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GPU-calculations is modern, effective, and fastest way for “ab-initio” mathematical modeling of
nanostructures, and, in particular, a properties of nanostructures. This article consist some results of
ab-initio research for hardness properties of several stable binary compounds. It is a combinations
of Al, Si, Mg, Cu, and Fe in "fcc", "nacl", "cu2mg", "mgcu2", "zns", "caf2", "cscl", "alfe3", and other
structures (B1, B2, B3, C1, C15, A15, D03, L12, …).
We find an equilibrium volumes, elastic moduli, and total energy per atom for most stable
compounds and compare this ab-initio simulations and experimental data.
Also we estimated a increase of performance coefficient, for GPU-calculations with CUDA
technology. All calculations performed on GPAW and Abinit software, based on DFT, and their GPU-
versions.

“Aluminum, magnesium, copper, and iron alloys are being used in developing materials with perfect
properties. Popularity of these alloys is connected to their general functional properties, mechanical
properties, mass density, corrosion resistance, and machinability. Light metal alloys, such as
magnesium and aluminum alloys, are now demanded for use in the automotive and aviation
industries… “

To test the GPU under realistic
conditions for this work, the most time
consuming BLAS routines of the GPAW
electronic-structure code offloaded to
the GPU.
The size of the atomic system is
representative of those used in serial
calculations. The BLAS routines Dgemm,
Dsyr2k, and Dsyrk, which consumed
40% of the computation time in original
code were replaced by CUDA-BLAS
versions, also LibXC compiled with
CUDA-BLAS support. The Table 2 shows
the timings and obtained speedups.
This work will be continue for the GPU-
calculation of phase diagrams of 2- and
3-component intermetallic compounds.
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Na Cl
Halite
Fm-3m(225)[cF8]

Cs Cl
Caesium
chloride
Pm-3m(221)[cP2]

Zn S
Sphalerite
F-43m (216) [cF8]

Zn S
Wurtzite 
P63mc (186)[hP4]

Ni As
Nickel arsenide 
P63/mmc (194) 
[hP4]

BN
Boron nitride 
P-6m2 (187)[hP4]

Pb O
Lead oxide
P4/nmm(129)[tP4]

Pt S
Platinum sulfide 
P42/mmc (131) 
[tP4]

Ca F2
Calcium fluoride
Fm-3m(225)
[cF12]

Mg Cu2
Dicopper 
magnesium
Fd-3m (227) 
[cF24]

Al B2
Aluminum boride
P6/mmm (191) 
[hP3]
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