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Generating meshes with regular structure plays a fundamental role in isogeometric analysis.
Regular hexahedral mesh generation is called the holy grid problem in computational mechanics.
Intensive research efforts have been spent on it for tens of years. Although there are many heuristic
methods in practice, the theoretic foundation still remains widely open. Recently, we have
established a theoretic framework for quadrilateral mesh generation based on conformal geometry.
Basically, we have discovered the intrinsic relation between quad-meshes and meromorphic
differentials on Riemann surfaces. It can answer many fundamental problems. For examples, it can
show the existence of quad-meshes with special properties, estimate the dimension of quad-meshes
with constraints, specify the geometric relations among the singular vertices of quad-meshes. More
importantly, it gives a simple algorithm for high quality quad-mesh generation based on Abel-
Jacobi theorems. Furthermore, the quad-meshes based on Strebel differential can leads to

hexahedral mesh generation for volumes.
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