\Orchestrating a brighter world N E‘

KRKFE HANRN—AT 4T Z—
MREZEER

a7+ AP

2024F6H28H
HABINRIASIT
XH - BFY Y a— 3 EiEED

© NEC Corporation 2024



\Orchestrating a brighter

NECIZ, BRE - Kb - AF - LWL S %
HLEPARMEZ T ICRECTE 255G AIER



>

NS oRsE W=

0

VT FOME
Docker & Singularity
Singularity ®EAIR1E
AV T A4 X =3 DEE
AV TFA A=V DIERE N REZT AR

SQUID _

SQUID _

- RIVF /=P aTDET

LESE

OOV T Y a T OEREE
OOy T FTa 7DOH

\Orchestrating a brighter world N E.



> T F D

7

[===]
ESS




AT FEEDS OH

AVTFON =

V7 b7 T7RIEEREDOLS S IRIBIKTF L IC < LWEITIRIR Aa2=7T1EEDHIA

rootlC I LMEIED AT EE

O T FWldroot (T3 ULNRE
D RlEE, MELR /Ny o —T %
EEEKREITI LRIV
Abh=NTEFE9,

& R
HWLWAR—=2 3 v DGCCHEELFZ L
AlOLinux 74 XA kYU Ea2—> 3>
ZELTZ Y

T7UELRITRIEZE LD
bhad

77V = areRITRIE
Lty N CEIET S LT,
RITOBREPEEL £9,

& 5
AV T FTERIYRTALICEST
T->TETTS

N=23 v Ty TEOEEAR S TS

RITOBRM & M

NEEhTWBaAry7TFHE
EE % F Aol g

RIERE LICC W o, 20FH

AX—C%ZDF FFRTE

%

& R
Docker HUB v 5+ A4 X — %
E->TT7 7 HETT S
GPUXGA X =T % EUL, GPUDE
MLREEEOFHZE <

\Orchestrating a brighter world N E.




O T F DO A

AT FEIIFRFOSEICRELRREIRIEZERT 51HA T,
rootiEfRH I WIRIETH ., ﬂiléxiﬂ’ﬁ:ﬂf% &:%_I T9,

userAO 7 At X

AT F

Singularity, Docker, m D7 by i D7 P

\I

AYT

etc AV T FEFRAMOSORIC

AV, RIEDODHC Y AT

Ld—I)zdli#ldTsdy 7k
I\ —
k727 & $O pr—

7T
Q) \Orchestratingabrighterworld NEC
O i




OV T ERE~YY > DEL

ﬁﬁvvyﬁu

kernel

R3E<<vB

R R b 0S(/N A 75— s34 #)

kernel

o K409
ki< BRRAA{L

© NEC Corporation 2024

kernel

RAB= A

A OS
kernel
By &

Oy TR (L

X FOSDkernelE ¥R FOSIEHEES N E T,
vT7TFTlE. OSDkernelzxz =X b & a5 T4

EBLET,

CHDf=Harrrii.

VARREIREE DN {EN B

V FZANRNPH—FILE 2 —IL
(37" R FOS%Z(ES
>R A NDERICEEZ D TS

v BfEOSm O ‘/T?L I$EITTER
W 2 Linux® _EIZWindows)

v Oy T+ RIZOSHER
£)IRE
—RRApELTREBILEWZ &
H %0

E(systemd

\Orchestrating a brighter world N E‘




AV T FDIRBZEWN- 774 I AT L

AVTFATIER 7 7ANVRATLDBFRRAMOSERRESNE T,
AAX—VHADODMIULEZ7 7ANVV AT LZ, RBEIFICTVMLET,

m aAYTFATIL.
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userA
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v T FicH
singularity exec image.sif ./a.out
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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, |
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https://www.docker.com/
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IICHFE SN, HPCHABHFTERLTWET,

S

https://sylabs.io/singularity/

Lawrence Berkeley National
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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

AT FH1—H1ER TEE

TE -
singularity exec ¥
centos.sif bash

In_éj

aA—HFazry Fdn
aArvrFrIvvve
AV TFHEEES

) :3))
docker daemon ZSATY b IE

TEEH—ERE
=Xk OS BIE LB EIET
kernel

Docker
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A—-YHRBESDERTIAVTTF2EHTE 578,
rootiEfR 2 EZ L WA /A X T LATSingularitylc k33T FHHBAPERLTWET,
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SQUID ICHB 5 a v 7+

SQUIDTI, EEnarFFHFIAAEL LT, Singularity 2*F] Bl g
T9Y, Docker A TFFI3¥FRAZEDT-8, ZEEFIAHIETE i'tt/u

g\
*’!docker s D/
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2503 5.7-10

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] ...
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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)
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OV TF A X — D%

SQUIDZOY FX Y FLTHELG, 1 X—YERAER
O—HADT—IRF—avh by AT LRICERT 3

AV TFHFAA=DIE BEDT7 7AINERL KD ICscpa vy FETEEDNRIBETT

SQUID A—ANIL RPN D BAM A= 2RNET S
SQUIDOBO —AIL YR MY TRELTWR AV T FA A=V ZEIST 5

Singularity Libraryh o4 X = %#BET 5
Singularity Library TREENTWE IV TFA X = HEEBT 5

Docker Hubh»* b4 X — %57 3
Docker Hub TR ENTWA AV THA X —CAaEET 5

NVIDIA GPU CLOUD(NGC)h oM X =L ZM8T %
NVIDIA GPU CLOUD TABIENTWL2 AV TH A X — V& ET
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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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SQUID B—AILL YA MU DA X—=TZBUET 5
SQUIDEIESREARHZaAvTFE2A—HAIL R MYIZAHELTWET,

A—AIDLSRPMYDPSAVTFFA A= FNET S

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

[E1761] $ singularity build ¥
oras://cntm:5000/
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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://emmeff/centos/centos:8

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

[£1741] $ singularity build library://
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Docker Hubh b A4 X — % BUS 9 5

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

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) EE i L i —g_ ( w 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

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

Official Images centos

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 Avanas
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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) o A A =Y ZHEIE T 5

NGCEDGPURITA X — %2Z# 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

25
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NVIDIA GPU CLOUDINGC) D o A A =Y Z B8 %
NGCEDGPUMIFTA A -2 %2Z# L THFIHARETT,

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

26 \Orchestrating a brighter world N E‘




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:21.4-hpl.sif ¥
docker://nvcr.io/nvidia

27
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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
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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

31
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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  NARXRIAXADIATY 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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ImLl

EERT 7 AIWCHAZ YA ZANBZ L&Y 2775
ER77ANVORHEBRETYT, HFHIEEF > FMA 2o aTLeEsRTE

S Ly, https://sylabs.io/guides/3.7/user-guide/definition_files.html#
%setup
LV KRR IC av v hbzgE L £,
%setup
touch /filel
%files

EILFFBEICKRIA MO 7 742 THFRICEBLEFT, BELHKEVWGESITALY T LT MY
ICIfE SN EXJ, %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

37

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 Ef7fiLcentos.sif AT FH A4 X —WDhostname A~ FEZETLTWET,

38

Tt] $ singularity exec <4 X =<7 7 M L%> <AV FFAOAZ Y F>
7719] $ singularity exec centos.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
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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 T FOEFTEOEERICOWTERAAL X7,
FRAPFOSOD=TI b

SnNTHY, ayTFRNTHLRERILC/ XX THANRIBETT,
F—LTF4LI MY /sqfs/home/(ﬂﬁﬁ%‘%%) FYRZUSEE : /tmp
--bind # 7> 3 »IC FEDT ALV M) AT NAIBETT,
--bind <7k X I~OSG)/\1>.<:| VTFADINZ>:<E—F>
B RX FDhome I2HB 7075 La.out) Z2ETT 3

$ singularity exec centos.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 centos.sif ./a.out

X EEH TR, O T FATOBEBZHPWDA., AT FRALB|ZHANTEY ., IvFFROAL >V K
FTA4LIZ MDA, ILEEBLEOT AL MY IZHE->TWET,
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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
R T a—7H#ET 3MPI Launcher(orte, hydra) & MPIZ 4 73 Y B Eialk

FRRAMNNA Y FEBOVTF
Infiniband (OFED) 24 77 UX, MPIZA 72 U%2ay7TF7RICWANT., FXFOSOHLDEFFHT 5

AR TI,
IRENEHLZEIC, AV TFART7 VT —>a>0BaAV/NALUNEELET,
IBETIE, iz L X9,
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RIVF /= KT a3 TDET

FAMZA477Y%F

44

#!/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
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CPU/ —F GPU/ —F

Intel MPI OpenMPI
2021.10.0 4.1.5

UCX 1.15.0

Mellanox OFED
23.04-1.1.3.0

Infiniband HDR
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Singularity 374> 54 2= 2 7 (HEE)DEEHIEATHLET,
[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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