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Outline

1. PINNs for Dynamical systems and Implementation
• Damped Harmonic Oscillator 
• NN vs. PINN 
• Implementations using pytorch (A general ML library)

2. Python library specialized for PINNs: DeepXDE
• Installation and Dependencies
• Workflow
• How to specify DE w/ Inverse Lorenz model
• Example problem: Forward/Inverse Lorenz model



1. PINNs for Dynamical systems and 
Implementation
• Damped harmonic oscillator:
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• Given finite train data 
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• Learning problem!



Neural Network vs. PINN

Neural Network
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• Learn from data

PINN
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where 𝑹 = 𝒎 𝒅𝟐𝒖
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+ 𝝁 𝒅𝒖
𝒅𝒙
+ 𝒌𝒖.

• Learn from data + differential 
equation (Physics rule)

Extrapolation?

Good interpolation
if trained well

https://benmoseley.blog/blog/ : Illustration with Python codes using Pytorch

https://benmoseley.blog/blog/


2. Python library for PINNs: DeepXDE

• A specialized library for PINNs
• Key features:
• Various applicable problems:

• Forward problem
• Inverse problem
• Integro-differential equations

• Complex domain
• Residual-based Adaptive 

Refinement



Installation and Dependencies

• Require one of these python libraries:
• TensorFlow 1.x: TensorFlow>=2.2.0 (Default)
• TensorFlow 2.x: TensorFlow>=2.2.0 and TensorFlow Probability
• PyTorch: PyTorch

• Install using pip
$ pip install deepxde

• Other dependencies
•Matplotlib
•NumPy
•scikit-learn
•scikit-optimize
•SciPy

https://www.tensorflow.org/
https://www.tensorflow.org/
https://www.tensorflow.org/probability
https://pytorch.org/
https://matplotlib.org/
http://www.numpy.org/
https://scikit-learn.org/
https://scikit-optimize.github.io/
https://www.scipy.org/


Workflow

Generate Train data using numerical ODE 
solvers such as solve_ivp or ode_int

Let’s take a look with a specific example



How to specify DE: example 
• Inverse Lorenz model



Documentation https://deepxde.readthedocs.io/en/latest/index.html

https://deepxde.readthedocs.io/en/latest/index.html

