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1. Summary of progress. The main bottleneck in modeling transport in
molecular devices is to develop the correct formulation of the problem and effi-
cient algorithms for analyzing the electronic structure and dynamics using, for
example, the time-dependent density functional theory. We have divided this
task into several steps. The first step is to developing the right mathematical
formulation and numerical algorithms for analyzing the electronic structure
using density functional theory. The second step is to study time-dependent
density functional theory, particularly the far-field boundary conditions. The
third step is to study electronic transport in molecular devices. We are now
at the end of the first step.

Under DOE support, we have made subtantial progress in developing lin-
ear scaling and sub-linear scaling algorithms for electronic structure analysis.
Although there has been a huge amount of effort in the past on developing
linear scaling algorithms, most of the algorithms developed suffer from the lack
of robustness and controllable accuracy. We have made the following progress:

1. We have analyzed thoroughly the localization properties of the wave-
functions. We have developed a clear understanding of the physical as well
as mathematical origin of the decay properties. One important conclusion is
that even for metals, one can choose wavefunctions that decay faster than any
algebraic power.

2. We have developed algorithms that make use of these localization prop-
erties. Our algorithms are based on non-orthogonal formulations of the density
functional theory. Our key contribution is to add a localization step into the
algorithm. The addition of this localization step makes the algorithm quite
robust and much more accurate. Moreover, we can control the accuracy of
these algorithms by changing the numerical parameters.

3. We have considerably improved the Fermi operator expansion (FOE)
approach. Through pole expansion, we have developed the optimal scaling
FOE algorithm.
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2. Student support: Two graduate students (Lin Lin and Jianfeng Lu) and
two visitors (Weiguo Gao and Lexing Ying).

3. Talks: The work was the main topic discussed in my invited lecture at
the International Congress of Industrial and Applied Mathematics in Zurich
in July of 2007.
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