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theory using GPU parallel programming
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At the present time silicon nanocrystals form thsib of modern microelectronics and they are widshkd
for the diagnosis of biological objects. The prablef modeling at the atomic level is relevant foe tlesign
of silicon nanoparticles, which play an importaokerin creating active optical elements - quantwtsd
doped silicon nanocrystals, the optical properties essentially the next generation of optical agfer
optical communication devices, etc [1]. There large class of situations where the nanocrystatls kngh
quantum states of electrons population are sulgeotéhe strong driving laser field.

In the present work an effective parallel algarntis proposed for calculating optical properties of
many-electron systems based on the dynamic defusitfional method [2]. The starting point of theé
dependent density functional theory is a systenpleal Schrodinger equations for the electron orbital
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sum of an external potential(',t), the Hartree potential and the exchange-correlgtitentialu, (7.t).

In this work adiabatic approximation of the locaindity is used fOUXC(F,t). The electron density of the

2
interacting systenm(r,t) = Z?':l ¢j (r”,t)‘ can be defined as the sum of squares of the mofitiie single-

particle orbitals filled with N electrons.
As a test for the solutions of the dynamic Kohrms@hequations, the behavior of the interaction
electrons in a spherical quantum dot is investijaléhe result of the numerical solution is the Feur

transform of the dipole momentell >:jem(F,t)Dj’d 3F of the system, which characterizes the excitation

spectrum of interacting electrons in a quantum dot.

It was found that the most effective method folvisy dynamic equations is the explicit Runge-
Kutta 4th order. The main advantage of this albarmitis that the calculation of the wave functioreath
grid point can be performed independently, andetfoee simultaneously. The Runge-Kutta method reguir
O (N) operations. After that requires a transfewvalues of the wave function at the boundary nddes
systems with distributed memory and at only extemgif the blocks on the boundary nodes for a system
with shared memory. The developed algorithm has lvealized on a GPU cluster. Testing of the allgori
was performed on the device with the maximum nunab@odes produced by 30464 graphics cores.

The developed software component showed goodlsliigldan the case of proportional resizing of
the problem being solved. It is shown that the nedfdctive solutions for the Schrodinger equatisrai
temporary method of Runge-Kutta method. The pddsilof scaling data circuits on distributed memory
systems and describes the implementation of theritigh on the GPU. It has been demonstrated treat th
algorithm can be used to determine the spectratbf isolated and interacting silicon nanocrystglsafitum
dots).
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