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Abstract 

With recent advancements in machine learning and growing availability of data, there is an increasing focus on 

developing machine-learning-based methods for building dynamical models from observations of natural processes.  

However, usual machine learning methods usually leads to black-box models, the learned mathematical models 

may lack a theoretical guarantee of long time stability.  We propose a systematic method (OnsagerNet) for learning 

stable and interpretable low-dimensional dynamical models based on a generalized Onsager principle.  The learned 

dynamics are autonomous ordinary differential equations parameterized by neural networks that retain clear 

physical structure information. The rectified power units(RePU) are used to ensure the smoothness of learned 

dynamics and good approximation capability.  For high dimensional problems with a low dimensional slow 

manifold, an autoencoder with isometric regularization is proposed to find generalized coordinates on which we 

learn the generalized Onsager dynamics.  The method exhibits clear advantages in several benchmark problems 

for learning ordinary differential equations. We also applied this method as a model reduction tool to learn Lorenz-

like low-dimensional models for the Rayleigh-Benard convection problem and derive the moment-closure equation 

for the Fokker-Planck equation of liquid crystal polymer dynamics. Both qualitative and quantitative properties of 

the underlying dynamics are captured. 
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