1 SRENE
LAMMPS B[l Large-scale Atomic/Molecular Massively Parallel Simulator, ] [{&1E A KRR F 0 FIF

7RIS, FERTHFHAFREEAN—ETEMEIN T, —8KiH, D FINHIZFTRETE,
LAMMPS KRGt ER5 K 2 T

2 ZEIIR

lammps x4 lammps-16Marl8
B{ERS: Ubuntu 16.04
mERR: GCC

cuda: 9.0

mpi: openmpi-3.0-gnu

3 F“hhtlt:

3.1 CUDA

# https://developer.nvidia.com/cuda-downloads TE XN NIR1ER LA cuda 236, THEMGT

chmod +x cuda 9.0.176 384.81 linux.run #EZEGTHITIR
sudo sh cuda 9.0.176 384.81 linux.run
RIETRBIAE MR TN REBRZIT, ASCEERINRE. FARESBINSE CUDA 9 2

HRTE:

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

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

export LD LIBRARY PATH=/usr/local/cuda-9.0/1ib64:$SLD LIBRARY PATH
export C INCLUDE PATH=/usr/local/cuda-9.0/include:SC INCLUDE PATH

3.2 MPI

B ] lammps 7 gpu IRETEFF openmpi-3.0-gnu o] A L3RI, TEi%E3E: https://www.open-

mpi.org/software/ompi/v3.0/



https://developer.nvidia.com/cuda-downloads
https://www.open-mpi.org/software/ompi/v3.0/
https://www.open-mpi.org/software/ompi/v3.0/

3.2.1 OpenMPI {7t

OpenMPI 2 — 2 Ay, FHRAY MPISCIR, %A MPI-1 1 MPI-2 -, OpenMPI AR X FF 4
#in, HEBRSAMRE.
OpenMPI B BT & #T iR AN 4 openmpi-3.0.0, B F7Muf: http://www.open-mpi.org/, T B M2 T

Openmpi JRAL L4 6,
CUDA-aware MPI: 3 ## CUDA-aware BEk#& MPI FE o] M B ZE KA % GPU BFE3E, IUTER
ARz EHRRAE =35,

* MVAPICH2 1.8/1.9b

* OpenMPI 1.7

* CRAY MPI (MPT 5.6.2)
* IBM Platform MPI (8.3)
* SGI MPI (1.08)

3.2.2 ¥% OpenMPI

IX OpenMPI 3.0.0 445

S tar zxvf openmpi-3.0.0.tar.gz

$ cd openmpi-3.0.0

S ./configure --prefix=/public/software/mpi/openmpi-3.0.0 —--enable-mpirun-
prefix-by-default --without-psm CC=gcc CXX=g++ FC=gfortran F77=gfortran -
-with-cuda=/usr/local/cuda-9.0

$ make -j 8 #8 MNHEHITRIF
$ make install

RENFEEEHAK:

vim /public/software/profile.d/openmpi-3.0.0-env.sh

export MPI HOME=/public/software/mpi/openmpi-3.0.0

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

export LD_LIBRARY_PATH=$ {MPI_HOME }/1ib:$ {LD_LIBRARY_PATH}
export MANPATH=${MPI_HOME}/Share/man:${MANPATH}

» Tips

1. OpenMPI 2 BN HEFD R AT ANBENEZ RS, MFXHF InfiniBand ML, 15
fRER1E MPI 5% 75 = E &3 OFED IK&f,
2. #1147 OpenMPI % 25 B 5% $MPI_HOME/bin N4 ompi_info 7454, TJ&1H %Y BJ OpenMPI EL B 2.,


http://www.open-mpi.org/

3.2.3 $i¥ MPI =

OpenMPI$2#t7 C/C++, Fortran FFIEE AY MPI fRiF=8, 1T RFT7R:

BERE MPI Zg ¥ 5%
C mpicc
C++ mpicxx
Fortran77 mpif77
Fortran90 mpif90

MPI i s XN KERFFRN—FEK, BiI-show ST INEELIRMEANEIXR. tban:

S mpicc -show
icc -I/public/software/mpi/openmpi-3.0.0/include -pthread -
L/public/software/mpi/openmpi-3.0.0-intel/lib -lmpi -1dl1 -1m -lnuma -Wl,--
export-dynamic -lrt -1lnsl -lutil

e s NI
$ source /public/software/profile.d/openmpi-3.0.0-env.sh

$ mpicc -o hello hello.c
$ mpif90 -o hello hello.f90

3.2.4 i517 MPI i2%
3.2.4.1 EX%HS

OpenMPI {5 F§ B89 OpenRTE # 2 E RS, /ZaNar< A mpirun/mpiexec/orterun, EARAZTNIIT:
$ mpirun -np N -hostfile <filename> <program>
> -np N: =7 N PNiffE
> -hostfile: $EEMTHE TR, XHERWT:

nodel slots=8
node?2 slots=8

slots=8 RFTTEIZ T & L 17 8 Ntk 2, T nodel F node2 73515 8 47,

3.2.4.2 iHIFES LS

OpenMPI X5 ZFBEMIL, AAKK TCP, 1B WL, AFHEE, olBIIRE--meca btl Z4#
T,

S mpirun -np 12 -hostfile hosts --mca btl self, sm,openib ./program

BEDRAEBHEAE, PREERBNEGEE XMTNBEIRRS.



> meca SERA

A --mca btl self,tcp 55 F LA TCP/IP $p A5
A --mca btl self,sm B RS TN, SRR S
A --mca btl self,openib A Infiniband W &K, fFH IBIEE
A --mca btl_tcp if include ethO DU WS I eth0 #2170, BRI [E]I A FH B
A O (B4 IPoIB)
A --mca orte_rsh-agent rsh e 17 s AE S A rsh, ERIAA ssh
» Tips
A —mca btl ZE P LAEH self, FHEECSHCEE
A AT [AJI 8 5 2> btl 4L, Wi--mca btl self,sm,openib, 55 H I L H B
A IPoIB ¥ 7€: --mca btl self,tcp --mca btl_tcp_if include ib0, 4%AF H #1772

1E hostfile BL{# H 1B W& H 1P Huhk kX B ) hostname

3.3 Lammps &5

T#; Lammps:

wget http://lammps.sandia.gov/tars/lammps-stable.tar.gz

MR T HXM

tar -xzvf lammps-stable.tar.gz

cd lammps-16Marl18

RIBEE X, 7E Volta V100 TRIB T 4HiF:

vi srtc/MAKE/OPTIONS/Makefile.kokkos cuda mpi

#KOKKOS ARCH = Kepler35
KOKKOS ARCH = Volta70

%81 Lammps:
$ cd src

$ make clean-all

# edit for volta



$ make no-all

$ make no-lib

$ make yes-manybody yes-molecule yes-replica yes-kspace yes-asphere yes-rigid yes-misc yes-user-omp

yes-user-reaxc
$ make yes-kokkos

$ make kokkos cuda mpi -j32

3.4 Lammps EF NGC Docker &5

7£ NVIDIA GPU Cloud (NGC) h, % Lammps £ docker 553014, T E#E T3, SA Linux
docker IREFE T IXfE
M NGC

<« C | @ Secure | https;/ngc.nvidia.com/signin/emall %« 0 [ < B

<A NVIDIA. GPU CLOUD

Sign In

HEIMER:



< NVIDIA. GPU CLOUD

DEEP LEARNING EVERYWHERE, FOR EVERYONE

Sign Up ®
NAME ROLE

Please enter your full name Please select your job role h
COMPANY INDUSTRY

Please enter your company or organization Please select your industry v
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

ZEF NGC &4
FMNGC 5, B%XNGC R%:, #oJUEZ| TEF AR HPC Apps AY docker image $51%.



Registry

Documentation
How to use NGC containers on supported platforms >

Repositories hpc/lammps

v nvidia

r pull nvc

v nvidia/k8s

» hpc

bigdit
candle

chroma See here for a document describing prerequisites and setup steps for all HPC containers.
gamess

See here for a document describing the steps to pull NGC containers.
gromacs

1. Running LAMMPS

lattice-microbes

milc
g There are two options to run the LAMMPS container,
nam
pgi-compilers * You can run LAMMPS in detached mode from the nvidia-docker run command
picongpu * You can start the container in interactive mode and run LAMMPS interactively within the
i container
relion

Docker image T
T2 image BB ZAT, L EIKE APl key:

Registry

Documentation
How to use NGC containers on supported platforms >

Repositories hpc/lammps

v nvidia

v nvidia/k8s

S Get API Key, BITJ3K75:



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




ExRINE, #oTPU#H# T Lammps a8 T E, @TF:

v nvidia
v nvidia/k8s

A~ hpc

bigdft
candle
chroma
gamess

gromacs

lattice-microbes
milc

namd
pgi-compilers
picongpu

relion

;l_%_A/\\u

for a document describing prerequisites and setup steps for all HPC containers.

for a document describing the steps to pull NGC containers,

There are two options to run the LAMMPS container,

* You can run LAMMPS in detached mode from the nvidia-docker run command
* You can start the container in interactive mode and run LAMMPS interactively within the

container

in % “docker pull nver.io/hpe/lammps:patch230¢t2017"E # % Linux terminal:

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

Login Succeeded

dgxsa@dgxl:~$ docker pull nvcr.io/hpc/gromacs:2016.

B3 docker F#i=fT Lammps

{8 A nvidia-docker % & & Lammps AR HERE S

nvcr.io/nvidia/pytorch
paddlepaddle/paddle
~.io/nvidia/digits
.io/nvidia/tensorflow
.io/nvidia/tensorflow
.io/nvidia/tensorrt
.io/nvidia/caffe

.1o/openacc/cuda9.0/openmpi2.1.2

.io/nvidia/cuda
.io/nvidia/mxnet
.io/nvidia/tensorflow
nvidia/cuda
r.io/nvidia/cuda
.io/nvidia/pytorch
r.io/nvidia/caffe
r.io/nvidia/tensorflow
r.io/nvidia/tensorflow
nvidia-dgx-fw-0102-20180424
r.io/nvidia/tensorrt
r.io/nvidia/tensorflow
r.io/nvidia/cuda
r.io/nvidia/tensorrt
r.io/nvidia/tensorflow
r.io/hpc/relion
r.io0/hpc/lammps
dgxsa@dgx2:~$ N

18.07-py3
0.14.0-gpu-cuda9.0-cudnn?
18.07

.07-py3

.07-py2

.07-py3

.07-py2
1.0

9.0-cudnn?.1-devel-ubuntul6.04

18.06-py2

18.06-py3
9.0-cudnn7-devel-ubuntul6.04
9.2-base-ubuntul6.04
18.06-py3

18.06-py2

<none>

18.05-py3

latest

18.03-py2

18.03-py3
9.0-cudnn7-devel-ubuntul6.04
18.02-py2

17.12

2.1.b1

patch230ct2017

60la2ac5a8ad
73383007 fb3f
d5afacdbdbcf
8289b0a3b285
0786194bldc2
5c¢33al0c8b7e
69bac2995799
cceea’74653cl
55a7183596e0
leel90602e8e
0d13c9061269
222eeaccB95c
30ab2dc72edb
fdaGdadff8f3
7a48cd22fdel
ba%9aba037907
eB78e4ef1885
21986213542
2d6903917375
c0f4402aa77b
56240d7febea
23146705293
19afd620fc8e
992ec69c15b4
dBae9eebbfO6

months ago
months ago
months ago
months ago
months ago
months ago
months ago
months ago
months ago
months ago
months ago
months ago
months ago
months ago
months ago
months ago
months ago
months ago
months ago
months ago
months ago
months ago
10 months ago
11 months ago
11 months ago

NWWwHROAARNWWNWL

oo eE,r,rbEAERpWWWWWWWWW




JB 5N docker 1%

dgxsa@dgxl:~$ nvidia-docker run --name MyLammps -v
/home/dgxsa/chengyi/share:/data -it nvcr.io/hpc/lammps: patch230ct2017
/bin/bash

docker run Options

S -di-tor-it: REI, EFEEH—"tty"

= -—name . BAHET

= -v /home/dgxsa/chengyi/share:/data : 3§ host F 4 A9/home/dgxsa/chengyi/myshare {7{i& B
KGR R=RHY data B 3%

dgxsa@dgx2:~$%$ nvidia-docker run --rm --name MyLammps -v /home/dgxsa/chengyi/share:/data -it nvcr.io/hpc/lammps:patch23
0ct2017 /bin/bash

root@7b2dfc28dade: /workspace# 1s

root@7b2dfc28dade: /workspace# 11 /opt/lammps-patch 230ct2017/

root root 4096 Oct 23 2017 ./

root root 4096 Nov 11 2017 ../

root root 4096 Oct 23 2017 /
root root 311 Oct 23 2017 .gitignore
root root 17775 Oct 23 2017 LICENSE
root root 1690 Oct 23 2017 README

1

1

2
Srw-rw-r-- 1
1
1
5 root root 4096 Oct 23 2017
B
4
1
1
2
3

-rW-TrW-T--
-rW-TrwW-Tr--

root root 4096 Oct 23 2017
root root 4096 Oct 23 2017
root root 4096 Oct 23 2017
root root 4096 Oct 23 2017
root root 4096 Oct 23 2017
root root 4096 Oct 23 2017
1 root root 40960 Nov 11 2017
--x 28 root root 4096 Oct 23 2017
root@7b2dfc28dade: /workspace# [J

BaARMUE, Mo MMEE—S Linux RE=5LFET. ERCELREN THEETHE, R
FHEMIAME, TUERSBS

$ sudo apt-get update

X
X
X
-X
X
X
X
X

$ sudo apt-get install xxxx #H 7% 3,

MRERERR, TUFERGS: Cul+D

MREMBERRE, TFAS: nvidia-docker rm 7b2dfc28dade; 7b2dfc28dade g docker-ID
MRBBRHAREXAE, BREASRERE!T, TJMUEAWS: Cul+P, RfF Cul+Q

Y

Y

10



4 trESS
4.1 #E&EH

1 FARY Lammps E 4l in.lj XA T

# 3d Lennard-Jones melt

# Enable Accel packages on command line

variable x index 4

variable y index 4

variable z index 4

variable iterations index 1000
variable xx equal 20*S$x
variable yy equal 20*Sy
variable zz equal 20*Sz

units 13

atom style atomic

lattice fcc 0.8442

region box block 0 ${xx} 0 S$S{yy} 0 ${zz}
create box 1 box

create atoms 1 box

mass 1 1.0

velocity all create 1.44 87287 loop geom

pair style 1j/cut 2.5
pair coeff 1 1 1.0 1.0 2.5

neighbor 0.3 bin

neigh modify delay 0 every 20 check no
fix 1 all nve
run S{iterations}

4.2 FinhsisE

BT RERMT:

root@acc60e90047d: /mnt/lammps# mpirun --allow-run-as-root -n 16 --map-by
core /mnt/lammps-22Augl8/src/lmp kokkos cuda mpi -k on g 2 t 2 -sf kk -pk
kokkos binsize 2.8 comm device -v x 16 -vy 8 -v z 8 -v t 10 —-in in.1lj

11



SHME:

-kokkos on/off ... : turn KOKKOS mode on or off (-k) , g 2 t 2 905FK7 23 GPU, HMNiHES
2RI,

-package style ... : invoke package command (-pk)

-suffix gpu/intel/opt/omp : style suffix to apply (-sf)

B Z MBS PUETT Imp_kokkos_cuda_mpi -h 2[5,

4.3 PBS HIZ5EH

7R AZHIAS lammps.pbs

#PBS -N
#PBS -1
#PBS -1
#PBS -S
#PBS -7
cd $PBS
NP="cat
NN="cat
PPN="cat

lammps test

nodes=2:gpus=3:ppn=16 #2 MNpm, MR 23R GpPU, 16 & CPU
walltime=10:00:00

/bin/bash

oe

O WORKDIR

$PBS_NODEFILE|WC -1°

$PBS_NODEFILE|uniq —c|wc —1° #Pm8
$PBS_NODEFILE|unig -c|sed -n '1,1p'|awk '{print $1}' #B MmN

220, A pPN=4

mpirun -
on g 2 t
-v t 10

n SNP --map-by core /mnt/lammps-22Augl8/src/lmp kokkos cuda mpi -k
2 -sf kk -pk kokkos binsize 2.8 comm device -v x 16 -vy 8 -v z 8
-in in.1j

RIELY, FEEEELEWIET.

gsub 1la
gstat

mmps . pbs

4.4 slurm BIAEHI

TR AHIA batch.lammps

#!/bin/b

ash

12



#SBATCH --job-name=lammps_test
#SBATCH --nodes=2 #2TEE
#SBATCH --ntasks=32 #&SBcru &

#SBATCH --partition=hsw v100 32g #5EFHIBAFIZTR
#SBATCH —-gres=gpu:2
#SBATCH --time=01:00:00

cd $PBS O WORKDIR

LAMMPS=/mnt/lammps-22Augl8/src/lmp kokkos cuda mpi
INPUT=in.1j

mpirun -n SNP --map-by core SLAMMPS -k on g 2 t 2 -sf kk -pk kokkos

binsize 2.8 comm device -v x 16 -v y 8 -v z 8 -v t 10 -in $INPUT >log.out
2>&1

KT lammps 89 slurm ZTHIAFIEE GPU, TEAE slum.conf HEE, FEIETENRE XM
slurm.conf #1 3¢F generic resource (gres) AL B LR

[chengyi@psgcluster test]$ cat /cm/images/compute-image/etc/slurm/slurm.conflgrep GresTypes
#GresTypes=gpu

13



