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Abstract

Traditional machine learning models can be formu-
lated as the expected risk minimization (ERM) problem:
ming, epa E¢[0(w; )], where w € R? denotes the model pa-
rameter, £ represents training samples, £(-) is the loss func-
tion. Numerous optimization algorithms, such as stochas-
tic gradient descent (SGD), have been developed to solve
the ERM problem. However, a wide range of emerging ma-
chine learning models are beyond this class of optimiza-
tion problems, such as model-agnostic meta-learning (Finn,
Abbeel, and Levine 2017). Of particular interest of my re-
search is the stochastic nested optimization (SNO) problem,
whose objective function has a nested structure. Specifically,
I have been focusing on two instances of this kind of prob-
lem: stochastic compositional optimization (SCO) prob-
lems, which cover meta-learning, area-under-the-precision-
recall-curve optimization, contrastive self-supervised learn-
ing, etc., and stochastic bilevel optimization (SBO) prob-
lems, which can be applied to meta-learning, hyperparam-
eter optimization, neural network architecture search, etc.

With the emergence of large-scale distributed data, such
as the user data generated on mobile devices or intelli-
gent hardware, it is imperative to develop distributed op-
timization algorithms for SNO (Distributed SNO). A sig-
nificant challenge for optimizing distributed SNO problems
lies in that the stochastic (hyper-)gradient is a biased esti-
mation of the full gradient. Thus, existing distributed opti-
mization algorithms when applied to them suffer from slow
convergence rates. In this talk, I will discuss my recent
works about distributed SCO (Gao and Huang 2021; Gao,
Li, and Huang 2022) and distributed SBO (Gao, Gu, and
Thai 2022; Gao 2022) under both centralized and decentral-
ized settings, including algorithmic details about reducing
the bias of stochastic gradient, theoretical convergence rate,
and practical machine learning applications, and then high-
light challenges for future research.
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