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Abstract

This paper investigates a class of special multivariate Birkhoff interpolation problems in which the
interpolation conditions consist of a single node together with differential conditions imposed at
that node. First, for the case where the node is located at the origin, the algebraic relationship be-
tween the incidence matrix and the generalized Vandermonde matrix is established. Furthermore,
for general nodes, an upper triangular matrix is constructed from the monomials corresponding to
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the relevant columns of the incidence matrix, which yields a computational method for the general-
ized Vandermonde matrix. Then, based on the above theory, we propose a fast algorithm for com-
puting the proper monomial basis via row reduction of the incidence matrix. Finally, numerical ex-
amples are provided to verify the effectiveness and feasibility of the proposed method. The results
of this paper provide a new theoretical foundation and computational tool for the characterization
of properness and the construction of basis in multivariate Birkhoff interpolation.
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