
 

 

 

 

  

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Applications of Deep Learning Framework to 
Accelerate the Solutions of Parabolic PDEs 

Zhang Maoqi, Mathematics Supervised by Dr. Li Guanglian 

Abstract - This study aims at exploring the applications of the machine learning framework proposed by S. Mishra on parabolic PDEs. 

The framework and corresponding algorithm aim at accelerating the solutions of time-dependent PDEs and ODEs. The method is based 

on modeling the current numerical methods as an artificial framework with trainable parameters. By building up our loss function and 

determining the parameters, the PDEs can be solved for particular points in the range of the function. As a continuation of the summer 

research which mainly focused on ODEs, this report aims at applying the framework to parabolic PDEs and its variation. Basic heat 

equations and its variation with non-constant coefficient are used as illustrative examples. The efficiency and limitations of the algorithms 

will be discussed in the applications. 

Methodology – machine learning framework and generalized 

difference method 

- Explicit Scheme: 

- Implicit Scheme: 

Newton’s Iteration Method with  

second order accuracy 

(Implicit has more applications  

for its stability, e.g. backward  

Euler is unconditionally stable  

while forward is not ) 

ML framework in next section 

Examples and Experiments -  

1. Ordinary Differential Equations 

1.1 linear ODEs 

 

 

1.2 non-linear ODEs 

 

2. Partial Differential Equations 

2.1 Heat equation with constant coefficients  

 

2.2 Heat equation with non-constant coefficients  

 

 

 

Discussion -  

The key contribution of this study is it clarifies the 

computational process and potential challenges for constant-

coefficient heat equations. The framework highly increases 

the accuracy of the coarse grid approximations within limited 

steps for parabolic PDEs such as heat equations. Also, it 

applied the proposed framework to the non-constant 

coefficient PDEs, which is a long-standing open problem with 

limited accuracy on the coarse grid approximation.  
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