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Introduction to ICAIR:

Y o Accelerating Leading Edge Innovation

w 1CAIR e and Enhanced Global Communications
T\ e through Advanced Internet Technologies,
in Partnership with the Global Community

Corporate &
h I

~ Research Partners

Creation and Early Implementation of Advanced Networking
Technologies - The Next Generation Internet All Optical Networks,
Terascale Networks

« Advanced Applications, Middleware, Large-Scale Infrastructure, NG

Optical Networks and Testbeds, Public Policy Studies and Forums
Related to NG Networks
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10GE Links GE Links
IEEE 802.3 LAN PHY

I
I
Interface, eg, 15xx nm —
o —

10GE serial A

!

A2 | 0GE Links .
Multiwavelength Fiber A3 _
. . 14 Grid Clusters
Multiple A Per Fiber
DWDM Links <

N*N*N GE Links /‘,‘\
Multiwavelength Optical Amplifier ‘ po Ay Ay

Power Spectral Density D Optical,
Processor, -
Source + Measured PSD A Monitors, for

. : : < Wavelength Precision, etc.
Multiple Optical Impairment

: : Grid Clusters
Issues, Including Accumulations Computer Clusters Each Node = 1GE

Multi 10s, 100s, 1000s of Nodes
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Optical Layer Control Plane

Client\_ ayer
Traffic

Client Layer Control Plane Optical Layer Control Plane

MControllerT

Controller
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~NBE
Optical Layer — Switched Traffic Plane :x:

+ Optical Dynamic
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OMNInet Testbed Experiments
(MREN Used as Out-of-Band Control Channel)
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OMNInet Technology Trial: January 2002

Northwestern U

' = 1|
4x10GE 4x10GE

- e Optical Optical e
Appl Ication Passport Switching Switching Passport Application
Cluster 8600 Platform Platform 8600 Cluster

StarLight 600 South Federal

4x10GE E:F _E 4x10GE

Optical e
Switching Passport Application
Platform 8600 Cluster

(1st @CA*net3/4—Chicago)

Ap Ication
Cluster

Optical
Switching
Platform

Passport
8600

» A four-site network in Chicago -- the first 10GE service trial!
« A test bed for all-optical switching and advanced high-speed services
« Partners: SBC, Nortel, iCAIR at Northwestern, EVL, CANARIE, ANL
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Testbed Configuration

NWUEN=1
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NWILIEN_

ADM | oc-121t0
MREN

NWUEN-8 - NWUEN-9

e Scalable photonic switch aVaVal To CA*Net4, SURFnet
and Other

e Trunk side — 10 G WDM ><
I International Nets
» Lambda specific interface
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OMNInet Network Configuration

» 8x8x8\ Scalable photonic switch
e Trunk side — 10 G WDM

« OFA on all trunks
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Overlay Management network (Typical Site & Inter-site Network)

100BT/1000BT Overlay Management

Centilian sw
or Baystack
350T Hub

10/100 BT

Photonic
Switch

OPTera 5200
OFA & OTR

Passport
8600

Internet Connection
10/100 BT (Lakeshore only)

Management
Station
(Lakeshore only) o
« Hub and spoke

network from 710
Lakeshore Dr.

Nt . |
NEIWOUTIK

Evanstan
(Sheridan node)

710 N.
Lakeshore
Dr.
(Starlight)

8

600 S. Federal
(LGN CO-LO)
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Photonic Performance Subsystem

Management & OSC w==2  Routing
-, - |

Connection Fault isolation
Photonics erlflcatlo

Database

Snfiic s | _ Path ID Corr. Drivers/data

translation
Control

Gain
Controller

Splitter

Photonic H/W

Source: Kent Felski, Nortel



23 DWDM-RAM GUI
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1CAIR Grid Clusters and OM5200 DWDM System

Leverone Hall Data Com Center bwbMon  Technological Institute
Dedicated

Fiber

4-fibers -
il

DWDM Between Cluster Site and OMNInet Core Node in Evanston

» The implementation is lambdas (unprotected).

» Installed shelf capacity and common equipment permits expansion of up to 16 lambdas
through deployment of additional OCLD, and OCI modules.

* A fully expanded OM5200 system is capable of supporting 64 lambdas (unprotected) over
the same 4-fiber span.
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GRID Distributed Optical Testbed Components

Cluster

Advanced
Photonics
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DOT Sites, I-WIRE, and OMNInet
No Routing —L2 Switching Only!

\‘ ‘ Starlight
Argonne (NU-Chicago)

Not Yet Part of Testbed

/

Not Yet Provisioned

Qwest
455 N. Cityfront

UC Gleacher \ e 1 : J
450 N. Cityfront 4 10 pair, 4 pair
4 pair McLeodUSA UIUC/NCSA

12 pair  151/155 N. Michigan

A” DOT L|nks 12 pair Doral Plaza

- NCSA Cluster
_ Level(3) lllinois Century Network
Here— G E 111 N. Canal James R. Thomp>s/on Ctr Not Yet Implemented

g;yt:gf“m g Fiber being Deployed at
UoC, IIT

2 pair 2 pair

2 pair .
Th UChicago
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1CAIR

Chicago
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1Grid 2002
United States and The Netherlands

Photonic TeraStream

 International Center for Advanced Internet Research (iICAIR), Northwestern
University, USA e

« University of Amsterdam, The Netherlands

This project showcases new technologies

and techniques being developed on the
StarLight/NetherLight testbed and on OMNInet

In support of high-performance digital media

and extremely-high-performance data transfer. i .

This 10Gbps capability is being used to develop a reference model for
a next-generation core optical metro network infrastructure. This
Infrastructure will allow access to and dynamic interaction with very
large amounts of data. This application can utilize multi-Gbps today; In
the future, it may utilize multiple 10GIigE streams.

www.icair.org
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1Grid 2002
United States

Optical Dynamic Intelligent Network (ODIN)
 International Center for Advanced Internet Research
» Electronic Visualization Laboratory

e Laboratory for Advanced Computing, UIC

ODIN is mechanism that allows
global applications to use
intelligent signaling to provision
their own international
lightpaths to optimize network
based resource discovery

and performance.

www.icair.org, www.evl.uic.edu, www.lac.uic.edu
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1Grid 2002
United States

Terascale High-Performance Optical Resource Regulator (THOR)

e |nternational Center for Advanced Internet Research
» Electronic Visualization Laboratory

« Laboratory for Advanced Computing, UIC

THOR is a method of provisioning
and managing lightpaths on
wavelength-switched

networks

t/ ﬂﬂl LH‘\ \ \\\\\.\
www.icair.org, www.evl.uic.edu, www.lac.uic.edu
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1Grid 2002
United States — Set New World Record for Data Transport

Photonic Data Services

e Laboratory for Advanced Computing, UIC

« National Center for Data Mining, UIC

* International Center for Advanced Internet Research
 SURFnet, NetherLight

At iIGRID2002 the LAC,
NCDM and iCAIR
demonstrated Photonic
Data Services (PDS) and
set a new data transit
record, based on several
new protocols designed
for high performance
optical networks

www.lac.uic.edu, www.icair.org
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Photonic Data Services Stack —
Cooperative Project with L AC

6. Data Intensive Applications

5a. Storage 5b. Data Web 5¢. Data Grid
(UCSD) Serv. (UIC/LAC) Services

4. Transport — TCP, UDP, SABUL,... (UIC/LAC)

2. Photonic Path Serv. — ODIN, THOR,... (NW)

1. Physical

Source: Bob Grossman ST ‘RLIGHT"”




DARPA DWDM-RAM Large Scale Data+Dynamic
Lambdas — Demonstrated at GGF9 & SC2003

Grid L3-L7 OGSA Compliant

New
Dynamic Path Services (ODIN, THOR, etc),OGSA Compliant, Soon WSRHEE Control Plane

And

Dynamic VLANS Management
Plane

Processes

Dynamic Lightpaths

Physical Processing Monitoring and Adjustment

S _
GGHIR
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OptlPuter Open Source LambdaGrid Software

for Distributed Virtual Computers

OptiPuter Applications

Visualization

DVC #1 DVC #2 DVC #3

Higher Level Data Real-Time Layer5: SABUL, RBUDP,
Grid Services Protocols Objects Fast. Quanta, GTP

Existing Grid Middleware — (Globus/OGSA)

Layer 4: XCP

Node Operating Systems

A-configuration, Net Management

Physical Resources

—s

Source: Andrew Chien, UCSD OptiPuter JEYTE &
OptlPuter Software Architect &
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NU-E (Leverone) Monitor
Servers
2x GE l

Nortel
Passport 8600

StarLight-Chicago

Nortel
Passport 8600

Clusters

:fzi it

DWDM on
Dedicated
Fiber

DWDM on
. Dedicated

Photoni
Switch

IS 4 -
] McCormick School of i;.:t
Engineering, Tech Institute

CERN/ICAIR WSIS Demo
Dynamic Wavelength Provisioning
And Medical imaging

Monitor
Server?

1x GE

Switch

Cluster
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NU-E (Leverone) FAST : A San Diego
Workstations ' '

Photonic
Nortel Switch

Passport 8600

CERN/ICAIR/CalTech FAST Demo

Cheng Jin, David Wel

. . Caltech
StarLight-Chicago

Phot'oni CERN -Geneva
Nortel Switch ,

Passport 8600

Workstations

2x GE
2 X GE

CalTech A 'CERN
Cisco 7609 | A, | DataTAG ¥y 9 Cisco 7609
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