
 
Discretization Methods for Anisotropic Diffusion Equations 
 
 
This talk presents some recent advancements in finite volume discretization 
schemes, namely, nonlinear finite volume methods (NLFV) and how they 
compare to other consistent discretization schemes such as multipoint flux 
approximation (MPFA) and mimetic finite difference (MFD) in terms of 
monotonicity and positivity of solutions (maximum principle). Moreover, we 
explore the potential of physics informed neural networks (PINNs) in tackling 
systems with high anisotropic ratios to assess accuracy having removed gridding 
complications. A new loss function in physics informed neural networks is 
constructed to address monotonicity issues when solving highly anisotropic 
diffusion equations. The idea is to incorporate additional terms which penalize 
negative solutions in addition to the normal partial differential equation (PDE) 
residuals and boundary mismatch. Our results show that the new PINN models 
can accurately capture the tensorial effect of the diffusion tensor, and that by 
utilizing the new loss function we can reduce the degree of violations of 
monotonicity and improve the accuracy of solutions compared to the vanilla 
PINN models while the computational expenses remain comparable. We have 
also developed PINN models that are composed of multiple neural networks to 
deal with discontinuous diffusion tensors. Pressure and flux continuity 
conditions on the discontinuity line are used to stitch the multiple networks into 
a single model by adding another loss term in the loss function. The results 
demonstrate that the PINN models represent an attractive option for solving 
difficult anisotropic diffusion problems compared to traditional numerical 
discretization methods. 
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