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ABSTRACT

Conservation laws are among the most fundamental geometric properties of a PDE. They state
that the amount of the conserved quantity (e.g. mass, momentum, energy, charge) at a point or
within an arbitrary small volume can only change by the amount of the quantity which flows in or
out of the volume in the considered interval of time. Preserving them in the discrete setting confers
very strong constraints on the behaviour of the numerical solutions.

It is well known that the space of conservation laws of a PDE coincides with the kernel of a
variational Euler operator [3]. By exploiting discrete versions of this result, a new strategy that
uses symbolic algebra for developing bespoke finite difference methods that preserve conservation
laws has been recently introduced in [1] and further refined in [2].

The schemes obtained in this way typically feature certain free parameters that can be arbitrarily
chosen without compromising the preservation of the conservation laws. A convenient choice of the
parameters can yield to very accurate approximations. However, the parameters’ optimal values
are not available a priori and depend heavily on the initial conditions.

Nevertheless, quasi-optimal values can be obtained by minimizing an estimate of the local error. It is
crucial that such estimate and its dependence on the free parameters can be calculated inexpensively
and accurately. This can be achieved by resorting to the “defect” based approach outlined in [4].

Numerical tests show the robustness and effectiveness of this new approach as its very high level
of efficiency in the large time step regime.
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