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Discretized operators of negative order arise by the application of the boundary element
method, or as Schur complements in domain decomposition methods. Using a boundedly invertible operator of opposite order discretized by continuous piecewise linears,
we construct an optimal preconditioner for operators of negative order discretized by
(dis)continuous piecewise polynomials of arbitrary order. Our method ([5]) is a variation
of the well-studied dual mesh preconditioning technique [4, 3, 1]. Compared to earlier
proposals, it has the advantages that it does not require the inverse of a non-diagonal
matrix, it applies without any mildly grading assumption on the mesh, and it does not
require a barycentric refinement of the mesh underlying the trial space.
The cost of the preconditioner is the sum of the cost of the discretized opposite order
operator plus a cost that scales linearly in the number of unknowns. Thinking of the
canonical example of the single layer operator, an obvious choice for the operator of
opposite order is the hypersingular operator. Aiming at a preconditioner of optimal
complexity, however, we wish to apply a multi-level operator instead, as the one proposed
in [2].
Other than with operators of positive order, so far on locally refined meshes optimal
(multi-level) preconditioners of linear complexity seem not to be available. We modify
the method from [2] such that it applies on locally refined meshes.
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