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2. Singularity & Docker




Docker & Singularity

Docker IXWEBX°2 7 7 kT
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Docker, |
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*’!docker
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https://www.docker.com/

Apache License 2.0
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https://sylabs.io/singularity/
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Docker & Singularity

aAv7TFrTroviE,. DockerTIIERHY—EREL TRREET B DI
L. Singularity Tlda—¥aey FE LTEEIhTWET,

wERY -0 5 #c®) : docker run httpd:2.4 aAvrEpdbIYIre
Y T F D rooti&ER THEE

A TFH1—YIER TEE)

wE
singularity exec ¥
centos.sif bash

In_éj

A—HYa=eyFrFhrs
ayvyrrIyvove
AV TFFHEIEEE)

) :3))
docker daemon ZSATY b IE

HEH—ERE
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kernel

Docker
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A—YHEPDERTIVTF2RENTE 37-0,
rootiEfR 2 EA L WA /N X T LATSingularitylc k23T FHHBEPERLTWET,
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ﬂﬁﬁﬁﬁ YTk O v T FERE(IEXER] BANA]) Ay by F ETHARRE
F AR 5E EEEICLI2EFEFRHSINE FAE B 5 TEbLIAMK & ETHAIEE
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LI TlE, Singularity OFfIBAEICK > TIHBBL £,

¥ docker Mrootless *singularity @instanceZ, WHDOEFRZE VAL L 5 L EELHIEZ T
TTCHY, BHEICERLAEWT — z%ﬁfgfuiT
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Singularity @ E AiR(F
Singularity ®EEa< > F

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

15

build
cache
exec
help
Inspect
pull
push
run
search
shell

sif

B fi%
AA=DVDEILFERRCE zE ML £ 58 TRATE
* vy aDRE cache clean T* v v > a7 VU7
AT FANTEEIV Y FZ2EITLET 6% CHAATE
O Y FAILTHZRRL T, singularity help <command>7T3a~ > FEEi
AA=TVDART—R%EFRLET,
URIFEEL T, 1 X—YZEEL £, 45 CTHATE

AAX=D%Ty7A—-FLET,
AT STAROEEIT Y FEAETLET
TJAT7Z7UhhnarvrrERELET
AT FRN Tz LERHLET

AAX=2T7 7 ANDOREICERLES
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Singularity @ E AiR(F

Singularity 3 <> FE{THITI,
Singularity Library LD A4 XA =L %#1&%T 3
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(=] ¢ singularity search
[E47] $ singularity search

AVTFFAHADART—R%SBT 3

[E£x] $ singularity inspect
[E=1741] $ singularity inspect

AYTFATY L EZRET S (A TFDF
[Zz] $ singularity shell
[E£71761] $ singularity shell

IV FFOBEITY KEETT S

(23] $ singularity run
[=21761] $ singularity run
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OV T+ A4 X —2 DX

SQUID7OoY by FLETHEER, 1 XA—EEHE%:

A—ANDT—IRT—2aVh oI RATLAICEXT S

AVTFAX=VIE BEOT7 7 AL ERLULD

IZscpa~ Y RETEENRIETT,

SQUID A—AIL IR MUD DA A=V ZEIET D
SQUIDDE—ALL YR MY TRABL TR AV TF A XA -V 5BUST 2

Singularity Libraryh* o4 A —2%BUST 5
Singularity Library TR INTWA AV TFHA A=V ZE5T 5

Docker Hubh» b 4 A —L %157 5

Docker Hub TR ENTWA AV TFA X —CHEET 3

NVIDIA GPU CLOUD(NGC) o4 X =2 %HET %
NVIDIA GPU CLOUD TABIENTLB AV FH A X -V ZEET 5
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— LD — TR T— 3R T LARNICERIXT S

A—ALDT7—VRTF—ardaAVTFA A= %A —RETT,

V A XA=2DEIIFEEIZ, rootiEfRZiF-> T AL
o TOOtIERRDBHBFITTNT— I RT—a v TENF LE=EIX. FFIETER
KT eItk ET,
v LUTFIE. SCPIC& 25X TY, 7 7 4 NERXEDFMHFIEICOWLTI,
[SQUIDDOFIEAE >7 7 A VEREAE (A—AeSQUID) | Z#2ZSBELEIWL,
http://www.hpc.cmc.osaka-u.ac.jp/system/manual/squid-use/transfer/

SCPa= > FTD7 74 IVEEiX
$ scp @squidhpc.hpc.cmc.osaka-u.ac.jp:~/

4

o
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— LD — TR T— 3R T LARNICERIXT S

A—ALDT7—VRTF—ardaAVTFA A= %A —RETT,

v UTFIE, SCPICX BEEBITY, 7 74 WVERDXDFFMFIEIC DL TIZ,
[SQUIDDFIA AR >7 74 VEEEXEAER (A—HIeSQUID) | Z2Z8BBL a0,
http://www.hpc.cmc.osaka-u.ac.jp/system/manual/squid-use/transfer/

INAT]—F AR
IRT]—RZaEINEFTOT, AIREEEVXTLERBLUNSRT—FE2AALET,
xxxxxx@squidhpc.hpc.cmc.osaka-u.ac.jp's password:

7?94ANZ7 FAT
Verification code (2. 2E&BEEREE 7 7 U D BLEEB LT Vv XA L/XX T — K2 AL 9,

Verification code: (724 L/IRTT— K& AND)
SCPE{ER
7 AIWEEEIMTHON, XN, X7 7 M LT A X EERFEARRINE T,
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SQUID A—AILL YA MU DA A= Z2BUST 5
SQUIDEIESRELAHZaAVTFE2A—HAIL SR MY IZAEALTWET,

O—AIDLRPMYUDSAVTFFAA—=—FNET S

[Z=] $ singularity build ¥
oras://cntm:5000/

[E1761] $ singularity build ¥
oras://cntm:5000/
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Singularity Libraryh o 4 X =2 #EIS 9 5

Singularity Libraryh» b4 X = ZEEAI8ETY,
A A= %IRRT S

(=] $ singularity search
[£1761] $ singularity search

library://emmeff/centos/centos:8

AX—DZBST S
[£=5X] $ singularity build library://

[Z21741] $ singularity build library://
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Docker Hubh o A4 X = 2BV 5

Docker Hub E®D 4 XA —<%Singularity (2Z#: L THI
https://hub.docker.com/

=l
iy
874y
A
<}
o

Docker is updating and extending our product subscriptions. pu II : 7 / F\ a) ’r x . :/\\ a) /\OZ %
w.’docker hut. @ Search for great content (e.g., mysql) ﬁE i L i —g_ ( - 0) i;z— ‘i ce ntOS)

Docker is updating and extending our product subscriptions. Please read our blog for more informatin. X

W Q centos Explore Pricing Signin Hign Up

Explore

Build and Ship any
Application Anywhere

Official Images centos

Doc’<er Hub is the world's easiest way to create, manage,
a7d deliver your teams' container applications.

ﬁgﬁ Centos @ official Image ﬁ

The official build of CentOS.

CentOS

4+ 500M+ 4

IREBOXICF¥F—7— FZ AN LIKR B Copy and paste 10

pull this image
Container Linux PowerPC 64 LE ARM 64 %x86-64 386 ARM

docker pull centos rD

Base Images Operating Systems Official Image
View Avames
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Docker Hubm o 4 X = 259 5
Docker Hub E®D A4 X —< % Singularity (CZ#: L THFIAREE T,

Docker Hub "5 14 X — < ZHUS

[Zx] $ singularity build ¥
docker://docker.io/

[E£1761] $ singularity build ¥
docker://docker.io/
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NVIDIA GPU CLOUD(NGC)h oA X —Y A BB d 5

NGCEDGPURIIA X — 2ZH# L THIARIEETT,

https://ngc.nvidia.com/catalog (77 A7 > M EFZHAMNETT)

NVIDIA GTC NOV 8-11

Containers

| n Search or click the filtering icon...

Getting Started

S S

NVIDIA. NVIDIA.
INFRASTRUCTURE GPU OPERATOR
Validator for NVIDIA GPU Opera.. NVIDIA GPU Operator

Learn More

’ The NGC catalog hosts containers for the top Al and data sciengfsoftware, tuned, tested and optimized by NVIDIA, as well as fully tested containers
for HPC applications and data analytics. NGC catalog containgf's provide powerful and easy-to-deploy software proven to deliver the fastest results,
allowing users to build solutions from a tested frameworkgWwith complete control.

Sort: Last Modified wv

Accelerated with

< NVIDIA.

RAPIDS

RAPIDS

L. mamiee e L L
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NVIDIA GPU CLOUD(NGC)h oA X —Y A BB d 5
NGCEDGPURITA A= % T L CHETRETT,

https://ngc.nvidia.com/catalog

<A NVIDIA. NGC | CATALOG

& CATALOG
Catalog > Containers > NVIDIA HPC-Benchmarks

NVIDIA HPC-Benchmarks

Publisher Built By Latest Tag Modified Size
NVIDIA NVIDIA 21.4-hpl October 20, 20... 570.4 MB

NVIDIA
Multinode Support Multi-Arch Support "
Yes No

Description
The NVIDIA HPC-Benchmarks collection provides three NVIDIA accelerated HPC benchmarks: HPL-NVIDIA, HPL-AI-NVIDIA,
and HPCG-NVIDIA.

Labels
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NVIDIA GPU CLOUD(NGC)h oA X —Y A BB d 5

NGCEDGPURIIA X — 2ZH# L THIARIEETT,

BETHORE
$ export SINGULARITY_DOCKER _USERNAME="'$oauthtoken’
$ export SINGULARITY_DOCKER_PASSWORD

¥ 1—HZD $oauthtoken [ZETE T, APl KeylENGCH A4 F R THERL L 7=KeyZx AN L 9,

NGC Catalog Containers
https://ngc.nvidia.com/catalog/containers

AV TFDOEE
$ singularity build hpc-benchmarks:21.4-hpl.sif ¥
docker://nvcr.io/nvidia

27

‘\Orchestrating a brighter world N E‘




5. AV T FAX—TDIERENREZTA X




AV TFAX—VOERRE D ARZTA X
SQUIDZR>Y b FLAJgE, 1 X—CEHAEZFHALE T,

Sandbox BHATHREZTA XTBHE
sandbox & LTV TFHFDORBZ 7 7 ANICERL., 77 AV EERIET S EDAIETT,

B77ANVICHARERSA XA Z2RBHETHHE
HRLZTA RANEAEEET 7 ANLded)IZRR L. HRZYA RT3 ETT,
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Sandbox BHHTCHRREX YA X3 B %

AV TFDOAR%Zsandbox EFEINB A TERRL, 7742 EE
EIELET,

sanbox D{ERK

[Z£ =] $ singularity build -f --sandbox --fix-perms

+— LiEE TsandboxZ1ERX T 3155

$ cd ~/mySandbox
$ singularity build -f --sandbox --fix-perms

HioRfEEL - &R fEE TsandboxZ{ERX T 3156

$ cd /sqfs/work mySandbox
$

$ singularity build -f --sandbox --fix-perms
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Sandbox B THARAEXR~YA XT B HE

A TFDOAR%Zsandbox EFEINA A TEBRL, 7742 EE

RIELE T,
AV T FDRE)

[Z2] $ singularity run -f -w
[Z=4741] $ singularity run -f -w
Singularity>

X Fado7or 7Rk, dnfepipFED /Xy r =28 EC, IV TFROT7 7 A IILEBENRIEEE LY £,

BIEEDA A= 7 7401

(=R $ singularity build -f
[£4741] $ singularity build -f

31
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lmLl

FTxk I T7TANICHRAEZTA ANBZEEHT D 5%

ER7T7TANICBEARZRE L, ELVFFICHAREZTAXLET,
EE7 71 IVDERHI (sample.def)

Bootstrap: oras
From: cntm:5000/master_image/test:1.0

}&—z4x—vwﬁﬁ\%ﬁ

wfliee KR FOSH DAV FHIC
./test.conf /opt/test.conf AE—LEWwT 74
./test_start.sh /opt/test_start.sh

%post
dnf install -y net-tools  HRZTAZXADAT Y F
chmod 755 /opt/test_start.sh

%runscript a7 s iFIC BEIET
/opt/test_start.sh 4 30

EE77ANVEZERALT, AYTFAA—=%ELFE

[Z2=] $ singularity build -f
(3247411 $ singularity build -f
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9 DA

lmLL

FAINZHRAZTA ZARNB %L

ER7T7TANVDEHMETT, FHIEIA > FM 22 T7LESlBLE
S Ly, https://sylabs.io/guides/B.?/user-guide/definition_files.htmI#
BootstrapfJ

FE 7 Bootstrap @I T T,

Bootstrap 5188

library Singularity Library F > A4 X —%  <entity>/<collection>/<container>:<tag>
EET B 5] : emmeff/centos/centos:8
docker Docker Hub F A4 X — A 35EFE 3 <registry>/<namespace>/<container>:<tag>@<digest>
A 5] : docker.io/centos:latest
oras OCIH IS L7-L R MY AIEFE TS <registry>/<namespace>/<container>:<tag>
5l © cntm:5000/master_image/test:1.0
localimage A—AILDA XA =T 74 IV AT /path/to/container/file/or/directory
ERA il : ./test.sif
scratch FROMIEE 7 L
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lmLL

EFET 7 AIIIH AT A ZNE =2 L& T 2 757%
ER77ANVORHBETYT, FHIEEA > FA 2o aTLeEsRTE

S Ly, https://sylabs.io/guides/3.7/user-guide/definition_files.html#
%setup
EIL RBFAEF(C avr bzl 9,
%setup
touch /filel
%files

EILFFBEICKRIA MO 7 742 THFRICEBLEFT, BELHKEVWGESITALY T LT MY
ICIfE SN EXJ, %files
/filel
/filel /opt
%post

A X =2 DERERIC, Ay RZEdhLXT,

%post
dnf -y install net-tools
mkdir /opt/dirl
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a7AJ7U7Fk
NWACPUSTEIRIEARDY 7L R 7 U T |
#!/bin/bash
#---mm-- gsub option -----------
#PBS -q SQUID
#PBS --group=G01234

#PBS -l elapstim_req=00:30:00
#PBS -v OMP_NUM_THREADS=76

oo cmoos Program execution -----------
cd $PBS_O_WORKDIR

<17

Palsa

CPUFGTERIET/—FRARL vy FHFNT7 077 LEITTSED

X OMP_NUM_THREADS J|IEZ# A 2 T FRNICH 5| AN, XL v FIIIEITEINET,
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GPGPUEHEBIE OOV T+ 3 7E2T 5%

GPGPURIERIET/ —FRXL vy N7 AT 7 LETZT S

va7RI7 VT,

GPGPUSERIEHO Y7 LR 7 U7 b
#!/bin/bash
#---mm-- gsub option -----------
#PBS -q SQUID
#PBS --group=G01234
#PBS -l elapstim_req=00:30:00
#PBS -l gpunum_job=8
#PBS -v OMP_NUM_THREADS=76

oo cmoos Program execution -----------
cd $PBS_O WORKDIR
singularity exec --bind “pwd" image.sif ./a.out

X OMP_NUM_THREADS IRIBEZ# A I > T FRICHBIEWMA N, XLy FiIEFE

37

TENnxv,
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AV T T DERTHEDRER
AV TFORTHOERRICOVWTHHAL X T,

F{Ta<rF

exec AV Y RTlE. OV F+BEBEICETIB Y RE2ETLET, EEdT B2 Fii. arv5F4+ W

DEFTaAZVFERSTWVWAEIZTFEELSE L,

AV Y FHONRRBEER L THNIL, A>T FTADOPATHIRIEZH CIHERIN/-AT Y FARTTINE T,

[

=3, $ singularity exec <A X =7 7 A VE> <AV TFFADIATY K>
S

779] $ singularity exec centos.sif hostname

X EI76lLcentos.sif AT FHA A=Y ANDhostname I¥ > FZETLTWET,

38

\Orchestrating a brighter world N E‘




AV T T DERTHEDRER
AV TFORTHOERRICOVWTHHAL X T,

REEH
AV THFATOREERIE IV TR ZRIPNET,
OV TFDOART R THRNICERSINTLWAREZREI VT HAERICH W E T,

ARTF— R TEBEINTWABELHE LEXT3HAE. —env 7Y 3 2% —env-filer 7o 3> %
EUET,

——env A7 3 I L BEBIETE
$ singularity exec --env MIYVAR="My Value!" centos.sif myprog.exe
——env-file T & 2 —FEI8FE

$ cat myenvfile
MYVAR="My Value!"

$ singularity exec --env-file=myenvfile centos.sif myprog.exe

RIBZHICET AEFEMARNBIE. TEOARANFa Xy bzslBZE 0,
https://sylabs.io/guides/3.7/user-guide/environment and metadata.html
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https://sylabs.io/guides/3.7/user-guide/environment_and_metadata.html

N

N — /T S ==
:l / J /I 5(1.] @/::/%\/Iﬁ\

AV TFOETRHOEESICOWTEHRBAL X,

FXPFOSD=2 b
SNTHY, T FRTHRERILC/XZATHEBEARIETT,
m—=LT4L MY /sqfs/home/(*']FH%‘%%) TvERZVEE  /tmp
--bind # 7> 3 »IC FEDT ALY M)A~ FRIBETT,
--bind <7k X I~OSG)/\1>.<:| VTTFTADINZ>:<F—F>
R bDhome ICH B 787 7 Lla.out) Z#EITT 5
$ singularity exec centos.sif ./a.out

X EBITIE, ALY b T4 L7 MUA. OrTFTFARThomellHEZEHL TWE T,

Bl D YRR EDOT A LU FUICEMN-T BT T L(a.out) ZEITT B
$ cd /sqfs/work/(Fv—748)/FIREES)
$ singularity centos.sif ./a.out

X EHTlIE, O TFATOBEBZHPWDA., AT FHFRADLI|IEHANTHY, avFTFROAL >k
FTA4LZ MDA, ILEEBLEOT AL MY IZHE->TWET,
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6. SQUID Lo =

T DI




IV T F DG
SQUIDEDaYFFoIcHGEWAE LT, TigZziiBAL X7,

TINF/)—FTaTDET
MPIZREBLTYILF/ —RDary5+2 a3 7 2ETT3ROFES
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RIVF/—FY a3 TDOET

PR aTITIE, 220A VT FDERAHPIERINTUVLET,
https://sylabs.io/guides/3.7/user-guide/mpi.html

N7y FRavTF
Infiniband (OFED) 24 727 UX, MPIZA 72U khEEAyTHRICARTZ2ARNTI,
V7 ET T ARy DRI DB Y £9H, THROEL CERERENH S AJeedEnrH Y £9,
Infiniband K5 4/8 & Infiniband 54 75 Vo EHE
R T a—7H#ET 3MPI Launcher(orte, hydra) & MPIZ4 7 3 Y o Eiatk

FAMNNA Y FEBOVTF
Infiniband (OFED) 24 77 UX, MPIZA 72 U%2ay7FF7RICWANT., FXFOSOHLDAEFFHT 5

AR TI,
IRENEHLLZEIC, AV TFART7 VTS —>a 0BV /NAUNEELET,
IBETIE, iz L X9,
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<ILF /) — K3 T7DET

FAMZ7A47 7Y %7

44

#!/bin/bash

H--m- gsub option -----------
#PBS -q SQUID

#PBS --group=G01234

#PBS -l elapstim_req=00:01:00
#PBS -b 2

#PBS -j o
#PBS -N cIMB

ommooas Program execution -----------
export SINGULARITY_BINDPATH=
export LD _LIBRARY_PATH=/usr/lib64

module load BaseCPU/2021

cd $PBS_O WORKDIR
mpirun ${NQSV_MPIOPTS} -np 2 -ppn 1 singularity exec ¥
¥
imb-test.sif /opt/imb/IMB-MPI1 PingPong

L. wIF/—F

8

v 3
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CPU/ —F GPU/ —F

Intel MPI OpenMPI
2021.8.0 4.1.4

UCX 1.13.1

Mellanox OFED
5.6-2.0.9.0

Infiniband HDR
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|5 S84 - Singulatiry

Singularity 374> 54 2= a7 (EE)DEEFHIEATHLET,
[Singularity 3.7 User’s Guide| &< 23 Ly,

https://sylabs.io/guides/3.7/user-guide/index.html

# Singularity User Guide

@ » User Guide ©) Edit on GitHub

User Guide

Welcome to the Singularity User Guide!

This guide aims to give an introduction to Singularity, brief installation instructions, and cover

topics relevant to users building and running containers.

For a detailed guide to installation and configuration, please see the separate Admin Guide for this

version of Singularity at https:/sylabs.io/guides/3.7/admin-guide/~.

Getting Started & Background Information

Introduction to Singularity « Introduction to Singularity
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http://www.hpc.cmc.osaka-u.ac.jp/system/manual/squid-use/
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