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Pushing FLEUR to the limits: | N
Large magnetic setups
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Pushing FLEUR to the limits
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* Parallelization and optimization

Large magnetic setups

* Simulations of complex magnetic objects
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Computationally intensive parts of FLEUR

Ninit 50 — 120 self-consistency cycles
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Parallelization

Levels of parallelization:
> MPI over k-points

> MPI eigenvector parallelization

. . HPC clus d
> OpenMP parallelization 4 J;Ste;}y compue ot
. . — i M

> SIMD Vectorization

“Optimizing HPC applications with Intel Cluster Tools”
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Parallelization

Levels of parallelization:

> MPI over k-points
> MPI eigenvector parallelization

> Open M P para”ellzatlon 2 Fe Monolayers on Ir(110) surface, 3840 k-points
> SIMD Vectorization 16 | | 1 self-consistency cycle —— | | A
Ideal
g 14 768 MPIs
- 12
* most time-consuming 5 ol
part of the code are £
Independent for different o 8}
k-points s g
o
* FLEUR will distribute k- 4|
oints to maximize the )
oad balance 2

2 4 6 8 10 12 14 16
Number of nodes, 48 cores each
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Parallelization

. . GaAs (512 atoms)
Levels of parallelization: 20

> MPI over k-points | |
> MPI eigenvector parallelization 2l /

> OpenMP parallelization - Total

Speedup

81 Potential, 2.63% ——

. . 6t Eigen, 90.74% .
> SIMD Vectorization 4 7 New charge, 6.40%
Ideal
2 |

CuAg (256 atoms) o 10 15 20 25 30
’ Number of nodes, 48 cores each

20.00
18.00

5 16.00
# 1400 e gives an additional
g 12 speedup
T 10.00
=
g 800 * allows to tackle larger
3 600 systems by reducing the
3 zzz . memory usage per MPI
0.00 process
1 10 100 1000
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Parallelization

Levels of parallelization:

> MPI over k-points

> MPI eigenvector parallelization
> OpenMP parallelization

NaCl (64 atoms), FLEUR MaX Release 2.0

> SIMD Vectorization 9 . . . . .
= “‘\, \\\\\\\
S
= \‘-\“““‘__— ——————
* exploits the intra-node s 6F ‘ﬂ,‘:ﬁ;‘!..:_--:: __________ |
. o | S e
parallelism S 5t e 1
C \\‘\“‘ ““““““““““
. . o \‘.\“3\““_‘\; “““““““
* makes simulations of ot 47 ' _______ deal
[ ' b - Potential, 4.73% @
large unit cells feasible 3 3 Matrix setup, 29.09% @
c% oL ‘\33“«“" Diagonalization, 49.62% @ i
o New charge, 9.16%
16 | | | Total - @
2 4 6 8 10 12

Number of cores
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Performance optimization during MaX project

CuAg (256 atoms)

1024 | '
T
¢
w i ‘ -
) ' 2
= 2
T 2% . >4x HE
5 T o
S ‘0. 5
o 128 t T -
pre MaX —aA— =
MaX18, only MPI @ e -
6 MaX18, hybrid - @ | S
1 2 4 8 16 32

Number of nodes, 24 cores each

U. Alekseeva, G. Michalicek, D. Wortmann, S. Bliigel (2018) S—
https://doi.org/10.1007/978-3-319-96983-1_52 ?SEN%X.?.%CN’“E



FLEUR simulations with large unit cells

Scaling, big unit cells
512

TiO2 1078 —@—
- 022156 o o SrTiO5, 3750 atoms, 4 k-points

_ eal slope .. * « 1024 nodes (Intel, 48 cores)
E 128y ~_ e ) * Size of the matrices:
E o | . | 345k x 345k (dense Hermitian)
S e 1 * 100 minutes/ iteration
§ 1 * 45 jterations to convergence
(800k core-hours)
2’I56 512
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FLEUR simulations with magnetic setups

FLEUR is the code to simulate

complex magnetic phenomena: © - P s 0 s T Ty T L
* Relativistic effects i ':,"/? g} R “\\i, 5\: " ",
e Spin-orbit coupling IR P ‘:f‘_;"f.):: -
* Non-collinear magnetic systems =~~~ % = = = ","’;".ﬁ*lf;‘.-
* Crystals and thin films -\:\2*’;3 i A Y
e Spin-spirals NN AR R R R
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S. Grytsiuk et al. (2020)  Ph. Kurz PhD Thesis, RWTH Aachen EQ'EV'EN&SCME
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http://ishizaka.t.u-tokyo.ac.jp
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FLEUR simulations with large magnetic setups

Simulations with FLEUR

* high order interactions

* long range interactions in transition metals
* validation of magnetic models

Hamiltonian:

Most computationally II Il
intensive parts:

( A
( A

( )

— | Matrix setup

L Diagonalization 1 I 11
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Speedup (41 minutes on 8 nodes)
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Large magnetic setups: skyrmion tubes

MnGe 8x8x1 (512 atoms), SuperMUC-NG

)

Total ——
Mat setup, 39.93% ——
Diagonalization, 47.66% ——

New charge generation, 6.76% —=— ]
Mixing, 4.25% ///
Memory usage —e—
Ideal —

20 40 60 80 100 120
Number of nodes, 48 cores each

MnGe Supercell 8x8x1, 512 atoms, 4 k

* 256 nodes (64 nodes/ k-point)
e Size of the matrices:
78k x 78k (dense Hermitian)
10 min/ iteration
* 66 iterations to convergence
(135k core-hours)
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256 nodes (Intel, 48 cores)
156k x 156k (dense Hermitian)
25 minutes / iteration

MnGe Supercell 4x4x8, 1024 atoms, 1 k-point
Size of the matrices:

100 iterations to convergence
(2 Mio core-hours)
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Summary

Optimization for HPC computers
* hybrid (MPI+OpenMP) parallelization
* unit cells with >1000 atoms

HPC examples
* simulations of large magnetic setups

CuAg (256 atoms)

1024; | \I\\/A
e 512t g |
5 256 .
9] ‘9.
§ o 128 ¢

pre MaX —A— 9
MaXx18, only MPl @ S
64 Max18, hybrid @ ®
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