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RESEARCH CHALLENGES
FOR THE NEXT GENERATION
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B.1Applications

B.2 Middleware

B.3 Quality of Service

B.4 Internet Traffic Engineering
B.5Security

B.6Architecture
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ACM Transactions on Internet Technology, Vol. 1, No. 1, August 2001, Pages 70-109.
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o RSH (Role-Specific
Header)
44 K
— Role Matching

— Actor Execution
Scheduling

— RSH Access Control
— Role Definition
— Role Composition

L4 A #T. Anderson #=/nte/ T. Roscoe
( HotNets-1l, 2003 )
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user-level descriptor (ULD) lookup
(e.q, e-mail address, search string, etc.)

App obtains SIDs corresponding to ULD
using a lookup or search service

SID resolution

App's session protocol (e.g., HTTP) resolves
SID to EDs using SID resolution service

EID resolution

Transport protocol resolves EID to
IP addresses using EID resolution service

IP address “resolution” (routing)
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o Stanford x_#% Nick McKeown % Scaling
Internet Routers Using Optics
(SIGCOM2003)

LI

(AweR) F————
Arrayed

Wavegude
Figure 3: Possible system packaging for a 100 Tb/s Grating
router with 640 linecards arranged as 40 racks with y——e—""4 Router

16 linecards per rack.
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DCS: Capacity on demand
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Rule of thumb
Predict the need for capacity by monitoring how quickly new
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Integrated optical buffers
[Burmeister and Bowers, UCSB]

20 mm

submount with
' switching/gain chip

recirculation loops

data ingress| s+ |data egress

13

— 1.Process headers:
e XK, A G
— 2.Switch packets:

* Valiant Load Balancing (VLB) avoids packet-by-
packet switching [SigcommO3]

— 3.Buffer packets:

» 20-50 packets might be enough in the backbone
[CCR O5];

* will be feasible with integrated optics [Bowers 05]

(IRIS and LASOR projects)
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Aefs: aRfARERNGE

O IRIS : Integrated Router Interconnected
Spectrally

O &t ik £100Tb/s
DEAZEAEAAS
O #12507 £ &

= Program to develop Technologies for Wavelength Switching

Scalable to >100Th/s

High Capacity Optical Packet Router E AWG
T-Tx

— 4 year DARPA-MTO Funded Program
[T-Tx]
= Systems Research T,

— Load Balanced Optical Networks

— Optimization of distributed control and
scheduling

\!

= Hardware Research

— Distributed Switching using Fast
Nanosecond Wavelength Tunable Hiahi
Transmitters (T-Tx) Integrated

— Highly Integrated Optoelectronic Chips ©ptoelectronic
handiing multiple 40Gb/s data streams Chip
per chip

Nov 6, 2005 APOC 2005
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o LASOR: Label Switched Optical Router
— &<t ik £100Tb/s
Rt ESN TS &P
— & %15807 £ &

MELASOR

Project Start Date: 4/8/04
Project Duration: 4 Years
Funding Agency: DARPA/MTO
Program: DoD-N

Program Manager: Dr. J. Shah

Technical Team

+ UCSB

# Calient Networks
# Cisco Systems
# JDS Uniphase

# Stanford University @
# Collaborators :
# USC (Willner)
# Telcordia

Project Overview

2.56/5.12 Thps Linecard

* & & ¥ K #

> 100 Thps Nodes

s el
P =t b

1 . ".\‘
P984 Optical Router Node (ORN) ™~
icng ¢ >
% Electrical Router (ER)

[ (eow) sumdroeg poado ageinbyuoosy |

3 D. J. Blumenthal, ECOC 2005, Sept. 26-30,
Glasgow, Scotland
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GENI% &

GENI Initiative

+ Research Program
- ¢.g, FIND program in NeTS solieitation
» Experimental Facility
- proposal fo MREEC program
» jotntly from CISE and the research comumunity

~ funds (cutting-edge) facihty construction, not research

Planning Group

* Tom Anderson, Washington

» Dan Blumenthal, UCSB

+ Dean Casey, Ngenet Research

+ David Clark, MIT

* Deborah Estrin, UCLA

* Larry Peterson, Princeton (Chair)
* Dipankar Raychaudhuri, Rutgers
+ Mike Reiter, CMU

+ Jennifer Rexford, Princeton

* Scott Shenker, Berkeley
John Wroclawski, USC/ISI

— we currently have a “Conceptual Design” document
~ will eventually require Congressional approval
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*Facnlty De5|gn Key Concepts

Sensor Network

0 GENLE £ $ % M %4 4 9 l

— =M s

— 7 A4 Ah 14

— 2 M % 2 M %4 14
O e K

— slicing

— At K

— 2&,T4%h#2 (T 24)

—HEIARGBI N %

Slicing, Virtualization, Programmability

Processing Engines
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O #~3# K
— RSB BBENLTSF)
— MPLS
— Frame-Relay
— IP tunnels
— Etc...

mesh/ad hocH

o Wide-Area Suburban
3G/WiMax-Based
Subnet

o Cognitive Radio Subnet

o Application-Specific
Sensor Subnet

o Emulation Subnets
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DWDM Link speed
2x every 7 months

Traffic

Router capacity per rack
2.2x every 18 months

AM access time
very 18 months

Faster 'Net growth rate raises
fears about routers

By Carolyn Duffy Marsan
Network Warld, 0402707 WRELATED LINKS M BREAKING NEWS

B=] senn GEH e [freensace (50 nepmir
Alarm bells are ringing in the Internet engineering
community over an obscure statistic that indicates the
'Net is growing - in size and complexity - at a faster
rate than today's routers can handle.

This recent finding has prompted the Internet
Engineering Task Force (IETF) to embark on an
overhaul of the communications protocol that handles
routing across the Internet's backbone.

At stake for large companies may be the need to buy
more powerful network gear earlier than originally
intended.
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8.1.16.0/20

Transit backbone
8416021 _
Global Routing Table
Figure-1: A multi-homed site splits its address block 8.1.16/20 (2*12 addresses, 8.1.16.0121
represented by a 20-bit address prefix) into 3 sub-blocks, 8.1.16/21 (2*11 8.1.24.0122
addresses, represented by a 21-bit address prefix), 8.1.24/22 and 8.1.28/22 (210
addresses each, represented by a 22-bit address prefix), and announces 3 prefixes,

one for each sub-block, to the global Internet. This practice is an effective way to
split incoming traffic among the 3 connections to Internet.

8.1.28.0/22

Separale Hardware Devices for L2, FIB, ACLs, Netflow Tables
L3 AsIC L2 AsIC

Supervisor
Engine 32 (no
Engine 1 XL)

2001 § 2002 § 2003 | 2004 2005|2006 (3 R

Security and TCAM
QoS ACL TCAMs IPv4 IPv4/uRPF

IPvé MPLSVPN

L2 ASIC 1MFIB
Hardware | Hardware

Flow-
Caching  Forwarding

o CiscoJ FRbi
; o 5 FHEKAIASIC
Scuritnd Qos = ]844\32ﬁcpu !

|
= ; Netflow

L3 ASIC

ACL TCAMs
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