
PKovcymto iJ0Wv^
CW (A ( o (jr\jj [0 rnM^ OL 1/26/2022

(AVU^cf

PHOTONICS RESEARCH GROUP

Photonic Neuromorphic Computing Using 
Silicon Chips
Pgsy ^nSOamcr*, Aftav'o Locfsaii Si?n Sac^wyn. CtoryhujjMa. EmrrarTU^
&>3t2!bha.yub£nw%dG£iHJfi. SjtEhM-jataL' '

tijiiii____
CHI Ml 
UNIVERSITY

imec

WHAT IS RESERVOIR COMPUTING?
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What is reservoir computing?

From field of machine learning (2002) 

Addressing training issues in recurrent networks 

Quite successful:

— Time series prediction

— Speech recognition

— Robot control

Originally mainly in software
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RESERVOIR COMPUTING

Don't train the neural network, only train the linear readout

reservoir readout
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Boundaries with many degrees of freedom are prone to overfitting

d = 2 d - 6 (over-fit)
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Experiments: RC is better at equalising this NL distorted signal

Distorted signal Linear equalizer Reservoir
0 errors in 131072 bits

Same number of copies as the
' LDJ6C reservoir has nodes

Simulations: “bad" non-unear detector even better

Distorted stream Compensated stream using 
RC

BER: 3 orders of magnitude 
better

compensated stream with 
extra non-linearity from TiA 
BER: 7 orders of magnitude 

better
RC EQUALISATION FOR KK RECEIVERS
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Motivation

Coherent transmission is the optimal choice 
for medium-long range communications

Coherent detection costs are too high for 
short links
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Kramers-Kronig Rx

Kramers-Kronig (KK) Receiver is an alternative scheme for coherent receivers which uses 
direct detection (i.e., amplitude of the signal) to extract the phase information. Certain 
conditions must be respected for accurate reconstruction:

1. Single sideband signal: the spectrum of the signal must be located to one side of a subcarrier
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OTHER TELECOM TASKS
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Improve robustness against wavelength drift
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Multiwavelength training gives 8 GHz vs 3 GHz window

Modulation format identification: BPSK vs QPSK
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BIOLOGICAL CELL SORTING

Sc
■ fmec_________________________________________

5



1/26/2022

Conclusions

Reservoir computing

is interesting new paradigm

for all-optical information processing
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Invited Speakers
Stephen Furber. University of Manchester. United Kingdom 
Neuromorphic Computing Plenary 
Hong Liu. Google LLC. United States
The Evolving Role of Optics in the Hyperscale Data Centers Plenary 
Masaya Notomi. Tokyo institute of Technology. Japan
Attojoule Nanophotonics Towards Optoelectronic Accelerators Plenary'
Stefan Abet, tumiphase. Switzerland
Pockels-enhanced Ultra-efficient Silicon Photonics Keynote 
Juan Miguel Arrazola. Xanadu Quantum Computing. Canada 
Photonic Quantum Computing at Xanadu Keynote 
Pumio Koyama, Tokyo Institute of Technology, Japan
Transverse Coupled Cavity VCSEL Array for CPO Applications Keynote 
Nicholas Now. Optalysys Ltd.. United Kingdom
The Dawn of Energy Efficient Computing: Optically Accelerating the Fast Fourier Transform Core Keynote 
Bhavin Shastri, Queen's University at Kingston. Canada
Photonics for Artificial Intelligence and Neuromorphic Computing Keynote 
Volker Sorger. George Washington University, United States
Photonic Machine Intelligence Hardware: From Photonic Memory and Photonic TPU to Optical CNN Keynote 
Nicola Andriolli. Consigiio Nazionale deile Ricerche. Italy 
Photonic Integrated Neural Network Accelerators
Piotr Antonik. CeniraieSupelec. France
Human Action Recognition with Photonic Reservoir Computing
Farshid Ashtiani. University of Pennsylvania, united States
Photonic-electronic Co-design: From Optical Phase Control to Signal Processing
Keren Bergman. Columbia University, United States
Energy Efficient Multi-terabit Photonic Connectivity for Disaggregated Computing
Peter Bienstman. Ghent University, INTFC. Belgium
Reservoir Computing for High-speed Photonic Information Processing
Adonis Bogris, Uni vers try of West Attica. Greece
Neuromorphic integrated Photonics as Hardware Accelerators for Ultra-high Speed Telecom and imaging Applications
Hugo Cable. PsIQuantum. United States
Switch Networks for Photonic Fusion-based Quantum Computing 
Zizheng Gao. Technlsche Univcrsiteit Eindhoven, Netherlands 
Non-line-of-sight Beam-steerable Infrared Wireless Communication 
Jose Cap many, tinlversitat Pofitecnica de Valencia, Spain 
Integrated Photonic Analog Computing: Principles and Technologies 
Haoshuo Chen. Nokia Bell labs. United States
Phase Retrieval Receiver for Optical Coherent Communications
Xi Chen. Nokia Sell Lads. United States
High Capacity Short-reach Systems
Qixiang Cheng. University cf Cambridge. United Kingdom
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PUBLICATIONS MEMBERSHIP EVENTS INDUSTRY CAREERS F-OUNDATION GET INVOLVED ABOUT

Submit a paper to Optica Publishing Group's world-class Learn more about our Open Access options,
journals.J OPEN ACCESS OVERVIEW >

SUBMIT A PAPER >

Discover how to provide access to our content at your 
institution.

LIBRARY SUBSCRIPTIONS >
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Photonics in Switching and Computing highlights the latest, research activities in areas related to “Photonics in Switching" and to 
“Photonics in Computing”. This years conference win highlight the synergy between photonic technologies, systems and 
com put.i rtg/n etworki ng arch itectu res.

Research topics include optical computing, photonic neuromorphic computing, optical switching technologies for dense 
integration of photonic and electronic functionalities operating side-by-side; various aspects of photonics in computing systems 
such as photonics for Al and quantum photonics; optical subsystem technologies and architectures for SG networks and beyond, 
and inter-and intra-datacenter interconnects; and optical networking and computing architectures including short-reach optical 
interconnects, optical packet/burst switching routers, rapidly reconfigurable networks, and next-gene ration protocols and 
architectures.

Quick Links

Speakers 
Committee 
Plenary
Special Events

Topics
Photonic Technologies for Computing, Switching and Interconnects

* Photonio E lectronic mtegrsted Ci rcu t ts
* Photonic Switching and Routing Technologies
* Nano photonic lasers. Quantum-Scale light Sources

Essential Links
View Agenda of Sessions (PD”) 
Access Digest Papers

Congress


