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Introduction

Electronic excitation, e.g., either caused by irradiation with electrons, conventional or modern light sources (synchrotron,
ultrafast lasers), are instrumental for the study of materials, ranging from solids to atoms, from surfaces to nanoscale
systems. An improved understanding and prediction of the interaction of radiation with matter is instrumental for the
development of new technologies. It is in this framework that we are currently developing an efficient ab-initio program
called “mbpt-lcao” (many body perturbation theory with localized basis) that implements TDDFT, GW and BSE calculations
for finite systems and is now extend to periodic systems [1]. The implementation of TDDFT in the linear response regime
uses the locality of atomic orbitals to expand the wave functions and employs the results of our DFT code Siesta [2],
allowing the study of the optical response of systems up to thousands of atoms [3, 4].

The iterative algorithm implemented into this method has an O(N?) computational complexity, where N is the number of
electrons in the system, and requires an O(N2) memory usage, enabling a relatively fast calculation of the interacting
polarizability in plasmonic systems. Although our algorithm possesses a relatively high asymptotic computational
complexity, the method is relatively inexpensive in terms of computational resources. We successfully managed to
parallelized our code with CUDA and to run some tests with silver clusters of increasing sizes (from 147 to 2057 atoms) that
we present here using only few processors. Furthermore, with the same systems, using GPU, we succeed to get a
speedup up to 4.
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