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� Traditional Methods:

� ML Based PDE Solver: Setting

� ML Based Methods:

Given:

Sample collocation points:

Goal: Solve u(x)

� Previous GP PDE Solver (Chen et al. 2021)

� Previous Work: Computational Bottleneck

� Our Approach: Solution Approximation

� Numerical Results:

  

No need for sophisticated numerical tricks
Simple and convenient implementation

Interior 
Points

Boundary 
Points

Let                                    , eta is the estimated function value on collocation points, 
Our objective:

� Convergence Analysis:

Key Ideas: 
1. Only estimate solution values on collocation points
2. Induce Kronecker Product structure

Complex Mesh design
Intricate numerical techniques

� Why GP Based Solver:
● Solid mathematical foundation
● High expressiveness
● Uncertainty quantification

Their Approach:

Non-linear operator

GP prior

Some Issues(Inverse of Gram Matrix): 1. Instability 2. Poor Scalability

Their Final Objective:

A Simple case:

computational demanding

� Efficient Kernel Computation
With Product Kernel:
                                     can be reduced to                                   

Any derivatives maintain Kronecker Product structure:

Kronecker Product 
Property:

Much Smaller

Shows as fill-in distance decrease, 
minimizer of our objective will 
converge to the unique strong solution.
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