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Where is Telecommunications Research Performed?
A Historic Shift

Source: Bob Lucky, Telcordia/SAIC
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Calit2 -- Research and Living Laboratories
on the Future of the Internet

 
www.calit2.net

UC San Diego & UC Irvine Faculty
Working in Multidisciplinary Teams

With Students, Industry, and the Community



  

Two New Calit2 Buildings Will Provide 
a Persistent Collaboration “Living Laboratory”

• Will Create New Laboratory Facilities
– Nano, MEMS, RF, Optical, Visualization

• International Conferences and Testbeds
• Over 1000 Researchers in Two Buildings
• 150 Optical Fibers into UCSD Building

Bioengineering

UC San Diego

UC Irvine

California Provided $100M for Buildings
Industry Partners $85M, Federal Grants $250M



  

• 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 Internet Is Extending Throughout the Physical World
A Mobile Internet Powered by a Planetary Computer

“The all optical fibersphere in the center finds its complement in 
the wireless ethersphere on the edge of the network.”

--George Gilder
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Dedicated Optical Channels Makes 
High Performance Cyberinfrastructure Possible

(WDM)

Source: Steve Wallach, Chiaro Networks

“Lambdas”
Parallel Lambdas are Driving Optical Networking 

The Way Parallel Processors Drove 1990s Computing



  

From “Supercomputer–Centric” 
to “Supernetwork-Centric” Cyberinfrastructure
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San Francisco Pittsburgh

Cleveland

NLR and TeraGrid Provides the Cyberinfrastructure 
Backbone for U.S. University Researchers

San Diego

Los Angeles

Portland

Seattle

Pensacola

Baton Rouge

HoustonSan Antonio

Las Cruces /
El Paso

Phoenix

New York City

Washington, DC
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Tulsa
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Denver
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Boise

Albuquerque

UC-TeraGrid
UIC/NW-Starlight

Chicago

International 
Collaborators

 NLR 4 x 10Gb Lambdas Initially
  Capable of 40 x 10Gb wavelengths at Buildout

NSF’s TeraGrid Has 4 x 10Gb 
Lambda Backbone 

Links Two 
Dozen State and 
Regional Optical 

Networks

DOE, NSF, 
& NASA

Using NLR 



  

The DoD Global Information Grid
Optical IP Terrestrial Backbone

Source: Bob Young, SAIC



  

The OptIPuter 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

• $13.5 Million Over Five Years
• Extending the Grid Middleware to Control Optical Circuits 

NIH Biomedical Informatics NSF EarthScope 
and ORION

http://ncmir.ucsd.edu/gallery.html

siovizcenter.ucsd.edu/library/gallery/shoot1/index.shtml

Research Network



  

Realizing the Dream:
High Resolution Portals to Global Science Data

30 MPixel SunScreen Display Driven by a 
20-node Sun Opteron Visualization Cluster

Source: Mark Ellisman, 
David Lee, Jason Leigh

150 Mpixel Microscopy Montage
On an OptIPuter Scalable Display



  

Invisible Nodes,
 Elements,

Hierarchical,
Centrally Controlled, 

Fairly Static

Traditional Provider Services:
Invisible, Static Resources,

Centralized Management

OptIPuter: 
Distributed Device, Dynamic Services, 

Visible & Accessible Resources, 
Integrated As Required By Apps 

Limited Functionality,
Flexibility

Unlimited Functionality,
Flexibility 

Source: Joe Mambretti, Oliver Yu, George Clapp

The LambdaGrid Control Plane Paradigm Shift 
from Commercial Practice
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Source: Phil Papadopoulos, SDSC; 
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The UCSD OptIPuter DeploymentEnd-to-End Optical Circuits: 
a Campus-Scale OptIPuter

SDSC 
Annex 

Juniper
T320

0.320 Tbps
Backplane
Bandwidth

20X

Chiaro
Estara

6.4 Tbps
Backplane
Bandwidth

Campus Provided
Dedicated Fibers 

Between Sites Linking 
Linux Clusters

UCSD Has 
~ 50 Labs 

With 
Clusters
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Lambdas Provide Global Access 
to Large Data Objects and Remote Instruments

Global Lambda Integrated Facility (GLIF)
Integrated Research Lambda Network

Visualization courtesy of 
Bob Patterson, NCSA

www.glif.is

Created in Reykjavik, 
Iceland Aug 2003



  

UCSD Networking CoreCalit2@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
– Allows System Tests of New Concepts



  

Peering Into The Future
 1000x Goals for 2015

• Home Bandwidth
– Today: Mbit/s Cable/ DSL 
– 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

15 Years ~ 1000x 
with Moore’s Law



  

Multiple HD Streams Over Lambdas 
Will Radically Transform Campus Collaboration

U. Washington

JGN II Workshop
Osaka, Japan

Jan 2005

Prof. Osaka
Prof. Aoyama

Prof. Smarr

Source: U Washington Research Channel

Telepresence Using Uncompressed  1.5 
Gbps HDTV Streaming Over IP on Fiber 

Optics--
1000 x Home Cable “HDTV” Bandwidth!



  

Multi-Gigapixel Images are Available 
from Film Scanners Today

The Gigapxl Project
http://gigapxl.org

Balboa Park, San Diego



  

Large Image with Enormous Detail
Require Interactive LambdaVision Systems

One Square Inch 
Shot From 100 

Yards

The OptIPuter 
Project is 
Pursuing 

Obtaining some 
of these Images 

for
LambdaVision 

100M Pixel 
Walls

http://gigapxl.org



  

Toward an Interactive Gigapixel Display

• Scalable Adaptive 
Graphics Environment 
(SAGE) Controls:

• 100 Megapixels 
Display 

– 55-Panel

• 1/4 TeraFLOP 
– Driven by 30-Node 

Cluster of 64-bit 
Dual Opterons

• 1/3 Terabit/sec I/O
– 30 x 10GE 

interfaces
– Linked to OptIPuter

• 1/8 TB RAM
• 60 TB Disk

Source: Jason Leigh, Tom DeFanti, EVL@UIC
OptIPuter Co-PIs

NSF 
LambdaVision 

MRI@UIC

Calit2 is Building a LambdaVision Wall in 
Each of the UCI & UCSD  Buildings



  

An Explosion in Wireless Internet Connectivity 
is Occuring

Distance/Topology/Segments 

 

CBD/Dense 
Urban Urban

Industrial
Suburban

Residential
Suburban

Rural

10 Gbps

1 Gbps

100 Mbps

10 Mbps

Short <1km Short/Medium 
1-2km

Medium 2-5 km Medium/Long >5 km Long >10 km

802.11 a/b/g

Point to Point Microwave
$2B-$3B/Year

Fiber – Multi-billion $

E-Band Market 
Opportunity 

$1B+

Mark
et D

emand

802.16 “Wi-Max”

F
S

O
 &

 60G
H

z R
ad

io
 ~

$300
M

 

$2-$4B in 5 years

Broadband Cellular Internet Plus…



  

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

Director Ender Ayanoglu 



  

CWC and Calit2 are Strong Partners

Two Dozen ECE and CSE Faculty

LOW-POWERED
CIRCUITRY

ANTENNAS AND 
PROPAGATION

COMMUNICATION
THEORY

COMMUNICATION
NETWORKS

MULTIMEDIA
APPLICATIONS

RF
Mixed A/D

ASIC
Materials

Smart Antennas
Adaptive Arrays

Modulation
Channel Coding
Multiple Access

Compression

Architecture
Media Access

Scheduling
End-to-End QoS

Hand-Off

Changing
Environment

Protocols
Multi-Resolution

Center for 
Wireless Communications

Source: UCSD CWC



  

Network Endpoints Are Becoming 
Complex Systems-on-Chip

Two Trends:
•  More Use of Chips with “Embedded Intelligence”
•  Networking of These Chips

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



  

The UCSD Program in 
Embedded Systems & Software

• Confluence of:
– Architecture, Compilers
– VLSI, CAD, Test 
– Embedded Software

• Cross-Cutting Research Thrusts: 
– Low Power, Reliability, Security
– Sensor Networks

• Affiliated Laboratories:
– High Performance Processor 

Architecture and Compiler
– Microelectronic Systems Lab VLSI/

CAD Lab
– Reliable System Synthesis Lab http://mesl.ucsd.edu/gupta/ess/

Calit2 MicroSystems Engineering Initiative



  

Novel Materials and Devices 
are Needed in Every Part of the New Internet

UCI
Advanced displays
Sensor networks
Organic/polymer

electronics;
Biochips

Magnetic, optical 
data storage

Microwave 
amplifiers, 
receivers

High-speed optical switches
Nanophotonic components

Spintronics/quantum encryption

Ultralow power
electronics

Nonvolatile 
data storage

Smart 
chemical, 
biological, 
motion, 
position
sensors

telemedicine

environmental,
climate, transportation
monitoring systems

optical network 
infrastructure

wireless network 
infrastructure

Microwave 
amplifiers, 
receivers

Biochips
Biosensors
High-density
data storage

UCI
Advanced displays
Sensor networks
Organic/polymer

electronics;
Biochips

Magnetic, optical 
data storage

Microwave 
amplifiers, 
receivers

High-speed optical switches
Nanophotonic components

Spintronics/quantum encryption

Ultralow power
electronics

Nonvolatile 
data storage

Smart 
chemical, 
biological, 
motion, 
position
sensors

telemedicine

environmental,
climate, transportation
monitoring systems

optical network 
infrastructure

wireless network 
infrastructure

Microwave 
amplifiers, 
receivers

Biochips
Biosensors
High-density
data storage

Source:  Materials and Devices Team, UCSD

Clean Rooms for NanoScience and BioMEMS 
in the two Calit2 Buildings



  

Guided wave
optics

Aqueous
bio/chem
sensors 

Fluidic circuit

Free space
optics

Physical
sensors

Gas/chemical
sensors

Electronics (communication, powering)

I. K. Schuller holding the first prototype 

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

Integrated Nanosensors—
Collaborative Research Between 

Physicists, Chemists, Material Scientists and Engineers 
Developing Multiple Nanosensors 

on a Single Chip, 
with Local Processing 

and Wireless Communications



  

UC Irvine Integrated Nanoscale Research Facility – 
Nano, MEMS, and BioMEMS Collaboration with Industry

• Collaborations with Industry 
– Joint Research With Faculty
– Shared Facility Available For 

Industry Use 

$1M

$2M

$3M

$4M

$5M

’99-’00 ’00-’01 ’01-’02 ’02-’03 

Federal agencies

Industry partners

State funding

Private foundations

ORMET Corporation

• Working with UCI OTA to 
Facilitate Tech Transfer

• Industry and VC Interest in 
Technologies Developed at INRF

Research Funding

Equipment Funding

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


  

Two-Campus Calit2 Intelligent Transportation Team

Over 1,000 Calls Per Day!



  

An LA-Specific Perspective
on the Cost of Traffic Congestion

$1,005Cost per capita

$12,837,000,000Annual congestion cost total

78 gallons per personWasted fuel

8Number of Congested Hours per Day

72%Congested freeway and street lane miles 

88%Percent of daily travel in congestion

52 person hoursAnnual delay per capita 

43%Percent congestion due to incident delay

57%Percent congestion due to recurring delay

667,352,000 person hoursTotal annual delay 

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 

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

Source: Will Recker, UCI ITS



  

Cal(IT)2 Testbed Vision

– Restructuring Traffic Flows by Sharing Information
– Sensor-Based Real-Time Anonymous Monitoring of Traffic & Cars
– In-Vehicle Real-time Tracking of Vehicles and Activities

Activity diary Tracing RecordsActivity diary Tracing Records

Source: Will Recker, UCI ITS



  

Cal(IT)2 Testbed Vision

– Restructuring Traffic Flows by Sharing Information
– Sensor-Based Real-Time Anonymous Monitoring of Traffic & Cars
– In-Vehicle Real-Time Tracking of Vehicles And Activities
– Peer-to-Peer Ad Hoc Communication and Control 

Source: Will Recker, UCI ITS



  

Cal(IT)2 Testbed Vision

– Restructuring Traffic Flows by Sharing Information
– Sensor-Based Real-Time Anonymous Monitoring of Traffic & Cars
– In-Vehicle Real-Time Tracking of Vehicles and Activities
– Peer-to-Peer Ad Hoc Communication and Control 
– Extension of the Internet into Automobiles

Source: Will Recker, UCI ITS



  

Cal(IT)2 Testbed Vision

– Restructuring Traffic Flows by Sharing Information
– Sensor-Based Real-Time Anonymous Monitoring of Traffic & Cars
– In-Vehicle Real-Time Tracking of Vehicles and Activities
– Peer-to-Peer Ad Hoc Communication and Control 
– Extension of the Internet into Automobiles

– Creating Intelligent Networks
– Autonomous Agents for Incident Response

Source: Will Recker, UCI ITS



  

Cal(IT)2 Testbed Vision

– Restructuring Traffic Flows by Sharing Information
– Sensor-Based Real-Time Anonymous Monitoring of Traffic & Cars
– In-Vehicle Real-Time Tracking of Vehicles and Activities
– Peer-to-Peer Ad Hoc Communication and Control 
– Extension of the Internet into Automobiles

– Creating Intelligent Networks
– Autonomous Agents for Incident Response

– Multi-Modal Networks Based on Wireless Telemetry & Management

Source: Will Recker, UCI ITS



  

Cal(IT)2 Testbed Vision

– Restructuring Traffic Flows by Sharing Information
– Sensor-Based Real-Time Anonymous Monitoring of Traffic & Cars
– In-Vehicle Real-Time Tracking of Vehicles and Activities
– Peer-to-Peer Ad Hoc Communication and Control 
– Extension of the Internet into Automobiles

– Creating Intelligent Networks
– Autonomous Agents for Incident Response

– Multi-Modal Networks Based on Wireless Telemetry & Management

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

Source: Will Recker, UCI ITS



  

Cal(IT)2 Testbed Vision

– Restructuring Traffic Flows by Sharing Information
– Sensor-Based Real-Time Anonymous Monitoring of Traffic & Cars
– In-Vehicle Real-Time Tracking of Vehicles and Activities
– Peer-to-Peer Ad Hoc Communication and Control 
– Extension of the Internet into Automobiles

– Creating Intelligent Networks
– Autonomous Agents for Incident Response

– Multi-Modal Networks Based on Wireless Telemetry & Management

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

– Fostering Intelligent Management
– Real-Time Multi-Jurisdictional Corridor Management

CARTESIUSCARTESIUS
Multi-AgentMulti-Agent

ATMSATMS

Source: Will Recker, UCI ITS



  

Cal(IT)2 Testbed Vision

– Restructuring Traffic Flows by Sharing Information
– Sensor-Based Real-Time Anonymous Monitoring of Traffic & Cars
– In-Vehicle Real-Time Tracking of Vehicles and Activities
– Peer-to-Peer Ad Hoc Communication and Control 
– Extension of the Internet into Automobiles

– Creating Intelligent Networks
– Autonomous Agents for Incident Response

– Multi-Modal Networks Based on Wireless Telemetry & Management

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

– Fostering Intelligent Management
– Real-Time Multi-Jurisdictional Corridor Management
– Real-Time Adaptive Control

NTNT
Signal Signal 

ControllerController

ITRACITRACTestbedTestbed
LabsLabs

NT BoxNT Box

Ethernet 
over ATM 
Network

NTNT
Signal Signal 

ControllerController

NTNT
Signal Signal 

ControllerController

NTNT
Signal Signal 

ControllerController

ITRACITRACTestbedTestbed
LabsLabs

NT BoxNT Box

Ethernet 
over ATM 
Network

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
– Crash management
– Multimedia 
– 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 
• Movement to Service-Oriented Middleware—i.e. Grids!

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

90 % of all Auto 
Innovations are Now 

Software-Driven

Source: Ingolf Krueger, Calit2
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