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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

readout
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Boundaries with many degrees of freedom are prone to overfitting Why does RC work?



A HARDWARE IMPLEMENTATION,.. Passive Silicon reservoir

pebbles
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reservoir slate

readout
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Vandoorne et al, Nature Comms, 5, 3541, 2014

Silicon photonics', mature technology 

Giant multipath interferometer 

Nodes are simple splitters/combiners 

Non-linearity in readout suffices 

No active power consumption inside chip 

No longer limited by timescale of non-linearity
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Advantages

• Scalability:

— we spent a lot of effort to slow down the signal!

— easily scalable to higher speeds by shortening the delays

• No active power consumption on chip

• Same generic chip can be used for:

— digital tasks (Boolean logic, header recognition, ...)

— analog tasks (speech recognition, dispersion compensation) 

So, generalizes to different applications
NON-LINEAR DISPERSION 
COMPENSATION AT 32 GBPS
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Sending signals through an optical link suffers from distortion Reference measurement without reservoir

Fixing these problems requires expensive 
digital processing.
Can we do it in the optical domain at high 
speeds?
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25km - 13.2dBm and 20.5dBm to fiber
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Measurement with reservoir chip Experiments: RC is better at equalising this NL distorted signaL
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Distorted signal
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Linear equalizer Reservoir
0 errors in 131072 bits

0 31.25 62.5 93.75
Time [ps]

Simulations: "bad'1 non-linear detector even better

Distortedstream Compensated strea musing com pe ns ated strea m with
RC extra non-linearity from TIA

BER: 3 orders of magnitude BER: 7 orders of magnitude 
better better

RC EQUALISATION FOR KK RECEIVERS
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Motivation

Coherent transmission is the optimal choice 
for medium-long range communications
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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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Kramers-Kronig Rx High-power carrier leads to NL fibre effects

2. Large CSPR: the carrier-to-signal power ratio (CSPR) must be high

Subcarrier can be added...

— At the detector (popular, but need for extra local oscillator) 

— At the source (leads to extra NL effects In fibre)

n5't>i§ ' miec SKIat< miec

Compensating Nonlinear Fiber Effects using RC

* We backpropagate through entire NL KK receiver during training

• Can use the 4 QAM signal as target signal (as opposed to target signal before the 
receiver).
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4 QAM target

RC OUTPERFORMS LINEAR EQUALISATION

Distorted signal after 40 km fiber equalized using 16-tap optica! tapped delay line (left) and 
16-node reservoir (right).

Testing on 26,700 symbols, training on 6,000 symbols.

Linear equalization: BER 4e-2 Reservoir equalization: BER 9e-5
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4 QAM
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_ reservoir j

Goal

Can we use a single reservoir with a single set of weights to process 
the same task in parallel on multiple wavelengths?

-^Higher throughput 

->Save chip area
EXPLOITING WDM IN RC
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Strategy 1: Engineered Interconnection Lengths
Good performance for high numeser of wavelength channels with

FIXED SPACING

BER

Challenges: roughness, length variations
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XOR task

frequency (THz)

193.14 193.13 193.12 193.11 193.10 193.09 193.08 193.07 193.06

/

wavelength [nmj
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Strategy 2: Multiple-Wavelength Training Good performance up to 2 wavelength channels

XOR task
IreauEnty ITHzJ

Header recognition task
treauemy ITHJt
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Increasing robustness against environmental variations Operating range increases by factor >2

BER

Challenge: maintaining good performance over entire range 
■ . appropriate # and spacing of training wavelengths required
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XOR task 2 different reservoirs XOR task
frequency [THz I frequency [TH:)

^93.1 Co 193.104 193102 193.100 193.09B 193 096 193.091 ,J<J3.106 193.104 193.102 193.100 193-093 193 096 193.094

wave-'ength [nm( wavelength [n.mj

Gresn: single wavelength training 
Blue: multiple wavelength training 

U.'rtrRH;: targetted performance range

c;tfif! ' Average: 24.:i pm -> 63.i pm / 3 GH:: -> 7.8 GHz
UNf.T^lfV UllcL



Combining length engineering with robustness against

ENVIRONMENTAL VARIATIONS

BER
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Good performance along broad wavelength range for high

NUMBER OF WAVELENGTH CHANNELS AT FIXED SPACING

XOR task 
frequency [THz]

19314 193.12 193.10 193.08 193.06 193.04
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Jamming detection

Successful identification in real time of in-band and out-of-band jamming

OTHER TELECOM TASKS
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Modulation format identification: BPSK vs QPSK
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BIOLOGICAL CELL SORTING
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Flow cytometry Digital holography

Cancer cells 
(big nucleus)

Normal cells 
(small nucleus)

Normal cells

Hologram

Goal: 1000 microfluidic channels in parallel ~ 1000 classifications each ms
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A SPATIAL ANALOG OF RESERVOIR COMPUTING SCATTERERS INCREASE HOLOGRAM COMPLEXITY

4 ordered scatterer layer
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Phase-tointensity transfer function 
is sinusoidal

Power-independent nonlinearity 
available for computation

4 scanerer layers wiOi 150 nm mat mum random dis^acements
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Experiments on beads with different sizes Much faster than other works in literature
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Next steps: experiments with an event camera

partklei kinsrimi

No need for background subtraction!
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Reservoir computing 

is interesting new paradigm 

for all-optical information processing

Conclusions
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Schedule
Join js online this Decer&er to take pan along with prestigious academia and ind js.:; ia: speakers In 

d:scussing the latest “’'ends in pnotonic Neuromo 'ph'c processing!

Day 1 Day 2

Tuesday, 7th December 2021 (CET)

9:io-9^0 am Get connected

Session 4: Reservoir Computing

Chairman: Prof. P. Bienstman

9:20-10:00AM SjiiGcn pncftonics "or orair-nsp 
ne jr omor Dn; c information orocesslrg"

Download presentation pdf: S video: il*

10:00 -10:^0 AM

Download presentation pdf: B video: #*
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