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Motivation Past Work at Columbia

Programmable Broadband Multicasting

CIAN’s Thrust 1 aims to address the challenges facing the access and core that
stem from the rapidly growing number of users and applications that require
highly dynamic reconfigurability in an advanced data aggregation network
environment. The goal within CIAN 1s to facilitate the creation of a seamless
high-bandwidth gateway between the core and high-performance edge
networks through the development of a programmable, modular, and flexible
platform for cross-layer information exchange. The optical access network
planes will provide:

* a seamless interface to heterogeneous edge nodes (wireless & wireline)

» direct migration of high-level functionalities onto a programmable physical
substrate

* exploitation of emerging integrated photonic technologies from Thrusts 2/3.

Crucial networking functionality for CIAN test-bed: ability to multicast broadband optical
messages from a single source to multiple destinations [4]
» Multicast-capable switching fabric comprised of M OPS networks 1n parallel for N ports
» Experimental demo: 2 4x4 OPS networks 1n parallel
* SPINet: 3-stage Omega S S5
* N2: 2-stage Banyan S
* Multicasting implementation does not require a control plane — scalable
* Simultaneously supports unicast or multicast
* High-bandwidth, wavelength-striped packets 2@3
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Network functionalities developed on an in-house programmable OPS fabric test-bed [1], [2]
* Banyan SPINet architecture with 2X2 photonic switching nodes

* Optical messages switched using SOASs

» Contending messages are dropped, using a physical layer ack protocol

* Flexibility allows for rapid insertion of CIAN developed components
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Columbia’s Role
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Programmable physical layer

Dynamically Reconfigurable Physical Layer

Cross-layer Optimized Access Interface e Previous demonstration of cross-layer communications via joint operation of message injection

Within the scope of Thrust 1, Columbia’s goals involve: control butter with fabric [3]

» developing supported networking functions in a seed switching fabric test-bed » Data control network plane realized with adapted modular optical packet buffer

» demonstrating cross-layer functionalities in a programmable physical layer * Buffer accepts backpressure from network contention

» dynamic iterations with other Thrusts to develop devices and technologies for » Fabric’s acks provide cross-layer signaling at bufter-network interface

rapid insertion in the CIAN test-bed  Optical messages with 6x10 Gb/s wavelength-striped payloads routed error-free (BER<10-12)

» facilitating integration of wireless and wireline edge nodes.

Pattern of optical packets injected into both networks
e First setup: 8x10 Gb/s (27-1 PRBS)

* Error-free TX (BER<10-!?) on all 8 payload As with PP <1 dB
* Second setup: 6x40 + 1x10 Gb/s (mixed data rates)

e Error-free TX (BER<10-1%) on 10 Gb/s payload A

Current Work at Columbia

Creating cross-layer optimized access network with broadband multicasting capability
» Use physical layer OPM measurements for cross-layer signal to higher network layers
» Reconfigure packet routing based on network performance data, such as BER
* Implement cross-layer infrastructure for BER packet performance monitoring

 FEC module

* Customized OPM device from other Thrusts (collaborations currently 1n progress)
* Interface to heterogeneous edge nodes (wireless/wireline)

input
4 (1 SOA hop)

(4 SOA hops)

First Setup Second Setup

References

‘1] A. Shacham et al, “A Wideband, Non-Blocking, 2x2 Switching Node for a SPINet Network,”
IEEE PTL 17 (2005)

2] A. Shacham et al, “Building Ultralow-Latency Interconnection Networks Using Photonic
Integration,” IEEE Micro 27 (2007)

3] C. P. Lai et al, "Cross-Layer Communication With an Optical Packet Switched Network via a
Message Injection Control Interface," IEEE PTL 20 (12) 967-969 (2008)

[4] C. P. La1 et al, "Demonstration of Programmable Broadband Packet Multicasting in an

Optical Switching Fabric Testbed," Accepted at OFC 2009 OTuAS5 (2009)

Summary

i b OPM :
: ;’ackets with good BER forwarded —

_— e~ | i : -~ --
1 K - -
GL o —0—+®
w
~opsz2 [ "
Degraded packets dropped m

_Switching Fabric -~ --

Columbia’s role 1s to drive the network functionalities and cross-layer information exchange
platform first within a small-scale network test-bed, then within the CIAN test-bed. We have
shown broadband packet multicasting and will demonstrate cross-layer signaling based on BER
OPM 1n an 1n-house test-bed. Collaborations with other CIAN groups are currently in progress.

Rerouting of signal based on BER
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