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ABSTRACT

The classical development of neural networks has primarily focused on learning
mappings between finite-dimensional Euclidean spaces. Recently, this has been
generalized to neural operators that learn mapplngs between function spaces. For
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Input output example
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Linear Boundary Value Problems
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Solution for Linear PDE or BVP
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Examples: Burgers

Opu(z,t) + 0 (u?(x,t)/2) = VO u(z, t), z € (0,1),t € (0,1]

u(m,O) — ’U,O(.’B), x € (Oa 1)
. Initial Condition . PDE Solution
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https://www.mathworks.com/help/deeplearning/ug/solve-pde-using-fourier-neural-operatorhtml



Examples: Darcy

—V - (a(x)Vu(x)) = f(x) z € (0,1)?
u(z) =0 r € 0(0,1)?

Input x Ground-truth y Model prediction




Examples: Navier Stokes

Oyw(zx,t) + u(x,t) - Vw(z,t) = vAw(z, t) + f(x), r € (0,1)%,t € (0,T]
V- u(z,t) =0, z € (0,1)%te0,T]
w(x,0) = wo(x), z € (0,1)?
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Motivate form of a Neural Net solution
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Fourier Transform
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Summary

Fourier layer 1

— Fourier layer 2
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Fourier Filters

https://zongyi-li.github.io/blog/2020/fourier-pde/



Zero-shot Super Resolution
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Many OtherVariants

Airfoil Flow (Geo-FNO) Darcy Flow (GANO) Kolmogorov Flow (PINO)  Navier Stokes (FNO) Weather model (FourcastNet)
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from neuralop.models import FNO

n_modes = 8 train and test on coarse grid

in_channels=| (16 pts from O to |)
out_channels=1,

hidden_channels=24
n_layers=>5,
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