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PINN



Exact solution:

Example 1:

If we choose the point set {0,+1,-1} to train PINN, the loss function will be 

The prediction of PINN may look like this



Example 2:
Exact solution:

Suppose we choose the point set [-1,1] except 0 to train PINN. The loss function is: 

The prediction of PINN may look like this



Inspiration

A feature of PINN and its variations is that they all rely on the AD technique(automatic differentiation)

The author found a heat equation online about solving PDEs and it is a finite-difference scheme. In that 
example, the Laplacian operator has been approximated by the convolution with kernel

New method: add in traditional numerical method and CNN structure and approximate the differential 
operator by the numerical method instead of AD



Method:

In a finite volume method or generalized difference 
method, the Laplacian operator at P0 can be discretized 
by



If the coefficient matrix of above is full-ranked, then this system is uniquely solvable and we get the 
approximation of at P0.



the set of d-dimensional homogeneous polynomial with a degree no more than k

the set of d-dimensional homogeneous polynomial with degree k

the number of elements in above sets

P0 = (0, 0) (center), P1 = (0, 1) (up), P2 = (−1, 0) (left), P3 = (0, −1) (down), and P4 = (1, 0) 
(right), and then fit the coefficients by using x^2 and x^4

Reason: there is no k ∈ N such that ρ(2, k) = 5



A general case:

use the least-square method:



Theorem 1: 

This method is correct for any nth order linear differential operator under the corresponding conditions
(not just Laplacian operator)







Experiments: 










