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Introduction to the DFT Method
Kohn-Sham energy system approximation for crystal structures of amino acids [1]:

FiCi = (Ti + Vi + 2Ji + Ki)Ci = εiSi (1)

Linear Combination of atomic orbitals and STO-NG, centered at Nuclei coordinates
[2]. Using the Hartree-Fock approximation (one-electron orbitals), the matrices
dimensions are: H2O = 7,C6H6 = 36 and Lysine = 60.
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Overlap Int. Sij :
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The product Basis funct. E =
e−ληζ(r−Pr)2 and, summing over N
basis [3]:
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One-electron expected kinetic energy
Int. Tij [4]:
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One-electron expected Nuclei attraction energy Int: Vij :

Vij =

〈
ψi(rA)

∣∣∣∣− Nn∑
k=1

Zk

| r − Rk |

∣∣∣∣ψj(rB)

〉
=

Nn∑
k=1

Zk

∫ ∞
−∞

ψi(rA)

(
1

| r − Rk |

)
ψj(rB)dr→

(7)

Gauss Chebyshev quadrature [5]:

Fm(a) =
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t2me−at2dt (8)

Vc/VecCore on Geant4/V
Geant-Protein is derived from the Geant4-dna project [6,7]. The vectorization
applies Vc library from GeantV for vector operations in SIMD algorithms [8].
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General Vectorization strategy. Mask Vector classes divide the input vector
according to specific conditions (Maskfull for example). The run-time

performance gain is mainly dependent on the code struct (numeric quadrature).

Partial Results
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Performance Speedups Integrals
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One hundred average performance between Geant4 and GeantV implementations.

Speedups are normalized over the execution times of the scalar Geant4 kinetic

energy matrices. The average normalized time for the scalar Geant4

electron-nuclei attraction energy matrices is 3913 for H2O, 19729 for C6H6

and 43266 for the Lysine.

Future Work
-Double-electron Repulsion integral Jabcd of the form:
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-The Quadrature will use the Obara-Saika recurrence formula [9]:

[ a(r)(b(r) + 1r), c(r)d(r)] =
[ (a(r) + 1r)b(r), c(r)d(r)] + (Ar − Br)[ a(r)b(r), c(r)d(r)]

(10)

-Applying Exchange correlation and local density approximations.
-Fully and partial Vectorization (Attraction, repulsion and exchange terms) using
the SIMD acceleration (pseudo-vectorized algorithms).
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