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MHD introduction

Liquid metals in magnetic field
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Lorentz force implementation

Following method of Ni et al.l 2

Collocated + staggered current densities, j 1 Jx
Conserves current density |

Scheme basics Sol 1%,
Update U using projection method _ P V) N
Solve 2" Poisson equation for ¢: V- (V) =V - (u x B) Jy

Update j /

Interpolate to cell center to calculate F,_, y

INi, M. J., Munipalli, R., Morley, N. B., Huang, P., & Abdou, M. A. (2007). “A current density conservative scheme for incompressible MHD flows at a low magnetic

Reynolds number. Part I: On a rectangular collocated grid system”. Journal of Computational Physics, 227(1), 174-204.

2Ni, M. J., Munipalli, R., Huang, P., Morley, N. B., & Abdou, M. A. (2007). “A current density conservative scheme for incompressible MHD flows at a low magnetic

Reynolds number. Part II: On an arbitrary collocated mesh”. Journal of Computational Physics, 227(1), 205-228. 4



N/

@ UNIVERSITAT POLITECNICA e Fusion HPC
DE CATALUNYA 4 .
«

BARCELONATECH

Preserving symmetries

Following method of Trias et al.!
Conserve physical properties by mimicking continuous operators

* Use projected distances in gradients
e Use midpoint interpolation

* Use face-volume weighted interpolation

Consequences for MHD

Avoid iterative correction schemes

Conserve total momentum from Lorentz force: V- (J(B xr)dQ
J £

Mrias, F. X., Lehmkuhl, O., Oliva, A., Pérez-Segarra, C. D., & Verstappen, R. W. C. P. (2014). “Symmetry-preserving discretization of Navier—Stokes equations on
collocated unstructured grids”. Journal of Computational Physics, 258, 246-267.
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HydroDynamic TGV Transverse B-field Imposed ¢-field
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Magneto-
HydroDynamic TGV Transverse B-field Imposed ¢-field
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Case 2: MHD duct flow
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Accuracy results

2D Taylor-Green vortex

Should not dissipate energy

Results

Symmetry Preserving method
outperforms Ni method
Especially on distorted grids

AE,

Error of energy budgets

& Fusion HPC

0.015 A

0.010 ~

0.005 -

0.000 -

—0.005 A

—0.010 A

—0.015 A

- SyPrCart
3 Nicart
I SyProist
B Nigist

-

——— oy

1'

E. 0¢Ex

Trans

P. Diff V. Diff

Diss

FLor

Sum



@ UNIVERSITAT POLITECNICA Fusion HPC
DE CATALUNYA
BARCELONATECH Worksho P

Stability for highly distorted meshes

Taylor green vortex M-profile in duct
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HPC?

1995 2000 2005 2010 2015 2020
V. Y. Y.
Technology Trends in HPC /O‘b (0 /Affo /&’04

single-core CPU clusters Ca multi-core CPU clusters Ces hybrid clusters

. HPC?
termofluids hetROBSL A o >

CTTC resources and software

DPC STG
sequential structured parallel structured

Highly-portable code for HPC
Stencil based - Algebra based
Only a few algebraic kernels are needed

10
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Algebraic kernels

From continuous NS equations:

1
u=0, o,u+ u_i'* Au+Vp=0
e

To discrete algebraic equations:

113:0{;, a;u(;-+ u¢+f')l.l¢+ Gp[;:[]g

Using three kernels only:

y « Ax, Z < ax + by, rex-y

SpMV axpy dot

11
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Memory boundedness

2 A peak performance Compute bound

BW X Al

P

Floating point performance (GFLO

|
Arithmetic intensity (FLOP/byte)

12
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HPC?: hierarchy

‘ T
h 4

| Interconnect

multiple nodes interconnected via
high-bandwidth network
MPI is used at this level

X.Alvarez, A.Gorobets, and F.X.Trias. "A hierarchical parallel implementation for heterogeneous computing. Application to algebra-based CFD simulations on hybrid
supercomputers". Computers & Fluids, 214:104768, 2021. 13
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HPC?: hierarchy

multiple multi-core CPU per node |
OpenMP is used at this level |

noo ) ooo
\ 28 (5 5aE

S cou | = cru

RAM

il

[ Interconnect

\ multiple nodes interconnected
via high-bandwidth network

MPI is used at this level

X.Alvarez, A.Gorobets, and F.X.Trias. "A hierarchical parallel implementation for heterogeneous computing. Application to algebra-based CFD simulations on hybrid
supercomputers". Computers & Fluids, 214:104768, 2021. 14
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multiple multi-core CPU per node |

OpenMP is used at this level |

\ 000y D00 [
Siminj OO0 p=
\
> CPU ~ CPU
\ BUS
[ rRaM || || rRAM | | rRaM || |[ RAM |
oooooooo oooooooo aooooooono aooooooon
Ooooooooo Ooooooooo oooooooo gooooooon
oooooooo Ooooooooo oooooooo oooooooo
GPU GPU GPU GPU
=

A
7N

multiple accelerators per node
OpenCL/CUDA is used at this level

X.Alvarez, A.Gorobets, and F.X.Trias. "A hierarchical parallel implementation for heterogeneous computing. Application to algebra-based CFD simulations on hybrid

supercomputers". Computers & Fluids, 214:104768, 2021.
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Interconnect

|

N

multiple nodes interconnected
via high-bandwidth network
MPI is used at this level
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¢

X.Alvarez, A.Gorobets, and F.X.Trias. "A hierarchical parallel implementation for heterogeneous computing. Application to algebra-based CFD simulations on hybrid

supercomputers". Computers & Fluids, 214:104768, 2021.

& Fusion HPC

16



g

UNIVERSITAT POLITECNICA ' . Fusion HPC
DE CATALUNYA 4 .
AAAAAAAAAAAAA

.

Ny

HPC?: hierarchy

1. The MPI process AVA S AVA S AVA S AVA S AVA
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X.Alvarez, A.Gorobets, and F.X.Trias. "A hierarchical parallel implementation for heterogeneous computing. Application to algebra-based CFD simulations on hybrid
supercomputers". Computers & Fluids, 214:104768, 2021. 16
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L. The M proces A RARARR
2. The host and co-processors
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X.Alvarez, A.Gorobets, and F.X.Trias. "A hierarchical parallel implementation for heterogeneous computing. Application to algebra-based CFD simulations on hybrid
supercomputers". Computers & Fluids, 214:104768, 2021. 16



= g

UNIVERSITAT POLITECNICA | & Fusion HPC

ATALUNYA < °
AAAAAAAAAAAAA

o

Ny

HPC?: hierarchy

1. The MPI process

The host and co-processors
3. Multiple NUMA nodes in a
manycore CPU

N

AVA NS AVA S AVA W AVA S AVA
NANINNNNRUN N NNNNNY

VAVAV
AVAVAVAVAVAVAVA & JAVAVAVAN
\/ N/

/N
\\V \V\/ \\VV/

X.Alvarez, A.Gorobets, and F.X.Trias. "A hierarchical parallel implementation for heterogeneous computing. Application to algebra-based CFD simulations on hybrid
supercomputers". Computers & Fluids, 214:104768, 2021. 16
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HPC?: tested architectures
MareNostrum 4

TSUBAME3.O

rank #42 rank #156 rank #31
3456 nodes with: 1696 nodes with: 540 nodes with:
2x Intel Xeon 8160 2x Intel Xeon E5-2697 v3 2x Intel Xeon E5-2680 v4
1x Intel Omni-Path 1x NVIDIA Tesla K40M 4x NVIDIA Tesla P100
1x InfiniBand FDR 4x Intel Omni-Path

X.Alvarez, A.Gorobets, and F.X.Trias. "A hierarchical parallel implementation for heterogeneous computing. Application to algebra-based CFD simulations on hybrid
supercomputers". Computers & Fluids, 214:104768, 2021. 17
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Symmetry-aware ordering

A.Alsalti-Baldellou, X.Alvarez-Farré, F.X.Trias, and A.Oliva. "Exploiting spatial symmetries for solving Poisson's equation", (submitted). 18
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A.Alsalti-Baldellou, X.Alvarez-Farré, F.X.Trias, and A.Oliva. "Exploiting spatial symmetries for solving Poisson's equation", (submitted). 19
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Block-diagonalising L

)

A.Alsalti-Baldellou, X.Alvarez-Farré, F.X.Trias, and A.Oliva.

L.

nn L
L
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1 Iyp ||N/2
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"Exploiting spatial symmetries for solving Poisson's equation", (submitted).
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Block-diagonalising L
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Sparse matrix-matrix product

Rewriting the SpMV product:
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into an SpMM product

A reduction in time complexity
A reduction in memory footprint

+ LoutV An increase in arithmetic intensity
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Increasing arithmetic intensity

A Peak performance Compute bound
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Increasing arithmetic intensity
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Summarising

Symmetry preserving methods in MHD
HPC? framework

Exploiting symmetries in geometry
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