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Neural networks (NNs) are currently changing the computational
paradigm on how to combine data with mathematical laws in
physics and engineering in a profound way, tackling chal lenging
inverse and ill-posed problems not solvable with traditional
methods. However, quantifying errors and uncertainties in
NN-based inference is more complicated than in traditional
methods. In this talk, we will present a comprehensive
framework that includes uncertainty model ing, new and existing
solution methods, as well as Information bottleneck based
uncertainty quantification for neural function regression and

neural operator learning.
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The development of efficient methods for long—range systems
plays important role in all—-atom simulations of biomolecules
and materials science. This talk reviews recent progress of
random batch molecular dynamics, including random—batch Ewald
and random—batch sum—of—Gaussians (SOG) method, together with
the package development. These algorithms take advantage of the
random minibatch strategy for the force calculation between
particles, leading to an order N algorithm. It is based on the

Ewald or the SOG splitting of the Coulomb kernel and the random



importance sampling is employed for the Fourier part, thus
avoiding the use of the FFT and greatly improving the
scalability of the molecular simulations, achieving 1 order of
magnitude faster than <classical lattice—-based methods.
Numerical and application examples are presented to show the

attractive performance of our methods.
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After reviewing the numerical solution of large sparse least
square problems, we propose Kaczmarz—type preconditioned GMRES
method, as well| as sketching techniques. Theoretical analyses
is given to guarantee the convergence and parameter tuning
strategies are studied in details. Numerical experiments on
least square problems further verify the efficiency of the
preconditioners and show that the proposed method is superior

to the existing preconditioned GMRES method.
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In this talk, we consider bound preserving problems for
multispecies and multireaction chemical reactive flows. In
this problem, the density and pressure are nonnegative, and the
mass fraction should be between 0 and 1. The mass fraction does
not satisfy a maximum principle and hence it is not easy to
preserve the upper bound 1. Also, most of the bound—preserving

techniques available are based on Euler forward time



integration. Therefore, for problems with stiff source, the
time step will be significantly |imited. Some previous ODE
solvers for stiff problems cannot preserve the total mass and
the positivity of the numerical approximations at the same time.
In this work, we will construct third order conservative
bound—preserving methods to overcome all these difficulties.

Moreover, we will discuss how to control numerical

oscillations.



