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Electronic Scalability
Electronics, while continuing to scale down in size is no longer reaping the
substantial increase in speed per gate, although via more gates per unit area it
does allow more parallel processing though even there we are seeing power
limitations.
Electronics will continue to be able to handle most every function, question is, at
what cost?

Parallelism can always be employed. State of the art FPGA/ASIC 622Mbps clock rate,
demultiplexed  from 40Gbps and greater and multiplexed up again.

• Decreased gate size, 2x transistors on
chip every 18 months

• Leakage current is huge problem, chips
(hence systems) become power
constrained

• New transistor technologies aim to
decrease leakage current but requires
new generation of ultra high volume
processing fabrication infrastructure.
Costly to roll over to new foundries from
current. Do volume economics continue
to keep up?
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Switching EnergySwitching Energy
ConsiderationsConsiderations

Switching costs more per message when every bit must be switched
More efficient to switch on boundaries of message
As bit rate increases, energy per message will hit Moores’ law limit
Photonic switching has different power scaling behavior than electronic
Network energy consumption is a big issue when the network is part of the computation (and
even when it is not) => how much energy per computation
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Scaling the Internet
 Scaling the internet to meet growing data file transfer and video needs which will see a quantum step in demand as fiber to the home grows and
will put great demands on the infrastructure and the enabling technologies that support it
Delivering true Gbps end-to-end users on a large scale basis.
Today’s Internet will see an increasing tension between economics of delivering data over long haul vs. metro and access routes. Cannot deliver
Gbps end-to-end.
Quanta in the optical domain, the wavelength (WDM), is mismatched to quanta in the electronic domain (TDM): DOES NOT SCALE WELL
INSIDE AND OUTSIDE THE CORE AT THE SAME TIME
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RING 

• Data transported
over long
distances.

• Heavy aggregation
to lower cost

• Wavelength and
fiber granularity
cost effective

• High initial lambda
cost

• High degree of
grooming required
at edge

• Data transported over
medium distances.

• Heavy utilization of
add/drop

• Critical to keep lambdas
filled

• Lambda optical add/drop
expensive and difficult
granularity to TE

• Electronic TDM add/drop
right granularity but too
costly in power/size

• Granularity mismatch
between Core and Metro
(WDM:TDM:WDM)

• High grooming flexibility
needed

• Lower cost in transport
and grooming required
but not at expense of
Core network

• Lowest cost access to
pipes required

• Heavily shared
medium

• Too costly to TE
lambdas

• Dynamic access to
resources

• Grooming expensive
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Today’s Infrastructure: The
Electronics/Optics Boundary

Current infrastructure depends heavily on electronics and optics, where the former has
strength in processing and the later in transmission
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Bandwidth Discontinuity

Discontinuity
Once lambda is accessed, granularity is
fixed till next grooming interface.
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Recent Progress in Optical Networking
Has increased the functionality and role of optics in the routing and switching at
the wavelength circuit level
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Impact of Optics on Network Architectures
We have a vision for how optics can strongly complement electronics
Optics will not replace electronics from a complex processing point of view
But core communication networks (at the lower layer of the network)  are mostly
communications with lite processing
Metro and Enterprise/LAN are next to penetrate with all-optical techniques

Core

Metro

Enterprise/LAN

•Transmission
•Switching and Routing

•Regeneration
•Wavelength Conversion

•Transmission

•Add/Drop
Multiplexing

•Grooming

•Regeneration

•Wavelength
Conversion

Access

•Regeneration

•Add/Drop
Multiplexing

•Wavelength
Conversion

Switching and Routing
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Issues

Transport > 40 Gbps in all-optical network
(impairments)
Digital optical signal regeneration
Highly integrated photonic circuits (PICs)
Design friendly photonics: electronic programmability of
PICs
Dynamic control of optics
Complex optical coding (not just on-off), more like
wireless
Signaling and routing protocols for dynamic optics
Control plane management of dynamic opticll data
layers
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Planning Grant on "Mapping a Future for
Optical Networking and Communications"

Daniel J. Blumenthal1, John E.
Bowers1, Craig Partridge2

1UCSB, 2BBN
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Workshops and Outcomes

Planning Grant: Dan Blumenthal (UCSB),
John Bowers (UCSB), Craig Partridge (BBN)
Held 2 Workshops

Feb 2-3, 2005 (13 participants) and April 12-13,
2005 (47 participants)

Recommendations in 3 primary areas
Foundations
Engineering of Devices
Networking Systems and Architectures
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Recommendations to NSF (1):
Foundations

Build the foundation for photonic
integration
Expand the capacity of single mode fiber
Advance optical modulation and
regeneration capabilities
Quantum data communications
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Recommendations to NSF (2):
Engineering of Devices

PIC CAD Tools
Programmable photonics
Cost reduction
CMOS compatible photonics
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Recommendations to NSF (3): Networking
Systems and Architectures

Re-examine our understanding of what
optics can do in tomorrow’s networking
environment
Architectures that build on transparency
and rapid dynamic reconfiguration
Moving optics from the network into the
computer
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Recommendations to NSF (4)

Re-Focused Research Programs
Ultra-efficient high bandwidth optical
communications and networking
Highly integrated photonic network functions and network
elements
Programmable optics – Integration of photonics and
electronics
Rapid dynamically reconfigurable optical networks and
control plane technology
Quantum optical communications technology, systems and
networks
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Recommendations to NSF (5)

Experimental Facilities and Infrastructure
New network infrastructures that allow deployment of optical
network (transmission and node) technology in a manner that
allows network researchers to use optics as one of the tools to
investigate the scientific underpinnings of new, untested networks
and applications. These experimental facilities should enable
networking researchers to utilize, through control plane and
network control mechanisms, to study network issues that cannot
be studied on today’s Internet.
Funding a new photonics foundry that makes optics a more usable,
widely accessible technology to a broader class of network
architects and researchers. The foundry should follow the success
of MOSIS and bring to bear the vast photonics device resources in
the US today and make these resources available to optical device
and network researchers.
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Optics in GENI
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Optical Domain Switching

Optical Domain
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Optical Virtual Circuit, Burst and
Packet Switching

••   OVCSOVCS
••  Bandwidth is reserved at any granularity in time or wavelengthBandwidth is reserved at any granularity in time or wavelength
••  Edge packet systems can useEdge packet systems can use  packets over VCspackets over VCs

•• OBSOBS
••  Bandwidth is reserved in a one-way process such that a burstBandwidth is reserved in a one-way process such that a burst
can be sent with acknowledgments as in circuit switching,can be sent with acknowledgments as in circuit switching,
leading to a potential reduction in latencyleading to a potential reduction in latency
••  OBS: Transmit bursts through nodes without opticalOBS: Transmit bursts through nodes without optical
buffering.buffering.
•• OBS: Scheduling is performed at the edges OBS: Scheduling is performed at the edges

•• OPSOPS
••  Forwarding information sent with each packetForwarding information sent with each packet
  Packets kept in the opticalPackets kept in the optical  domaindomain
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Optical Packet Structure
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UCSB/Cisco Layer-2/3
Adaptation Demo

Cisco GSR

OC-48
SONET tester

OC-48
POS

Ingress
node

Core
node

Egress
nodes

All-optical label swapped (AOLS) network

H. Poulsen, S. Rangarajan, et. Al.
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Latency and throughput
ingress – GSR - egress
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Agility Communications
C. Coldren, G. Fish

Calient Networks
R. Helkey, O. Jerphagnon, S. Yuan

Cisco Systems
D. Civello, P. Donner, G. Epps

JDS Uniphase
D. Al-Salameh, A. Turukhin

Stanford University
N. Beheshti, Y. Ganjali, A. Goel, N. McKeown, T. Roughgarden

UCSB
J. Barton, S. Bjorlin, D. J. Blumenthal, J. E. Bowers, E. Burmeister, J. Chen,
M. Chun, L. A. Coldren, W. Donat, M. Davanco, R. Doshi, M. Dummer, E.
Hu, Z. Hu, L. Johansson, B. Koch, V. Lal, J. Mack, M. Masanovic, H. Park,
H. Poulsen, R. Rajaduray, S. Rangarajan, J. Summers, A. Tauke-Pedretti,
D. Wolfson, W. Zhao
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LASOR Project Overview

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
Agility Communications
Calient Networks
Cisco Systems
JDS Uniphase
Stanford University

Collaborators
USC (Willner)
Telcordia
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2x2 Optical Data Router (ODR)
Demo

D. Wolfson, V. Lal, M. Masanovic, H. N. Poulsen, C. Coldren, G. Epps, D. Civello,  P. Donner, and D. J.
Blumenthal, “All-optical asynchronous variable-length optically labeled  packet switch operating at
40Gbps,”  Accepted for presentation as Postdeadline Paper, ECOC 2005 Glasgow, Scotland.
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Electronic Control
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2x2 ODR Functional Diagram
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2x2 ODR Demonstration
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Layer-2/3 Header & PED Recovery

Header & PED Recovery
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Payload Throughput
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