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Abstract: As a class of fundamental microscopic models
in statistical physics, interacting particle systems (or many-
body systems) play important roles in the fields ranging
from physics, chemistry, biology to social sciences and
data sciences etc. Due to the randomness in the initial data
and the interaction, and noise from the environment, most
interacting particle systems are stochastic. This paper gives
a brief introduction to the research progress on interacting
particle systems. For the theoretical analysis, how the tools
of relative entropy is reviewed. The modulated free energy
ete. could be used for the rigorous justification of the mean
field limit with singular kernels. In addition, this paper
reviews the recent works that characterize the sharp critical
SNR for the phase transition of the energy landscape of
particle systems, and sufficient conditions for the SNR under
which the energy landscape associated with particles on
Stiefel manifolds only has a unique local (global) minimizer.
For the scientific computation, this paper reviews several
new simulation and sampling algorithms based on random
strategies, which enjoy low complexity and high parallel
efficiency. These results will provide strong support for the

relevant applications.
Keywords: interacting particle systems; stochastic
many-body systems; mean field limit; phase transition;

nonconvex optimization; random batch
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