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Abstract
Computing an approximate solution to the Poisson problem on an n-dimensional Riemannian
manifold (with boundary) is at the heart of a host of numerical applications. Thus, the fact
that no satisfactory discrete approximation to the Laplace-de Rham operators ∆k is generally
available for any k ≤ n is highly annoying. In a nice paper published ten years ago, Wardetzy
et al. [1] proved that, on a general mesh, it is impossible to construct a discrete Laplacian
sharing four important structural properties possessed by the differential Laplace-de Rham
operator ∆0 acting on 0-forms (i. e., scalar fields), namely: (i) linearity, (ii) symmetry, (iii)
positivity, and (iv) locality. Of course, any decent approximation to ∆0 will asymptotically
recover these properties in the limit of infinite mesh refinement. However, one would like to
preserve (most of) them on any coarse mesh.
Building on ideas introduced by DiCarlo et al. [2], I argue that the one requirement to
be dropped—or better, relaxed—is locality, since this renunciation allows us to produce very
robust approximations to ∆k for all k’s, tolerant of poor-quality meshes. This robustness is
especially beneficial when coping with solid models extracted from big geometric data [3] or
obtained by merging two or more cellular complexes [4]: even if topologically correct, these
meshes typically have inferior metric properties.
Interestingly, the approach in [2] combines well also with the idea of constructing localised
bases by spectral decomposition of a modified Laplacian operator, recently put forward by
Melzi et al. [5].
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