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Abstract: The ability to discover physical laws and governing equations from data is one of 
humankind’s greatest intellectual achievements.  A quantitative understanding of dynamic constraints 
and balances in nature has facilitated rapid development of knowledge and enabled advanced 
technology, including aircraft, combustion engines, satellites, and electrical power.  There are many 
more critical data-driven problems, such as understanding cognition from neural recordings, inferring 
patterns in climate, determining stability of financial markets, predicting and suppressing the spread 
of disease, and controlling turbulence for greener transportation and energy.  With abundant data and 
elusive laws, data-driven discovery of dynamics will continue to play an increasingly important role 
in these efforts.   
  
This work develops a general framework to discover the governing equations underlying a dynamical 
system simply from data measurements, leveraging advances in sparsity-promoting techniques and 
machine learning.  The resulting models are parsimonious, balancing model complexity with 
descriptive ability while avoiding overfitting.  The only assumption about the structure of the model 
is that there are only a few important terms that govern the dynamics, so that the equations are sparse 
in the space of possible functions.  This perspective, combining dynamical systems with machine 
learning and sparse sensing, is explored with the overarching goal of real-time closed-loop feedback 
control of complex systems.  Connections to modern Koopman operator theory are also discussed.  
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