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Abstract

This thesis concerns methods of reduced complexity for electronic structure
calculations.  When quantum chemistry methods are applied to large systems,
it is important to optimally use computer resources and only store data
and perform operations that contribute to the overall accuracy. At the same
time, precarious approximations could jeopardize the reliability of the whole
calculation.  In this thesis, the self-consistent field method is seen as a sequence
of rotations of the occupied subspace. Errors coming from computational
approximations are characterized as erroneous rotations of this subspace.
This viewpoint is optimal in the sense that the occupied subspace uniquely
defines the electron density. Errors should be measured by their impact on the
overall accuracy instead of by their constituent parts. With this point of view,
a mathematical framework for control of errors in Hartree-Fock/Kohn-Sham
calculations is proposed.  A unifying framework is of particular importance
when computational approximations are introduced to efficiently handle large
systems.

An important operation in Hartree-Fock/Kohn-Sham calculations is the
calculation of the density matrix for a given Fock/Kohn-Sham matrix. In this
thesis, density matrix purification is used to compute the density matrix with
time and memory usage increasing only linearly with system size. The forward
error of purification is analyzed and schemes to control the forward error
are proposed. The presented purification methods are coupled with effective
methods to compute interior eigenvalues of the Fock/Kohn-Sham matrix also
proposed in this thesis.New methods for inverse factorizations of Hermitian
positive definite matrices that can be used for congruence transformations of
the Fock/Kohn-Sham and density matrices are suggested as well.

Most of the methods above have been implemented in the Ergo quantum
chemistry program. This program uses a hierarchic sparse matrix library, also
presented in this thesis, which is parallelized for shared memory computer
architectures. It is demonstrated that the Ergo program is able to perform
linear scaling Hartree-Fock calculations.
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