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What is SINDy?

Steven Brunton (UW, USA)

• Stands for Sparse Identification of Nonlinear Dynamics.

• First paper published in 2015 in PNAS.

• Framework for identifying equations from data lever-
aging sparse regression algorithms.

• Developed into a complete ecosystemsince the seminal
work of Steve.



Observation–Using suitable coordinates, many systems
in the physical sciences are described by a set of sparse
equations.
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• Vanilla SINDy

• Constrained SINDy

• Weak SINDy

• Ensemble SINDy

• SINDy for control

• SINDy-MPC

• SINDy-PI

• MANDy

• Langevin Regression

• Bayesian SINDy

• CINDy

• . . .
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SINDy for Ordinary Diff. Eq.
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minimize
α

∥α∥0

subject to
∫T

0
(ẋ− f(x)) dt = 0

f(x) −
n∑
i=1

ϑi(x)αi = 0,

h(x, α) = 0
g(x, α) ≼ 0.
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minimize
α

∥α∥1

subject to
∥∥Ẋ−Θ(X)α

∥∥2
F
⩽ ε

h(x, α) = 0
g(x, α) ≼ 0.
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Identifying normal forms

• Classical example in flow control.

• At Re = 7500, the dynamics are quasiperiodic.

• 64 PODmodes required to capture 99% of the
fluctuations.
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• Many modes are artifacts coming
from representing a low-dimensional
manifold in a large Euclidean space.

• Need to find a way to break the Kol-
mogorov n-width.
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• Using only the four active degrees of
freedom, SINDy identifies

ẋ = λ1x− µ1|x|
2
x

ẏ = λ2y− µ2|y|
2
y.

• ROMconsistentwith the knownbifur-
cation diagram of the problem.
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SINDy for Partial Diff. Eq.

• Extending SINDy to PDE is straightforward.

• Massively over-determined constrained least-squares
problem.
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• Physical assumptions of smoothness, locality and sym-
metry can be used to design an admissible dictionary.

• Currently being used at CEA to infer a PDE from ex-
perimental PIVmeasurements of active turbulence.

• Recent extension of incorporate assumptions of
smoothness, locality and symmetry to design a priori a
physically admissible dictionary.
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SINDy for Stochastic Diff. Eq.

• Many systems in physics can be de-
scribed by Langevin equations

ẋ = f(x) + σ(x)η.

• Identifying the drift and diffusion
terms are is slightly more involved
than vanilla SINDy.
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SINDy for Reinf. Learning
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Conclusion
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Conclusion

• Since 2015, SINDy has evolved into a mature ecosys-
tem.
◦ Ordinary diff. eq., partial diff. eq., control systems, etc.

• Despite its versatility, SINDy is not a silver bullet.
◦ Requires quite a bit of domain expertise.
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PySINDy

• Open-source Python package with a simple
and scikit-learn compatible API.

• We’re always on the look for new contributors!
◦ More computationally efficient algorithms.
◦ New/better variants of SINDy.



This presentation wouldn’t have been possible without many collaborators,
including (but not limited to):

Steven Brunton, Bing Brunton, Nathan Kutz, Jared Callaham, Kathleen Champion,
Brian da Silva, Alan Kaptanoglu, Kadierdan Kaheman, Urban Fasel, Sam Rudy,
Zachary Nicolaou, Georgios Rigas, Nicholas Zolman andmany others.



Thank you for your attention!

Any questions?
§
loiseaujc.github.io

github.com/dynamicslab/pysindy

loiseaujc.github.io
github.com/dynamicslab/pysindy
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