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Kuramoto Oscillators
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Outline of this talk
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State Feedback Density Steering
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Necessary Conditions for Optimality

Controlled Fokker-Planck or Kolmogorov’s forward PDE

%popt + V- (popt (f + B(z)va)) = e(D(1), Hess (p°"'))

Hamilton-Jacobi-Bellman PDE: > . Coupled in the equation
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Initial and terminal conditions: popt(x 0) = po(x), popt(x 1) = pT(X)
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Feedback Synthesis via the Schrodinger System

Hopf-Cole a.k.a. Fleming's logarithmic transform:
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Feedback Synthesis via the Schrodinger System

Coupled only in the constraints level :)

Uncontrolled forward-backward Fokker-Planck PDEs Initial and Terminal conditions
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Fixed Point Recursion over Pair (ga, @)

J Forward Fokker-Planck PDEs
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JBackward Fokker-Planck PDEs

This recursion is contractive in the Hilbert metric
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Nonuniform Noisy Kuramoto Oscillators

First order df = (— V,oV(0) + Su) dr + \/Ede
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Nonuniform Noisy Kuramoto Oscillators
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Isotropic Degenerate Diffusion

The First Order Case
0— E:=S"160

dE = (u —ngv(g)) dt ++/2 dw
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Isotropic Degenerate Diffusion

The Second Order Case
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Feedback Synthesis via the Schrodinger System
The First Order Case

Uncontrolled forward-backward Fokker-Planck PDEs
Initial and Terminal conditions
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Feedback Synthesis via the Schrodinger System

The Second Order Case

Uncontrolled forward-backward Fokker-Planck PDEs Initial and Terminal conditions
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Fixed Point Recursion Over Pair (ga, @)

Proximal recursion
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Feynman-Kac algorithm

15



Proximal recursion
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Feynman-Kac Path Integral
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Numerical Example: First Order Case
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Numerical Example: Controlled Order Parameter PDFs
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