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An analogy!

Kepler developed a data-driven model for planetary 
motion, resulting in his famous elliptic orbits. However, 
this model did not explain the fundamental dynamic 
relationships that give rise to planetary orbits, or 
provide a model for how these bodies react when 
perturbed.

Newton, in contrast, discovered a dynamic relationship 
between momentum and energy that described the 
underlying processes responsible for these elliptic 
orbits. This dynamic model may be generalized to 
predict behavior in regimes where no data were 
collected. 
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Main Message

● Extracting governing equations from data is important

● Understanding patterns in vast multimodal data that are beyond the ability of humans 
to grasp!

● Governing equations can be discovered even from noisy measurement data.

● Our 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 assumption holds for many physical systems in an 
appropriate basis.
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Sparse Identification of Nonlinear Dynamics (SINDy)
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Sparse Identification of Nonlinear Dynamics (SINDy)

Derivative of X with time
A matrix of candidate functions

Unknown,
a matrix of sparse vectors of 
coefficients
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example: Chaotic Lorenz System

A sample solution in the Lorenz attractor 
when:
             ρ = 28, σ = 10, and β = 8/3

Lorenz system is a set of  ordinary differential equations is 

notable for having chaotic solutions for certain parameter 

values and initial conditions. In particular, the Lorenz 

attractor is a set of chaotic solutions of the Lorenz system.
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example: Chaotic Lorenz System

The unknown matrix of 
weights can be 
computed by solving 
the Linear system of 
equation. 

Resulting matrix wont 
be as clear as this 
example, but by 
eleminating functions 
with trivial weights
the matrix becomes 
sparse.
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Discussion

● It was assumed that a few important terms that govern the dynamics, and there are no 
other differential terms inside equations.

● Open question, how to know if differential terms  are present in the governing 
dynamics of a dataset?
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