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2. Singularity & Docker




Docker & Singularity
Docker IZWEBX>2 5 7 F T

LEERLTWARAYTFFEETT,

Singularity (351&E#&tE > 4 —

ARR—

FFETT

Docker, |

7A€ R

AHMY
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https://hub.doc
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tdocker

Singularity

https://www.docker.com/

Apache License 2.0

BSALTOAVAT A

IICHFE SN, HPCHABHFTERLTWET,

S

https://sylabs.io/singularity/

Lawrence Berkeley National
Laboratory

nc

3-clause BSD License

https://cloud.sylabs.io/library
A—HFavwr RelLTaryTFIry rhies
a—HYER O YT H RS
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Docker & Singularity

A7 viE,. DockerTIEEEEY—EXREL TREENT A DITHT
L. Singularity Tlda—¥aey FELTEEIhTWET,

REY—-E205 #2&) : docker run httpd:2.4 ARV EALIVYVE
Y T FHrootiERR T

AV TFHHE1I—-YERTES

TE -
singularity exec ¥
rocky.sif bash

IL_;;J

aA—HFazry Fdn
aArvrFrIvvve
AV TFHEEES

) :3))
docker daemon 2SATY b

TEEH—ERE
=Xk OS BIE LB EIET
kernel

Docker Singularity

A—-YHRBESDERTIAVTTF2EHTE 578,
rootiEfR 2 EZ L WA /A X T LATSingularitylc k33T FHHBAPERLTWET,
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SQUIDTI, EEnarFFHFIAAEL LT, Singularity 2*F] Bl g
T9Y, Docker A TFFI3¥FRAZEDT-8, ZEEFIAHIETE i'tt/u

g\
*docker s D/

e Singularity
29.3.0- 3.1-10

ﬂﬁﬁﬁlf Rk O v 7 FiRE (REN AAF]) ZAary by F ETHAATEE
I A m] EE BEEEICLIFNEFTDLE FNH#ZEB S THbAH &EEITHATEE

A=

LU TIX, Singularity OFBAEICK > TIHBEL XY,

X docker Mrootless *singularity @instance®F., WH DR ZEY AL K 5 RiEgEHIE R T
=CHY, BEICERLAW TSI —ALHTETWET
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Singularity @ E A32(F
Singularity ®EEa< > F

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

15

build
cache
exec
help
inspect
pull
push
run
search
shell

sif

B ik
AA=VDELFERCEREZXELES 5% CHATE
* vy a1 DRE cacheclean T*¥ v v a7 U7
AV TFFHNTIEEISNY FEERTLET 6% CTHHAFTE
avyY RALTAEERRLET, singularity help <command><Ta~ > N
AAXA=DDART—R%EFRRLET,
URIFEEL T, A X—YZBE L £9, AE CHAAFTE

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

AAX=T T 7 AVOREICERLET
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Singularity M E A /E

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

AVTFAHADART—R%SBT 3

[E£x] $ singularity inspect
[=71741] $ singularity inspect

AYTFATY I VERET S (A TF 0"
(=] $ singularity shell

[£71761] $ singularity shell

AVTFFOEEaTY FEETT 5

(3] $ singularity run
[3£1761] $ singularity run

B %R T D)

'\Orchestrating a brighter world N E‘




VT FAAXA=TD

~
> —
——

(=

\Orchestrating a brighter world



OV TF A X — D%

SQUIDZAY bxT» N ETHEELG, 1 XA -V AL

A—AVDT—IRT—2arhoPRTLAICEET S
AV TFAX=2IE BEO7 7 AIERMLL D ICscpaA~ Y FFETIEAABETY,

Singularity Libraryn o4 A= 25T 5
Singularity Library TR ENTWDA AV TFA XA —CHENET 5

Docker Hubh» b4 X — %5 T 3
Docker Hub TR ENTWA OV T FAX—HENET 3

NVIDIA GPU CLOUD(NGC)h oM X —L M8 T %
NVIDIA GPU CLOUD TABIENTWL2 AV TH A X — I & ST
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— LD — R TFT— 3R T LARNICERIXT S

A—ALDT7—VRTF—ardaAVTFA A= %A —RETT,

V A XA=DEIIFEEIZ, rootiEfRZiF- T AL
o TOOtIERRDBHBFITTNDT—I RT—a v TENF L=EIX. FFIETER
KT eItk ET,
v LUTFIE, SCPICXBExEITY, 7 7 M4 WERXDFMFIEIC DL TIE,
[SQUIDDFIAAE >7 74 VEnEAE (A—AeSQUID) | 2 Z8BLIEE W,
http://www.hpc.cmc.osaka-u.ac.jp/system/manual/squid-use/transfer/

SCPa= > FTD7 71 IVERiX
$ scp @squidhpc.hpc.cmc.osaka-u.ac.jp:~/

4

o
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— LD — R TFT— 3R T LARNICERIXT S

A—ALDT7—VRTF—ardaAVTFA A= %A —RETT,

v LUTFIX, SCPICK BEEBITY, 7 74 WEEDEEMFIEIC DL TIZ,
[SQUIDDOFIBRAE >7 74 VEREAE (A—ANeSQUID) | 228 EE L,
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:

7794ANZ7 FAT
Verification code (2. 2ERMEEREE 7 7 UL EIE LT Vv XA LA T —FA2ADL £,

Verification code: (7 & A L/INZTT—RK%EAN)
SCP:&{SHtA
7 AINESED T O, BEEXRIRT. X7 7 M LT A X XK <IN E T,
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Singularity Libraryh o 4 X =2 ZES 9 5

Singularity Libraryhn b4 X = ZEEAI8ETY,
A A= %RERT 5

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

library://pm67nz/mahuika/rocky8:build8

AX—=2NFT 5
[£=0] $ singularity build library://

[£1741] $ singularity build library://
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Docker Hubh o4 X —2 28T 5

Docker Hub E®D A4 X —< % Singularity (CZ#: L THIA®
https://hub.docker.com/

RFEBOXIC*¥—7 — F‘\’f:)\jj LR%R

Q  Search Docker Hub (erlk] @ & i Ssignin

Sign in

Filter by 1 - 30 of 3,469 results for rocky.

Products v
Explore / Official Images / rockylinux
[C] images IMAGE A
[] Extensions “ rockylinux Q r
& Docker Official Images rocky“nux @ Docker Official Image « & 10M+ - {305
Spotlight Plugins The official build of Rocky Linux. =
Generative Al ~ potiig D 9 The official build of Rocky Linux oft Y EE EE i

MCP Servers Build Al Agents Faster with Docke

112 the warkflaw v know to develr D Al Models Overview  Tags

Pulls
Stars
Last Updated

Trusted content v IMPORTANT NOTE

The Docker team curates the Official Images program, and there are currently some technical constraints preventing Rocky Linux from publishing updates here. For
the most up-to-date container images, please refer to the Rocky Linux Docker Hub repository for now.

Quick reference

» Maintained by:
The Rocky Enterprise Software Foundation 3

4 )‘ - :/\‘ % ;\LE;_E*R * Where to get help

the Docker Community Slack (7, Server Fault (3, Unix & Linux (3, or Stack Overflow (3

Supported tags and respective Dockerfile links

He

o

pull A=Y FDA A= DR %

(ZDIZzAE L. centos)

Tag summary
Recent tags
9.3.20231113-mini

Content type

Image

Digest

sha256:305de618a..

Size
444 M8

al v

(3

Last updated A

=1

. LMY, 93,9 & <
22 - NEC Corpo"atlon 2026 « 0.3.20231119-minimal ,_ 9.3-minimal , 9-minimal 3 N

docker pull rockylinux:9 3,20231119-mmimat>

B " e e




Docker Hubh o 4 X =Y Z2EI§ 9 5
Docker Hub E®D A4 X —< % Singularity ICZ¥a L THIARIEGETY,

Docker Hub 55 4 A —< ZH15

[Z=] $ singularity build ¥
docker://docker.io/

[E£1761] $ singularity build ¥
docker://docker.io/
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NVIDIA GPU CLOUD(NGC)h o A4 X —Y = EF 9 %

NGCEDGPUMIFTA X -2 =2ZH#a L TH

BT

https://ngc.nvidia.com/catalog (7 17 > FEEZHDNETT)

@A NVIDIA. NGC Catalog Forum [4

All you need to build Al—GPU-optimized containers, pretrained models, SDKs, and Helm charts—unified in one catalog for
loud, data-center, or edge.

Top Technology
The most-downloaded Al frameworks, models, and SDKs on NGC—curated by NVIDIA, battle-tes*

G Z NVIDIA. NGC Catalog Search

Al @ s = m

Search

<4 NVIDIA PyTorch <2 NVIDIA Triton Infere

PyTorch is a GPU accelerated tensor computational Triton Inference Server i

framewark. Functionality can be extended with common... teams deploy trained Al
(" High Performance Comp: (I ——

Updated 2 days ago

€ Collection

@4 NVIDIA DeepSeek-R1 4 NVIDIA Cosmos Wo

NVIDIA NIM for GPU accelerated DeepSeek-R1 inference Cosmos World Foundati .
2 NVIDIA Enterprise ~ NVIDIA NIM ~ Use Case ~

Displaying 2369 results

24

Helm Chart (196) ) ( o Resource (561)

Search thousands of GPU-optimized Containers, pretrained Models, SDKs, and Helm charts—ready to accelerate Al, digital twins, and HPC from cloud to edge.

Collection (95) )

NVIDIA Platform 3 Solution ~ Publisher ~
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NVIDIA GPU CLOUD(NGC)h o A4 X —Y = EF 9 %

NGCEDGPURITA X —L XL THIATRIEETT,
https://ngc.nvidia.com/catalog

4 Forum @ Search NG

@A NVIDIA. NGC Catalog

ore  Search Support AP

| © Container |

I nvioix NVIDIA HPC-Benchmarks

The NVIDIA HPC-Benchmarks collection provides four accelerated HPC benchmarks: HPL-NVIDIA, HPL-MxP-NVIDIA, HPCG-NVIDIA, and STREAM. Get Container ~

® 2504 % Signed

Overview Tags

NVIDIA HPC-Benchmarks 25.04 Publisher

@A NVIDIA

The NVIDIA HPC-Benchmarks collection provides four benchmarks (HPL, HPL-MxP, HPCG, and STREAM) widely used in the HPC

Latest Tag

Pull the image

Save the HPC-Benchmark container as a local Singularity image file:
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NVIDIA GPU CLOUD(NGC) o A A =Y ZHEIE T 5

NGCEDGPURITA X — %2Z# L THIARIEETT,

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

¥ —HYZ D Soauthtoken IXEE T, APl KeylZNGCH A bR TER L 7-Keyx AL £ 9,

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

m b )Y ¢
$ singularity build hpc-benchmarks.sif ¥
docker://nvcr.io/nvidia

26
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5. AV T FAX =TV DIERENREZTA X




AT T A A=V DIERRE HAZ YA X
SQUIDZAaY T FETHERLE, 1 XA—CEHAEZHHALEX T,

Sandbox BHATHR XA XTB3HE
sandbox & LTV TFORNBZ 7 7AIIWICERL. 774V ZEZERIET S Z &EHARIETT,

B77ANVICHAREZRSAAART%2SLH T A
HAZXYAZANBZTEERT 7A)(deN) TR L, HREXYAXT BHETT,
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Sandbox A THREX YA X3 B %

AV TFOABTZsandbox EEINBHEXTERL, 7 7MLV %2 EHIE
EIELET,

sanbox D{ERK

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

+— L§EE TsandboxZ1ERX T 3155

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

HioRfEEL - & EfEE TsandboxZ{ERX T 3156

$ cd /sqfs/work mySandbox
$

$ singularity build -f --sandbox --fix-perms

'\Orchestrating a brighter world N E‘

29



Sandbox A THREX YA X3 B %

AV TFOARZsandbox E RTINS TERL, 7 7MLV EE

RIELE T,
AV T FDRE)

(23] $ singularity run -f -w
[Z=24741] $ singularity run -f -w
Singularity>

X Fado7ory 7Rk, dnfepipFED /Xy =28 EC, IV TFROT7 7 A IILMEENRIEEE LY £,

BEBDAA— 7 74104

(=] $ singularity build -f
[E=4761] $ singularity build -f

30

‘\Orchestrating a brighter world N E‘




ImLl

FTExITANCHRAEZYA ANBREEET D 5%

ER7T7AINEBERNRTZREHL. ELFRBICHREZTAXLET,
EE7 71 IWVDERH (sample.def)

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

}&—z4x—vwﬁﬁ\%ﬁ

il KR FOSHSAVTFIC
./test.conf /opt/test.conf AE—LEWnT 74 IL
./test_start.sh /opt/test_start.sh

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

%runscript a7 FEsiFIC BEET
/opt/test_start.sh 4 30

EEx77ANVEZERALT, AYTFAA—=%ELF

[Z2=] $ singularity build -f
[Z24741] $ singularity build -f
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ImLl

T/ T7AIWNICHREZYA INBZEEEHT 5 H+E

ER77ANVORHEBRETYT, HFHIEEF > FMA 2o aTLeEsRTE
S Ly, https://sylabs.io/guides/3.7/user-guide/definition_files.html#

\

Bootstrapd
FE X Bootstrap AL T T,

Bootstrap 588

library Singularity Library F > A4 X —>%  <entity>/<collection>/<container>:<tag>
EET D 5 : emmeff/centos/centos:8

docker Docker Hub Fd A4 X — A 3EFE 3 <registry>/<namespace>/<container>:<tag>@<digest>
2 ) : 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 O—AILDAX—2T7 74 I)LAIETE /path/to/container/file/or/directory
ERA 7l : ./test.sif

scratch FROMIEE 7 L
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|ITI||I

FExk I T7TANICHRAEZYA ANBXEEHT D 5%

ER7 7ANVOREBETT, #HIRF Y F4 22T LESRE
S Ly,

%setup
LIl N BRI O NZzEd L £,
%setup
touch /filel
%files

EILFREBFICEI MO 7 74023 TFRHNICEREL £9, BBELHEVWGSIEAL YT 4L MY
ICEEESNEd, %files
/filel
/filel /opt
%post

A A= DEfFEIC, avw Yy F&EERL 9,

%post
dnf -y install net-tools
mkdir /opt/dirl
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CPU

ICPUSHEIRIETOD OV T+ 3 7RITAE

S

=IE T/ —FARAXL vy F3

N7 AT 7 LETTSHED

NWACPUSMERIERHDOY 7L ) T |
#!/bin/bash
#ommmm- gsub option -----------
#PBS -g SQUID
#PBS --group=G01234
#PBS -l elapstim_req=00:30:00
#PBS -v OMP_NUM_THREADS=76

e mons Program execution -----------
cd $PBS_O_WORKDIR

X OMP_NUM_THREADS BRIRZHA O > T FRICHE|EHAN, AL v FWIIETENE T,
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GPGPUEtEBIE OOy TF+¥ 3 7ETHE

GPGPURIERIET/ —FRXL vy FitEFI7 AT 7 LETZT S

va7Ro U7k,

GPGPUEHEBRIERHO Y7L RX 2 Y7 b

#!/bin/bash

s 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

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

X OMP_NUM_THREADS IiEZ# A 2> T FRICH B EfA N, XL v FFE

36

TENnxd,
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L—

OV T D53

AT FDOETH

F2{Ta<rF

exec AV Y FTlE. O T FEBEIC

—

N

\

T EDEE

DFERICOVWTEHRAL X,

DETATVFERS>TUBRICTEFELZS 0,
=i AN AP =

[

=
[

X EI1T6Lrocky.sif A>T F A X —TAWDhosthname O~ > FEFEITLTWET,

37

Tt] $ singularity exec <4 X =<7 7 M L%> <AV FFAOAZ Y F>
1711] $ singularity exec rocky.sif hostname

RIT95aAV Y FeRELET, HEITHA7FIE, a»TFA

ExLThHNIE, 3T FTROPATHIRIEZH TRREIN/cOAT Y FAERTENX T,
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AV T FTOETHEDODHE
AV TFOETRHOEFESICOWTEHRAL X7,

REEH
AV THFATOREBEERIE I TR ZRINE T,
OV TFDOART R THRNICERSINTLWAREZREEI VT HAERICH W ET,

ARTF—ZTEBEINTWABELHE LEET3HAE. —env 7Y 3% —env-filer 7o 3> %
EUET,

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

$ 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

38 \Orchestrating a brighter world N E‘



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

N

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

AV T FOEITHOEESICOWTEHHAL 9,
RRPOSD2 b

SnNTHY, ayTFRNTHLRERILC/ XX THANRIBETT,
F—LTF4LI MY /sqfs/home/(ﬂﬁﬁ%‘%%) FYRZUSEE : /tmp
--bind # 7> 3 »IC FEDT ALY M)A~ FRIBETT,
--bind <7k X I~OSG)/\1>.<:| VTTFTADINZA>:<F—F>
B RA bDOhome ICH D7 A7 7 Lla.out) #E(TT 5
$ singularity exec rocky.sif ./a.out

X EWITIE, ALY b T4 L7 MUA. OrTFARThomellHEEHL TWE T,

B RSB FDOT A L7 FUICEANT-T7 AT T L(a.out) ZE(TT 5
$ cd /sqfs/work/(FIv—748)/FIREES)
$ singularity rocky.sif ./a.out

X EEH TR, O T FATOBEBZHPWDA., AT FRALB|ZHANTEY ., IvFFROAL >V K
T4 L7 YA TEREE EFOT AL FYICHE>TWVWET,
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6. SQUID Lo o

T DI




IV T F DL
SQUIDEDaYFFoIcHGEWAE LT, TigZziiBAL X7,

TIVF/)—FTaTDET
MPIZREBLTYILF/ —RDary5+2 a3 7 2ETT3ROFES
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RIVF /= KT a3 TDET

DAL= aTILTIE, 2203V TFDERAHIIEREINTUVLET,
https://sylabs.io/guides/3.7/user-guide/mpi.html

NZ7Yy F8IaryTF
Infiniband (OFED) @24 727 UX, MPIZA 72U khEEAyTFHFRICARTZ2ARNTI,
V7 ET 2T ARy 7 OFRIT DY £5H, THROELR CERERENH S AJeeEnrH Y £9,
Infiniband K5 4/8 & Infiniband 54 75 VD&Y
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#!/bin/bash

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

#PBS --group=G01234

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

#PBS -j o
#PBS -N cIMB

Hommooos 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

7 XTI BHITY,
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SQUID a)MPIiEEt:[BaEiT%;/; Y x Zd)n‘—:) 2 VIEETY.

CPU/ —F GPU/ —F

Intel MPI OpenMPI
2021.17 4.1.8

UCX 1.20.0

Mellanox OFED
23.10-3.2.2.0

Infiniband HDR

N AN y
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Singularity 134+ 54 2= 27 (EE)DREEIFEATUVLET,
[Singularity 3.7 User’s Guide| &< 23 Ly,

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

\

4 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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SQUIDDOFIAZMRICEET 5~2=aT7IiE, € Z—F—L~R—IT,
IEXREFHFRENTWET, [SQUIDDFIRAE] 28I,

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