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R/Matlab

R/Matlab

@ R is installed on Abisko and Kebnekaise. The MPI version is
only available on Kebnekaise.

e If additional modules are required, they can be installed
locally.

@ Regarding Matlab, one needs an initial setup (.matlab file)

@ Both serial and parallel versions of Matlab are available on
Abisko and Kebnekaise.

@ Kebnekaise supports the GPU version.
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R/Matlab

Matlab Scripting

Create a file with your matlab script (funct.m):

function D

format long

P1 = rand(10000,10000) ;

tic;

Q1 = £fft(P1);

timel = toc;

filename = ’log.out’;
mid=fopen(filename,’w’);

fprintf (mid, ’Time = %16.12f\n’,timel);
fclose(mid) ;

Create your batch script (job.pbs):
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R/Matlab

Matlab Scripting

#!/bin/bash

#SBATCH -A <your project id>

#Asking for 10 min.

#SBATCH -t 00:10:00

#Number of nodes

#SBATCH -n 1

#Load Matlab

ml MATLAB/2016b

srun -nl --exclusive matlab -nodesktop -nodisplay \
-singleCompThread -r "funct;exit" > out.log

Submit your script:
sbatch job.pbs
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Accelerating applications

Accelerating applications
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Accelerating applications

Single tile

Accelerators

KNL 7250 Chip

34 Tiles
connected by
2D Mesh
Interconnect

MCORAM | | MCDRAM

McORAM | | MCDRAM

GPU showing the independent units KNL, composed of several Tiles
Streaming Multiprocessors (SM).
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Accelerating applications

Matrix multiplication code (serial)

do j=1,N
do i=1,N
do k=1,N
p(i,j) = p(i,j) + vi(i,k)* v2(k,j)
enddo
enddo
enddo
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Accelerating applications

Matrix multiplication code (offload GPU)

!$omp target map(tofrom:p) map(to:vi,v2)
!$omp parallel do collapse(2) private(i,j,k,s)
do j=1,N
do i=1,N
5=0.0d0
I$omp simd
do k=1,N
s =s + vi(i,k)* v2(k,]j)
enddo
!$omp end simd
p(i,j) = s
enddo
enddo
!$omp end parallel do
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Accelerating applications

Matrix multiplication code (OpenMP, KNL)

!$omp parallel do private(i,j,k) shared(p,vl,v2) collapse(2)
do j=1,N
do i=1,N
s=0.0d0
I$omp simd
do k=1,N
s =s + vi(i,k)* v2(k,j)
enddo
'$omp end simd
p(i,j) = s
enddo
enddo
!$omp end parallel do
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Accelerating applications

N-body MD

GFLOPS/s

1 2 4 8 16 28 32 68 136
Nr. Threads

272

CPU m KNL
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Accelerating applications

CPU vs. GPU

What if we consider explicit vectorization when using CPUs? Potts

model:
U=- E h,'S,' — E J,'J'S,'SJ' (1)
i ij

=CPU Original (A.1b)
==CPU Basic Optimization (A.2b)
==CPU Partial Vectorization (A.3)
48 | ==CPU Full Vectorization (A4)
=—GPU Basic Optimization (B.1)
40 { ===GPU Coalescing (B.2)

. //
8

7 8

‘Speedup factor relative to original CPU code with 1 core.

3 4 5
#of CPU cores (N/A for GPU)

Credits: J. Comp. Phys., 230, 5383 (2011).
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Molecular Dynamics

MD applications

Pedro Ojeda-May, Jerry Eriksson, and Birgitte Brydso Useful examples



Molecular Dynamics

Long-range interactions

@ particle-particle
interactions are solved in
real space (80%)

e PME contribution is
solved in reciprocal space

(20%)

adapted from JCTC,10,134 (2014)
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Molecular Dynamics

Workflow MD code

List updating

Short-range interactions
. PP MPI GROUP l

Long-range interactions:

PME, FFT

PME MPI GPU
IGROUP OFFLOAD
(NlogN) (idle)

Bonded interactions

!

Update positions
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$module spider amber

Description:
Amber (originally Assisted Model Building with Energy Refi

Versions:
Amber/16-AmberTools-16-patchlevel-20-7-hpc2n (GPU)
Amber/16-AmberTools-16-patchlevel-20-7
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AMBER batch script (Sander)

#!/bin/bash

#SBATCH -A <Your-Project-Here>
#SBATCH -n 8

#SBATCH --time=01:00:00

module load icc/2017.1.132-GCC-5.4.0-2.26 impi/2017.1.132
module load Amber/16-AmberTools-16-patchlevel-20-7

srun sander.MPI -ng 8 -groupfile equilibrate.groupfile
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AMBER batch script (Pmemd)

#!/bin/bash

#SBATCH -A <Your-Project-Here>
#SBATCH -n 96

#SBATCH --ntasks-per-node=48
#SBATCH --time=01:00:00

module load icc/2017.1.132-GCC-5.4.0-2.26 impi/2017.1.132
ifort/2017.1.132-GCC-5.4.0-2.26
module load Amber/16-AmberTools-16-patchlevel-20-7

srun pmemd.MPI -0 -i 02_heat.in -o 02_heat.out -p \
ala_tri.prmtop -c¢ Ol_min.rst -r 02_heat.rst -x 02_heat.nc
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AMBER batch script (single GPU engine)

#!/bin/bash

#SBATCH -J Amber

#SBATCH -A <Your-Project-Here>
#SBATCH -n 1

#SBATCH --gres=gpu:k80:1
#SBATCH --time=1:00:00

module load icc/2017.1.132-GCC-5.4.0-2.26 ifort/2017.1.132
module load CUDA/8.0.44

module load Amber/16-AmberTools-16-patchlevel-20-7-hpc2n
pmemd.cuda -0 -i mdinfile -o mdoutfile -c inpcrdfile \

-p prmtopfile -r restrtfile
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Sander-MPI
4 V1 PMEMD-MPI B
[T 1PMEMD-GPU

- N

Implementation
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$module spider namd

Description:
NAMD is a parallel molecular dynamics code designed for hi

Versions:
NAMD/2.12-mpi
NAMD/2.12-nompi (GPU support)
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NAMD 6 cores

#!/bin/bash

#SBATCH -A SNICXXXX-Y-ZZ
#SBATCH -t 00:10:00
#SBATCH -N 1

#SBATCH -c 6

module add icc/2017.1.132-GCC-6.3.0-2.27 impi/2017.1.132
module add NAMD/2.12-nompi

namd2 +p6 +setcpuaffinity config _file > output_file
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NAMD all cores

#!/bin/bash

#SBATCH -A SNICXXXX-Y-ZZ
#SBATCH -t 00:10:00
#SBATCH -N 1

#SBATCH -c 28

module add icc/2017.1.132-GCC-6.3.0-2.27 impi/2017.1.132
module add NAMD/2.12-nompi

namd2 +p28 config file > output_file

Pedro Ojeda-May, Jerry Eriksson, and Birgitte Brydso Useful examples



NAMD on GPUs

#!/bin/bash

#SBATCH -A SNICXXXX-Y-ZZ
#SBATCH -t 00:10:00
#SBATCH -N 1

#SBATCH -c 28

#SBATCH --exclusive

#Ask for 2 GPU cards
#SBATCH --gres=gpu:k80:2

module add GCC/5.4.0-2.26 CUDA/8.0.61_375.26 QOpenMPI/2.0
module add NAMD/2.12-nompi
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NAMD more than 1 node

#!/bin/bash

#SBATCH -A SNICXXXX-Y-ZZ
#SBATCH -t 00:10:00
#SBATCH -N 2

#SBATCH -n 2

#SBATCH -c 28

#SBATCH --exclusive

module add GCC/6.3.0-2.27 OpenMPI/2.0.2
module add NAMD/2.12-mpi

srun -N 2 -n 2 namd2 +ppn 27 config_file > output_file
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NAMD performance 23074 atoms system

400

EZ71 SMP multicore
Y] SMP multicore + 2 GPU
SMP+MPL ;i 27 thweads each) |

300

200

Wall Time (sec)

100

0 7 14 21 28 28 56
Nr. Cores
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NAMD performance 158944 atoms system

SMP+MPI
2z SMP
EETT1SMP+GPU
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NAMD performance (+setcpuaffinity)

ns/day

SMP GPU KNL
NAMD Version, 150K atoms system
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GROMACS

GROMACS

$module spider gromacs

Description:
GROMACS is a versatile package to perform molecular
systems with hundreds to millions of particles. -

Versions:
GROMACS/5.1.4-hybrid
GROMACS/5.1.4-mt
GROMACS/2016-hybrid
GROMACS/2016-mt
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GROMACS

GROMACS

$module spider GROMACS/2016-hybrid

Description:
GROMACS is a versatile package to ...
Homepage: http://www.gromacs.org

You will need to load all module(s) on any one of
the lines below before the "GROMACS/2016-hybrid"

GCC/5.4.0-2.26 CUDA/8.0.44 OpenMPI/2.0.1
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GROMACS

GROMACS batch script

#!/bin/bash

#SBATCH -A "SNICYYYY-XX-NN

#SBATCH -t 01:00:00

#SBATCH -n 12

#SBATCH -c 7

#SBATCH --gres=gpu:k80:2

#SBATCH -p batch

module add CUDA/8.0.44 GCC/5.4.0-2.26
module add OpenMPI/2.0.1 GROMACS/2016-hybrid
mdargs="-ntomp $SLURM_CPUS_PER_TASK"

mpirun -np $SLURM_NTASKS gmx_mpi mdrun $mdargs \
-dlb yes -v -deffnm npt
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GROMACS

GROMACS output

Running on 3 nodes with total 84 cores,
84 logical cores, 12 compatible GPUs
Cores per node: 28
Logical cores per node: 28
Compatible GPUs per node: 4
A1l nodes have identical type(s) of GPUs
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GROMACS

GROMACS performance 100K atoms

180 /I ! Node (28 cores, 4 GPUs) ' ' ]

160H I 2 Nodes (56 cores, 8 GPUs)

||IIEM 3 Nodes (84 cores, 12 GPUs)
B 4 Nodes (112 cores, 16 GPUs)
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GROMACS

Profiling Tools SCALASCA/GROMACS

File Display Plugins Help
| Restore Stting - Save ettings
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B Metric tree I Coll tree \[: Flat view g System tree. m BoxPlot |
-0 0.00 Time sec) L D) 0.00 tHPI Thveod mutex i (=
0 Exectio 3 0.00 g DataFerinder: DataFicFndert
52060 Compula(\on =3 000 it main(it, chr')
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Selected "Int gmx::CommandLineModuleManager::run(int, char+*)"
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CHARMM

DOMDEC CHARMM

module add GCCcore/5.4.0
module add GCC/5.4.0-2.26
module add CUDA/8.0.44

./install.com gnu M fftw domdec_gpu
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CHARMM

DOMDEC CHARMM

<domdec_dr_common> No direct/recip split, using all nodes
Number of CUDA devices found 4

Using CUDA driver version 8000

Using CUDA runtime version 8000

Node O uses CUDA device 3 Tesla K80 with CUDA_ARCH 350
Intel CPU | Using CUDA version of non-bonded force loops a:
Initializing DOMDEC with NDIR = 1 1 1

Number of threads per MPI node = 28

Dynamic Load Balancing disabled

Splitting recip cores into (y by z): 1 by 1
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CHARMM

batch script DOMDEC CHARMM

#!/bin/bash

#SBATCH -A staff

#SBATCH -J G2016-gpu

#SBATCH -t 12:00:00

#SBATCH -n 1 ##number of mpis

#SBATCH -c 28 ##number of openmp threads

#SBATCH --gres=gpu:k80:2

#SBATCH -p batch

module add GCCcore/5.4.0 GCC/5.4.0-2.26 CUDA/8.0.44

mpirun -np $SLURM_NTASKS -x OMP_NUM_THREADS=28 \
--bind-to none /home/p/pojedama/pfs/c42al/ \
exec/gnu_M/charmm < m.inp > out.dat

Pedro Ojeda-May, Jerry Eriksson, and Birgitte Brydso Useful examples



CHARMM

Profiling Tools SCALASCA/CHARMM

File Display Plugins Help
| Restore Stting - Save ettings

Absalute ~| Absolute Absolute
B Metric tree I Coll tree \[: Flat view [ System tree m BoxPlot |
0000 Tme e = 201 000 energy ulcol redens (=
oo 0.00 new fimer:time. stop
251 0.00 new-timersimer stosrc
+ O 0.00 nonbonded image. aneray
30,00 energyuti-calc adumb pot
" 0.00 eneroy_utilcalc_umbrela pi
» 755611 Bytes transterred (bytes) £ 0.00 enery utl:calc-omeons
» £ 0 WP e operations (occ) 0 0.00 prssrecviral
@ 992.13 Computational Imbalance (sec) + 8 176377 ewald:kspace
1 0.06 Minimum Inclusive Time (sec) 0 0.00 vector:addve
81631 Maximum Inclusive Time (sec) 3 0.00 epmi.totepmt
0 ALLOCATION SIZE (byt 0 0.00 primomodulezepr
0 DEALLOCATION-SIZE (bytes) > 51 0.00 energy uitzcalc hmem
0 0 bytes leated (bytes) 5 § 16149 transi
5 0.00 mximum_heap, memry_alocated (bytes) Gova

0.00 prssre:virtot
0.00 eimg:attfd
635 geom

{[Ela]uia] "t {alutalalu(s[stsTa 1]

1
9.42 MPI Rank 27

3 pscale

heurist::upde

Gpdat
avl ucelzavil Seei pcate

=l Al (28 elements) -

o )
2606.44 (1092%) 2301|100 27040 (10.42%) B85 000

[0.00
|

Selected *vgsum"
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CHARMM

Scaling behavior modern MD software

10
~~PMEMD
“&NAMD
8 LAMPPS
~=GROMACS
~=CHARMM domdec
6 CHARMM
>
z
3
2
5
Z
4
3
0
0 100 200 300 400 500

#cores

source: hEGFR with 465,404 atoms. JCC, 35, 406 (2014).

Pedro Ojeda-May, Jerry Eriksson, and Birgitte Brydso Useful examples



Ab-initio applications

Ab-initio applications
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Ab-initio applications

batch script GAUSSIAN

#!/bin/bash

#SBATCH -A staff

#SBATCH -N 1

#SBATCH -c 28

#SBATCH --exclusive
#SBATCH --gres=gpu:k80:2
#SBATCH --time=00:10:00

module add gaussian/16.A.03-AVX2

# Assume that the job file are located in the submit direct
gl6.set-cputgpu-list input.com

time gl6 input
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Ab-initio applications

GAUSSIAN on GPUs

Initial input file:

%chk=geom_optim.chk
%mem=16GB
#UB3LYP/6-31+G(d) OPT=(ModRedun) SCF=(MaxCycle=256) pop=none NoSymm

45 atoms structure, RESP

+5 15

0 3.744336 -1.126487 6.111505
P 2.893853 -1.251776 4.246949
0 4.150424 -3.154051 4.078061

Corrected input file:

‘%cpu=0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27
%gpucpu=0-3=0,7,14,21

%chk=geom_optim.chk

%mem=16GB

#UB3LYP/6-31+G(d) OPT=(ModRedun) SCF=(MaxCycle=256) pop=none NoSymm

45 atoms structure, RESP
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Installing your own applications
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EasyBuild

Installing your own applications

@ We use EasyBuild to install software on Abisko/Kebnekaise.

@ You can install your own software on your local directory using
EasyBuild and make it available for later use.
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