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Abstract

A new numerical computation approach for molecular electronic structure theory is presented
employing the multiresolution analysis in multiwavelet bases with low-separation rank
representation. Our object is to develop an alternative computational framework (including
software) for electronic structure computation that is free of basis set error, scales correctly with
the system size, and is based upon a firm mathematical foundation oriented toward fast
computation with guaranteed accuracy.

In this presentation, we discuss the mathematical background on the multiresolution analysis,
several theoretical aspects on initial application to Hartree-Fock and density functional theory,
and the primitive (prototype) implementations ‘MADNESS’ (multiresolution adaptive numerical
scientific simulation).

The illustrative results will be provided with respect to the analytic gradient method using the
Hellmann-Feynman theorem and the excitation calculation via linear response theory in Hartree-
Fock and density functional theory.
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