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PINN

Burgers equation (fluid mechanics, nonlinear acoustics, gas dynamics, 
traffic flow) : 



Schematic of PINN for the Klein-Gordon equation



Adaptive activation functions

• 1. activation function supposed to be nonlinear

• 2. activation function must be differentiable

• 3. activation function better be less prone to the vanishing and 
the exploding gradient problem



introduce the hyper-parameter a

such hyper-parameter can change the 
slope of the activation function





In order to accelerate convergence towards global minima, thinking 
a scale factor n ≥ 1 multiplied by a: 





Neural network approximation of nonlinear smooth and discontinuous functions

• neural network learns simple pattern first before memorizing  （found by Arpit, et al.）

• neural network learns low frequencies first  （found by Rahaman, et al.）

• the amplitude of each frequency component of the network output is controlled by the 
spectral norm of the small-size network: longer training time allows the network to learn 
complex functions by allowing it to capture the high frequencies components in the solution

• In this case: 

activation function: tanh 

the number of hidden layers: 4

each layer: 50 neurons 

loss function: 



Fourier Transform











Burgers equation











Klein-Gordon equation







Helmholtz equation






