Coherent network computing
for the solution of hard
optimization problems
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What can optics do?



In this talk

« How can we solve hard optimization problems using light?
« What are the experimental challenges?
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Optimizing spin orientations

What is the minimum energy?

Spin glass
problem



Simulated annealing
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Simulated annealing
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The spin glass problem is NP complete
Barahona (1982)
Cubitt, Montanaro (2016)

NP problem IHIE, solution of problem
traveling salesman, QUBO, ...

ground state of
spin glass

spin glass problem

Spin glass simulator
Coherent network computer



Coherent network computer (CNC)
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cost function (energy)

Adjustable couplings J

the CNC adjusts { ¢; }
in order to minimize H



Towards all-optical CNC
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Coherent Ising machine  Coupled lasers Polariton BECs Photon BECs
(Yamamoto) (Davidson) (Lagoudakis, Berloff) (Klaers)

BEC = Bose-Einstein condensate



Network of photon Bose-Einstein condensates

How to operate?

Optical 1. Set couplings

: 2. Apply optical gain
umpin
pUmping 3. Interferometric read out

of phases

Microcavity

i ?
Why does it work* ® Coherent light field

optical gain function  Relative phase
= —cost function H - Coupling




Experimental challenges

« Photon confinement in transverse plane
« Control of couplings between the
photon BECs




How can we control the flow of light?
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Mirror height profiles with atomic level precision
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Kurtscheid et al., EPL 130, 54001 (2020)
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Thermo-responsive Josephson junction

optical pump
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Vretenar et al., Phys. Rev. Res. 3, 023167 (2021)
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Photon density vs heating energy

photon density
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Configurable 4-condensate system

mirror height map photon density (experiment)
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Dispersive vs dissipative coupling
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Toebes et al., Commun. Phys. 5, 59 (2022)
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Photon density in microcavity T=0.0001
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Thank you for your attention.

Contact: https://PhotonicSimulations.group
j.klaers@utwente.nl
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