For favour of Posting

o

THE HONG KONG UNIVERSITY OF SCIENCE & TECHNOLOGY

Department of Mathematics

SPECIAL COLLOOUIUM

Generalized Transferable Neural Networks for
Steady-State Partial Differential Equations

By

Prof. Lili JU

University of South Carolina

Abstract

Within neural network-based solvers for partial differential equations(PDEs), architectures with prescribed neural feature have
become an appealing approach, offering both high accuracy and computational efficiency in practice. Among them, the
transferable neural network (TransNet) is a special class of shallow neural networks, whose single-hidden-layer parameters are
predetermined according to the principle of uniformly distributed partition hyperplanes. However, its accuracy and stability
may deteriorate in the presence of highly oscillatory solution structures, where activation saturation and system conditioning
issues become limiting factors. In this talk, we present a generalized transferable neural network (GTransNet) for solving
steady-state PDEs, which augments the original TransNet design with additional hidden layers while preserving its interpretable
feature-generation mechanism. Specifically, the first hidden layer of GTransNet retains TransNet’s parameter sampling strategy
but incorporates an additional symmetry constraint on the neuron biases, while the subsequent hidden layers omit bias terms
and employ a variance-controlled sampling strategy for selecting neuron weights. This architecture effectively mitigates
saturation effects and enhances adaptability to local solution variations, as supported by theoretical analysis and quantitative
studies of neuron behaviors. We further extend this approach to a lift-and-decoupling GTransNet tailored for interface problems
with piecewise discontinuous solutions. Extensive numerical experiments and comparisons in two and three dimensions are
presented to demonstrate superior accuracy and robustness of our GTransNet.
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