i R T R

i it
(UL AT RA LN NN AN R RA NN TELRALN| TV

e
p;|m|||HH"{“|M[

,u rll’“u“ i
|
1l
i

High-Performance Computing Approach to
Hybrid Functionals in the All-Electron DFT Code FLEUR

Matthias Redies

Schlisseltechnologien / Key Technologies
Band/Volume 257
ISBN 978-3-95806-639-7

IJ JULICH

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum



Forschungszentrum Jilich GmbH
Peter Griinberg Institut (PGI)
Quanten-Theorie der Materialien (PGI-1/I1AS-1)

High-Performance Computing Approach
to Hybrid Functionals in the All-Electron
DFT Code FLEUR

Matthias Redies

Schriften des Forschungszentrums Jilich
Reihe Schlisseltechnologien /Key Technologies Band/Volume 257

ISSN 1866-1807 ISBN 978-3-95806-639-7



Contents

1 Introduction

2 Density functional theory
2.1 Introduction . . . . .. ... ... ... ..
2.1.1 Born-Oppenheimer approximation . . . ... .........
2.1.2 Hohenberg-Kohn Theorem . . . . . .. ... ... .......
2.1.3 Kohn-Sham System . . ... ...................
2.2 Exchange-Correlation functionals . . . . ... ... ..........
2.2.1 Local Density Approximation (LDA) . .. ... ... .....
2.2.2 Including gradients . . . . . . ... ... ... L.,
223 MetaGGA . . . ... ...
2.24 Exactexchange . . ... .......... ... ... .. ...
2.3 Coupling constant integration . . . . .. ... ... ... .......
2.4 Hybrid exchange-correlation functionals . . . . ... .. ... .. ..
2.4.1 Performance of hybrid functionals . ... ...........
2.5 Self-consistency cycle . . . . . . ...

3 Full-Potential linearized augmented plane-wave method
3.1 LAPWbasis . . . . . . . .
3.2 Mixed productbasis . ... ... ... ... ...
3.2.1 Coulombmatrix . .. .......... ...,

4 Node-level performance and its portability
4.1 Introduction . . . . . . . . . . . it e
4.2 CPUimplementation . . . ... ... ... ... ...
4.2.1 Employing high-level basic linear algebra routines (BLAS) . .
4.2.2 Singlenodescaling . .. ................ .....
4.2.3 Rooflinemodel . ... .............. . ... ....
4.3 GPUimplementation . . . . . .. .. . .. ...
4.4 Conclusion . .. ... ... ...

5 Multi node scalability

25
25
29
32

35
35
36
36
38
39
43
46

47

vii



viii

5.1 Data flow for non-local potential calculations . ... .. ......
5.2 Problem with one-sided communication . . .. ... ........
5.2.1 Serialization . ... ...... ... . ... ...
5.2.2 Distributing large arrays . . . . .. ... ... ... ...,
5.3 Multi-nodescaling . . ... ... .. .. ... ..
5.3.1 Single Izz—point performance . ... ..............
5.3.2 k-point parallelization . . .. ... ..............
5.3.3 Weakscaling . ............... ... ...,
5.4 Conclusion . ... ... ... ...

6 Garnets, their electronic structure and magnetic moments

6.0.1 Numericalsetup . ... ... ... ... ...
6.1 Electronic structure of YIG . . . . . . . . . ... ... ...
6.1.1 Latticeparameter . . . . . . . . . . . o v v vt vt
6.1.2 Magneticmoment . . ... ... .. ... ...
6.2 Rare-Earth-Iron garnets . . ... ... ... .............
6.2.1 Electronicstructure . . . . . . . ... ... ...
6.2.2 MagnetiCmoOments . . . . . . . ¢ v v v v v vt i
6.3 SUMMATY . . . v v v v v e e e e e e e e e e e e e e e e

7 Conclusion & Outlook

Bibliography

A Defining unique eigenvectors

B Subtracting the local exchange

C Using fast fourier transforms to evaluate the mixed-product basis

Eidesstattliche Erklarung

67
69
70
77
77
79
79
82
82

85

89

101

105

107

111



Schlisseltechnologien / Key Technologies
Band/Volume 257
ISBN 978-3-95806-639-7

9 JULICH

Mitglied der Helmholtz-Gemeinschaft Forschungszentrum



	Abstract
	Contents
	1 Introduction
	2 Density functional theory
	2.1 Introduction
	2.1.1 Born-Oppenheimer approximation
	2.1.2 Hohenberg-Kohn Theorem
	2.1.3 Kohn-Sham System

	2.2 Exchange-Correlation functionals
	2.2.1 Local Density Approximation (LDA)
	2.2.2 Including gradients
	2.2.3 MetaGGA
	2.2.4 Exact exchange

	2.3 Coupling constant integration
	2.4 Hybrid exchange-correlation functionals
	2.4.1 Performance of hybrid functionals

	2.5 Self-consistency cycle

	3 Full-Potential linearized augmented plane-wave method
	3.1 LAPW basis
	3.2 Mixed product basis
	3.2.1 Coulomb matrix


	4 Node-level performance and its portability
	4.1 Introduction
	4.2 CPU implementation
	4.2.1 Employing high-level basic linear algebra routines (BLAS)
	4.2.2 Single node scaling
	4.2.3 Roofline model

	4.3 GPU implementation
	4.4 Conclusion

	5 Multi node scalability
	5.1 Data flow for non-local potential calculations
	5.2 Problem with one-sided communication
	5.2.1 Serialization
	5.2.2 Distributing large arrays

	5.3 Multi-node scaling
	5.3.1 Single -point performance
	5.3.2 -point parallelization
	5.3.3 Weak scaling

	5.4 Conclusion

	6 Garnets, their electronic structure and magnetic moments
	6.0.1 Numerical setup
	6.1 Electronic structure of YIG
	6.1.1 Lattice parameter
	6.1.2 Magnetic moment

	6.2 Rare-Earth-Iron garnets
	6.2.1 Electronic structure
	6.2.2 Magnetic moments

	6.3 Summary

	7 Conclusion & Outlook
	Bibliography
	A Defining unique eigenvectors
	B Subtracting the local exchange
	C Using fast fourier transforms to evaluate the mixed-product basis
	Acknowledgement
	Eidesstattliche Erklärung
	Eidesstattliche Erklärung
	Leere Seite
	Leere Seite
	Leere Seite



