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Abstract: This talk is an overview of the framework of MARS (mapping and adjusting regular semi-
analytic sets) for numerically solving the incompressible Navier-Stokes equations (INSE) on moving
domains with fourth-order accuracy. We propose GePUP-ES, a fourth-order energy-stable adaptive
projection method for solving INSE on a square box. To augment GePUP-ES to irregular and mov-
ing domains with arbitrarily complex topology and geometry, we have employed tools from algebraic
topology, differential geometry, and artificial intelligence. Different from current methods that avoid
topology and geometry by converting them into numerical ODEs/PDEs, we tackle topological and
geometric problems with tools in topology and geometry. We show that the coupling of numerical
analysis with (even elementary) concepts in topology and geometry could be powerful for realworld
applications.
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