
XVIII International Conference on Computational Plasticity, COMPLAS 2025 
September 2-5, 2025, Barcelona, Spain 

 
CONSTITUTIVE LAWS AS GENERATIVE GRAPHS AND TREES 

WAICHING SUN* 

*Associate Professor, Department of Civil Engineering and Engineering Mechanics, Columbia 
University, New York, USA  

wsun@columbia.edu  
www.poromechanics.org 

 

ABSTRACT 

This talk explores the various ways high-fidelity constitutive laws for a wide range of 
solids, such as soil, rock, alloys, and polymer composites, can be represented and how 
the choice of representations influences the accuracy, robustness, and data/computational 
efficiency for computer simulations of solids. To represent material models as points, we 
adopt a model-free approach that enables physical simulations of material behaviors 
without a smooth constitutive law. In this case, pointwise stress-strain pairs are selected 
in Gauss points of finite elements to be compatible with the conservation laws. To 
represent material models as meshes, we introduce a latent diffusion model where 
previous material models and experimental data are used to guide the reverse generation 
of models. This mesh-based material model is particularly efficient for non-smooth 
plasticity, where projection on segments can lead to significantly faster simulations. To 
represent material models as expression trees, we use the neural additive model in the 
projected space of strain measures. This technique enables us to search for hyper-
elasticity in high-dimensional space without sacrificing the expressivity of neural 
networks. We show that the proposed model may reproduce any polynomial of arbitrary 
orders and dimensions and thus achieve the universal approximation through the Stone-
Weierstrass theorem. Through a series of 1D post-hoc symbolic regressions, we obtain 
symbolic material models that significantly reduce the inference time for hydrocodes [1]. 
The pros and cons of these techniques for various practical applications will be discussed.  
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