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FAST MULTILEVEL EVALUATION OF SMOOTH RADIAL BASIS FUNCTION
EXPANSIONS�

OREN E. LIVNEy AND GRADY B. WRIGHTz
Abstract. Radial basis functions (RBFs) are a powerful tool for interpolating/approximating multidimensional

scattered data. Notwithstanding, RBFs pose computationalchallenges, such as the efficient evaluation of ann-center
RBF expansion atm points. A direct summation requiresO(nm) operations. We present a new multilevel method
whose cost is onlyO((n + m) ln(1=Æ)d), whereÆ is the desired accuracy andd is the dimension. The method
applies to smooth radial kernels, e.g., Gaussian, multiquadric, or inverse multiquadric. We present numerical results,
discuss generalizations, and compare our method to other fast RBF evaluation methods. This multilevel summation
algorithm can be also applied beyond RBFs, to discrete integral transform evaluation, Gaussian filtering and de-
blurring of images, and particle force summation.
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