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Part | — Communicating over the optical fiber with ML
* Long-haul communication
— Optimizing signalling schemes for performance/robustness
« Short-reach communication
— Combating power-fading effects with equalization

Part [l — Photonic ML accelerators
« Weight training on integrated photonics
— Impact of thermal crosstalk
— Offline training: chip-model accuracy vs. task performance

* Conclusions
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Long-haul optical communication
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R. T. Jones, ECOC 2018

Autoencoders for end-to-end learning
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Shaping trained over NLIN and GN
fiber model
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GN: Gaussian noise
R. T. Jones, ECOC 2018
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AE-based constellation shaping

Shaping trained over NLPN
channel model
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S. Li, ECOC 2018

Shaping robust to system
uncertainties, enabling interoperability
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= Beyond constellation shaping
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Short-reach optical communication
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Power-fading and equalization
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Equalizers with memory
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Time-delay feed-forward neural network Reservoir computing
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e Numerical comparison
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Nonlinear equalizers with memory help in compensating for power fading after photodetection.

S. Ranzini, Appl. Science 2019
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Optoelectronic receiver with digital equalizers
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Impact of reservoir memory
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Part | — Communicating over the optical fiber with ML
* Long-haul communication
— Combating fiber nonlinearity
— Signalling scheme resilient to system uncertainties
« Short-reach communication
— Combating power-fading effects
— Optoelectronic receivers

Part Il — Towards optical ML
« Weight training on integrated photonics
— Impact of thermal crosstalk
— Offline training: chip-model accuracy vs. task performance

» Conclusions
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Photonic accelerators
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Mach-Zehnder interferometers
(MZI)

V

Micro-ring resonators
(MRR)

Phase
Shifter

Photonics is particularly effective in providing weigh-tunable interconnection - :

Y. Shen Nat Phot 2017 B. Shastri Nat Phot 2021
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- Training photonic networks
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Model-based off-line training
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Tighter packing
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Packing MZI/MRR meshes tightly:

Optical crosstalk — waveguide crossing

Thermal crosstalk — thermal diffusion

Electrical crosstalk — voltage delivery network

Are simple models accurate enough?
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Simple MZVmesh model
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== MZI mesh model with crosstalk
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= Experimental setup and 3x3 MZI mesh
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Y Ding, Sci Rep. 2016
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= Performance comparison
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Including thermal cross-talk improve performance but not as much as a black-box ML model.

A. Cem, OFC 2022, submitted (arXiv 2111.14787)
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Summary

— ML techniques provide significant benefit for optical communication

* Learning how to communicate over nonlinear/dispersive channels

« Enhancing performance through equalization (digital/optical/optoelectronical)

— Photonics provides an effective hardware for ML
* Training is an open challenge with off-line training requiring accurate models

* Model inaccuracies directly impact the performance of the tasks running over the photonic
hardware
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Thank you for your attention
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