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Solvers: consolidated interfaces for continuously
improved and performance-portable libraries.
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Fermi Operator Expansion (FOE)

n

C P!
J!

Calculation of the DM involves only
(sparse) matrix-vector multiplications
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PEXSI: Pole Expansion pisected Inversion
(Lin Lin, Chao Yang, et al., Berkeley)

B= Im 7 Relatively small number of poles (20-30)
Trivially parallelizable over them

For su! ciently big problems

)

(quasi-)1D: O(N)
(quasi-)2D:  O(N 3% 2?)
3D: O(N?)
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Cost (CPU-hours
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(Due to sparsity of the target density matrix)

L |
10000 100000
Matrix size N [= Number of orbitals]



FAD.+45)6% 643+ )I04 S8+ 04% 52, +§""2/50+ 6 1%+)I§Q) +5+RE+* 2" )-J***-+)

ELSI initiative to integrate solver libraries
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Electronic Structure Codes
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ELSI initiative to integrate solver libraries
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Electronic Structure Codes
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Marconi-100 (CINECA): 32 CPUs+ 4 GPUs /node
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Being tested within MaX at Leonardo (Laura Bellentani)
and Marenostrum-5 (Rogeli Grima):!

"MPS (attractive since we use many MPI ranks
elsewhere). It seems to give the best performance.!

"NCCL (only one MPI rank per GPU?)!

" CUDA-Aware MPI (HPCX-MPI): recently installed in
Leonardo. It needs code changes in ELPA, which might
not happen soon.!

" We worry about portability E
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Solution-Method diagon Solution-Method ELSI

ScalaPack solvers and

Uniform interface for
ELPA with native interface

the ELSI library of solvers:

diag-algorithm

elsi-solver:
divide-and-Conquer elpa!
expert " omm!
MRRR " pexsi!
ELPA | ELPA-2stage " ntpoly!
ELPA-1stage
E

Solution-Method PEXSI

Original native interface
lterative search for p
instead of parallel interpolation
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https://gitlab.com/siesta-project/ecosystem/build-tools.git

GPU binding

GPU Binding CAL*6+)QISCH/+*- ,4B+/*42

GPU Binding is extremely important

By GPU binding, we mean setting up proper
CPU bindings and environment variables so
that only CPUs that are physically close to a
GPU use that same device .

Otherwise performance can degrade pretty

fast.

@ Infinity fabric GPU-GPU
50+50 GB/s

@ Infinity fabric CPU-GPU
36+36 GB/s

Cray Slingshot-11 interconnect
25+25 GB/s
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GPU and CPU binding

GPU Binding

#!/bin/bash
CPU_ID=$(cat /proc/self/stat | awk '{print $39}') CPU ID, not Task ID!

Limit@O=U0
limit1=U8
limit2=1064
limit3=112

if [ $CPU_ID -1t $limite ]
then
export CUDA_VISIBLE_DEVICES=0

elif [ $CPU_ID -1t $limitl ]
then
export CUDA_VISIBLE_DEVICES=1

elif [ $CPU_ID -1t $limit2 ]
then
export CUDA_VISIBLE_DEVICES=2

else
export CUDA_VISIBLE_DEVICES=3

mpirun -np 32 \
—cpu-list "32,33,3u,35,36,37,38,39,40,41,42, 43,44, 45,46,U47,96,97,98,99,100,101,102,103,104,105,106,107,108,109,110,111" \
——bind-to cpu-list:ordered deucalion-gpu-bind.sh siesta auwat.fdf > auwat.out
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GPU and CPU binding

GPU Binding

Where can we find this info?
I From the HPC Center documentation (with varying degrees of detail).
' Running commands like $ nvidia-smi topology , for NVidia cards (on compute nodes).

' Running commands like $ hwloc (on compute nodes).

And even thenE
You will still need to search for the right number of MPI tasks and OpenMP threads per GPU.
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