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Abstract

The mechanical response of engineering materials emerges from their underlying microstructure, and
their evolution during processing and deformation. However, establishing the process-microstructure-
property relationships remains challenging because microstructures are high-dimensional and
stochastic. Conventional simulation and statistical approaches provide valuable insights, but can
become computationally expensive or difficult to use for rapid forward prediction and inverse design.
Generative machine learning offers a complementary route by learning probability distributions over
microstructures and enabling conditional generation directly from processing variables or target prop-
erties. In this talk, I will present three generative approaches that operate on different microstructural
representations. First, I will discuss a conditional diffusion model for microstructure images. Then I
will present TexFlow, a conditional normalizing flow framework for crystallographic texture of grain
orientations while respecting the geometry of SO(3). Finally I will introduce graph-based modeling
of three-dimensional microstructures. I will close by highlighting the key opportunities and remaining
challenges in developing generative models that are data-efficient, physically meaningful and useful
for predictive and inverse materials design.
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