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The polynomial partition of unity method: an efficient tool in

approximation

Davoud Mirzaei*, Mohammadreza Ahmadi Darani and Saeed Vahdati

Abstract: In this paper, we investigate a polynomial approximation/interpolation based on the partition of unity
method, and employ it as an efficient method for numerical solution of multivariate problems. First, we introduce multi-
variate polynomial approximations and prove their scalability properties. Then we use these properties to derive stability
and convergence bounds for the proposed method. To have a stable algorithm, local approximations are computed
over small subdomains and joined via the partition of unity weight functions to obtain a smooth global approximation.
Finally, the global error bound is derived in terms of the error bounds of the local approximations. The idea behind
this approach is to solve several small well-conditioned problems instead of solving one large ill-conditioned problem.
From the computational point of view, this approach is highly efficient and applicable to a wide range of problems. As
an example, the numerical solutions of differential equations are obtained using this approach. Instead of employing a
background mesh (similar to finite element and finite volume methods), the unknown quantities are expressed in terms
of scattered points. Hence, the given method can also be considered a so-called meshless method.

Keywords: Meshless methods; Approximation; Local Approximation; Partition of unity method; Polynomial approxi-

mation; Rational approximation.
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