
Vincent Chan               Claude E. Shannon Communication and Network Group, RLE 1

Optical Network Architecture

Vincent W. S. Chan

April 6, 2009 

Claude E. Shannon Communication and Network Group



Vincent Chan               Claude E. Shannon Communication and Network Group, RLE 2

Network

Data 
ingest …

…

Data 
ingest

Storage

Storage

ProcessingStorage

Processing

Processing

…

User User…

•Massive data ingestion rate, 
meta-data processing, tagging

•Distributed large volume data 
storage for efficiency and 
redundancy

•Bursty user demand

•Distributed high speed 
computing services

•SOA, cloud computing, defense 
applications...

•Flow switching of bursty high 
volume data

•Low blocking and latency 

•Cost effective

Distributed storage and computing application
- bursty, high speed and large volume
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At agreed upon time, all‐optical, 
end‐to‐end paths are set up, and 
transmissions follow immediately

The LA and Boston scheduling nodes 
apprise Rick/Eric and Muriel/Vincent, 
respectively, of the results of the 
negotiation

Rick wants to transmit to Muriel,
Eric wants to transmit to Vincent
Rick and Eric ask the LA scheduling node 
to schedule their transmissions
The LA and Boston scheduling nodes 
negotiate times, routes, and wavelength 
channels for the transmissions

Our solution: Optical Flow Switching (OFS)
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OFS employs agile, end‐to‐end, all‐optical connections
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Spanning 
tree

•Wide‐area
– Quasi‐static WAN logical topology for scalability

•Metro‐area
– Spanning tree augmented with dedicated inter‐MAN wavelengths

→ Generalized Moore Graphs minimize total network cost under 
shortest path routing

• Access
– Distribution networks with internal 

(and possibly remotely‐pumped) 
amplification

Scheduling inter‐MAN traffic: Key Assumptions
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LA‐to‐Boston
request queue

Lincoln green
request queue

Burbank green
request queue

Scheduling inter‐MAN traffic: Algorithm
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Performance bound
Sub-optimal MAC, no wavelength conversion
Sub-optimal MAC, wavelength conversion

MAC protocol: Performance

MAC model:
• Dedicated MAN/WAN OFS wavelength channels
• Resources in source/destination distribution networks reserved after MAN/WAN 

resources are reserved

Performance gap arises from 
sequential contention for 
distribution network resources
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•Cost model
– Capital expenditure: Transceivers, switches, routers, amplifiers, 

regenerators, dispersion compensation, fiber deployment 

– Operating expenditure: Not included

•Network model
– Wide‐area: EPS, OCS, OFS 

• 60 node US backbone topology, realistic traffic (Simmons 08)

– Metro‐area: EPS (for EPS and OCS in WAN), OFS

• Cost‐optimized Moore Graph topologies, uniform all‐to‐all traffic

Throughput‐Cost study: Modeling assumptions
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• Traffic

– Inter‐ and intra‐MAN equal

– Transaction lengths from truncated 
heavy‐tailed distribution

Homogeneous architectures

• Candidate architectures

1. “EPS” = EPS(w) + EPS(m) + PON(a)

2. “OCS/EPS” = OCS(w)+  EPS(m) + PON(a)

3. “OFS”

10
5

10
6

10
7

10
8

10
9

10
10

10
1110

3

10
4

10
5

10
6

10
7

  N
um

be
r o

f e
nd

‐u
se
rs
 p
er
 M

AN

Average end‐user data rate

EPS
optimal

OCS/EPS
optimal

OFS
optimal

Increasing 
aggregate traffic



Vincent Chan               Claude E. Shannon Communication and Network Group, RLE 9

•Combination of EPS, OCS/EPS, OFS

• Each end‐users sends transaction drawn from heavy‐tailed 
distribution

Hybrid architectures: Model
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Proportion of end‐users served by components 
of the optimal hybrid architecture (for 106 end‐users/MAN) 
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At high rates, Flow Switching 
serves small fraction of users
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Proportion of data served by components of optimal 
hybrid architecture (for 106 end‐users/MAN) 
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At high rates, Flow Switching 
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Cost components of the optimal hybrid architecture 
(for 106 end‐users/MAN) 
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Hybrid architecture
EPS
OCS
OFS

EPS 
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Performance gains: 
10 (conservative) - 50 

>10-50

Open problems: time deadline routing, end-to-end reliability, Physical Layer
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GOALI Program: Optical Flow-Switched Core Networks 
MIT & Alcatel-Lucent Bell Laboratories (Dan Kilper)

•Testbed implementation at 
Crawford Hill of architecture 
developed at MIT

•Signaling between Physical Layer 
and upper layers 

•Find architecture implications and 
solutions to deal with dynamics of 
bursty sessions

# of hops away from power fluctuation event

http://www.alcatel-lucent.com/wps/portal/!ut/p/kcxml/04_Sj9SPykssy0xPLMnMz0vM0Y_QjzKLd4w3cjUHSUGYpvqRKGIG8Y4IkSB9b31fj_zcVP0A_YLc0IhyR0dFAJBYQJE!/delta/base64xml/L3dJdyEvd0ZNQUFzQUMvNElVRS82X0FfMkU2
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