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W Coordinates & Dynamics

Coordinates

Input Data

Targeted use of neural networks for discovery coordinate transformations
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W Discovery Paradigm

Y.

apparent looping motion




W Discovery Paradigm




W Discovery Paradigm




W Kepler vs Newton

function approximation (ellipses) F=ma (el lipses)
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It began its driving lessons in.a parking lot



Question #1
What is the nature of your data?

- quality

- quantity

- observabillity

- extrapolation vs interpolation




W Mathematical Framework

Dynamics State-space Parameters
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Dynamics Stochastic effects

Measurement
Y(tk) — h(tka x(tk)) E)
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Measurement model Measurement noise




Model Discovery

Finding governing equations
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W Data Science Today

Under NG -1
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Robust fit




AX=Db
subject to

min g(Xx)



f(A,X)=Db
subject to

min g(x)



W  Governing Dynamical Systems

Generic nonlinear , time-dependent, parametric system

%:N(Xat;ﬂ)

Measurements (assimilation)

G(X, tk) =0




W  What Could the Right Side Be?

Limited by your imagination

2nd degree polynomials



Sparse Identification of Nonlinear Dynamics (SINDy)



Nonlinear Systems ID



ldentifying Slow Manifolds



Discovering PDEs

Sam Rudy



Lagrangian Measurements



Disambiguation






Experiments



Arduino Magic

Taren Gorman



KEY CHALLENGES

Limited measurements & data
- Noise
- Multi-scale physics
- Latent variables
- Parametric dependencies
- Stochastic systems




Parametric Systems



Parametric Burgers

Sam Rudy



Parametric Discovery

Group LASSO vs
Sequential Group Threshold
Regression (SGTR)

Our innovation: SGTR
(works amazingly well!)



Parametric Dependence
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Coordinates + Dynamics

Kathleen

Champion  Champion, Lusch, Kutz, Brunton, PNAS (2019)
Zheng et al, SR3 b IEEE Access (2019)




Discovery Paradigm
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Discrepancy Modeling



Instead of model discovery from scratchE

Ewe often start with partial knowledge of the physics

|dealized Hamiltonian or Lagrangian system

Knowledge of constraints, conservation laws, symmetries

------------------------------------------

-----------------------------------------

Imperfect model Discrepancy



Digital Twins



Sparse ldentification of Nonlinear Dynamics (SINDy)

Modular, flexible and
adaptive

PDEs (Rudy et al 2017, Schaeffer et al 2017)

Parametric ODEs/PDEs (Rudy et al 2018)

Weak (integral) formulation (Schaeffer et al 2018, Bortzetal 2  020)
Multiscale physics (Champion et al 2019)

Nonlinear Control (Kaheman et al 2020)

Implicit dynamical systems (Mangan et al 2018, Lin et al 2019, Kaheman et al 2020)
Hybrid systems (Mangan et al 2019)

Low-data limit (Kaiser et al 2018, Xiu et al 2019)

Course-graining SINDy (Owens et al 2020)

Boundary value problems (Shea et al 2020)

Stochastic systems (Clementi et al 2018)

Dynamics with constraints (Loiseau et al 2018)

Poincare & Flow maps & Floquet theory (Bramburger et al 2019)
s

KK KK KKKKKKKKK



databookuw.com

YouTube Resources & Open Source Code



