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This research addressed the problem of maximizing or minimizing a quantity

called nested expectation, which depends on some parameters. Such problem settings arise not only in
optimizing Bayesian experimental designs but also in various scientific fields including machine
learning. The aim of this research was to expand the applicability of stochastic gradient descent by
constructing unbiased estimators for the gradient of the objective function, i.e., parametrized
nested expectation. Specifically, we theoretically demonstrated that an unbiased gradient estimator
with finite variance can be constructed by appropriately randomizing a multilevel Monte Carlo
method, and we revealed the effectiveness of our novel approach through numerical experiments in
various practical applications.
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