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ML-based PDE Solvers help 
scientific and engineering tasks 

Challenges: “Specturm bias” of DNN

Canonical form of PINN family solvers

• Easy to learn low-frequency info, but hard to 
learn high-frequency info [Rahaman et al. ICML 2019]

• DNN-based solvers hard to handle  PDEs with 
high-frequency components

GP-HM: model PDE solution in frequency domain

Wiener-Khinchin theorem & 
Inverse  Fourier transform (IFT)

Inference by maximizing log-joint prob

Structured kernel for efficient computation 

Numerical Results:
Github Repo

DNN as surrogate model: 

Loss func.:

Boundary

Diff. terms

Assume solution’s power spectrum is mixure of Student-t or Gaussian 

GP kernels!

GP with Stm/GM kernel as frequency-aware surrogate model:  

GP priors of the 
solution on grids

Likelihood of  
boundary conditions

Likelihood on the 
differential terms in domain

For grids with reso.                         , there are                     allocation points:    
 Learned Frequency：

-Product kernel + Kronecker product structure of kernel matrix:
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