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Introduction

L1 Objective: Accelerating the Training Data Generation
for PDE Neural Operators

L1 Challenge:The method for generating data by solving
PDE results in significant time overhead.

L1 ldea: The method of operator action in solution space is
used to generate data, so as to avoid solving PDEs.



Method

[1 Considering that solving the linear equation system = requires
significantly more time compared to computing the matrix-vector
multiplication , we aim to develop a PDE data generation method
based on computing  rather than solving =

[1 In the continuous case, the process of computing can be
represented as calculating . Therefore, we have devised a method
to generate data using the differential operator  and the solution
function
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Method

Solution Functions Generation

[l Since data from different distributions significantly impact neural operator
training, our solution functions need to match the actual physical background.

[1 We generate basis functions by solving a small number of PDEs numerically.
These basis functions are fewer than the required training data. They form
fundamental elements in the solution space under a specific physical
distribution. We then use a Gaussian distribution to randomly weight and

normalize these basis functions, creating new solution functions ().
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Experiments
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Experiments

1 Data Quality

T DARCY FLOW 10000 WAVE 22500 DIFFUSION 62500
TIME(s) FNO DEEPONET TIME(s) ENO DEEPONET TIME(s) FNO DEEPONET
GMRES 1000 2.99g2 4.56E-3 6.82E-2 3.27E3 4.05E-4 6.12E-2 1.99e4 4.29€-3 7.70E-2
DIFFOAS 1000 8.97E0 2.15E-2 6.82E-2 1.60E2 1.71E-3 4.57E-2 5.99g2 1.76E-2 6.40E-2
DIFFOAS 5000 9.20E0 6.86E-3 5.58E-2 1.60E2 7.25E-4 4.74E-2 6.01E2 5.66E-3 5.80E-2
DIFFOAS 10000 9.49€0 4.26E-3 5.62E-2 1.60E2 6.52E-4 4.72E-2 6.03E2 4.79€-3 6.04E-2

L1 Ablation Experiments on Basis Functions

BASIS FNO DEEPONET
DIFFOAS 4.260% 5.629%
GRF 31.44% 88.08%
FOURIER 93.56% 96.98%

CHEBYSHEV 63.11% 68.23%
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