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Partial Differential Equations
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Deep-learning: FNNs
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Physics-Informed Neural Networks (PINNSs)
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1. Create neural network 3. Train the network to fit the constraints

. Loss function: L£(0;7T) = wsLys (0;Tf) + wpLly (0;Ts)
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2. Specify training set




Setback of PINNs

- Typically have a limited accuracy even with many training points
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gPINN

Idea: Provide additional information to the network
through the gradient

Vfx) = (8_:131’ T

d
L = ’wfﬁf + wp Ly +wi L + Z wgi‘cgi (0; 7;72)
=1

New terms in Loss Function:
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Example additional loss terms
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Diffusion-reaction equation
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L? relative error of u
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PINN Prediction Absolute Error
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Inverse problems
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d?u

k(z) = 0.1 + exp [—

Inferring space-dependent reaction rate

z €0,1], u(z) = 0 is imposed at = 0 and 1

] Inferring whole function instead of just a constant
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Observed




gPINN + RAR

Algorithm 1: gPINN with RAR.

Step 1 Train the neural network using gPINN on the training set 7 for a certain number of
iterations.
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Step 2 Compute the PDE residual ’ I (X' B g SR O ..;}\)‘ at random points

in the domain.
Step 3 Add m new points to the training set 7 where the residual is the largest.

Step 4 Repeat Steps 1, 2, and 3 for n times, or until the mean residual falls below a threshold £.
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Burgers’ Equation
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Initial training point
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