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Optimization with some time-domain
PDEs and training very deep neural
networks is intractable. Bigger computers
will not help!

Evolutionary processes are defined by the step:

un+1 = Az(un) for n= 0 N

For Example:
1) Numerical PDEs (Maxwell's Equation):

[En+1, Bn+11 [E n B ] + At[V X B n

2) Neural Networks (ResNet):

xn+1 xn a(Anxn bn)

J,—VXEn]

Optimization constrained by these processes
requires a forward and backward sweep:

t tl t 2 t 3

Forward and adjoint solves are serial bottlenecl<s,
leading to unreasonable computational times
• Using a bigger computer will not solve this!

Distribute "time steps" across multiple
processors, multigrid allows uses parallel solves
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Over 1 Ox Speedup: PDE-Opt and DNN Training!

I); Source inversion for the heat equation
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2) Training for the MNIST problem
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Parallel-in-time/Layer-parallel algorithms for PDE-
constr. optimization and training neural networl<s:
• Order of magnitude speedups for both neural

networks and PDE constrained optimization
• —Algoritheio-pecove bath 

PDE-Opt and Training DNN
Pubs: Arxiv, SIMOD (sub.),Talks: Copper, SIAM CSE,
ICIAM, PinT Workshop, ICCOPT, DD
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