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E1E HBMQITOBRRAT A

\ng

IEHEE R O BAZENFAEDR L NZR BRSPS NIE L 25, TOFHEREL LT VM®P
aVTHICEY, FRIZEFELUREDEMPIE KL TS, 22, FxdDPC ETVM»
VT T B, BFRETO ZEIETESD, VM I VT FOMHIZIEENEE PC
XHERDI I RY—EARRBEIIRDIGERHD. INHDOEMH% IT Hifi 2 28748
WCEDLERWH 2B ARNBETHS.

ARI—ATRIALTD2FEICERONHAY — NS EERE2BH T2 — A %2175
TW3., 8H%E2 325 VMOEAARY 72 L TCPUL2Y, ATV 1GB, AhL—Y10GB
Thd. HAARY VT TREARTIHGEFTHEEIISUTARY VDEFH2i7>T0d. U
MU, BWFEEZCOEETIE CPU &Y GPU MR ENZHELNHS. VM _ETGPU
2 HETLHIZIEPCINNAAN—%2FHTDH L THRETHS. 20, PCI/SZAAIN—T
X GPU & VM IZ 11 DREfRERY, GPU AL T HMAHETARTUZEID YT Z &
IETERW.

AR TIE, FENEHR VM ZIFTRL, ZRONAY— D) Y — A %K RAIZFH
FATEZHEBEMI AT LZRET DS, HABEHHRY AT LAIFEBONHAY — N RKE=E
ANV —=IY—=N\PGFHET D, ROV —NEHETIIIHZYD, AN L —I N0
YRD. F, FERBELY U TCHHAIND Z b, RO T 77X A0z 54,
BHEMEOENT 7AWV AT ADRBRETHS. ZORGEEMZTAN =YY T "I T
YU T Ceph ZFAHLU., WHY =D Y —AZKIHHETZ201Z, 2aVvTFFT
vV v TdHd Podman, Singularity, ¥ 3 7 ATV a—FThd Slurm 2FH L~ Th
5DV 7 N7 #EOREAB/EHRY AT LOREEZIT- /-,

1.1 YRATLEEF—ALA

AI—=ATHHAINTOWDIHBERBHRY AT LAOEHEHIL, SEK 24 EFTHEHERIHD
122 L THFbNTE L[], LU, Y—EADZHLP Y AT LAD@EE/IZEY, HY
BIHE UTH D ICIIRHEEIZ R 572, 22T, SER 25 EEICEELBIRE S DEEIZES
[V AT LEBF—L] BREUZ. KF—LIFV AT LOME, HAEHEPY X T LF]
FAHEDYR—NE2{7>T\5.



1.2 ERXDIERK

ARFSCIE 7 ETHEI N, UFICKEDOFMEZ RT.

o 1, AFEOERLHNEZRRS

o H2EIX, KX THELREMMPEZIEND

o Hi3ElE, TNEFTHHINTEALEYATAIIDNTIHEARS
o HAEX, BEBMY AT LDOFEIZONTHERD

o 5 EIL, BBE BRI AT LADEE L FMFAFEIZONTHRARS
o 56 &k, HBEWRY AT LADIFHIZONTHRR S

o HBTHEIX, AIFIZEIDELD, SBROFEIZOVTHRNSD



28 RITBEE

\ng
Jdiq

ARFETI, AHFETHELND LM, RI—ATHHAL TS T —E AT DWW THEE % FilH
ERSR

2.1 {R#81t

RAMEIE AV E2a =D CPURATY, TAAZREN-FIZTDYY =A% 5
MFMAE LT, HANZRIYEa =293y N - BEZER VRS SHMTH 5.
IIELBANZIEA A S D EDEI D SRIUET ST K S THRA MY, NA /3= F—
B, AVTFRIIHITEIENTES.

2.1.1 KRR M

FANOAAEIE, FANERD0S E(BAF, AANOS) LY 7 vy o7 %
AYAM=IL, EYLY 7 b D =7 ETHO OS(BAF, 77A b OS) & B X ¥ % Fik
ThHd (K2.1). KEMEY 727 %2KRAN0OSOT TV r—2arvn1 2L UTEA
BROEHTE S 720, FRIALEZER T 2N TES. UL, 7A N OSOLE
EHRA N OS 2RHLARTIUER S RN, A==~y RPAKELKR5.

r7UVr—v3 7IVr—v3 TI7Vr—v3 7V —>3
v v v v

VM VM

481ty 7 K (Virtual Box, VMware)

OS

IN—KDzx7”

2.1: RA MY



2.1.2 /NA/IN—/\AHf—H

INA IR= A F—=RID AL, REILY AT AZE#EN—RIZTIZA VA R—=)
U, N S=NAHF— ETHEBOT AN 0S 2B X423 FHETH S (M2.2). /N1 /58—
IS Y= DN R 7 ZEHT 5720, LI LS A==~y REAXLTE
ZET, VY —AZMEMICHATEIENTES.

77Vr—>3 77Vr—>3 77Vr—>3 77UVr—=>3
v b2 v >

VM VM

INAIX—=)\A HF— (KVM)

IN—KDx7F

2.2: INA ISN—)NA H—F

2.1.3 avFF+H

a v RO, OS LIV b2 FIH L TEEO 2 > 7 LIEEN S
MNTZER 2 R L, My TV r—ya v 2 ENThEE T N TELFET
Hd (K2.3). £aAVTVidKemel IZ&E>THN LT AL UTHETINDS. HiRD
RARBLPNA N= A =R R, VT FIITANOS 2RETLZ LT T
r—=2avEFERFITEIENTES20, VY —AMBRRUHENPRETHD.

aAvrF aAv7F

7V r—v3y 7=y

ST S475Y

~_ ~_

v F7+IT >y (Docker, Podman)

OS

IN—KDx”F

B 2.3: a2 5



2.2 KVM

KVM (Kernel-based Virtual Machine)[2] I Linux Kernel2.6.20 JAB#IZEEEREHE X T
NAN=NAHTF—THd. KVM & Intel VT L AMD-V 2 &1 x86 /N— R =7 ED
SREAUELZ Y R— RN LTS, KVMIINA IS—=NA = KT VED L A Y —
& LT Virtio API 2{#if9 5. Virtio APTIZ &V, {RAES Y VIZHERE LT N1 A % {2
95, ZhickY, LI A—N—~AY R2DELTES.

2.3 Docker

Docker[3] 1& Docker 1235558, #2495 Linux L TEIEY &Rt 172 Linux 2> 7
7704, EHTE57 SV r—2avThd. Docker i3V T FE2EFTHEITTR
<, AVTFHFA A=Y DEFRPHET BAMALRML TS, Docker I¥ Y N2 UG
%121 Docker daemon & FEEN D T —E Y TOY A2 LT TEH2HENRHD. I D Docker
deamon I Docker TF7 2 L % — & CHEHET 2 (X 2.4).

Registry

A

CLI )
< (run, pull, start ...) < Docker daemon >

\/

Image Kernel Container

2.4: Docker

2.3.1 Docker Registry

Docker Registry I& Deoker 1 A —Y % {{1(F, BATE2 Y —N\YA R7 TV r—vay
THD [A4]. LTFOGHEICHHAINSG.

o 1 A=V DRIFGI & HE ITEHT S
o 1 A—VEEMGTEZNNATIAVERTHAET D
o A=YV DLRIF LB ANPENDOFRREY —27 70 —IZEIZHET D

5



2.4 Podman

Podman I& RedHat #:2358%, #2435 Linux ETOCI 2V 5 F 2%, &, T
5007 —EVVAIAYTFIT VIV THD 5. Podman & OCI¥#ERD Y TF TV
2A LARFET D728, Bk U7z Docker RO IV FFT I v H#fE2 KD, £
7z, Podman CLI I& Docker CLI & [A] UBHE % £2659 5. Podman iZa V5o A=Y
ARV =Y, AVFFIVERALLENLUT Linxu A=)V EEENGETOZ LT, 7—F
YUVATEITIND (H2.5). Podman OFIEHITFIZH L IV T3, KM —Y XUIIER
AT DOVITNNI LS THEITTEIIENTES.

Registry

Container

Podman CLI
(run, pull, start ...)

Image

Kernel

2.5: Podman

2.5 Singularity

Singularity[6] &1, HPCEREEMIFIZEEI SNV TFT IV M T74—LTHD. Sin-
gularity ¥V FA—HFITHIGLTEY, IV T FHNTOMHRIZFEI T T OMRZ 5] &
<7z, =PI R HERDOBENBIER . /27 7 A4 8T, SHOME, /tmp,
/proc, /[sys, Jdev IV THIZY DY hIN, Y—/NED GPU Zf§iRIZFHTES. 1
VT F A A—VId Singularity Image Format(BA'F, sif) EIEIND HE—T 7 A I RX—AD
=, T—=AA TXHENEGTH .

2.6 Ceph

Ceph 1%, RedHat #:235B0%E, #2087 71V AT LA THS. Ceph XN EA T
YV MAKRL—=YTHS RADOS(Reliable Autonomic Distributred Object Storage) A%

6



R=ALBOTND (K26). ATV MARNV—IRXT—Z%2ATII b i
TRV ETEIANV—IVATLATHD. HEDAN L —YV2KRTHATEDZA T
VI NANV—=IMNRGRA TV NA RNV —YTHS. RAODS Tld, Object Storage
Daemon (27— Z{&iHd 5. ATV T NOREIZIK, 7T AKX Y T %562 Controlled
Replication Under Scalable Hashing(BA'F, CRUSH) 7V 3V AAIZED ATV 27 bD
AL Z38INT 5. BHEBEOHEIILE L TEHMBIITLS DI THS7-0, Ceph 7T A
BANDGTARTOD /) — RFREEFEINTOVIMEEZFHETED. TDED, T—RDHAHE
PRI ND. F£72, CRUSHIZT —X %7 T ARADTRTD ) — RIZHHEITHEL
£5&795%.

RODOS 137 Z ARIZRIEIND T — 2 DEH 2 LX), MEA TV I bADT 7
T AL U T Object Gateway, RADOS Block Device(BAF, RBD), CephFS »3&% 5.
Object Gateway |& HTTP RESTRH TV 7 ARIIBREINDG A TV 0 "hANEET /&
ANTHETHS. RBD X THOY I FNA AL UTT 72 ADABET, libvirt 2flAaEH
HFTVMODT4 A2 UTHATES. £/2, RBD RIANZHEHL/Z0SIZxwy 7L
extd X XFS RETT7 A —~<Y FUTHMHTES. CephFS & POSIX D7 7 A LY
AT ALTHD.

RADOSGW RBD
LIBRADOS CEPH FS

RADOS

[ 2.6: Ceph DT —FF 27 F ¥
Ceph 7 AZD ) = RELE T TAZ 2T LY —N"THY, J—RIZEATFD4DOD
T—EVPNEFTTED.
e Ceph Monitor
e Ceph OSD
e Ceph Manager

e Ceph Metadata Server



2.6.1 Ceph Monitor

Ceph Monitor(BAR, MON) / — RiZZ I A X DAV AREEIZEEHT W, 7 — X 08K
W= EHMFFT 5. BEENKELGE, 77 AXHNDMON J — R T Paxos L\ D G
TINT) ZALZMFHLUT, EOBHERNEL WL ZLBIRTHRET S, TD=D, wEED
MON J — RZFETDMHENDH .

2.6.2 Ceph OSD

Ceph OSD(LATF, OSD) IZ#HEA ML —VI28%. ZOT—EVIX1HDHDD 2 ¥ D
WA RN L —=JIZR LT, 1207 —FVHMEETS. OSDIEMON &i&@{EL, OSD 57—
EVDIRER LT 5.

2.6.3 Ceph Manager

Ceph Manager(BAF, MGR) / — Ri&Z7 7 A X 2KNHREEHRZINET D, MGR I
MON & HHIZEIEL, AEBDE=Z ) VIV AT LAREMY AT LD VA —T z— A&
UTCHRET .

2.6.4 Ceph Metadata Server
Ceph Metadata Server(BAF, MDS) / — RiZ CephFS D A X 57— X % {75 5.

2.7 Ansible

Ansible[8] I% RedHat #:253H%, 2T 2 VAT LMK, V7 U =7 DREMRE %17
SHENMELY =V THD. HONUOABUAZRETZ 7AIVIHSTY 7 Mz T7DA VA
NIV XBEE HEMIZETTEL 20, IV Ea—4 05 AR % RS LB O
MEe I ADHFICEHTH» 5. Ansible DFEIE L TZ—Y 2V NV ANRH D, REAE
247D B Python Off A AIHE, SSH THUET S Z L WA THNIIHRELETEH L
MTE 5. Ansible D—EHDMLH X Playbook & WD HALIZE £ SN, YAML EATHE
BXND. YAMLERXCTEHRINTWEZ LT, AFHENESFEANESTHD. /-,
AVITIANTIVF ¥y d—REUTEKRTIENTES.



2.8 Slurm

Slurm([9] i& Linux 7 7 AZ[ANF D7 A= b b LIV RN&GEIOY a TArVa—) v
VATALATHBD. Slurm (ZIFLATD 3 DD FEERE % 24t 9 5.

o SMBEZETTHZII—HIIHLTY Y —ANDHMI, FEPMMAZRT 72 A% E DY
T3

o HlVMToHNAZ)—REDY a TOMMR, FEiT, XD VI %D
o HEhDY a TXa—%EHITLHILIZLY, VY —ADES RIS

Slurm TIFFE (T slurmetld & slurmd THEI NS (2.7). 72, slarmdbd 2 G855
BILT, T=AR=ANT AV VT Y IERETLRTHIEWTES. TV VT4
VIUEREGSRTDH LT, VaTOBEEELTETL LML LS.

Controller daemons

———————————————————————————

slurmctld | slurmctld

(primary) } (backup)
e I

Slurm CLI
(srun, sinfo, squeue ...)
slurmdbd
| (Accounting)
slurmd i

Compute node daemons

2.7: Slurm DY —F 577 F ¥

2.9 rsnapshot

rsnapshot[10] & rsyen IZEED KRN 77y Ta—F 4 ) 74 ThHd. B—HLIY
VRVE-RIVVDAFY Ty NERNBDZENTES., VE—RMY YV EILSSHR
HT@EE%21T 5. rsnapshot FEREINLZBD AT Y TV ay N @R358, HHX
NB T A AT FEIIMICNC IS & Z L3R, TR DETITIINY 7Ty T DT
MO rsync REEZHANTIE—%4F7D 2 & T, FED 7 74 IVOEIHZREIZE HGEIZT
IETES. NI 7y T2 HEMET 22 cron RE L AT D2HELNH S.



2.10 Akatsuki

Akatsuki [FARI—ATHAL TS VM EH Y A7 A, B LAN i) —E X, N
DNS OHREZ $2t9 D Web 2> RO —)LSRX)VTHB. Ruby CldInTHBY, 71—
57 —2 & U Ruby on Rails 8. L T2, Ad—2DZEEIFERIOT AUy Ty
12U VM DERAR Y %1TS. BEIRY AT LAEHEF — LADVEH, [RF2T7>oT05.

2.11 1ie-virsh

ie-virsh[11] IZA I —ATHAL TS vissh 2 7Y 7UAZ VM EHRY -V ThHD. 1—
YO UID RO GIDEHZHEHL, MO —H VM 2 #fEIERWMEMAZ KD, ie-virsh
X VM EH /213 T4 <, Linux Kernel D7\ T %475 2 NTED. TD/-H, Ad1—
A®D Operating System & WD KZET, OSIZOWVWTESI—ERE UTHETHHINTY
5. BEIEY AT LAERF — AVEH, RFE2IT>o>TW5.
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F3EZ HVARAT L

AFETIE, 2020 8 A FTHAINT WY AT ADEREE, HESHEMIZHHTE5 VM
B AT MMIOWTIHRARD,

3.1 AL IREE

HY 27 L%, KVM Z2FHLZ VM AR—=2ADY AT LAZBEEL TV, VMIZAD—
AD Web X DNS FDRE Y AT LX, FLENHE WA THHATE 2 8H VM THIA
INTW i, TOED, MHENPBLEL T2 HDRARY 72525720, £3.1DA
Ry 7 DOPWHY—N% 4 H5E AL,

# 3.1: [HY AT LADYHHY—N

CPU Intel Xeon E5-2699 v3 (2.30GHz/18Core)
CPU =Y MK 2

A€ 768GB

HDD 600GB

RIZVM DA A=V % AFT22DICK32DA ML=V R 28EALEZ, N—KRF+
AT RIA TOHREDIIE X ND -0, RAID6 % ££H UE#EM: K O/ Mo m B2 175
7o ARNL—=U LN =N 7T b 2I)VIZISCSI Z 8L 72, KVM IZEHET S
1TIA T L —=2a ilHIGLTnWd, TITC, VI AR T 74NV AT AL U THIHHA
BERT7ANYATATHS, GFS2 Z2EA L 7=,

%32 HYATALADSANHA ML —Y

HDD | SAS 1.2TB x 24

LR 15000rpm

RAID 6
EITRE 19.7TB

BBV AT LDINY I Ty TETDIZDIZRIIDREEAN L —VE2HEALZ,
RBEBARN L —=VIZIEARTI—=ZAD Web T —ERN—Z, A—HFDKR—LT 4L 27 N2
ErRRAIZ—ENY T Y TaiTD,

11



%33 HYATLAONHA N L —Y

HDD | SAS 4.0TB x 24
LT3 7200rpm
RAID 6

FITRE 68.5TB

3.1.1 Akatsuki

Web 3 b —)LS2 V6 AR LAN #fi0 —E AR VM BT —EAZEH L TWH
%, FIFIEZIZY AT LEHF — LN VM ORI FHGEZ 17, VM ERDHER %2 BS99 5,
MERR % HXfS4%, Web I > b0 —)LS X)L & D) VM AERR, BIFEEZITAD L DIC8>TW
5, VMDYV —ZECPUL AT, AEV IGB, AL —Y 10GB &4V, HiEZE1T5 2
ETYVY—AZEMWERTIENTES, VMEHY—CADMELZX 3.1 125R7,

SSHZE THn

fIRE \«F? '

libvirtd (CZfc VM
FREE WAl Web libvirtd
dy kA—=JL/xIL
B — KVMR A ~
SETEH

% @'ﬁﬁg

VAT LERBF—LA

3.1: Akatsuki DM

3.1.2 1ie-virsh

ie-virsh & F 7LD PC TER L 72 VM 2RO T L — RY—NIZF 704 TE5H%—L
ATHd, 2—HDUID KU GID [HERZHET S Z & T, ¥IVFI—HIIHHIHE LTS,
£ 3.41% 2 —YWFHTE S ie-virsh DEERETH B, ie-virsh IZFLD PC TIEK L 72 VM
EITTEXD20, —FDRHAD OS REREZFEETILZR LY HHENE W,

12



# 3.4: ie-virsh DI ¥ VR

define

XML @ template % NIZ domain % {ERK

undefine

define TIERL U 72 domain % HIlFR

list

define TYERK U 72 domain O —&HRKR

start

8 U7z domain 4D VM % {Z#)

destroy

87 U7z domain 4D VM % {51k

dumpxml

domain @ XML % Z:H&

3.1.3 ie-docker

ie-docker 1% Docker 2 5w F UV —=IVTHY, I—HFERD T L — RH—/ A ssh
THEE R T\ CUL D BRIHT 2 2 EMWT XS, ie-virsh AL <, 21— UID % GID
BWEIETSZ LT, YAFI—FIHIELT WD, £ 3.5 1% ie-docker TRIFHT X 3
WEETHD, IVTFFTHITE A AV EREINHET 2 LENH 5,

% 3.5: ie-docker DAYV R

EFHOIYTFO—HERRTD

ps
run | AV TFEERT D

start | AT = LE)T S

stop | AVTFEEILETD

attach | Z2EJL C\W2 a2V 5 FIZ attach 95
cp AVTHIZT 7 AINVEEETD

rm a5+ EHIRT S

3.1.4 BER

HY AT AT, PENHERETHHATEEEL L TEBEVMOATH 2, €D
ZZOLLFD & S 2 ENE U 72,

o FABRBDEH Y —EAIZHENT, #H U ARBERE 2 /ERT 21213V A7 A EH T —

LANHEEPBETH 2z, TD1dD, —HELEZHEED HER RN RN/,

=

BN

MY —EANRHL ZEDRERMINTNEN 22720, HY AT ALADY Y — AR

T\,

o BT EDEHETIE GPUMNKDOLNG, KA, [HY AT AIZIE GPU BHEHINT
WRWZD, BRI ND VY —AZRETE RV, TD2d, EREY—EATIEAL
WoEE 2 & OB »% S FIHI N,
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o
Ay
a2

B4E HEBEBHR AT LD

AREFETIE, 2020 9 HIZfTbON 2T AT LAFEH, #HE MR T X 2R EEREIZD
WTkR 3,

4.1 FIYRATLDAVTL I RIBE

Y AT LTI, RALOPHAY =N 4 ERA L, HYATLADA KL —YIEHDD
TH-o7h, SSD D KAEEAL, BEAfiE(LIZ &Y SSD # 5 L 72, F /7, HE WS CTHI
HTE% &5 GPU HEHL -,

F 4.1 B AT AOYHY —N

CPU Intel Xeon Gold 6238 (2.10GHz/22Core)
CPU 1=v b 2
GPU Nvidia Tesla V100S
AEY 512GB
SAS SSD 5TB
NVMe SSD 1.5TB

RIZA—F DT =R EM5ET D202, RA2OA N L=V —=N\22HBFH L,
2HDANL =YY —NZIE Ceph 2T 5720, RAID 23 FHTZ, £D/-
O, IHY AT LATIREEREEDNA0TB Z 27203, ;Y AT L TIX90TB & 8L /-,

A2 VAT LADAN L —THF =N
CPU Intel Xeon Silver 4208
A€ 32GB
SAS HDD | 300GB/15000rpm x 2
NLSAS HDD | 4TB/7200rpm x 12

4.1.1 VM EHY—EXD#%1T

HY AT ATIEVMAR—=ATY AT LZHEL T, Y AT LTIEIY T FR—
ATOWEIT>72, LML, VMEH Y —YE ATH 5 Akatsuki, ie-virsh (&5 = kit B,

14



F 7=, ie-virsh I 72 1L R OBEREZ B U 7=,

e FILOPCHOVM 2T 7OAFTB7EITTRLS, VMDT Y T L —rN5EDTHL
< VM Z1Ed %

o fEKL/ZVM®DYY —A%2ELET 5

HYATALATIRIEY =N HART 4 AT RENBEINU 72720, VM A A=Y &2 NHAY—N
DTAAT RIA TIEEFETD I LT, VM DEENHE %2 mdft2X2 2 e n”TE5, H
VAT ATIE VM OERITHESBRETH o720, FHZFIIHGEZET VM 2/EKT X
52 EDITHRERBINL 7z, UL, FIAZEHIRAS VM 2EKT 2L T4 A7) Y — A
ZEETLE2BRNEH D, T T, VMODIERKIZIFZZ O =2 TIEARLS EDTERT S Z & T,
VM A A=V Y A XENILTEHILENTES,

4.1.2 AVTFTFEHRIEDEA

AT ALATE VM EBHY—E AT 258, L <#E#H I N5 GPU %2 VM TFHIH
T 272D PCINAZN =R EDFBENBEL KD, UML, PCI/SAZIN—TIX, VM
& GPU A 151 DRfRIC Qét@(PU%“?%N%%@T’%U%Té:tﬁT%E
W, F7z, B VM IFFRIHE OIF ABRIEHEZEN T X S K, VM 2{EK 425 ZLIZHU &
S BAEENBEL RV MAZFOFME RS, TIT, 77V r—Ya v OEFGEREL LT
BHINTWS 2V T HHii2 AT 5,

VAT DFFEERBE B EVFHT R0, IVF AP THHATE 3TV Y
VBREELRDL, TDRO, AT FIT IV UIZEINF =PI U TS Podman
& Singularity # M 9d %, Podman (ZFAFEERETE H D 720D —ERERA L EZ > 72 1),

RENEEZIINDGEN DD, EHTEIIVATLEMF—LDFEOHEIZITEL TV
éﬁ>ﬁ AR TR T 2 ITIREI BWGERDH D, TDd, HPC BREIIHE I N
T3 Singularity ® [FRHCFIHT %,

Singularity (&3 > 7 F AN THEITLI—VFOMERZ 5] Sk <720, FIHBEIMERLZ T 0
T ADFEFITIFANT WD, 725, Web R ERIEN BB R Y —E A2 F1792H I LIETE
7&11‘ KHEDS LR Web 78 £ % % 179 556 1& Podman 2 FIfH 4 %, Podman i&3%Y b

JRERITODZET, AV T HEBICIP Y RVAZEY B TEZENTEIDN, I—

FVZT@@U%T#T%ED IP7 RLVADHE) Y TITIERY MU= 731 ADBH
ﬁb‘fﬁ/\\g?‘:“ﬁf root HERR DN 72D Tdh 5, rootless TWeb R EDHY—VY A% FEITL
TRV ATBHIZEFR— N7 AT —REBRETILEND D, 20 MAENHHTLH—
NENAT =TT 2 Z2id2Fa) 7 IZTERY, €2 T, Podman % wrapper
U 7z ie-podman # {E U 7z, ie-podman i& 3 > 7 HIZMEBIDIP 7 R L A% EH D) 24T 5
R %,
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4.1.3 Da TRV a1—SDHEE

[HY AT A TIE VM R—=ZAD 728, FIFAZE D FHEPHRED T T T MIkO 5N
V—ATEITTEIUBERD /2, HiIYATAFI VT FIR—RAIER L2 LIZ2&Y, H
HAHEITNAY =DV Y —A%2FHTES, TO-O, BHOMHAENI LDV Y — A%
FRT DT T I L EGFURGE, VY —ALRER )Y —ADHENEZO6ND, T2
T, NHY =21 DV Y — X’Exﬂfck<ﬂﬁﬁf%éck’)6 95720, VaTArIa—7Th
% Slurm (2 XV EHZ1TS, Slurm IEFECEMAHRHZBO IO TIEAR L, FHEY Y —AD
FAMERE L5 2EHT D, D7D, Job DELIERIZLARD & S IZEEEZTTD,

o ZRTDNY—=ADADENN Job DIEREZ m< T D
o FEATHFHEAEI Job DEREZFH< I3
o ZNETOD Job DEATEMETEIEIZZIL RN

F 77, Slurm (ZEERIND Job 1 FN\V 2 74 NV EBEATE, Nv 774 0VIEK41DELD
2, BRI N7 Job Y, BIEMELX T\ 5 Job DFEFTRFEIBINTH Y, 2& ) Y —
ATHHATEEZR 1, BIZH NI N7z Job & V) BITWEE I NG,

g/ R || mmbolb || I it
== @5 || b i
S8/ — R | | WEHRODJob y.é i

St — R

%"%/—l\\ :D‘Eglj\/_z

4.1: X774

4.1.4 T7AINY AT LDIEE

HY AT ATIEVMDA A=V %I T AR T 7AINY AT ATHD GFS2 (- 1F UiE
LTCWe, 20D GFS2DEMIZIFINERY T AR ERRT DRHEND D /20, B—EHF
HIZEV DY —VCRAIEELEZ2Bbolz, /2, A—TFDE—LFT 1L b
DEVMTGFS2%2 YUY MUNFS TREINT Wz, TD0, NFS 22925 VM
MPMEIET D TA—FANDEENRD>/2, TIT, iV ATATIEVM A A —TYDHEAF
WENHAY—NNDT 4 AT RIA T, 2—F DK —LFT 1 L2 b)IZCeph 2T B,
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Y AT A TIEPHY—/NMISAS SSD 3 FTB & HY AT ALV ELSEHIN TV,
2EBDY —NITHERHEATHATIEH VMDA A=V ZHEEFEL, KD 2HICIFAT—
ATCHALTHW2Y—VCAZ2EMTD VM 2IFFT D, A= NRFETEI LT, B
—EEROMEE NI TEHIENTEDS, CephlZHBEHEL A OEMBEREL RO/,
BEEOEN T 7AWV AT AL UTHHATES, TORD, 2—YDF—LT4 L7k
VERETD 77 AV AT LE UTHAT S, F72, Ceph ik Object Gateway, 7 11
ITFNA A, POSIX HLD 7 7 A WY AT LRYE, FHRIZE > CTEREIZT 7 ¥ A fiEe %
HCTX%, 7JAOVITNA AL LTCT 7R ATEZIETVMAA=TIDNNY I Ty TL
LCERATES,

4.1.5 Ny O T v TERE

HY AT LIZIESAN A MLV —YDMIZ KBEA N L —INREAINTEYD, Ny o
TYTHELUTHAINTWZ, NI T Y T iEWeb T —ZX—Z 2—HFDHE—L
TAVIRNVRBRERFIZETINNN I Ty T I —EEZRN I Ty TeiF>T\\ 2,
UL, i ATATIRAN L =UH—=N2E6DD, ATV 27w T TlET1 A
JRBETFHEUTCULEDS, £IT, HiYATALTIE, X602 =3y MER&HE (LT,
ILSHA VR =2y NPT EEHAY —NANY I 7y TS5, EHY—/NX4TB
DSAS T4 AV % 2BHHLUTHY, ETFRIF24TBE2AE LTS, TOHEHAY—N
ANDONNY I T FIEWeb DT —&, 2—HFDR—ALT+ L2 V) % rsnapshot & VT
DN T T Y Tai7D, HY AT AL D ERIZDLROD, 5Ny 7T TO7/dFHX
N5 T 4 AT SIS Z 5 Z e BN, F2, T— XD  rsync R E T
C—%1727200D7%=D, 777 RY—N"THOoTERED 7 71 VDA% HHEIZEIHT X
%, rsnapshot IZA R D & D ITHEZ TV, 1 EDDT —REZHRTFT D,

o HHOWIZHEONY 7Ty TE2FETL, RRKTEDAFY T ay N&IRET S

o HHEHIED IWHIZ—HEDDAFY TV av N2AUFL, mKABDAF Y T ay
NERIFT D

o HHIH®D12KIZ 17 HODAFY T ay haEEL, &K 12D AFy T avy
N RIET D

4.1.6 X

Y AT LTI, &Y —7NTHEE M5 H TR T % % Podman & Singularity % FHWY,
VaTATTVa—5ThHd Slurm E AVTER %175, WA —N1H% Slurm D 3> K
O—Z/GH ) —REU, BYIFEFHE ) —REedTHILT, VAT LD Y — A% KIRF]
FATBEIZ G D, CephldT 4 AZ Y —NDATHWET 5D TIEAL, PHY—N3AEE
D3, T4 AP —NFOSD 2Hib, WY —/3 MON, MDS, MGR 2249 %, JLH
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P—N2EDDI LT BKRIBOREELHARTILLIDIIRD, TDRO, MHEAND
WEBEDBRSTEIENTEDL, ZNHDHEMEHCTHRLZY AT AKX % X 4.2
WRT,

Server 1 Server 2 Server 3 Server 4

’ CephFS ‘ ’ CephFS ‘ ’ CephFS ’ CephFS

Podman Podman Podman Podman
Singularity Singularity Singularity Singularity
runC runC runC runC

]

a1

MDS MDS
Slurm Slurm MDS / MON Slurm MON / MGR Slurm MON / MGR
Ceph
KVM KVM Ceph KVM Ceph KVM Ceph
NVIDIA Tesla V100S NVIDIA Tesla V100S NVIDIA Tesla V100S NVIDIA Tesla V100S
SSD / NVMe Storage SSD / NVMe Storage SSD / NVMe Storage SSD / NVMe Storage
Network
—— 10 Gbps
Disk Server 1 Disk Server 2
’ Podman ‘ ’ Podman ‘
’ runC ‘ ’ runC ‘
’OSD1""’OSD12‘ ’OSD1""’OSD12‘
’ Ceph ‘ ’ Ceph ‘
HDD Storage HDD Storage

X 4.2: ¥ AT AR
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FHE HEBBHRIARATLOEE

ARET, MELULZBERRY AT LAOEHGIE, FIAGIEIIOWTENS,

5.1 LDAPIC & HHEREE

BEHERY AT LIE, RIA—ADZERHEIDOL—FT 1 % LDAP TEM LU T
Wb, F/2, A—TOHEREEMING, VMEHY—EY 2% 05 FEEEIZ LDAP »
5A—HTHT Y hOEREEEGT D Z LT, MOFHEZED ) V) — 20 U THEAE % HIR
95,

5.2 VM EHY—EXDFA

ie-virsh (ZIHY AT ALKV RAINT NS, Fi AT LATERMAZ /ML, Frz e
DB % 1T 7=,

INFE TODie-virsh TIE VM 2R AT 2121&, FeD PC TIER LU /Z VM A A —T % H—
INZT Y T = RZ4TWV, fe-virsh TRAA VOEBEVBBETH 72, TIT, #H-IZVM
DTV TV—r DA A=V ZHEL, TV TV — 5 ENTVM 2ERTES LS IZL
2o VMODT YTV —RoHZIZVM 2EKT DI TRRD & D IZIFD, £/, gdb A
TvavEMNETSEZ LT, GDBIZ &% Linux Kernel D Debug #1725,

$ ie-virsh define --template Ubuntu-20 [VM_NAME]
VM OERTRIATES 7 7L — NI TR OEBIETHR TS Z LN TE S,
$ ie-virsh templates

F/2 MERUAZVMDT 7 AN IDY Y —AKIHY AT LANGEHEIZZL, CPUL AT,
AEY IGB, T4 AZEBER10GB £ R>TWd, INETIX, VY —ADOEHIZHFEL L
HTHoM, FilOIETCVM DY Y — A2 LENTZ5, LU, T4 AVKEDE
FIZIXHENRE L Z>T N5,

$ ie-virsh edit [VM_NAME]
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PERR U772 VMIZIP 7 RV AZE) Y THIZIE, IP 7 RV AEHY —E AIZ Mac 7 RV
AT HIHENRDH D, VM D Mac 7 R L Aldie-virsh DMERKLT D XML 7 7 1 WIZRE
ZINTHY, dumpxml TXML 2 UERTE S, LML, XML 2 {196 & BBl
TOHRUNE L K RRIND 20, TEDBIETVM DA VX2 —T = —AIFH%E T
B LD -oTWVWS,

$ ie-virsh domiflist [VM_NAME]

5.3 AV TFREDIHA

Y ATATIEAY T T YV TdH5 Podman & Singularity &AL 7z, £7z, Pod-
man *X° Singularity Z {9 2% ETORMELR K2 A D 72 DIZERK U 72 ie-podman (2D T
FHHZ1T D,

5.3.1 ie-podman

ie-podman |& Podman % wrapp UL —F THHTH Z &N TEX 2 2V 7 HEHY —
N TH%, Podman [ IV F 1—FIZHIR LU TS 7280, ie-podman Z FHET £ OV
TFDERBRE%RITRA D, ZM, AT FADIP T RV ZADEY Y TIZIX, root HERRA
WMELE 725 728 rootless TIXFEITTEI R, TD/HD, Web REZFEITLT 7€ F DI
R—=h74T—REFEL,SSHA— M7 ATV — REITDIRBENHD, T I T,ie-podman
Tld Podman O3 X TDHERE % wrapp 92 D TIE7& <, rootless TIFFEITTI R WVEERER
feftd 5, 5.1 ie-podman THHTESHEETH D,

# 5.1: ie-podman D I Y >~ R
build | Containerfile DIFRIZHENA A=V & EHKT S
cp AVTFET7AIVERETD
exec |EEHOIVTFTTORAEZETTS
images | AV T T A A—VD—E%2KRTD
info AV TFOERERRT D
logs | YT FDlog Z2FKRY D
ps EETDIY T FD—EEZRKRTD
registry | EZRID LY A N OFIEZITS
rm 2 = |12 5 B3
run AV T F 2 ENRT S
sif | A A=V sif 77 A INVIZEHT B
start | AV T F & EETD
stop | VT FEEFEIETD
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FLOaYFFDEMRIE Podman Drun EREIU &S IZ5EITTES, LML, ie-podman
WEHOA Y a v 235, uniZ gpuA 7Y avaiEEdTsd & TaryTFNT
GPU2fHTX%, £/, ipA /Y avaEETDHII LT, HHINTHENWIP T R
ANEDIROND, AVTFRAIIBETDI I XD, A—FHZ{THTIND -, i
A—YrEETDE I LIER, ie-podman ZHHL T, HrLWa >y 7+ OERKIE RO &
21479,

$ ie-podman run --ip --gpu --name [CONTAINER_NAME] [IMAGE]

Y AT HIZA VA N =)L INTW S Podman I rootless T VT F 1 A—YDIER I
KETHD, Zhd, FBBEBLEVS 2L, HivATLADI—YFDE—ALT 1V 7 MV
CephFS TRRHEINT WS 72D TH D, ie-podman & root D Podman %z K| L SSD ki
ERR X N2 728, Podman L IR U SR TH D, f A—I%FarysF4eEHUS—Y
H{THEIND T, MMa—FLEEHTEZ LIEAR, ie-podman ZFHL T, FrL
A A=VDERITTEHD L DI247 5,

$ ie-podman build --tag [IMAGE_NAME] [CONTEXT]

F72, ER UV T A A=V TR OREC B2 RRITDILNTED, BT
FRIND A A—Vlie-podman TR L 721 A—IDATH D,

$ ie-podman images

Singularity I& Docker TIER U724 A —T % sif 7 71 VAU, Singualrity THIFH T
X5, sift 774 NWADERIE docker T—FUAD VT A NEFTFD BEND S A, Podman
XTF—E YV ATENET S, £D72®, Podman TERK L 721 A — % Singularity (22 #
9B IZIF—FEH#H»" 5, Singularity (X Definitionfile Z gk L, €IV R§TBH 2 & T, sif 77
ANEERTED, 720, A A=YDENRFIZZ T —DBHETL L, MO REFT
D BENH D, Docker ¥ Podman (&1 A—YDEIN RIFIZL A Y —T&IZFyyad
% 72, Containerfile (ZBIIRHHEZIT > TERIEDOF ¥y Y aMEHIND Z LT, &
HIZE BT HOND, €T, ie-podman TR L 724 A =T % sif 7 7 A WAEHT D
HREZ E U 720 ie-podman THA A=V % E L, FELOBIEZITS 2L Tsif 77 A )b
ZHEITD,

$ ie-podman sif [IMAGE_NAME]

HYATALATIEIAVTFIR—ATYATLA2WET S/, AT FLVYAN) 2E
AU7Z, VIAN)DRAIFEANAXY N7 —2ZMN5AEETH Y, push % pull BH[EETH
%, ie-podman 5 721} T4 <, Podman ®F 6D PC D Docker "5 HFHTE S,
VA NYANDEGIIE, BikT DA A —VIl tag 21T push T2 BENH S, ie-podman
TEATI—ZDOVIARN) ZRALR T T2720, lHICHIET S 2B 2 /ER U 72,
ie-podman TIE N DEMETARI—ATHHATZ VI A NYANERTE S,
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$ ie-podman registry push [IMAGE_NAME]

F, VIARNVIZEBRINT VDI ATV ~EBE2RRTDIILEHABETHD, Ficd
BIECA A=Y W2 RREITD, A A—VREHETEILT, 1 A—VD tag — 54D
FKRETRETDH D,

$ ie-podman registry search
$ ie-podman registry search [IMAGE_NAME]

5.3.2 GPUZH#ALKLRE

WY AT AT, AT —NZEHIND GPUZ AV TIPSO RHATES, 2V TS
» 5 GPU OFAIL, Podman & Singularity D 525 A[EETH B, 7205, T T T ADHE
FIZIE Slurm (2 Job & UTHE R T RENH D, TDHD, f A—VEB—T 71 ) N—
AL UTHRA, =Y DHE—LT 4 L7 NUBRIVTFFIZY Y b I NS Singularity % F
WZRAT %, Singularity D3 Y 7 FDFETIZIE, FlDBIETITA 5, F77, ETRHIZ v
AT aVERBETDHZILT, AVTFMNE GPU 2FHT S Z LN AJREIZAR D,

$ singularity run --nv [SIF_NAME]

FATIZIE run, exec, shell DY 7Y RAH Y, run Tldsif 7 7 1 IV 2 AEKT DRI
FREE DS HREZR runscript AFETIND, FHE I NZRWGE X shell EENT D, F77, exec
TRHAA=YRNIZA VA=V INTWRIEEDIYY REFEITTLIENARETDH S,
INS5DY7axy REFMAL, Slum (2 Job 28 N 2BD batch 7 7 1 V&2 AVEKT 5,
batch 7 7 1 WEY — A 51D 2~81TH X D12, Job IZHBER )Y — A% EHT D, VYV —
ADEFREIZ, BT U AWV Z GRS 5,

Listing 5.1: batch 7 7 1 )V

#/bin/bash

#SBATCH --job-name sample
#SBATCH --output logs//z-/7.log
#SBATCH --error logs/Jxz-]j.err
#SBATCH --nodes 1

#SBATCH --cpus—per-task 8
#SBATCH --gpus tesla:l

#SBATCH --time 01:00

O O 00U WN

—

singularity exec --nv [SIF_NAME] [COMMANDS]

batch 7 7 1 V& Eif%, TElOBIET Job 2 NT 5 I EWHEETH D,
$ sbatch [BATCH_FILENAME]

F72, Job DEFEIFRIE, TELOEIFETERT DI ENARETDH D,
$ squeue

BRUZ Job #821E3 5I121F, TilDHIETIFS> 22N TEX 5, Slum ida—H T &z
Job WWERLI NG 728D, i —H D Job ZF1ET B ZIET IR,

$ scansel [JOB_ID]
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F6E HBIBERS AT LD

RETIE, BEHRY AT LOFMM 2175, HIZBMA L Ceph & DL, VM &5 —
YA, V7 FBREOMZ i8NS,

6.1 T774IYRAT LD

HY A7 LD VM -ZHFT & UTHIH L TV GFS2, 21—V DAR—ATs L7 M) &
UTHHAHUTWENFS L DFEZHIRZ1T D,

6.1.1 EERHE

FEERRIHEAT D NAY —/\BRBE L, K41 2 AT D, £7z, Ceph DFERKIXX 4.2 £ 72>
T\,

RYFIY—=27120Fdd WD 77 A IVEHP I —% HRE U~ GNU/Linux D3 7 21—
TAVT 4 %HVS, ddid, KLV D /0 70 —HlfEE L2 A TH Y, =TTy
NEIAA, FIEHANY OFHEZJETED, T—XDOEHIIEIZ fdatasyne % 5 7E
T25ILT, BEIIAKMT DERIIZ sync & 1 [RIERT B 7260, EEEOEE I WEETHI
EMMHRET H D,

BZIAAIZF FEHOaAYY REHWD,

$ dd if=/dev/zero of=benchmark bs=64K count=2K conv=fdatasync

F72, 7 7401 XF 128MB, 256MB, 512MB, 1GB, 2GB, 4GB D&E X AA%ZITD, 5
[BIHIE 2 TV % R 5,

6.1.2 T77AINYATFLDZRELSE

6.1 1% CephFS, Ceph RBD, GFS2, NFS 128513 7 7 1 VP A Rizxt 3 2 E X AR
HETHD,
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1000

—— cephFS
cephRBD
— nfs
8001 — gfs2
600 -
0
[a)]
=
400 A
0 T T T T
0 1000 2000 3000 4000 5000
File Size (MB)
X 6.1: FHIAARHE D LK
6.1.3 &R

HY AT LDHE—LT 1 L7 MV, iSCSIRHETY Y Y NI N/zT /3 A% NFS 5
AL Tz, iSCSI DIEE 121 10Gbps D RIFR THEiAE X TS A3, NFS DFEfkid VM
TIrHNTH Y, 1Gbps TREEI N T W2, £D72H, 10Gbps DEFRTHALL, ¥ 7 2 b
U T\W5 Ceph TIEEZIAAREDOHENROSNS, LU, GFS2 1E 10Gbps T X v
720 I AZTHERINTOWSE M, Ceph KV EKHTH S, IHY AT ATIE, N\ Tr—I%F0D
TYTT—IRINTE ST, Kernel DEFH INTWAEN D7, Kernel & 1/0 (2B
2 < OBREZIRHET 5720, GFS2 DFE XIAA LY | Ceph MEHIZR > 2D TIEBR VN E
EZbND,

SEIDOFHHTIE, FHARAARREDHITE ZIT AR N>, ZHE, IHY AT A TiiAAA
RIZNY 77 F vy Y az iR dIcllE2{T 272720 TH D, TDHD, MPRFEAA
AEEEPETDIIENTERDI S LIIKENTH D,
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6.2 VMEHY—E XD

ARKI—=AD VM EHY—EATIX, VM ODFESRP ARY 7 DEFIZIEY AT LAEHF—
ANDHENBETH 72, ZHUE VMWD Y — A2 BEIFHTIRZWVWES VAT A
BHF—LATEHTE2ZOTHE, VM OIEHPCARY JDEEHFNES &, VAT A
BHF—AEFHBEORT®Y &) ZiI70 LTV, UL, YATLAEHEF—L0D
RBNZ E > TSR EIZH I TEITHAE 228 h o7z, iV AT LTI, VM
DAERER ARY 7 DZEFH I je-virsh ICX D IS TED L DITHRY | VAT LEMF— L%
FAEDOFMEZRS T I L HREICR S /2,

F, INFEFTOVMEHY -V REFT VTV —F D VM A A=Y % Clone UTW /=
720, HILL VM 2/EKT 5 & 10GB DEE %X HHL TW/z, £ I T, ie-virsh TIXZES
T VM % ERBEREDE X N, Fr U <FERI N2 VM IZE+ MBI2745 Z & T, {#ifld 5
TAAVRERZINZ D I ENAREIZ R o 77,

6.3 127 FIRIEOFE

#H U <SE AU Podman (&, Docker & [Al U CLI Z£24t9 % 728, Docker ZFIFHL 72 2
EMHDFEIIEIASFHTES, 77, ie-podman (2 & D RHEIS L E LR BEEES , FIH
PR B MER %2 5 25 Z 8 R<KFHTE S £ 51272 %, Singularity DEAIZEL Y, GPU
= FRICHATE D720, 3 Hz’f"ﬁﬁﬁ%f‘@ﬂﬁﬁ%fﬁé EEZOHND,

VM TidHi U< VM ZERRT % 72 NI ERIBHEEE SR E T H o720, AV TF A A=V %k
ER 2 2 & CEREMEIZ—EDAIIRD, /2, FRIOVIARNY =24 A =T % 5%k
T5Z LT, MOFHEZIIAEEAEEL 25, Singularity TIEE—T7 7 VD sif D I —
AT T, AUVRETTO I LADFEFTTIHIENTES,

INEFTDVMAR—=—ADYV AT ARG, AV TFRXR=ADYV AT LANDBITIZEYD | N
AN=ND) Y =2 &R L SHHATE D, F/a, ZHED KRB ﬂmf%é¢9 SV
DTN EEZEZOEND,
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TE FEH

\ng
JdUT

ARETIE, RELTRNRZZEDF LD, SHEDOHBEIZDNTIRRD,

7.1 ¥IE

AER ST, 2020 9 HIZfrb /2y AT AFEH 2 Uz, KD — ADEAERHE R &
NHHTEDHEERY AT LDOREEIZDONTIHRAR /2,

AR, RERSTUZDOWTHRY K S,

F1ETIE, AMEOEEPHN, FA2ARKI—ADY AT LAOEHERZH YTV A
T LAEHF— A DWTHRAR S,

523 TIX, AW TR U 2B Ic DWW TR /-,

HIETIE, 2015 EEDLSBE L COWZIHY AT LADA Y 7L I ABREE B PMEE T
FMHTESZ VMEHY - ROV THRR, INHDOMEMERLUEZ, £9, VM EHRY—
Y A1Z1& Akatsuki & ie-virsh 23 V) | Akatsuki (&7 > 7L — M0 56H L < VM % fERk U F]
HATEX2Y =Y ATHb, ievirsh IZFI6D PC TIERK L 72 VM 1 A — &R H — 1A
FT7OA %75V —EATH S, Akatsuki IZ VM EHZITTHR L, HF LAN iy —v
ZADBEEEZ FF> TV 20, VM EHY —E AEH F Y HAMINTEr >/, £/, VME
Y —E AR I —ADFEDLHE DR HATEETH D M3, VM OFEER ARy 7 DZEFEIT
EHEPRBETRYFAIN TN RN o2, TD72D, [HY AT LAOPHY—1 D) Y —
AR -o TV,

WAZETIE, VAT LATHEELU AV TV I ABE (RAEBRES, /-8 A LTV T
FERIEXY a T ATV a—JIZOo0WTiRE, £/, IN6DY AT ATORERIZOWNWT
LRz, FY AT ATIEHF 212 GPU BRI 1, FAEDFIHT S DERENRD 517z,
ZIZTC, VMR—ATYATLREETLIOTIIARL, AVFFR—ATHEL =, F7,
FHEHAVFTFEFATES LD, ¥IVF2—FITHIE L T3 Singularity & Podman %
BAUZ, SIVFA—YTHHTED20D, VYV —ADBEEE/ZOIZYaTArYa—
FJTHBDSlurm Z2EA Lz, —FH, 7710V Y AT L2 Ceph Z8A U 7z, Ceph X RBD
7Y TFNA A POSIX HELD T 7 A WY AT LRE, O T 7% A S5 05%] 7]
BETHD720, ARIZEY FZIZHIST DI ENTED,

BHETIE, FBATETHRELAZY AT LAOEEORALIEIIOWTAERZ, YATLD
I—POEHIZIXHY AT AL EBKIZLDAP 288 U7, 72, HY AT LANHBITL
WREMA 72 VM EEY —E ZDFH, EEAEICOWTHRANZ, RIS, HiLSEALZ
Podman OFJH A%, Singularity & Slurm & FHVW GPU Z M9 2 HIEIC DWW TR 7z,
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BOTHETIE, FARETHELAZY AT LDFHMHEIZOWTHERZ, £9, 771NV AT
LDFMEI %47 S, [HY AT ATHHL TV GFS2, NFS & Ceph D Hl % 171, 3 XA A
HEORENR SN, RIZ, [HY AT LAPSFHHAT S VM &Y — Y 208 % 47 5,
VM DAERER ARy 7 DZEEZ HGEZR UVICHATED L5124, EHE L FHAEOFH
MWET 72, F72, ZTEBEHRIZEY VMMWHTIEEE2/NIL LA, —H, #iL<
VT FBRERZBAZ LT, VATLAD) Y — A2 R EISFHTES 51U,

7.2 S1EDERE
AR THEEL BB R AT LADSBOBEIZDODNTARS,

7.2.1 HBBEHRY AT LDOREM

[HY AT LD VM EHY —E AIFEHRLETEHERI N U0, ERICIED £V ARZ
NTELTHAE DL, ZHE, VAT LAEHF — L0 5 DR HHIEIZDOWTHER
ENDBINo7Z EEHRE UTEITOND, KFFETHEEL ZHEHBHRY AT AIF, VM
MHEAYTFETHHTES, 720, FHIZEIZ CLI»SHEZITW, 7005 ADEST
W& Slurm 2 # 9 5, VMEHY —C ADETEX, 2V 57 FEREDOFHGIEIIOWTE
EDODBRBENDHD, F7z, Slurm @D Job D FHERBERY Y —ADERFERE % F
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