1 SRENE
Gromacs ;2— MR, BXH. BETHRAE MPI FHHRBERITHARESY FINZHTER, &
F Gromacs 9 F 1135, BT =8 Groningen X3 Department of Biophysical Chemistry FF%& , Gromacs =

BERITEYMARY FUNEAR. %K. BESYHRNTE, tUWREEYVNENADTERESZ, 5D
T ZBHE%E, Gromacs TR HETHFER, 1#1B5SH: http://www.gromacs.org/

2 ZEIIR

Gromacs fRZA<: GROMACS 2018

B1ERS: Ubuntu 16.04
miFRE: GCC

cuda: 9.0

fftw: 3.3.5

cmake: 3.5.1

mpi: openmpi-3.0-gnu

3 ---4=|:.u:

3.1 CUDA

# https://developer.nvidia.com/cuda-downloads TE XN NIR1ERZE cuda 236, THEHMT

sh NVIDIA-Linux—-x86 64-384.125.run
RIERBARE AT RN R SRR, A SOEREVAR R, AR ES BT NS % CUDA 9 23t

%:—ﬂﬂo
HEZE

cat /etc/profile.d/cuda-env.sh

export PATH=/usr/local/cuda-9.0/bin:S$PATH

export LD LIBRARY PATH=/usr/local/cuda-9.0/1lib:/usr/local/cuda-
9.0/1ib64:$LD LIBRARY PATH

3.2 fftw

M FFTW-3.3.5 FFi8, NiZAnIN1Z%i--enable-avx2, R CPU % FF 512 fiu%, 7015 %i--enable-

avx512
BREERE


http://www.gromacs.org/
https://developer.nvidia.com/cuda-downloads

./configure --prefix=/public/software/mathlib/fftw337-float --enable-float
-—-enable-avx2 --enable-shared

make

make install

BB ELRIE:

./configure --prefix=/public/software/mathlib/fftw337-double --enable-
avx2 —--enable-shared

make

make install

3.3 cmake

Gromacs 2018.1 3k cmake B4 3.4.3 pRAZHE L.
1% cmake-3.4.3 tar.gz &% B F|/public/sourcecode T~ ,

tar zxvf cmake-3.4.3.tar.gz

cd cmake-3.4.3

./configure --prefix=/public/software/cmake-3.4.3
make

make install

TMETE

cat /public/software/profile.d/cmake-env.sh
export PATH=/public/software/cmake-3.4.3/bin:S$SPATH

3.4 mpi

1% E3H openmpi-3.0.0-gnu L%,
B # gromacs.2018.1 £ gpu FREE T #£$% openmpi-3.0-gnu o] UL 2T, %F gpu IMEHFHMEIEF

openmpi-3.0.0-gnu F1 openmpi-3.0.0-intel &RTT YL,

3.5 Gromacs Fi84i¥

T # gromacs-2018.3.tar.gz & %= & F| /public/sourcecode T, T mE o A & % W IT :
http://manual.eromacs.org/documentation/
B BIEHThR A Gromacs 2018.3, RFTELL B R THIfT Ty

tar zxvf gromacs-2018.3.tar.gz
cd gromacs-2018.3

mkdir build-gmx-single #UItEEREZRILARE{EEY
cd build-gmx-single #ZIWWBRTHmZE

source /public/software/profile.d/cmake-env.sh #%E cmake

source /public/software/profile.d/openmpi-gnu-env.sh #FEFE mpi


http://manual.gromacs.org/documentation/

cmake Zgi%E:
cmake ../ \
-DCMAKE_INSTALL PREFIX=/public/software/gromacs-2018.1 \#Z&&EBFR
-DGMX MPI=on \ #FF/[8 mpi

-DGMX_GPU=on \ #X—{THIF—1T/ gpu ¥ , ;%6 gpu HEHEEIRIXFIT.
~DCUDA_TOOLKIT ROOT DIR=/usr/local/cuda \
~DCMAKE_C_COMPILER=mpicc \

~DCMAKE_CXX_COMPILER=mpicxx \

-DFFTWF_INCLUDE DIR=/public/software/mathlib/fftw337-float/include \ #iF&H¥

3.2 PERER ££tw337 E

-DFFTWF LIBRARY=/public/software/mathlib/fftw337-float/lib/libfftw3f.so

HEFEATENGS EIEEFT, DGMX BUILD OWN _FFTW=ON £ H&I T#HHF %H1F FFTW, &
B E W cuda PR EERIT:

cmake .. -DGMX MPI=on -DGMX GPU=on -DCUDA TOOLKIT ROOT DIR=/usr/local/cuda
-DCMAKE C COMPILER=mpicc -DCMAKE CXX COMPILER=mpicxx -
DGMX BUILD OWN FFTW=ON -DREGRESSIONTEST DOWNLOAD=ON

make ZF1E:

make -3 N #N HNAJAHY cpu HFEEL,
make install

3 B Ih fa = 7 /public/software/gromacs-2018.1/bin N4 B ol #1473, B35 gmx_mpi £,
EIBMIRETE:

vi /public/software/profile.d/gromacs-2018.3-env.sh

GMX INSTALL DIR=/public/software/gromacs-2018.3

export PATH=${GMX_INSTALL_DIR}/bin:$PATH

export LD_LIBRARY_PATH=${GMX_INSTALL_DIR}/lib:$LD_LIBRARY_PATH

3.6 Gromacs EF NGC Docker I3E

% NVIDIA GPU Cloud (NGC) 1, 1% Gromacs iy docker &1, T[INEIETEH, SA Linux
docker IR R o] PAEFH
SEMF NGC



< C | @ Secure | https//ngc.nvidia.com/signin/emal

<A NVIDIA. GPU CLOUD

Sign In @

EMAIL

PPlease enter your email address

HEIMER:
< NVIDIA. GPU CLOUD
DEEP LEARNING EVERYWHERE, FOR EVERYONE
Sign Up ®
NAME ROLE
Please enter your full name Please select your job role v
COMPANY INDUSTRY
Please enter your company or organization Please select your industry 4
EMAIL COUNTRY
Please enter your email address Please select your country v

[] 1 agree to the NVIDIA ACCOUNT TERMS OF USE

[ ] By obtaining any third party software containers through NGC, | agree that NVIDIA will share
my registration information with such third party software providers, who may use my
information as permitted by their privacy policies.

[] Send me NVIDIA GPU Cloud updates and enterprise news

Cancel

BXNGC £4
FMNGC 5, R NGC &%, s IUER TEHFAER HPC Apps #Y docker image $81% .



Repositories hpc/gromacsh

nvidia
caffe ocker pull nver.io/hpe/groms
caffe2
cntk
cuda S
digits
mxnet
py’tor(h nvidia-decker mm -ti --rn -v $(pwd) :/results nver. io/hpe/gromacs:2016. 4 */vorkspace/Tun_cont_adh. sh”
tensorflow
tensorrt Note you could also point the CLI command to your local directory instead and run your own scripts (xxx.sh for
theano example). The script below starts the gromacs container and runs the xxx.sh script from your results directory.
torch
nvidia-decker run —ti ——rm —v $lpwd) :/results —it —rm nver.io/hpe/sremass :2016. 4 7 fresul ts/xxx. sh”
hpc .
candle 1.2 Running GROMACS Interactively
gamess
In this example, we are running the adh_cubic model benchmark again while inside the /workspace directory in the
container. Running interactively is useful for making multiple GROMACS containers run within the same OS image.
lammps To run the GROMACS container interactively, issue the following command which starts the container and also
lattice-microbes mounts your current directory to /results so it is available inside the container. (see the -v options on the .
. S . . - S - . S .
relion
SIZE USER LAST MODIFIED PULL
vmd
2016.4 1.15GB November 14, 2017 o

nvidia-hpcvis ~
Docker image T3
T3 image R AT, FEIREL APLkey:

Registnj I Get API Key

Documentation
How to use NGC containers on supported platforms >

Repositories hpc/gromacsi
nvidia .

caffe docker pull nver.io/hpc/gromac

caffe2

5 Get API Key, BIT[3K%E:



APl Key

APl Information
Your API Key authenticates your use of NGC service when using NGC CLI or the Docker client. Anyone with this API Key has access to all services, actions, and
resources on your behalf.

Click Generate APl Key to create your own AP| Key. If you have forgotten or lost your API Key, you can come back to this page to create a new one at any time.

Use your APl key to log in to the NGC registry as follows.

Docker™ [2

For the username, enter '$oauthtoken’ exactly as shown. It is a special authentication token for all users.
$ docker login nver.io

Username: Soauthtoken

Password: <Your Key>

mif‘Generate API Key”, Ftmtis# B X IEEFRA “Confirm”, RKES 4 p— API Key 14 nverio
B XER, HEFZ Password, ATEX:

AP| Key

API Information

Your API Key authenticates your use of NGC service when using NGC CLI or the Docker client. Anyone with this API Key has access to all services, actions, and
resources on your behalf.

Click Generate APl Key to create your own API Key. If you have forgotten or lost your API Key, you can come back to this page to create a new cne at any time.

Use your API key to log in to the NGC registry as follows

Docker™ [

For the username, enter 'Soauthtoken’ exactly as shown. It is a special authentication token for all users.

$ docker login nver.io

Username: $Soauthtoken

Password: NDg0YzJ0ajIyMjRrdWxzcjNrZXB2dG40cHEEMTQOZTUXZTULZGEWNCO0ZTgwLWELN] ItODgyNDkyOTJiNzUZ

API Key generated successfully. This is the only time your AP| Key will be displayed. Keep your AP| Key secret.
Do not share it or store it in a place where others can see or copy it.

API Key: NDg0Y¥zJ0aj rdilxzcjNrEZXB2dG40cHESMTQOZTUXZTUL ZGEWNCO 02T gw: ItODgyNDkyOTJiNzUz

7 Linux B P imEx AT, EE 7 DGX-1 EET, Ubuntu 16.04 RGIERA, !

dgxsa@dgxl:~$ docker login nvcr.io
Username ($oauthtoken): $oauthtoken
Password:

Login Succeeded
dgxsa@dgxl:~$ B




ERMNAE, FHOTR##FT Gromacs ez N, 1T
nvidia .
caffe2
cntk
cuda
digits
mxnet i et D S g e G & sk s ety oI A S S A A A e e T fH et n D ey

will available outside of the container when complete.

pytorch
tensorflow To run the GROMACS container from the CLI, issue the following command:

tensorrt

theano nvidia—docker run —ti ——rm —v ${pwd) : /results nver. io/hpc/gronacs:2016. 4 “fworkspace/run_cont_adh. sh”

torch

Note you could also peint the CLI command to your local directory instead and run your own scripts (xxx.sh for
hpc . example). The script below starts the gromacs container and runs the xxx.sh script from your results directory.
candle

gamess nvidia—decker run —ti ——rm —v $(pwd) :/results -it —rn nver. io/hpe/gremacs :2016. 4 */results/xxx. sh”

gromacs
lammps
lattice-microbes
I thic Aavaranla A Ara riimnina tha adk ~ihis mnadal banckhraarls aaain ahila incida tha Jeadleconn s AivactAms i; thin
namd
relion
vmd

. . 2016.4 1.15GB November 14, 2017
nvidia-hpcvis -

454 “docker pull nver.io/hpe/gromacs:2016.4” 8 %% Linux terminal :
dgxsa@dgxl:~$ docker login nvcr.io

Username ($oauthtoken): $oauthtoken
Password:

Login Succeeded
dgxsa@dgxl:~$ docker pull nvcr.io/hpc/gromacs:2016.4

B3 docker Fi=4T Gromacs

{5 A nvidia-docker 452 & & Gromacs A EZ B2,



dgxsa@dgx1l:~$ nvidia-docker images

REPOSITORY TAG IMAGE ID CREATED

qp_lammps_180403 vl. 9519899%acc84 days ago

qp_caffe2_mpi_ofed vl. f36e5f65e417 [EVERETe]o]

qp_caffe2 mpi vl. 050f87845aab days ago
.io/nvidia/tensorrt 18.03-py2 2d6903917375 weeks ago
.io/nvidia/digits 18.02 417dc6bT79a6 weeks ago
.io/nvidia/tensorflow 18.02-py3 57ae5lee8b74 weeks ago
.io/nvidia/tensorflow 18.02-py2 5729fa7f740d weeks ago
.io/nvidia/pytorch 18.02-py3 0falc8e@0llb weeks ago
.io/nvidia/caffe 18.02-py2 Tcl16e9d37dff weeks ago
.1o/nvidia/caffe2 18.02-py3 13aa25b4ladl weeks ago
.io/nvidia/caffe2 18.02-py2 bfe2278714cd weeks ago
.io/nvidia/theano 18.02 77ac9f9b866d weeks ago
.io/nvidia/mxnet 18.02-py3 9731cbldbf8b weeks ago
.io/nvidia/cntk 18.02-py3 d1ch4900997d weeks ago
.io/nvidia/tensorrt 18.02-py2 23146705293 weeks ago
.lo/nvidia/caffe 18.01-py2 c81ff7e540db months ago
.io/nvidia/mxnet 18.01-py2 ffe7de2f34c3 months ago
.1lo/nvidia/tensorflow 18.01-py2 377hb46c75bTc months ago
.io/nvidia/pytorch 18.01-py3 271f716895e25 months ago
.io/nvidia/caffe2 18.01-py2 fa0881b1lb245 months ago
.io/hpc/namd 2.12-171025 9e6c17154075 months ago
.githost.io:4678/dgx/tensorrt 17.12-stage fd28d0eaaedb months ago
.io/nvidia/tensorflow 17.12 19afd620fc8e months ago
.githost.io:4678/dgx/cuda 9.0-cudnn7-devel-ubuntul6.04 634be617d3ed months ago
.io/hpc/gromacs 2016.4 d5711c3lecde months ago
.10/hpc/lammps patch230ct2017 dBae9eebbt06 months ago
.io/nvidiaﬁpytorch 17.11 th6782fcfd54 months ago

B3N docker 1%

dgxsa@dgxl:~$ nvidia-docker run --name MyGromacs -v
/home/dgxsa/chengyi/share:/data -it nvcr.io/hpc/gromacs:2016.4 /bin/bash
docker run Options

= -i-tor-it: RXEHT, FEF—Pty"

PRRALAPRPPLPPWWLWWWWOONODONNNNIIIUO O
PWNEFNAENNAENNWRARONWNNWONNORDNO

= -name . LRB’AF
- -v /home/dgxsa/chengyi/share:/data : 4§ host F#/]f9/home/dgxsa/chengyi/myshare {Zfi& E
FIRGTE| A=A data B K.

déxsa@déx1:~$ nvidia-docker run --name MyGromacs -v /home/déxsa/chenéyi/share:/data -it nvcr.io/hpc/grbmacs:2016.4 /bin/bash

Container image Copyright (c) 2017, NVIDIA CORPORATION. A1l rights reserved.
This container contains several software products that have described in
academic publications. Below is a list of the software products include

in this container.

GROMACS --

Various files include modifications (c) NVIDIA CORPORATION. All rights reserved.
NVIDIA modifications are covered by the license terms that apply to the underlying project or file.

root@a0seaf27213c. /workspace#

BehBEHMNE, MOUMBRE—E Linx REFLEET, EACKEETF THASTHE, R
BEREHMRME, TUEMAGS: apt-get install xxxx FHITLE,
MRIBBRERR, TUERABS: Cul+D
NERAEMERARE, T{FER4%: nvidia-docker rm 408eaf27213c ; 408eaf27213c¢ 2y docker-ID
MREREBRERSTE, ERERFEEET, JMUERAGS: CultP, RfF Cul+Q



4 tEER
4.1 #5861

FEREBAFETT
su — test
mkdir gmx-test
cd gmx-test
wget http://www.gromacs.org/Qapi/deki/files/128/=gromacs-gpubench-
dhfr.tar.gz #E}Z%J:{?EWU@, gromacs—-gpubench-dhfr.tar.gz §|JJJ:|$
tar zxvf gromacs-gpubench-dhfr.tar.gz

cd dhfr
source /public/software/profile.d/openmpi-gnu-env.sh

source /public/software/profile.d/gromacs-2018.3-env.sh #IIHHETE

OpenMPI fYIR R EECE X

MPI HOME=/home/chengyi/software/openmpi-3.1

export PATH=${MPI HOME}/bin:$PATH

export LD LIBRARY PATH= S{MPI HOME}/llb $LD LIBRARY PATH
export C_ INCLUDE PATH S{MPI HOME}/lnclude $C INCLUDE PATH
export MANPATH= ${MPI_HOME}/Share/man SMANPATH

gromacs-2018.3-env.sh fYEZ & {4

GMX HOME=/mnt/gromacs/gromacs-2018.3/buildgpu
export PATH=${GMX HOME}/bin:$PATH
export LD_LIBRARY_PATH=${GMX_HOME}/lib:$LD_LIBRARY_PATH

4.2 FiiEi7E6!

BTN

cd dhfr/GPU/dhfr-solv-PME.bench/

gmx mpi grompp —-f gpu-PME.mdp

mpirun --allow-run-as-root -np 8 gmx mpi mdrun -ntomp 5 -nb gpu -nsteps
1000 -s topol.tpr

By
iiirun --allow-run-as-root -np 2 gmx mpi mdrun -ntomp 5 -gpu_id 0,1 -
nsteps 1000 -s topol.tpr

ntomp:FR7NEFN cpu #HI2 BaNAY OpenMP L2

gpu_id:RNIEFER gpu, A4 gpu_id JFE 0, 1 FR=EM GPU ID 4 0,1 1§ GPU, EEAMRE
gpu, fEA-nb gpu,

ABIFRR: B8 A cpu i, B cpu HIZFEN S NEAE,


http://www.gromacs.org/@api/deki/files/128/=gromacs-gpubench-dhfr.tar.gz
http://www.gromacs.org/@api/deki/files/128/=gromacs-gpubench-dhfr.tar.gz

=17 nvidia-smi £ FE| BT /\ 1> gpu #HFE,
testverlet: @ X PMEFIHIFH

-maxh: RXARIFHITTE R E

-z BEHBAEXH

¥ Z WS PUETT gmx_mpi mdrun -h &[5,

Gromacs iz 47 shell IAZNT, HEIDEFEEXNHIHTT.
#!/bin/bash

#export CUDA VISIBLE DEVICES=0,1,2,3
DIR ROOT=/mnt/software/gromacs2018
source $DIR ROOT/bin/GMXRC

IDIR=/mnt/test/water-cutl.0 GMX50 bare/1536
IFILE=$IDIR/topol.tpr

ODIR=/tmp
LDIR=$SODIR/run/logs
LFILE ROOT=1536
WDIR=$ODIR/run/job

mkdir -p S$WDIR
mkdir -p S$LDIR

cd SWDIR

NSTEPS=10000
#NGPUS="nvidia-smi | grep Tesla | wc -1°
NGPUS=4

LASTCORE=S (1lscpu | grep On-line | cut -f3 -d"-")
THREADSPER=S (1scpu | grep Thread | cut -f2 -d":")
export OMP_NUM_THREADS=$(( ( ((LASTCORE+1) /NGPUS) / THREADSPER) ))

LOGFILE=${LDIR}/S{LFILE ROOT}.S${NGPUS}.log

# initialize if needed
if [ ! -f ${IFILE} ] ; then
cd S{IDIR}
gmx mpi grompp -f pme.mdp
fi

mpirun --allow-run-as-root -bind-to none -np ${NGPUS} gmx mpi mdrun -g
S{LOGFILE} -pin on -resethway -v -noconfout -nsteps S${NSTEPS} -s S{IFILE}



4.3 PBS HIA5EHl

su - test
cd gmx-test/dhfr/GPU/dhfr-solv-PME.bench/

BRI gromacs-gpu-single.pbs

#!/bin/bash

#PBS -N gromacs-gpu-single

#PBS —g gpu

#PBS -1 nodes=node-with-gpu:ppn=4
#PBS -1 walltime=100:00:00

source /public/software/profile.d/openmpi-gnu-env.sh
source /public/software/profile.d/gromacs-2018.1-env.sh

cd $PBS O WORKDIR
NP="cat $PBS NODEFILE|wc -1°

NN='cat $PBS NODEFILE|unig -clwc -1 #Tim#l
PPN="cat $PBS _NODEFILE|unig -c|sed -n '1l,1p'lawk '{print $1}' #BMmAGH
227, A4 ppn=4

GPUID="printf %.${PPN}d 0  #Zfl# GPUID=0000
mpirun —np $NP -hostfile $PBS NODEFILE gmx mpi mdrun -multi $NN -nb gpu —g
md.log —-nsteps 1000 -s topol.tpr

RV, HEBERETEWET.

gsub gromacs-gpu-single.pbs
gstat

4.4 Slurm BIAEHl

su - test
cd gmx-test/dhfr/GPU/dhfr-solv-PME.bench/

TR BIA batch.gromacs-gpu-single

#!/bin/bash

#SBATCH --job-name=gromacs test
#SBATCH --nodes=1

#SBATCH --tasks-per-node=32
#SBATCH --gres=gpu:?2

#SBATCH —--ntasks-per-node=4
#SBATCH --cpus-per—-task=8
#SBATCH —--mem-per-cpu=4000 # memory limit per CPU (megabytes)
#SBATCH —--time=24:00:00 # time limit (D-HH:MM:ss)

number of Nodes
number of MPI processes per node

+H =+

module load gcc/6.4.0 openmpi/2.1.1 gromacs/2018.3
export OMP_NUM_THREADS="${SLURM_CPUS_PER_TASK:—1}"

srun gmx mpi mdrun -deffnm md -maxh 24

REEL, HFEEEELRET.



5 Benchmark izt

MR E ) water-cutl.0_ GMX50 bare/1536, 1t 1.536M PN7K4F, 4.608M NJEF, NSTEPS=10000,

NVIDIA DGX-1 fJRERRE & !

2*Intel(R) Xeon(R) CPU E5-2698 v4 @ 2.20GHz
8*Tesla V100-SXM?2
512GB DDR4 Memory

2 X 5+0 0.703 1229.269 5.13
2 X 5+2 3.550 243.452
4 x 5+0 1.139 758.762 3.92
4 X 5+4 4.469 193.392
8 X 5+0 2.322 372.106 3.51
8 X 5+8 8.147 106.076

GPU M9INERIR M7 1HERY CPU T ERZERS A RERLL, GPU T T B EIRTHTE AL,

9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

water-cut1.0_GMX50 bare/1536 (ns/day)
3.5X Faster

3.9X Faster

5.1X Faster

2x5+0 2Xx5+2 4x5+0 4x5+4 8x5+0 8x5+8



