘{JUIF"T["?
Computer Science and Engmeerlng

 Confluence of:
— Architecture, Compilers " | Feople | Feses ducatio
— VLSI, CAD, Test

— Embedded Software LL | | ]

* Cross-Cutting Research Thrusts:
— Low Power, Reliability, Security
— Sensor Networks

- Affiliated Laboratories:
— High Performance Processor

n
S
B for

Architecture and Compiler o
— Microelectronic Systems Lab VLS| [t | [ G |
CAD Lab Embedded Systems and Software

— Reliable System Synthesis Lab

http://mesl.ucsd.edu/gupta/ess/

VUCSD Calit2 MicroSystems Engineering Initiative .‘}
UClIrvine ‘t



Novel Materials and Devices

are Needed in Every Part of the New Internet

< Source: Materials and Devices Team, UCSD
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Integrated Nanosensors—
Collaboratlve Research Between

Developing Multlple Nanosensors
on a Single Chip,

with Local Processing "= -%_ .

and Wireless Communicatiorig ="
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I. K. Schuller holding the first prototype

UClIrvine I. K. Schuller, A. Kummel, M. Sailor, W. Trogler, Y-H Lo




UC Irvine Integrated Nanoscale Research Facility —

Nano, MEMS, and BioMEMS Collaboration with Industry

« Collaborations with Industry * Working with UCI OTA to
— Joint Research With Faculty Facilitate Tech Transfer
— Shared Facility Available For * Industry and VC Interest in
Industry Use Technologies Developed at INRF

- TAMARACK

Ilaylllenn A

Agilent Technologies
: Research Funding

— " $5M,
VEersa TecHnoLoay, Inc. BTN Conventor) 7

IRVINE SENSORS ﬁa . $3M

NEXG=N
= MICROTEK SRYAT

ROCKWELL
@ S)\ SCIENTIFIC

Phwmmmﬂ;-wutm s 43 TEXAS INSTRUMENTS

Semiconductars Corp. :
livering the winning technical edge ,99' ,00 ,00' ,0 1 ’0 1- ’02 ,02- 103

Genenas MowToRs . iy M $
E"DE"COE SEQLIENOM! ﬁl_‘ A ALPINE L ¥ $3 .~ Equipment Funding
MOOG Qintelliery 52 |
|vsxphommcso @ conerenT. CRIEN L i— |

_ =1 @Research, Inc. XTM_ Fi '?-'-" . Umachines $- | ' ' — '
Broniey James” || xt[NSIESREE RS e wor ores ones

2 s e

& Morosemll  G-onx 0 Industry partners

H State funding ‘i ‘}

UCIrvine @ Private foundations



http://www.trw.com/home/main/1,,,00.html
file:///

Two-Campus Calit2 Intelligent Transportation Team
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0 - o o C o Ol- o
Total annual delay 667,352,000 person hours
Percent congestion due to recurring delay 57%
Percent congestion due to incident delay 43%
Annual delay per capita 52 person hours
Percent of daily travel in congestion 88%
Congested freeway and street lane miles 72%
Number of Congested Hours per Day 8
Wasted fuel 78 gallons per person
Annual congestion cost total $12,837,000,000
Cost per capita $1,005

B (1%
—\I i "t)
UCIrvine Source: Will Recker. UCI ITS




Calit2 is Building

an Intelligent Transportation “Living Laboratory”

 Toward Reductions in Traffic Congestion
— Restructuring Traffic Flows by Sharing Information
— Creating Intelligent Networks
— Fostering Intelligent Management

* Currently Working in Orange County
— Goal is to Expand to San Diego and Riverside

&’

UClrvine Source: Will Recker. UCI ITS



Calit2 Intelligent Transportation

Living Laboratory Vision

— Restructuring Traffic Flows by Sharing Information
— Sensor-Based Real-Time Anonymous Monitoring of Traffic & Cars

UClrvine Source: Will Recker. UCI ITS




Cal(IT)? Testbed Vision

— Restructuring Traffic Flows by Sharing Information

— In-Vehicle Real-time Tracking of Vehicles and Activities

Activity diary

rrrrrrrrrrrrr

UClrvine Source: Will Recker. UCI ITS




Cal(IT)? Testbed Vision

— Restructuring Traffic Flows by Sharing Information

— Peer-to-Peer Ad Hoc Communication and Control

UClrvine Source: Will Recker. UCI ITS




Cal(IT)? Testbed Vision

— Restructuring Traffic Flows by Sharing Information

— Extension of the Internet into Automobiles

UClrvine Source: Will Recker. UCI ITS




Cal(IT)? Testbed Vision

— Restructuring Traffic Flows by Sharing Information

— Creating Intelligent Networks
— Autonomous Agents for Incident Response

UClrvine Source: Will Recker. UCI ITS




Cal(IT)? Testbed Vision

— Restructuring Traffic Flows by S/l@f T

Commuter train depot

— Creating Intelligent Networks

— Multi-Modal Networks Based on Wireless Telemetry & Management

UClrvine Source: Will Recker. UCI ITS




Cal(IT)? Testbed Vision

Edit Junction

* Paramics Modeller 3.0: with Programmer 3.0: testbed (C:/PROGRAM FILES /paramics30/datal testbed)

File Edit View Objects Tools Select Dptions

n

mon 1
IRead IF file: 0K

1 65 008 00

Al &l vy

W e,

Reset.
Editer
Yiguport

Start %
st | @ €14 % || B Expoing - Network Neigh.. | 4 modeter | R Encemd

— Faster-Than-Real-Time Microscopic Simulation for Traffic Forecasting

| Paramics Modelier 3 | R aman

UucCcspD
UClIrvine Source: Will Recker. UCI ITS



Cal(l7)?2 Testbed Visioi}&
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— Creating Intelligent Ne

— Fostering Intelligent I\/Ianagemnt
— Real-Time Multi-Jurisdictional Corridor Management

UClrvine Source: Will Recker. UCI ITS




Cal(IT)? Testbed Vision

— Restructuring Traffic Flows by Sharing Information

NT

— Creating Intelligent Networks signal

Controller

— Fostering Intelligent Management »
O
(&)

— Real-Time Adaptive Control

UClrvine Source: Will Recker. UCI ITS




Calit2 Has Established an Interdisciplinary Program

on Automotive Software Engineering

Cars Have Separate Integrated Networks For:
— Power Train

— Central locking system 90 % of all Auto
— Crash management Innovations are Now
— Multimedia Software-Driven

— Body/Comfort Functions etc.
« 50-100 Electronic Control Units Supporting up to 1,000 Features
* Increasing Interaction Between Different Sub-Systems
* Increasing Interaction Also Beyond The Car’s Boundaries

e Movement to Service-Oriented Middleware—i.e. Grids!

— Paves The Way For Integration of On-Board And Off-Board
Information Systems

UCIrvine ggy ce: Ingolf Krueaer. Calit2
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