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USPEX: Computational Materials Design
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USPEX: Computational Materials Design
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Lennard -Jones Clusters
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Prediction using USPEX
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Staristics for Lennard-Jones clusters with different algorithms. Best algorithms are highlighted in bold.

Symmetric initialization Antiseeds Order Success rate (%) Average number of Dispersion Mumber of calculations
structures until global
minimum is found

LJsg (PSO [48]) + - - 100 605 Nja 100
LJus( USPEX) + + - 100 35 58 183
L] (USPEX) - - - 67 2201 1443 100
L]45 (USPEX) - + - 08 3080 2119 100
L]s (EA [46]) - - - Nja 1265 Nja 100
L] (MH [46])° - - - 100 1190 Nja 100
LJss (EA [47])P - - - Nja ~2000° Nja Nja
L]ss (PSO [48]) - - - 100 1649 Nja 20
L], (USPEX) - - - 100 1510 1079 35
L] .4(USPEX) - + + 100 859 524 37
L], (USPEX) + + + 100 1129 765 41
L] (USPEX) + - - 86 1551 1020 35
L] (USPEX) + + - 94 1423 867 35
LJss (PSO [48]) + - - 100 159 Nja 100
LJss( USPEX) + - - 100 11 30 60
LJss (USPEX) - - - 100 717 407 103
LJss (EA [46]) - - - 100 100 Nja 100
LJss (MH [46])° - - - 100 190 Nja 100
L5 (PSO [48]) + - - o8 2858 Nja 50
L}»s( USPEX) + + + 100 2145 2024 53
L5 (USPEX) + + - 100 5419 4513 47

! Depending on algorithm parameters, 2000-12 000 structures were required to reach the global minimum in [47].

b Results for algorithms [46,47] are given for optimized algorithm parameters. We did not attempt to optimize USPEX parameters and chose them based on intuition
and experience. We could achieve even greater advantage over other approaches with parameter optimizartion, but did net do this because in realistic calculations [using
quantum-mechanical energy evaluations) one cannoet afford parameter tuning.
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Extended Systems

Packing Polymerization

USPEX workshop, Guilin, China, 2013 August




q\\\w Stony Brook University

Packing of Polymers
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Polymers: 110
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2D crystals: -200

1. Layered material (Bulk)
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3. Thin layer grown on substrate

USPEX workshop, Guilin, China, 2013 August




q\\\w Stony Brook University

2D crystals: -200

17 Plane Groups

U Translation

U Rotation
U Reflection ==
U Glide Reflections
e B
. . . L ' I
Finite thickness ] , . 2
a2y2k. Al fFH&SNXe | ol
Cmm ==

USPEX workshop, Guilin, China, 2013 August




q\\\w Stony Brook University

2D crystals: -200

Lepidocrocite Anatase
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