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Classical and quantum light can be used for information processing. By encoding information into optical
degrees of freedom (amplitude, phase, frequency, polarization, spatial mode, etc.), and by mixing beams
of light together, one can realize various computational tasks, with applications across machine learning
[2] and combinatorial optimization [3].

Noise is present in all photonic systems and is typically considered to be detrimental for computational
tasks (e.g., reducing the computational accuracy). In various tasks, such as combinatorial optimization,
Bayesian machine learning, and probabilistic modeling, noise can be used as a computational resource
[3-5].

This project is aimed at exploring the implementation of probabilistic machine learning methods (e.g.,
Boltzmann machines) for generative and discriminative tasks in integrated photonics. The system to be
studied is an array of Mach-Zehnder interferometers, which is a well-established platform for coherent
light processing (with a recent proposal for partially coherent light processing [6]), pumped with partially
coherent classical or quantum light. The expected outcome of the project is a proposal for implementing
probabilistic machine learning tasks using reconfigurable Mach-Zehnder interferometer arrays pumped by
partially coherent light. This proposal might lead to experimental realization at Stanford University or with
other collaborators.

The project will be a mix of theoretical and numerical endeavors (about 50:50) and you will meet the
research supervisor periodically over Zoom (with the possibility of meeting in person when the supervisor
is in France). The candidates are expected to have a solid background in physics (especially optics and
quantum mechanics) and/or machine learning.

If you are interested, please reach out directly to Charles Roques-Carmes (chrc@stanford.edu) with a
copy of your resume and a short paragraph describing your general research interests.
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