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Abstract. The Multiscale Hybrid-Mixed method (or MHM for short), a finite element
method, was presented in 2013 for solving the Laplace equation with a highly oscillatory
permeability coefficient. This method appears as an attractive “divide-and-conquer” option
to handle multiscale problems by naturally merging the effects of multiple scales to provide
solutions with high-order precision on coarse meshes. The underlying upscaling procedure
transfers to a set of basis functions the responsibility of achieving high orders of accuracy at
scales smaller than the coarse mesh. The upscaling is built inside the general framework of
hybridization, in which the continuity of the solution is relaxed a priori and imposed weakly
through the action of Lagrange multipliers. This procedure characterizes the unknowns as the
solutions of local problems with boundary conditions driven by the multipliers. The computation of local problems is embedded in the upscaling procedure, with local computations being
completely independent and thus fitting naturally with parallel computation facilities. Since
our first work, this methodology was extended for several problems, and new theoretical and
computational features have been developed as a consequence. In this talk, we discuss some
of these advances focusing on new discretization strategies its accuracy and computational
performance.
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