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We propose to combine neural networks (NNs) and finite element schemes over coarse
meshes to approximate quantities of interest (QoI) of parametric PDEs. We start with
a Petrov-Galerkin finite element scheme. Then, we use residual minimization and add
a weight to the inner product of the test space. The inner-product weight is computed
as the output of an artificial neural network and it is trained with a supervised learning
procedure. We use a loss function to train the neural network that compares the QoI of
the coarse-mesh discrete solution with the QoI of a precomputed high-precision solution.
Then, the training process minimizes the loss function to make the discrete solution a
better approximation on the QoI for any PDE parameter.

The first approach to this idea was presented in [1], where we only considered PDEs with
a parametric right-hand side. We now present a more general framework of parametric
PDEs, including parameters on the left-hand side of the equation. We also show two
training approaches that employ different loss functions. Finally, we illustrate the results
with some 1D and 2D numerical examples, including diffusion and advection problems.
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