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Develop fast ab initio molecular dynamics (AIMD)
strategies for large scale disordered systems.

Kohn-Sham density functional theory (KSDFT):
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Discretization
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Methodology: ALB-DG

ALB-DG: Adaptive Local Basis functions in a
Discontinuous Galerkin Framework

Objective: Systematic reduction of the number of
basis functions, starting from a complete basis set
such as planewaves.

Obtain the basis functions adaptively in local
domains
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Solve the global problem using the discontinuous
Galerkin method
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average and jump operators across surfaces S:

{a}} =3(q1+q) onS.
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Accuracy and efficiency

10,

1)
1)

—#— Na Buller 0.5 1|
",‘ - % ~-Na Buffer 1.0 ]
i

L}

(21“}

(a
(a

5 ]
107k

Error/Atom

Error/Atom
Error/Atom

. %*
X i x
6 Rl ¢ 10 ~ :
L A o ~
L0 \ ' ——Na Buller 0.5 X 10" }[—e—Na Bulfier 0
"":.l_J_ & E | -:l' =Na Iiufii-r{{l}.{} 1.‘\’* L= * - }.;“Huﬁi-r | .{;11“ * . :‘[‘:}""'
5 : : 5 - -
DOF / Atom DOF / Atom DOF / Atom
Quasi 1D Quasi 2D 3D

Methodology: PEXSI

PEXSI: Pole EXpansion and Selected Inversion

Objective: Accurate evaluation of the electron
density, energy and atomic force with at most
O(N#) scaling.

KSDFT in the form of the Fermi operator
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Pole expansion based on complex analysis
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Selected inversion: compute selected elements of
a Green'’s function without the full inversion
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A1 restricted to the non-zero pattern of L is “self-
contained”
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Cost of selected inversion: at most O(N4) scaling

Quasi-1D O(N)
Quasi-2D O(N1>)
3D bulk O(N%)

Accuracy

Boron nitride nanotube (BNNT)

# Poles | Epgxst — Erer (€V) | MAE Force (eV/Angstrom)
20 0.868351108 0.400431
40 0.007370583 0.001142
60 0.000110382 0.000026
80 0.000000360 0.000002

Geometry optimization for BNNT with 1024 atoms
(DZP basis, PEXSI solved on a single core)
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