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1 REBEEATEEE

{RAB(C e (&, IR RIRIB(CH D)\ — ROT VIARABIEY I M1 7B B #87% D<D. 20 LIS
RAB LN\ - RUI7ZEELE T . IRIE{EY—/{ LT, ZNENBILZ D 0OS L7IUs—23>
ZEEIEBAENTEFT . NUICIOTIRANIZMIBRIIRUY—X (CPU, XEY, \=RF42. 1y
RND=D132E) DRENZBEMERIIUNTEET,

RFEAEDAREL TR, /A N=N1H=BL, I>7FBINHD, Singularity (&. HPC RIEMEIFICE
StENEA-T>Y-ZA0 T F BT Sy NIA—LERDET

1.1 2578

IO FFBUYRAB e (&, RANRZIDE1-4D OS (L. REMRI-YZER (3>57F) %
FEEEL. RAN OS LAV AR=IENZOTFHERBYINII 7N LT, 7 r—2a % E=T
SEBHETY,

T FOFRTEI-FOT7IVT—2a> ML TEIVET 31e8. ARIEH —/(EWSED(E. bRRtS
NIeBl 2 07 VT —2 3  EATIRIBEVIFINM XA-S(LEVT T,
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IAN=\AF-LHMRIBIEDTHD OS DLIBEDT, B—NITAZZAM=)LU. 2D OS DL TIR
BN (UA OS) 2@ E57575TY .

o RAbOS NMARET/\- ROy OE#EHIEN ] 8E

o SATLEROBRNSRTIVY - ADERAZERNLN

o BIEIIVIET -/ OEEHEIRNEIEE

EVOTEXVY RIBDET

JANR=AF-BLDFHIELTIE. [Vmware ESXillLinux KVMINE=EUL, B—/U_ETEHO
RABS —)\%315 LIFERT 2V ARERDFET,



2 Singularity OF AR5

2.1 RIBZE PATH OFE

Singularity (&. AOBA A7 ADUTFOT(LINICAZAR=)LENTHD, 0T U BFIRIEZE
Z PATH ([GBRESNTVE T,
/mnt/stfs/ap/singularity

PATH [CEFNTLWRWMEEEF. LUTFOEET PATH ADENNZITOTLIZE,
bash DIFE
export PATH=/mnt/stfs/ap/singularity/bin:$PATH

csh D&
setenv PATH /mnt/stfs/ap/singularity/bin:$PATH

2.2 Singularity ®FEFEIY> R

$ singularity [global option] <command> [option] ...

IV R% ETL

build AA=ZOE I R(VERR A EEHT) 2 =L EF T
exec IFFHTEEIV FEEITUET

run IFFHROEEINV REEITUET
shell AT FATS I ZEEILES

pull URIEEL T, 1 X—>%EUSLET
search SATFINBITHEIRRLET

inspect AR=SDDAIT TR RUET

help IR NI TEFRRUET,

Singularity I¥> RE1TH
-Singularity Library EDAXA-%IRFRTS
[E] $ singularity search <search_query>

[ZE171] $ singularity search gromacs

T FTAORIT-IEBITS
[ER] $ singularity inspect <image_name>




[3=4T7H1] $ singularity inspect centos.sif

AOTFARTIINZEREN T Z(ATTOFE=HER T D)
[EX] $ singularity shell <image_name>

[ZE1T41] $ singularity shell centos.sif

AT ORIV REERITIS
[EX] $ singularity run <image_name>

[3=4T7H1] $ singularity run centos.sif

2.3 OXTFAA—ZD#A

T FHA A= FIREFEIERENZEDUIMIE. DockerHub 2 SingularityHub &
FFUSANICHRA A% O0—-RUTERT3EERIEETT,

m Singularity Library h54/ X—>%E89 %
(1) IXA=2%18FKI S
[£(] $ singularity search <#&%&/I1)>

[ZE1741]
$ singularity search centos8

library://apisith.won/default/centos8.3-py38-cudall.l:latest
library://apisith.won/default/centos8.3-py38:latest

(2) I XA=2%BUS9 3
[E] $ singularity build <4 X=J74)L%&> library://<4 A= )N > <tag &>

[ZE17H1]
$ singularity build centos.sif library://apisith.won/default/centos8.3-
py38:latest




m Docker Hub D1 X—>% Singularity FBICEIEU THIEAT 3
(1) Docker Hub (https://hub.docker.com/)TA X—%&ZR

Docker is updating and extending our product subscriptions. Please read

ﬁ”docker hut Q. Search for great content (e.g., mysql)

Build and Ship any

Application Anywhere

Doc'er Hub is the world's easiest way to create, manage,
ard deliver your teams’ container applications.

REBOXICF—T7—FZ AN LIRER

pull A" FDA A= DNRR%
BELEY, (ZDHEAEIE. centos)

Docker is updating and extending our product subscriptions. Please read our blog for more informati¢n. X

%—* Q centos Explore Pricing Signin iign Up

Explore Official Images centos

ﬂT @ official Image 1Y
‘lg» centos
The official build of CentOS.

CentOS
¥ 500M+
Copy and paste to pull this image
e ——
Container Linux PowerPC 64 LE ARM 64 x86-64 386 ARM
Base Images. Operating Systems Official Image

(2) Docker Hub o1 X—>%ES
[ZR] $ singularity build <A/ X—>T7/)L&> ¥
docker://docker.io/<I>TFHA A=)\ > <tag &>

[S=4741]
$ singularity build centos.sif docker://docker.io/centos:latest




2.4 X5 FikEnE

AT HEEEIDEERIV> RIE run, exec. shell ® 3 &R T,

(1) singularity run

BEUVRIDTFAA-SOI T FZEEIL. 1T HEEIFICETI DRIV TM I TFTHICH
SHUSHTERSINTVDIEEE TORIVT M BEIHIICETUED .

$ singularity run container.sif

(2) singularity exec
BELIDTFA A0 7FATINV REETUET.

$ singularity exec container.sif ./a.out

(3) singularity shell
BEUVISTFAA=20T T FTRICHLVERL S TR SN, [MEERR TIV ROE
ITHITEET,

$ singularity shell container.sif

2.5 RIREE

(1) T4LIRIDIA > RIETE
Singularity T(& RAMADOT (LI NZEISFTHINA2RIBZIET RAMADT (LI NZED>
FTTANSSIRIDENBIRELIRDE T,
FTIAWRCUTOTALININIA > REN., D27 TR TSEBNEIRELRDE T,
-$HOME
-$PWD
-/tmp
-/etc
-/proc
-/sys
-/dev

AT HANSINA O R BTV I NIZIETE T DIHA(C(E LTFOHFETITVET,
(1-1) IRIEZ#L singularity_bindpath TI8E
1




$ export SINGULARITY_BIND=/mnt/stfs/comp,/usr/lib64

(1-2) I>TFHERBFOAT 3> --bind TIEE
il

$ singularity run --bind /mnt/stfs/comp,/usr/lib64 container.sif

(2) RIREHOFTE

Singularity Tld. RAMAITERESN TUVRIRIBZEII T HUERUET

2120 IRA MAITIRIRZ 2 PATH (TASHNEN TUL\BMBE(IX. J>7FHTIE USER_PATH £LVS3!
DIRBEEAGNENTVE T, I 7T %ieEIL. I>7FHT USER_PATH (CA&fRENTL\S
8% PATH (AN T 255 (&, FIZEL T DLV REEITUET

$ singularity shell --bind /mnt/stfs/comp container.sif
Singularity >> export PATH=$USER_PATH:$PATH

SINAIIVT NS NUDIERLL T, A>T FATI TN RIVT M ERITI 25 EEHDET

$ cat commands.sh

export PATH=$USER_PATH:$PATH

python sample.py

$ singularity exec --bind /mnt/stfs/comp container.sif ./commands.sh




3 OA>FFZaToERTAE
Singularity ZFFUZ. 2>7F3230%)/\wFS X7 A(NQSV) TEITLET,
VeSS

Ubuntsu 20.4. GNU J>/{13., OpenMPI 4.0.6 OO>7 A A—=TJ%VERU. A X—SAERREFCH
SINTOIZ L%V, A A-DAICERELET .

3.1 JOU3L0%dR

UTF o8> IT0935 0% MPI I/ 45TV AIWLEY,
Y2IWTOTS A

#include <mpi.h>
#include <stdio.h>
#include <stdlib.h>

int main (int argc, char **argv) {
int rc;
int size;
int myrank;

rc = MPI_Init (&argc, &argv);

if (rc '= MPI_SUCCESS) {
fprintf (stderr, "MPI_Init() failed");
return EXIT_FAILURE;

rc = MPI_Comm_size (MPI_COMM_WORLD, &size);
if (rc '= MPI_SUCCESS) {
fprintf (stderr, "MPI_Comm_size() failed");
goto exit_with_error;

rc = MPI_Comm_rank (MPI_COMM_WORLD, &myrank);
if (rc '= MPI_SUCCESS) {
fprintf (stderr, "MPI_Comm_rank() failed");
goto exit_with_error;

fprintf (stdout, "Hello, T am rank %d/%d", myrank, size);
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MPI_Finalize();
return EXIT_SUCCESS;
exit_with_error:

MPI_Finalize();
return EXIT_FAILURE;

3.2 2T FAA—DNERK

BT definition file ZERL. A>7FAX—%ERKRLET,
definition file £B>FILTOI S AIFEICTALINICEBVTZE L,

Bootstrap: docker

From: ubuntu: latest DockerHub & ubuntu DA X—>% AFUET,

%files /J >IN T0J5 A mpitest.c]&20>0FTFA X—SAD/opt (CIE—

mpitest.c /opt L&,

%environment LT FAA-SHDRBERZHTELET .

export OMPI_DIR=/opt/ompi
export SINGULARITY_OMPI_DIR=$OMPI_DIR

export SINGULARITYENV_APPEND_PATH=$OMPI_DIR/bin

export SINGULAIRTYENV_APPEND_LD_LIBRARY_PATH=$OMPI_DIR/lib
export PATH=$OMPI_DIR/bin:$PATH

export LD_LIBRARY_PATH=$OMPI_DIR/lib:$LD_LIBRARY_PATH

AT FARA=SDNR=Z OS A VA=)V DYIBZSEHLET .

%post —

echo "Installing required packages..."
apt-get update && apt-get install -y wget git bash gcc gfortran g++ make file

echo "Installing Open MPI"
export OMPI_DIR=/opt/ompi
export OMPI_VERSION=4.0.1

export OMPI_URL="https://download.open-mpi.org/release/open-mpi/v4.0/openmpi-

$OMPI_VERSION.tar.bz2"
mkdir -p /tmp/ompi
mkdir -p /opt
# Download

cd /tmp/ompi && wget -O openmpi-$OMPI_VERSION.tar.bz2 $OMPI_URL && tar -xjf

openmpi-$OMPI_VERSION.tar.bz2
# Compile and install

11




cd /tmp/ompi/openmpi-$OMPI_VERSION && ./configure --prefix=$OMPI_DIR && make
install

# Set env variables so we can compile our application

export PATH=$OMPI_DIR/bin:$PATH

export LD_LIBRARY_PATH=$OMPI_DIR/lib:$LD_LIBRARY_PATH

export MANPATH=$OMPI_DIR/share/man:$MANPATH

OpenMPI (>N, oIO35 L%32)0

echo "Compiling the MPI application..." ALET,

cd /opt && mpicc -o mpitest mpitest.c

rm -fr /tmp/ompi

AREIA

/tmp OEORERBOHB R T/ IV EERRUIEIZE. singularity 27U TYERR SN 7LD
FrEEERE. RTI1-HEEERZ1-Y ID/JI—T ID R0, HIBRTERRZAIEEEN HDFET
DT, build E1TEIC(F. HEBMEIS_E(CVERRUII7IVEBIBR T BLIICLTZE0,

A>T FA A= DVERK
[£3(] $ singularity build --fakeroot </ X—>J74)4%&> < definition file >

E3E)

$ singularity build --fakeroot ubuntu-openmpi.sif ubuntu-openmpi.def

AT FAR=ZDAFT TR
[£3(] $ singularity inspect <A X—=>TJ71)V&>

[E17H1]

$ singularity inspect ubuntu-openmpi.sif

org.label-schema.build-arch: amd64

org.label-schema.build-date: Friday_12_November_2021_6:23:32_UTC
org.label-schema.schema-version: 1.0
org.label-schema.usage.singularity.deffile.bootstrap: docker
org.label-schema.usage.singularity.deffile.from: ubuntu:latest

org.label-schema.usage.singularity.version: 3.7.3

AT FAX=2D3T)LiCE)
[£R] $ singularity shell <A X=J71)V&>

12




EZll

$ singularity shell ubuntu-openmpi.sif

Singularity> cat /etc/os-release

NAME="Ubuntu"

VERSION="20.04.3 LTS (Focal Fossa)"

ID=ubuntu

ID_LIKE=debian

PRETTY_NAME="Ubuntu 20.04.3 LTS"
VERSION_ID="20.04"
HOME_URL="https://www.ubuntu.com/"
SUPPORT_URL="https://help.ubuntu.com/"
BUG_REPORT_URL="https://bugs.launchpad.net/ubuntu/"
PRIVACY_POLICY_URL="https://www.ubuntu.com/legal/terms-and-policies/privacy-policy"
VERSION_CODENAME=focal

UBUNTU_CODENAME=focal

Singularity> mpirun --version

mpirun (Open MPI) 4.0.1

Report bugs to http://www.open-mpi.org/community/help/
Singularity> Is -| /opt

total 18

-rwxrwxr-x 1 root root 17072 Nov 12 15:23 mpitest
-rw-r--r-- 1 root root 909 Nov 12 15:11 mpitest.c
drwxrwxr-x 7 root root 100 Nov 12 15:17 ompi

3.3 JOUSLDET

NYFSZFLNBITFAX—SDIEEENE, A A—-SHROTOT S L% FTUET .

K ARRIUT~

#!/bin/sh

#PBS -N Test-JOB

#PBS -T openmpi

#PBS -q Ix

#PBS -b 1

#PBS -v OMP_NUM_THREADS=1
#PBS -l elapstim_req=00:10:00

IMAGE=/uhome/w20195/Singularity/sif/ubuntu-openmpi.sif < I>F7FA A=
SINGULARITY=/mnt/stfs/ap/singularity/bin/singularity < singularity J¥> R
LM=/opt/mpitest — IDFFTAROERTIOISL

13




mpirun $NQSV_MPIOPTS -np 16 $SINGULARITY exec $IMAGE $LM

T0U5LETR. RELNTUT ORRNMESNS L2 HEELET .

Hello, I am rank 11/16
Hello, I am rank 2/16
Hello, I am rank 3/16
Hello, I am rank 9/16
Hello, I am rank 1/16
Hello, I am rank 10/16
Hello, I am rank 5/16
Hello, I am rank 0/16
Hello, I am rank 8/16
Hello, I am rank 4/16
Hello, I am rank 13/16
Hello, I am rank 12/16
Hello, I am rank 14/16
Hello, I am rank 6/16
Hello, I am rank 15/16
Hello, I am rank 7/16




4 OAZFTFAR—ZDARIIAX

YERRUIZO> T4 X—>% sandbox EME(ENBHEICERAL . hAINA X T BENBIBETT

(BE]

sandbox FER(E. DT FAA=SOHRAINA X = TIBEICDHERL TIZE0,

HAARAX(E, ORIV RED /tmp B2 T TEMEL. 1-YR—LA%EE (/uhome/xxxxxx) B
T TEEMUBVTIZE,

AF|EHET#(E /tmp B T O sandbox Z4 I HIBRL T2,

v

CentOS8 OI>FTFH1 XA—>% sandbox FZTNICEHEL. GNU Fortran 4> AM—)LEEITED 1—
WO\ ZEBUED

BEIDTFTAA-JICEHL. hAIYAZOANBHNIRMENTWREZHEZLED .

4.1 OAZFTFAA—ZDHRAINAX

(1) sandbox FERNADZ 1
[E3] $ singularity build --fakeroot --sandbox --fix-perms <sandbox &> <A X
-7 >

EZE
$ cd /tmp

$ singularity build --fakeroot --sandbox --fix-perms centos8 centos8.sif

(2) sandbox FZA X—TOFCEN
[ER] $ singularity shell --fakeroot --writable <sandbox %>

[3E1741]
$ singularity shell --fakeroot --writable centos8

(3) sandbox FERAX—ZADHAFIYA X

--fakeroot A2 aV(C LD, BIEEER TAA-SZEELTOEID T, dnf DNV RET/ v

—SO{ AN EIEET T,

TREE

dnf XV RICEBNWT -S4 AR=)LH permission denied THREXTZIBENHDET .

/usr/lib ¥/usr/bin O/\—2y23>IC write HERRNERVHICEEL TV RIEEENHDFEI D
15



T, T NON-2y2 3> 2L TS,

[3E1741]
GNU Fortran /\wor—>% 4> A=)
Singularity> dnf install gcc-gfortran

/home E(CH>TINTOISLDERTES 1)V ZVERL
Singularity> cd /home
Singularity> vi hello.f90
program hello
print *, 'Hello World!"'
end program

Singularity> gfortran -o hello.exe hello.f90

(4) sandbox FXH'SEBA X—2T71)AL
[Z2(] $ singularity build --fakeroot </ X—>J71)L&> <sandbox &>

Emd
$ singularity build --fakeroot centos8v2.sif centos8

AX=ZT7AIHB, hAFNA XBFHAERRUIEEITED 1-ILHERITTE R =R
$ singularity exec centos8v2.sif /home/hello.exe
INFO: Converting SIF file to temporary sandbox...
Hello World!
INFO: Cleaning up image...

(5) Ex£BOHIBR
[&x] $ rm -rf /tmp/<sandbox &>

[ZE17H]
$ rm -rf /tmp/centos8
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