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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
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ARFSCIE 7 ETHEI N, UFICKEDOFMEZ RT.

o 1, AFEOERLHNEZRRS

o H2EIX, KX THELREMMPEZIEND
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28 RITBEE

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

2.1 {R#81t

RAEUEIZ T Y E2a—Z D CPURAEY, TAATZBREN=RIZTDY Y —A%45E
MIEE LT, IKEWAR Iy Ea—2%3ry N —JBE2 ER UREET2HMTH S.
IRAEAEEA I IZ R A S D EDED D ST 20T K > THERA MY, A /N—=)N o F—
B, aVFFRIZRTRIENTES.

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.



VM VM VM

FIVr—vay| ||[|FFVr—vay| | |7FUr—vay
STV STV STV
42 hOS 22 hOS 22 hOS

A8k 7 k (Virtual Box, VMware)

0S

N—KDzx”

X 2.1: RA M

2.1.2  INAIS—/NA H—H

INA R AL F— RO AL, IBIEY AT AR EBENA— KT 27124 VA k— )b
U, NAN=NAHPF— ETEBDT AN OS 2B IE2FETHD (M2.2). NT/3—
WA Y —=DEHEN— R =7 2EHT 5720, RELIZEZ A==~y RE2/NIL<T5
Z&T, VYA RRNIMHATLEILNTES.

VM VM VM
7TV -3y 7=y 3> TIIVr—3y
475 475 475
T A KOS T A KOS 7 X kOS

INAIX—)\A ' — (KVM)

IN—KDzx7

2.9: INA IN— )N HF—HI



2.1.3 avFF+H

a v RO, OS LIV fffb i 2 FIH L TEEO 2 > 7 L IEEN S
MNTZER 2 R L, My TV r—ya v 2 ENThREE T N TELFET
Hd (K2.3). £aAVTFiEKemel IZ&E>THNLAZT O AL UTHETINDS. HiRD
RARBLONA N= A =R R, TV T FIITANOS 2RETLZ BT T
r—=2avEFERFITEZIENTES20, VY —AMBPRUHENRETHD.

A+ A+ A5+
FFrUr—v3Yv FIIVr—vgy FIIVr—v3y
47> 475 47>

Oy 7+ IT Yy (Docker, Podman)

0S

IN—KTx7

2.3: AVl

2.2 KVM

KVM(Kernel-based Virtual Machine)[2] (& Linux Kernel2.6.20 PARRIZERHEREE S 1T
ENAIN=NAHF—=Tdh%. KVMI&Intel VT K AMD-V %58 x86 /N— R =7 ED
SR E YR — MU TWS. KVM IENAN=NA F— L KA VDL 1 ¥ —
& UT Virtio API {3 5. Virtio APTIZ &Y, RIS Y VIZHERILT N1 A% 12
45, Zhicky, (REICEDEF—N—~"Y REDZITES.

2.3 Docker

Docker[3] 1& Docker 123558, #&4td % Linux ETEMEY & FE#E S 172 Linux 2> 7
=T 704, ET3$25T7 TV r—2a v ThHb. Docker l3AVTFF2FEITTEHEIITR
<, AVTFA A=Y DEEPHAET BAMAL ML TV D, Docker I¥ 2 N2 UH S
%121 Docker daemon L IEEND T—F Y TOY A2 EIT7 T2 0ENHS. T D Docker
deamon % Docker Tf7 5 ML¥E % —fEfr CEMET 2 (X 2.4).



Registry

A

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

\/

Image Kernel Container

2.4: Docker

2.3.1 Docker Registry

Docker Registry & Deoker f A —Y %17, BATE2Y—N\YA K7 TV r—ray
THd 4. LTFOGEICHHINS.

o 1 A=V DRIFLI & HE IZEHT S
o 1 A—VEEMGTEZ/NNATIAVERTHAET D
o 1 A—VDRIF LB ZANPENORFET —2 70 —IZHIHRE T S

2.4 Podman

Podman I& RedHat #E23Bd%, F4t9 % Linux ECOCI a5+ %%, HH, £Ei79
570D TF—EVVAIAVTFIT YUYV THD 5. Podman i OCI¥EHD IV FF T~
AA LDMAFET B 720, Bk L7z Docker REMMD Y FF I v e HEfEZREED, &
7z, Podman CLI IZ Docker CLI & [A UF#E %2 84t 9 5. Podman &> 5+ &4 A=Y
ARV —=Y, AVFF IR LENUT Linxu A— RV EEENFETHZ LT, 7—F
YUV ATHEITIND (K2.5). Podman OFHTIZH D 327 H1F, Fite o —H IR
A= OWTNNIE > TEITTIIENTES.



Registry

Container

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

Image

Kernel

2.5: Podman

2.5 Singularity

Singularity[6] & 1%, HPCEREEMIFICREIINAZIYTF T IV R T7A—ALTHD. Sin-
gularity I&¥ IV F 2 —HFITHIGLTHY, a3V T FHNTOHRIIFETLI—FOMER %5 X
W< 72D, T—VITKEBIRIER DR ENBERN. £/27 740V M T, SHOME, /tmp,
/proc, /sys, /dev XAV THIIY TV hIN, Y—/NED GPU 2f§iIZFIHTE S, O
YT F A A=Yk Singularity Image Format(BA'F, sif) LIEHIND8—T 7 A I N—AD
20, T—HAA1 TXREENEGTHS.

2.6 Ceph

Ceph 1%, RedHat #:2368%E, RG220 T7 7 A IV AT L THS. Ceph lF A T
Yl M AL —YUTdH% RADOS(Reliable Autonomic Distributred Object Storage) »3
R=ZLB>TWVWD (K2.6). ATV MNARLV=VET—RE2ATIVI ML VSH
MTRVIRYEZTEARN LV —VYATLATHD. BHROA N =V 2 KD THHEATESA
TV NANV—=IDRHEA TV AR L=V LIEENS. RAODS Tl, Object
Storage Daemon 27— A #&fHT 5. A7V NOBEIZIE, 7T ARIY T&CIC
Controlled Replication Under Scalable Hashing(PA'F, CRUSH) 7V 3V X A2 &Y 7
TV hOMMEEERT S, MEDFFEIILAELTIEHRIEZIS DTN TH D20,
Ceph 7 7 AZHNDFTRTD ) — RIFFHFEINT VBN EZEFHTES. TDLD, T—
B DiihE IR INSG. £/, CRUSHIEZT =2 %227 T AZHNDTNTD /) — R
FEIZABUES T 5.



RODOS 137 T AR FEIND T —RDOEBEF/HLZT, BREA TV hADT 7
T AF#E L U T Object Gateway, RADOS Block Device(BAF, RBD), CephFS »3d 5.
Object Gateway |& HTTP RESTRH TV 7 AR IREFEIND A TV 20 NANEET /&
AMABETHS. RBD IE7 0V 7 FNA AL UTT 72 ANAHET, libvirt ZMAEH
¥TTVMDOT A A7 UTHATES. &7/, RBD RIANEHEKLAZO0SIZvy 7L
extd X XFS RETT74#—~ Y NUTHHETES. CephFS I& POSIX H#iD 7 7 1 )L
ATALTHD.

RADOSGW RBD
LIBRADOS CEPH FS

RADOS

2.6: Ceph DT —F 77 F ¥
Ceph 7 T AAD ) —REF T T AR EWET LY —/NTHY, /—RELTD4OD
FE VBT TED.
e Ceph Monitor
e Ceph OSD
e Ceph Manager

e Ceph Metadata Server

2.6.1 Ceph Monitor

Ceph Monitor(BAF, MON) / — Ri&Z7 7 AZ DNV ZIREBIZET 2 1EH, T — X 2K
V=)V fFsd 5. BENEEL LGS, 77 AXNDMON J— RTPaxos L\WOEE
TINT) ZALZMHHLUT, EOBHERNEL WD ELBIRTHRET S, TD=D, wEED
MON J — RZBETDMHENDH .

2.6.2 Ceph OSD

Ceph OSD(LATF, OSD) IZ#BEA ML —VI2%8%. ZOT—EVIX1HDHDD 2 ¥ D
PIEEA R L =Y/ UT, 1207 —EVHEIETS. OSDIEMON &i@fFL, OSD 57—
EVOREZ AT D.



2.6.3 Ceph Manager

Ceph Manager(PAF, MGR) / — Ri&Z7 7 A X 2RNHREBEHZINET S, MGR I
MON CHEIZEHEL, AHOE=ZXY VIV AT AREBY AT LADA VR —T T — AL
U CHaEd 5.

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 #:23BH5%, LTV AT LMK, V7 NV T DERMER Y %17
SHEMEY =V TH2. HONUOHBEUAZRET 7AWV S>TY T NI T7DA VA
NV XBEE HEMNICETTES 2D, AV Ea—4 05 AR ZHET LEICEM 0K
i I ADHIFRICEHTHS. Ansible DL LTT—Y =V MLV ANH D, HESEH
%475 BE3AS Python D FIASAIAE, SSH CHUEY 2 Z L BSHAIEETH IR ETE 2 &
MTES. Ansible D—HEDMILIE Playbook &S HALIZE X 5N, YAML AT
HwEIND. YAMLEARTHRINTVWD Z LT, AHalrEEENESTHD. /7,
AVITIARNTIVFYEI—RELTHERTILNTES.

2.8 Slurm

Slurm[9] 1 Linux 7 7 AR AT D7 #—IV s VIV MNEEIDOYV a TArYa—) v 7
VATFATHD. VaTATrVa—FTlEY—NETHEGINDIUEE [Job] &S B
TEHT L. 2—PFE707 I LADOFEFFIE, FEFITBEETDHY Y — A% U 7% batch
T7ANEERL, VaTATIa—FIZJob DEFREKIEAT S, VaTArVa—F&
PR DYDY — A, ETRMEERL, #HOFE ) — K05 Job 2T ) —RER
ETD. ZOEDIZY—NETOTOT T LEDEF, Y—1D) Y —A%2EHT DN
VaTATYa—5THb (HM2.7),



/ SE/—R

Job

o4y ]

L sms—k

aJ- > Job

J—p [ Job Scheduler |

//ﬁgj Job
T  sE/—R

Job
\ HE/—R

X 27 YVaTArYa—37

Slurm (ZIZA TR D 3 DD FEBEpE 2 {2t 5 5.

o SMBEZETTLZII—HIIHLTY Y —ANDOHMI, FEPMMART 72 A% E DY
T3

o BV MTHNAE ) —REDY a TORME, £, E=XY VT %4TD
o DY a T X a—wEMITLIILIZkY, VY —ADEELSHRRTS

Slurm TIFFE (T slurmetld & slurmd THE I 1S (12.8). 72, slurmdbd 2 H#ITT
BILT, T=AR=ANT AV VT4 Y IERETLBRTHIEWTES. TV VT4
VIUEREGSRTH LT, VaTOBEEELTETLILNRELE LS.

Controller daemons

———————————————————————————

slurmctld | slurmctld
(primary) i (backup)

A

Slurm CLI
(srun, sinfo, squeue ...)
slurmdbd

(Accounting)

4

slurmd i

Compute node daemons

28 Slurm D7 —FF 7 F ¥
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2.9 rsnapshot

rsnapshot[10] & rsyen (ZEED KRN 27y Ta—F 4 )74 THD. B—HIvY
VRVE-RYYVDAFY TV Iy NEMB I ENTED. VE- MY TV EIESSHRR
HCEIEZ21TS. rsnapshot IZREINSBD ATy TV ay N2 ERTE720, HiHX
N5 T AT SIS 2 Z 138, T—RDEICITIENY 7T TORAF
EMSsync BEEZHNTIEY—%2175 2 & T, RED 7 71 IVDEIHZR EI1ZE HAEIZ xS
IRTED. N7y T AEMET 51 cron RE L HHTE2HENH 5.

2.9.1 Akatsuki

Akatsuki (ZFARI—ATHHL TS VMEHY AT A, B LAN B —E A, HNEB
DNS OHfEZ $2F D Web 2> RO —)LSRX)VTHB. Ruby CididdINnTHBY, 71—
LT —27 % U Ruby on Rails #fRH L T\W5. FIHEZFIEY AT LEMF—LNVM OFH
HEF 217V, VM AEROMERZ G 5. ERZEFE, Web 22 T —IL/S3 )L &Y
VM 1ER%, BIFEEZITADEDIZR>TVWS. VMOV Y —ZAFZCPU1aT, AEY
1GB, ARV —Y10GB &4, HEEEITH L TY Y —AZBPTILNTES. VM
BHY—E2AOME %X 2.9 1R,

SSHE THn

fIRE \\f? '

libvirtd lC 8t VM
Rz B Web - libvirtd
d> hOd—JLIRxIL
-— KVM7RZ bk
SETEA

% @ﬁ%

YATLERBF—LA

2.9: Akatsuki DO

2.9.2 ie-virsh

ie-virsh[11] IZA I —ATHHL TS vissh 2 7Y 7UAZ VM EHY -V THDH. 1—
O UID KO GID [EHREZNETZ 22T, Y FLI—HFIIHELTW5E, 2—HIxFL

11



DPCTHEKLZ VM Z2FERDO TV — Ry —NIF O TEL2Y—LATHD. F/,
VM & 7217 T4 < Linux Kernel D7 /Ny 7 %4575 Z MW TE D, TDHD, Ad1—A
® Operating System & WO FEHET, OSIZDVWTEI—EE UTHETHHINTNS.
£211F 2—PDRHAT XS ie-virsh DBERETH S . ie-virsh I&F7cD PC TIERK L 72 VM
EITTEDZD, I—FNHAD OS PERIEZEETI LR EHHENIEH.

3% 2.1: ie-virsh ®a ¥V R
define | XML @ template % FN{Z domain % fEA%
undefine | define TYEA U 72 domain % HilFR
list define THERL U 72 domain D —&EFKR
start f8E U7z domain £ D VM % &LH)
destroy | 8% U 7z domain £ D VM % {51k
dumpxml | domain ® XML % £IJ

2.9.3 ie-docker

ie-docker I% Docker 25w 7 UV —ILThHY, 2—FIFERDO T — RHY—/"ASSH
THS R 1TV CUL D B RIT 2 2 LW TE 3. jevirsh LAU <, —H® UID & GID
BHEDET 2 22T, YV FI—FITHE LTS, %22 13 ie-docker THIFITX 3
KEETHD. AVTFTHATEA A—VIIEHENHET 2 HENDHD.

% 2.2: ie-docker DA X VR
ps EHEFDOIY T FD—EE2KRT D
run | AV TFEERT D
start | AV T FEEHT S
stop | AVTFEEILETD
attach | Z2EIL T\ a2V 5 FIZ attach 5
cp AVTFIT7AN%RETD
rm a5+ zHIBRT S

12



F3EZ HVARAT L

ARETIE, 20208 HE CHHAINTWAEY AT ADEE, HEXHEHICHHTES
VM BB Y AT AZDNWTHRARS,

3.1 #FAVTLIRERE

HY A7 A%, KVMZRHUZVMAR—=2DY AT L EZHEEL T, VM IFAI—
A®D Web X DNS FEDHEERY 2T LA, FENEECMEHATCHHATE2E8H VM THAH
INTW ., 2D, FHENBEL T2 HSBRARY 7 2 #2t357-8, £3.1DA
Ry JOPHAF—N%E2 4 H5EAL .

3.1 [HY AT LAONHPF—N

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

A€ 768GB

HDD 600GB

RIZVM DA A=V ZBAFTE-DICEK32DA N L —VE2BEAL~Z. N—KRT+
AT RT A TOWENEEXIND 28, RAID6 % £FH UEHEN: RO A 1D 2175
2. ANV —=U Y =N OGO N 3)IXiSCSI Z - U 72, KVM IZIEHET S
ATIA TV =y a el TnWbd, TIT, JI9ART7ANTY AT AE LU THIHA
RERT7TANYATLATHS, GFS2 #HH LU 7-.

# 32 HYATLDSANFHA ML —Y

HDD | SAS 1.2TB x 24
LR34 15000rpm
RAID 6
EITRE 19.7TB

BRIV ATLADNNY 2T TRITIEDIZEISOREEAN L —VR25EAL .
RKEEBANLV—=TIZIZARITI—AD Web T —HZR—Z, 2—HFDHK—LT+4 LT M)A
ErHIZ—ENY I T T2TD.

13



%33 HYATLAONHA N L —Y

HDD | SAS 4.0TB x 24
LT3 7200rpm
RAID 6
FITRE 68.5TB

3.1.1 BE=

HY AT AT, ZANEGRETHHTIZEREELE LU TCEE VMDA THS-. %
DO TD &S BEENEL 7.

o NMIERIEDEH Y —VL AIZENT, HL ARHEEREEZIERT DI AT LEHF —
ANHEENRBETH 7. TDD, —HFPEIZHBO HIENRGNLBN->72Y), &
HY—UE A0 HEZEBNFMINTWENS27280, [HYATALAD) Y —ABR>
T\ /=,

o BMFHDHETIXGPUMNKRDOLNSG. A, [HY AT AIZIXGPUPHEHINT
WRWzZ, ERIND DY —AZRETEI RN, 20D, HEHY—EATIEA
SHFREZ L ORE&»E SFIHI N,

e VMEHHY—EADADSD, Y— D)) —AZFENERBRHETEI NS,

o 75 RY—LADE M ZITV, HKRKI100EBDIPv6 2R EINIZ VM ABH o7z, ¥
HEFHATEIDE VM TH2720, HFVEAMINTE ST OS DB TOMMHEH X
TNz,

e HYATALADIFGAR T TA NV ATATHD GFS200 0w 73 12— vy —%HY
TEY—N\NELTDE, 774NV ATAIT I ANTERLSBoo77., FD
720, FROY—VC2A2ERMETIRIL /.

14



o
Ay
a2

B4E HERHRY AT LD]

ARKETETIL, 2020 F 9 HiZfFDONZY AT L8, HEWEHICHHET X 2 {EREIC
DWNWTHRARB,

4.1 FIVRATLDAVTL I RIBIE

Y AT AT, RALTOWNHY N2 AEBEEH LU, HYATLADA ML —YIZHDD
ThHolMN, AL —=V0FEHEAZXY SSD 2488 L7~ £/, HYATLADORETE
Ho72 GPU DERIZAE, AT —/NZTHEE PR E TR TE % &5 GPU E#E#H L 7-.

xA4.1: VAT LAONHF—N

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

RIZA—TF DT —RBEEMTTDOIL, RI2ODA RN L —=IH—N%2 258U /-,
2BDANL =YY —NZIE Ceph ZHEHET 572, RAID 23 RMAT L. 2D/
O, [HY AT ATIEEEREEN 40TB TH o720, HY AT ATIE90TB &L 7~.

FK 42 VAT LADAN L —TH— N
CPU Intel Xeon Silver 4208
AE) 32GB
SAS HDD | 300GB/15000rpm x 2
NLSAS HDD | 4TB/7200rpm x 12

Y AT AL, EBRY—C A2 EIZaVTSTRET S, INEFTOY AT AIEVM
R=ZATY—VEAZEMEL T\, VT FHIIBTTL T Y —A%25R L FIH
U, BEHZ2RGIZTDIHVEHD. £/, BBEY—EADFT—K% SSD LIZBRFETEZ
LT, Y-V 2A0E#EIEXD.
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4.1.1 VMEHY—EXD#%IT

HY AT ATIEVMAR—ATY AT LAEZELEL TN, Fiv AT ATIERI Y TFR—A
TOWES T2, YATAFAY T FR=ALB5H0, VMEHY—VY A THhD Akatsuki,
ie-virsh IZFFH Z /MG D. F/2, ie-virsh ITF 2L FOBREZ B U 7~

e VMDTFT VT —bnNE6EDTHLULS VM 2/EKT 5
o FIHEMMNERULUZ VMDY Y — A& ZHEHA[REIZT S

Y AT ATIHIHBY =N HART 2 AT BEWNBEIMU 727280, VM A A=Y %2 Y —N
DTFAAT RIA TIEFET D, /-, SSD OHEHIZ L ) VM OEH)EE O &AL % X
5ZLMTESL. HYATALATIEVM OFERISHGENBETH > 720, FIHEITHE%.
BT VM Z2ERTISEDICHEZEMUZ. UL, FIHESHIEZ VM 2/EKT
5TAAINY—AREHETIENEHD. T T, VMOIERKIZIZZ O— 2 TlEA <
ENTHERT DI LT, VMA A=V A ZAE2/NILKFTEHIENTES.

4.1.2 AVTFTEREDEA

MY AT ATE VM BT —E2AZM#T 25, HL<HEHKINDd GPU 2 VM TH
AT 2720 PCINNAAN =B EDFRENBEL RS, LML, PCI/SAAIL—TII,
VM & GPU M 16 1 DBRIZAR S 720, GPURLETLIFHERTIZEY B TH I LMNT
IRV, 7z, B VMIEFIHE O ABREREINTE 2 KM, VM 2/EK$ 2 Z & IZH
Uk D BEENBREL R FHEZEOFMERD. 22T, 77V Tr—YavDFETEREL
UTERHEXhTWS a2V T FHiiz2RHT 5.

VAT LIFERBR R EVHAT S 20, XIVFA-HYTRHETEa3V7F VY
VIHRMREL RS, TDD, AT TV ISV TF =PI L TS Podman
& Singularity Z£¢fH 9 %. Podman (ZFHFERETE H D 72O —EBREEEN AL EZ 272V,
BENEEZIINDIGENHD. BHTEIVATLAEHRF—LOFEOHFIZITEL TV
20, HEEOWMFEHTHATICIT#EI RWGEERHD. TD, HPCEREIIZHGHX
N T\ B Singularity ® [FERHICFIHT 5.

Singularity &3 ¥ 7 F N TETLI—VFOMERZ 5 SH < 72, FHAZEIMERL 70
I LADFEFITIEANT WD, 725, Web R ERHENBELRY —E A2 ETTDH I LIk
TERW. FRHERMLER Web 2 ¥ % 25179 554 1% Podman 2 fIH 9 5. Podman &
39 NV =UFERITOIET, AVTHEHNZIP Y RLVAZEDHTLHZENTED
M, =LV ATIRED Y THTERW. IPT7 RVADEY YTIZIZAY hT—=27F N
A ADBHEA I BBEZD, root HERMNBERZODTHD. rootless T Web & EDH —
CAZFETUT V2 ATDIZIEAR—NTIAT— RERETIHBENRDHD. 720, FIHEN
HHT 2R —NENHY—NTHKTZZLiEEFa) T TERN. I T,
Podman % wrapper U 7z ie-podman % fEf U 7z. ie-podman (&3 > 7 FIZfEH|D IP 7 R
L A%E) Y TIEIZHHT 5.
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4.1.3 VaTRTTa—SDEE

[HY AT ATIE VM AX—AD 70, FIFHEMNEEOMEED 70T T AEkd S5z
DY —ATEFTIBENRD /2., FIVATARI VT FR—AIEFELZZIZLY,
FMAZZPHY =DV =22 FHTES. TDD, BEROMHAENZL D) Y —A
#ERTZTOT T LEBEGTULEGE, VY—ARER) Y —ADBEENEZ NS,
2T, WHAY—1D) Y =22 REIKFHATED L1295, VaTArVa—7
THDSlurm iIZE D EHZ1T7S. Slurm OFH G E U T, BRERHBERZ S 3D TIE
B, HEY)Y—ADFAREE LTI L2 EMTE. TD2D, Job OELIERIZI
TOXHIZEEZLITD.

o ZRT BV Y —ADDE Job DIEREZ FH< TS
o FEITIFHAKI Job DELEZFH T2
o ZNETD Job DETEMETEIEIFZMAL B

F77, Slurm (2RI ND Job lEN\Y 72 74 VBT S, N7 74 )VidM41D &>
12, LTINS Job A, BIAEMEXNT WS Job DETERBIMATHY, X))
YV — A THUEEATRER 1, BB T I N/ Job &V RIZME I NS,

SHE ) — R ALIBH D Job | i iﬂ
%]——- g5 |1 Job i
RHE/— R || WERODJob _/gg/{::::::m

St/ — R

E"’ﬁ/—l\“ gl:':gl)\/_x

X 4.1: )Nv 2 74 )b

41.4 774NV AT LDEE

HYATALATIE VMDA A—I% T AR T TANY AT LATHD GFS2 IZRF Ui
FALUT W2, 20D GFS2 DEAIZIIANER Y 5 AR EFERT D2 HEND D /-0, B—EED
FEIZEVZELS OV —CAIHEL 5252 083Ho/-. /2, A—FDHR—LT1L Y
NDUE GFS2%2~Y 7Y MU VMMS NFS TSN T W, ZD7/20, NFS %249
5VMMWBEILTZIETA—FNDHEENRH >/, TIT, FrATALATIEVM A A—
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VOMBFEIFNHY —NNDT 4 AT RI4 T, 2—FDHR—LT+1 L7 hVIZ Ceph % £
Hd5.

Y AT ATIEINHY —/NMZSASSSD M 5TB L HY AT ALV HBHINT WS, 2
BOY— NEEPMEHATHHTIEHRE VM DA A=V % IFL, KD 28I12IFAKRa—
ATHALTWE Y —EAZEMET S VM 28795, AV —NEFTLZI LT, B
—EERFOPELZ /N TDHIENTES. CephlFHTBEE HOEHBEREZEF D20,
BHEMEOENTI 7AWV AT AL UTHHATES. TDRD, 2—HYDER—LT1 L7 K
DERETD 77 ANV AT LEUTHAETS. £72, Cephlk Object Gateway, 71
TTFNA A, POSIX HLD 7 7 A WY AT LR E, ARIZE>TREKIZT 7 A filk#%
BECTXSL., 7OV ITNAALULUTT 7R ATEIETCVMA A=Y 27y S
ELUTERHTES.

4.1.5 Ny o T v TERE

HY AT LIZIESAN A R L —YVDMIZ KREREA N L —IWREAINTEY, Ny o
TYITHEUTHHEINTW 2, XNy I Ty I Web T —ZRX—A, 2—FDKE—251
TAVIZ N)BEEREFIZEINNY Ty T, BIZ—EEDINY I T TEiToTW .
UL2U, BiYATATIEARNL=IP =280, BAD TNV 2T W TTIET+4
AVRBRFHELTULED. TIT, BivATALTIE, X6V A—%v bMEREH
(AR, TV =3y 1) WIS ZEAY— AN I 7y T2T5. EHH—N
IXATBD SAS 71 AV % 12BHHELTEY, ETARIZ24TBZ2AELTWS. TDHEA
P—=INANDNNY I T FlEWeb DF—4&, 2—FDHE—ALFT L2 MV % rsnapshot % il
WCHDNY I 7Y T%455. [HY AT LI BEIIDBLOD, N0 I Ty TD-D
HHINE T4 AV ZMNAD N TES. £/, BETIHOAFY TV ay ho
ARFET B 7280, T4 AT FEBISMGIZEE 2 2 Z & B2, T—Z DEITIZIE rsyne &
ETAE—%1T57ZFD7=D, 77T RY—=NTHoTERED T 71 NDA% HHEIZHE
[HC X %. rsnapshot A FD XD ITHEZITV, 1ERDT —XEHRFTD.

o HHOWIZHAONY 7Ty T2FEITL, RRTEDAFY TV av Nz EFET S

o MHAHMBED IRHZ—HBASDAFY T ay NEFL, mK4EDAFTY TV ay
hERIFT D

e MH1IHD 12FIZ 17 HADAFY IV ay N2EUEL, A 12D AFy T ay
& RAFT 5
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4.1.6 *1ERK

Y AT LTI, &Y —2NTHE RS TR T % % Podman & Singularity % FVY,
VaTArYVa—7THhd Slurm # HOTEHZ1TS.
D~§/§+%/~Ftb, BOIIERE ) —REd528T, VATLDVY—A%2HKRE
FHAREIC T %, Ceph 1T 1 AZ Y —SOATHKT 2D TRAL, JHY—/N3AY
BB, T4 AIY—=/NZ0SD K5, NHY—/39MON, MDS, MGR ##%47 5.
WHY—NEEDB LT, BAIADKELHRTEZL51245. TOLY, FEE

DR DR GTEHIENTISL. INODHFMZHWTH L 723> AT AKX % X

4217217

MNHY—N1E%Z Slurm DIV b

Server 1

Server 2

’ CephFS

’ CephFS ‘

Podman
Singularity
runC

ail

Podman
runC

Singularity

Server 3

’ CephFS

Podman
runC

Singularity

Server 4

’ CephFS ‘

Podman
runC

Singularity

X 4.2: ¥ AT AR

19

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‘ ’OSD‘I""’OSD‘IZ‘
’ Ceph ‘ ’ Ceph ‘
HDD Storage HDD Storage




FHE HEBBHRIARATLOEE

ARETIE, HEUZBEHRY AT LOEMRGIE, FIHBGIEICODWTERS,

5.1 LDAPIC & 2HEREIE

BEBERY AT AL, RI—ADFEERHEOI—YT AV % LDAP TEHHB LT
W5, £/, A—YOEREEEHEINDS., VMEHY—EY 2% 0V 57 FBEEEIX LDAP »
S5A—YT7HT Y NOBHREINGET D Z T, MOFIHZED) Y — 210 U THEAMEZ HIR
T 5.

5.2 VM EHY—EXDFIA

ie-virsh IXIHY AT ALV FHAINT VWS, HYATALATERHAZMGL, HzIC8aE
DEMEIT> 7.

ZNFETO ie-virsh TIE VM 2 FHT 2121k, FT7D PC TEHK L2 VM A A=V %
P—NZT7 Y T — REF, jevicsh TRAAS VOEHEVLIMBRETH-/7-. TIT, ¥/~
VM ODT YT —bhDA A=V 2HEL, TV 7L —bMN5ESTVM 2EKTES
2L VMDOT Y T LU —RMMSHAIZVM 2EKT 2 I3 TEHOL S 12475, %
7z, —gdb ATV avEAMNE5TEHI LT, GDBIZX5 Linux Kernel ® Debug #1572 5.

YV —A3d—K 51: VM OFERK
1 $ ie-virsh define --template Ubuntu-20 [VM_NAME]

VM O CHATES 7Y 7LV — NI N O#IETHER TS Z LA TE 5.

V—Ad—R 52 v L —h—EBEDOHH

1 $ ie-virsh templates

F72, ERUZZVMOT 74V MDD Y —ARIHAY AT LANSEH TR L, CPULaT,
AE)1GB, TAAVHREI0GB & B>TW5., ZNETIE, VY —ADEHIZHEN
BETHS7M, FHDEETVMDY Y —AEEEN TS, UL, T4 ATERD
BHEIZIIHFENBEL R>TWND.

V—A1—R 53 VY —ADLH
1 $ ie-virsh edit [VM_NAME]
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PERE U772 VMIZIP 7 RV A2 E[ )Y THIZlE, IPT RV AEEY - AIZMAC T R
VAZREBRTDIHENHSD. VM D MAC 7 R L Al ie-virsh BWMERKT S XML 7 7 1 )V
WWEHINTHY, dumpxml TXML 2 H T UMERTE S, UL, XMLZIBOT5 L
WBEL T DIFTRUNE LS RRIND 72D, FilDBEIET VM DAV E—7 = — AER
EHNTEXBEEDITR8->T V5.

V—Ad—R54: A VA —T7xz—A—BDOHNH
1 $ ie-virsh domiflist [VM_NAME]

5.3 AT FTEREBOFHE

Y ATALATIXIYTF VYV THSB Podman & Singularity #EA U7z, F£72, Pod-
man X° Singularity % {ffi 9% ETORMER L Z A D 72DIZERL U 72 ie-podman (2D T
HHZIT .

5.3.1 ie-podman

ie-podman % Podman % wrapper U —V THATLZ LN TE2 a0 57+ EH
W —)VTdh 3. Podman (ZVINF 1—FIZHIEL TWD /28, ie-podman ZFHET L E
AVTFOERBERITAD. W, AVTFADIP T RVADEN HTIZIE, root HE
FRASNEL & 72 % 728 rootless TIXEITTIRW., TD7D, Web REEZEITLT 7 A
FTBRIFEAR—FT7AT—REFREL, SSHAR— N7 AT —RZ2{TIXENRHD. TIT,
ie-podman Tl& Podman D4 X TDHEREZ wrapper 32 D TR <, rootless TIEFETT
IRV IRMET S, £5.1 1L ie-podman TRHTEIDHETH 5.

FLnaryrFoESIE, Podman Drun EEU LD IZHEITTES. LML, ie-podman
WEHOA TV a v a3, run il gpu A 7Y arvaiEEds e Tary s+ A
GPUZEVUTB. £/, ipATVaviaEETILIILT, FHINTHRNWIP T R
ANEDIROEND, IVTTHIFBETDIILETEEH, 2—VLTHEINSZD,
a—HY L EET DI LIEBR. je-podman ZfHH LT, FrLwayFFDERITY —A
I—R55D&DI2475.

Y —2Z23— R 55 3T FDMEK
1 $ ie-podman run --ip --gpu --name [CONTAINER_NAME] [IMAGE]

Y AT LA VA =)L I N TS Podman I rootless T VT F 1 A—YDIERI
BHETHD. Zhld, BIFREME NS ZEREZX 6B, ie-podman & root D Podman
#FAU SSD EIE I E 728, Podman LR UEHETHD. 1 A—I%Fary
FHEFAUSA—FHTHTEINDG Z LT, fMa—YLEEHTLHI LT, ie-podman
ZHEALT, HLOAA=IYDERIXY —AT—R56DLSI1T475.
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% 5.1: ie-podman D I ¥ > R
build | Containerfile Dfg/RIZHENA A =V ZAERLT
cp AVTFIZT7AINVEREETD
exec |EEHOIVTFFTTOVRVAEZFETTD
images | AV T A A—YD—EEZFKRTD
info AV TFOERERRT D
logs | AYTFDlog #KnRT D
ps EEFOIVTFO—EERRTD
registry | ZRID LV YA N OHEETTS
rm a5+ zHIRYT S
run AV T F=ENRT S
sif | A A=V %&sif 77 A IWIZEWT D
start | AV T2 EETD
stop | AT EEILETS

YV—Ad—R 560 1 A—YDEI R
1 $ ie-podman build --tag [IMAGE_NAME] [CONTEXT]

7o, KLY TFAA=VIEY = 20— K57 OBET—HE R ENT
5. ~ETRRINDA A—Vldie-podman TIEHR U721 A=Y DATH 5.

Y—Ad— R 57 A A=IY 8D

1 $ ie-podman images

Singularity i& Docker TIERK U721 A —T % sif 7 71 VIZEH L, Singualrity THIFT
5. sif 774 NADEHE docker T—FUAD VT ARNZITIMBENHSH, Podman
T —EVVATEESTS. D78, Podman TIERK L 721 A — % Singularity 122
194 5 12Ix—F /2 5. Singularity I& Definitionfile Z /Ek L, YL R4 5 Z LT, sif
T7ANEERTED, D, 41 A—VDEIRPIZZIT =R FEETD L, —NLEIR
% BT 2 BEMNHD. Docker ¥ Podman I&1 A —YDEI RKHIL A ¥ —ZLIZF vy
Y aXINd 7z, Containerfile (ZEMPHEZIT > THHIBIDOF v ¥ anflHI NG Z
T, EREIZEN RBMfFhbNd. £ T, ie-podman TER U721 A=V % sif 771
NS DBERE R /ERK L 72, ie-podman THA A—Y & MEKL, VY —Ad— R 58 D#fE%
135 2 & Tsift 77 A IWNEWIPTRD.

Y—Zd— R 58 A A—=VDsif £
1 $ ie-podman sif [IMAGE_NAME]

HYATATIEIVTIR—ATY AT LAEMEST D720, IVTFLVIAN) 2H
AU, VLIYZAN)DORAIFZERNRY NT—2MN5A[EETH Y, push X pull XAIHETH
% . ie-podman 25 721} TR <, Podman ®Fstd PC D Docker »HHFHTE S, L
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VARV ANDEGRIZIE, BT DA A -Vl tag ZF1T push T2 HENH S, ie-podman
TEAI—ADVIYAN) ZFHLXTLTD720, GRIZHIETSDEZERL .
ie-podman TIEY —AI— R59DEETARI—ATHHATLILV I A N)AEHRTES.

Y—A3—FK59: LY MU ADEE
1 $ ie-podman registry push [IMAGE_NAME]

T, VIARNVIZBRINTWVWASA—Y—E2FKRTHILEAETHL. V—A
I—R510 DEETA A=YV —~E2 K Re2iTD. 1 A—JVZER/ETDHILT, 1 A—
VD tag ~EDRREABETH D.

V—Z232— R 510: LY AN O

1 $ ie-podman registry search
2 $ ie-podman registry search [IMAGE_NAME]

5.3.2 GPU%AFHBLLES

Y AT AT, WHYP—=NZEBEINS GPUZ IV T HRORATES. 2V
» 56 GPU OFIHIE, Podman & Singularity D AN SAETH . 724, 70T T LD
FATIZIE Slurm 12 Job & UTH N T2 MHENHD. TD/D, 1 A—VEB—T 71
NR—AL UTHZ, 2—HFDKR—LT 4 L7 NUMRAYFHFIIYD Y b I ND Singularity
Z EIZMAHT . Singularity D IV T FDETIE, V—AI—R511O#FETITAS. £
T2, FFRIZ ow ATV a v EEETSZIET, VTIN5 GPU 2T S Z &hvnf
REICRD.

Y — A d— R 5.11: Singularity D317
1 $ singularity run --nv [SIF_NAME]

FAFIZIE run, exec, shel DY 7 Ay RAH Y, run Tldsif 7 71 V= ERKT DERIC
FEEMATBEA runseript WEITIND . FBEINARVIGE T shell WEHI§5. F72, exec
TIHAA—IHNIZA VAR =L INTVWEIEEOIYY REEITTDEIIENARETH .
INoDYT7avy REFMMAL, Slurm 2 Job ##% KN4 DFED batch 7 7 1 V= EKT 5.
batch 7 7 A V&Y —A 3= R 512 D 2~8fFH & ST, Job IZHERY) Y — A% EH
5. VY —ADEHRRIZ, EfTUALWVLHEZEIRT 5.

V) — A d— K 5.12: batch 7 7 1)V

#1/bin/bash

#SBATCH --job-name sample
#SBATCH --output logs/Jxz-Jj.log
#SBATCH --error logs/Xfz-Jj.err
#SBATCH --nodes 1

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

#SBATCH --time 01:00

O © 00O U WN -

—

singularity exec --nv [SIF_NAME] [COMMANDS]
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batch 7 7 1 V& ERE, V—Ad—R513OFETIob 2 T L WARETH 5.

V—ZA 11— R 513: JobDETF

1 $ sbatch [BATCH_FILENAME]

F7/2, Job DFMEERIE, V—AI—R5I4DEETRRTDEIENAHETHD.

YV —A3— K 5.14: Job [FHRDH N

1 $ squeue

BTRUZJob Z2E1Ed 5121k, V—AI—R515DOETHFDO 2N TES. Slurm IE
A—F LT Job WEH I NS 720, fMia—HD Job ZF1E9 2 ZIXT IR,

Y — 21— R 5.15: Job DIk

1 $ scansel [JOB_ID]
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F6E HBIBERS AT LD

ARETIE, HEBHRY AT LM ZITD. F72IZAHU 7 Ceph & DR, VM EHIHY—
YA, aVTFFRIEONMEZ®BRXRD.

6.1 T774IYRAT LD

HY AT AD VM AEESGFRE UTHIHL TV GFS2, 2—3¥Dh—AT L7 )&
UTHALUTW/ZNFES &EDEELEEITD.

6.1.1 EERHE

TR T P — N BREIE, £4.1 2H3 5. 72, Ceph DFEIZX 4.2 &
BoTW5.

RYFIY—=27120Fdd WD 77 A IVE#P I —% HNE U7~ GNU/Linux D3 7 21—
TAVT NS, ddid, KLV DT/0 70—HfilfksEZ A THBY, =TTy
WVEZRAA, F72FHANY OFERELZNETED. T —XDOEMIEIT fdatasyne % F77E
THILT, FEEXAAKTOERNIZ sync & 1 FIERT D720, EEOEHEIENEET
HENARETH .

FHIAAIEY —Aa—R6.10aAYY REHNS.

V—=Ad—=K6.1: RyFIY—=7AI VR
1 $ dd if=/dev/zero of=benchmark bs=64K count=2K conv=fdatasync

F7-, 771401 XX 128MB, 256MB, 512MB, 1GB, 2GB, 4GB DEIAAZITD.
5 [AIHIE 2 47 WO % RS 5.

6.1.2 T7AINYATFLDRELSE

4 6.1 1% CephFS, Ceph RBD, GFS2, NFSIZHIF2 7 71 )Y 1 R T 5 EIAA
HWETHD.

25



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 LDKR—LT 1 L7 MV, iSCSIRHTY Y Y MIN/ZT /N1 A% NFS 5
AL L T /2. iSCSI DiEE1Z1d 10Gbps DIFR THEAE I TV 2 A%, NFS DFEfkiL VM
TITHONTHEY, 1Gbps THRAEINT W=, TD/-8D, 10Gbps DEFRTHEREL, ¥ v
FNUTW3 Ceph TIdFEZIIAAREDHENROND. UL, GFS2IiE 10Gbps THift
INZT T ARTHERINTVDSEM, Ceph KVEHETHD. HY AT LTI, Ny T—
VEDTY T T—ININTEST, Kernel DEHE INTWEN>7. Kernel 1E1/0
BT 2% < DRREZ IRMIL T 5728, GFS2 DEEAALY, Ceph WEHIZZS/ZDT
FRVWhEEZLND.

SRIOFHHITIE, FEAAREEDRIEZ TR BN >72. ZHIX, [HY AT A THiAAH
RIZNY 77 2 vy Y azfllRETICE LT 272720 THD. TDD, HBRGAA
AREZHET DI ENTERN I LIIKERTHD.

26



6.2 VMEHY—E XD

ARKI—=ZAD VM BEHY —EATIE, VM DIERRR ANRY 7 DEFEIZITY AT L EHF—
LAANDHFENBETH o772, ZHlE, VMWD Y —AZBENfFHTERVE D VAT A
EHF—LTEMHTLZOTHD. VM ODIEHPARY VOEFEHFENES L, Y AT A
BHF—LAEFHBEDOMTRD &Y 270G LTV, UL, YATLAEHRF—LD
RN K> CFRHIZ IS TETRHE 2R -T2 b o7z, VAT AT, VM
DIERER AR 7 DEFE X ie-vicsh MOIRT I EHIIZR8Y, VAT LAEHF—ALAXF
HEOFMZIHS T I ENAREIZ R S /2.

F/, INEFTOVMEHRY—ERAFTTYTL—F D VM A A—T % Clone UTW /=
728, HrUK VM Z{Ed 5 L 10GB DREZMHHL CTW2., €I T, ie-virsh TIEZE5
T VM #EBSREASEM X N, FUSERIND VM B+ MBIZARZ Z&T, #iHT
DT A ATREEMNZ DI ENAREIZE S /-,

6.3 17T FIRIEOFME

Fr U <EAU7 Podman 1%, Docker &[F U CLI %249 % 728, Docker ZFHL 722
EDHDFHEIFEIASHATE S, £z, Singularity DEAIZE Y, GPU % FRIZFH]
FTE5720, HEPHEGTORMMEIENSLHEZLND.

Rootless D Podman, Singularity DA% 5 728, Podman @ wrapper Tdh % ie-
podman % ER% U 7z. iepodman (2 & V) FitEWR B ERFERES, FIAZ IR Z2ER% 52 %
ZEBLKFIHTES EDIZR8%. F£77, ie-podman I& rootfull ® Podman % wrapper 3 %
ZEIZ&Y, AVTFRAA=IUMNSSD RIBEEINDS. ZTD28H, rootless D Podman
L) EHEALE XD Z D AEEIZR S,

Z Z T, ie-podman TOA A —I D Build EEDHiKZE4TD.

6.3.1 EEREE

ERIHEHAT8REEL, X410 —N1E2FHTE. BRI FFZ YT
H5 Docker &8, T2V TFFT VI VI TFTHS.

e Docker
e Podman (rootless)

e ie-podman (Podman rootfull wrapper)

f#f3 5 Dockerfile 1YV —A2—R62THhHh5. £/, REIDOFHANZIZ time I¥ YV K%
HHET 5.

Y — A d— R 6.2: Dockerfile

1 FROM ubuntu:20.04
2 RUN apt-get update && \
3 apt-get upgrade -y
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6.3.2 A A— 0 Build EE LLER

6.2 1& Docker, Podman, ie-podman (2817251 A=Y D Build HETH 3.

Bl real
s user
N sys

200 A

175 A

150 A

125 A

100 -

Time (Second)

75 A

50 A

25 A

Docker ie-podman Podman
Container Engine

6.2: FIA AL D L

6.3.3 ER

Docker * ie-podman M Build (222 REf I 1 43 K 7253, rootless D Podman Tl 3
SFEEMN STV S. Rootless D Podman 13V 7+ A A=V % 2—HFDiKE—ALT1 LY
NVITERIET B, F72, rootless TIXEEHHRZ YV R—M U TRV VES A ML =1
HlFR X #1%. Rootless M Podman I3 EH D HET 2N CREBEZFAHATES L5127
%728, rootfull & LN BN L <78 d. TD7/2®, rootless Tl rootfull & b
syscall 3% < IEEN S Z L&Y, i HARA A =T D Build #EEL R>TNSDT
XN EEZRD.
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ARFTIE, 2020 9 HIZiTbW Y AT AEFH 2 H0IT, RI—ADFEPHA R
EWFHT X 2HE MY AT ADOREEEIZ OWTIRA /-,

IR, KXz oW TiRYIRS.

F1ETIE, AMIEOEEPHM, 2RI —ZADV AT LAOEMERZHYT LT A
T AEBF— NI DN THRAR S,

B2 FE T, AW THA U 2 HMEE I DWW TlR AR /-,

HI3ETIE, 200 ELLBEL COWAIHY AT ADA Y T I ABREE, HE0MESE
THHATE2 VM EHY —EZRIZOWTRR, INHDMEMRZRUZ. £9, HY A
TLADL Y TV I ABRBIZOWTHAZ, [HY AT AD VM EH Y — ¥ A 1Z1d je-virsh &
Akatsuki EFEIENZ T —E 203D B, ie-virsh IEF-TED PC TIER L 72 VM A A —T %2
B —NANFT0A 275 —EATH5. Akatsuki lZ VM BEH 21T THRL, A LAN
B —C ADBEEZ R T30, VMEHRY—YREHF Y HAMINTHED)NS 7.
VM EHY —ERIAR I = ADFEXHMAFATEETH 255, VM DIEFEXC ARy 7D
ZHEIZIIHENPBETRIFHINT AN, ZD=O, [HY AT LADONHY—1 D
)Y —AIR->TW -,

WAETIE, BIVATLATHEEL-A Y T I ABEEE, (RS, H/-IZ8AL~D
VIFBREXY I T AT a =1l onTk Rz, 2, TNHDY AT ATODRERIZ
DNWTERNRZ, FY AT ATIEH 7212 GPU B I, FZAEVFIHTE 2REIRD
bz, €I T, VMAR—ATYATLAZRETLZOTIEARLS, VT FN—ATHEEL
oo Fl2, FHEEIVFFEFMATES LD, IV F2—HITHRL T3 Singularity
¢ Podman #2E AUz, XNFIA—HYTHHTED 2D, VY —ADHEEEE 2O
VaT A TVa—I3THdSlum EEALUKZ., —FH, 77A4IVY AT LTI Ceph % £-H
U7z. Ceph lZRBD® 710V 75T N1 A, POSIX H¥AD T 7 AV AT LB E, EHED
TR ATENRMARBETH D720, ARIZED ZRIZHIETD I ENTES.

HHETIE, HBAETHERELZY AT LAOEHRMAGIEIZODOWTERZ, VAT LD
I—YOEHIZIFIHY AT AL EMKIZLDAP 28 H UK. £/2, HYATADLBITL
WREMA 72 VM EHY —E ADFH, HEAEICOWTIRRZ, IZ, HiL<EALL
Podman OF|H %, Singularity & Slurm % W GPU Z 9 % HIKIZ DWW TNz,
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H6ETIE, HBATWTHEEL 2V AT LADFHEIIOWTHENREZ, £, 77 IVV AT
LDOFMZ4TS. [HY AT ATHHL TV GFS2, NFS & Ceph D% 170y, EXIA
FHREDORENR SN, I, HYATANSHATS VM &Y —E 20 i %247 >.
VM DFERRR AR 7 DEFE % HFER VICHHTE 2 L5122y, ElE L RMAEEDOFM
WET-., F77, EZQIZEBEMIZEY VMAMERTIEEZ/NILS U, —7, HL<
AVTFFBRIERZBZ2528T, VATLADVY —A2MRBIFHTED LS L.

7.2 S1EDERE
AR THEEL BB R AT LADSBOBEIZDODNTIHARDS,

7.2.1 HBBEHRS AT LDORE

HY 257,50 VM EHY —C AIFHERETHRMINZYD U2, ERICEHF D FEM
INTHELTRAE DR, ZHUE, VAT LAEHF—LA05DRHAEIZDOWTE
MR DRPo - Z L EFEEE L TEITOND. A CTHREL ZHEBHRY AT AT,
VM M6V FFETRHATES. 25, FIHIIREIZCLI»SEEZITY, 7077 A0
FIFZIE Slurm ZFHT 5. VMBS —VEADOEHEX, IV FFBEEOFAFEIZDOW
TELDODIZVBENDHD. F£72, Slurm D Job DR HERKBIER ) Y — ZADER FiER Y
E LD, EMNLZERMEZTOBDERD .

7.2.2 ie-podman DR b T — VK

rootless @ Podman TlZ 3 > 7 HIZMEGNIIP 7 R L A% #E D) HTHNEN 28, Podman
% wrapper U 7z ie-podman % fEf% U 7z. ie-podman ZF|H$ 2 Z & T, TV FFIZM#@5]
WIP 7 RVAZED L THND. UL, BEDOXY NV —IERIE T L 71y 7 AE
M24THD7, HA24MWDIP 7 RLUAUNEY B TTEARN. AV T F24lRT 5
ZETIPT RLVARRIINDD, IV T F2HIRETIEFILOEETIE, Y)Y TAae
BRIPT RUVAWMIET S, TD7~®, ie-podman BWHHT D32y N7 — IR DEE %
725, AVFTFNEILED FE FHHKRDOEE I ie-podman 226 HEIHIRYT 5 L ENH 5.

7.2.3 Nw o F7yvwTDER

HYATLDINY Ty TIZE Ceph & I 514 VR =3y MR TDEHAY — N\ %
FMALTWS. Cephld 70w I T NA AL LT V2 A%, XFSTT7A—< Y 270
FAT D, 20, Y AT AEEOREREFIZ Ceph D MON DIP 7 R L A% ZH %, Ceph
WRFE L 72T — 2 N2 TR WED A L 2. Z4UE Ceph D MON 23 IP 7 R L AD
EHEEZEELUTWARNWZOTH>7Z. 2005 Ceph ZEHT D12 72 Y BEEN X2V
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XRS5, Ceph I3 H CBEMKEEZ EHR L TS D, HBX—BETEIRVEGS, 21—
YOR—LTA L7 NI, NI TV TTF—3WEA2BNEH 5. T DRI H R
Y= NZERFEL TN, EHAY—NATEIL S5 VA —2Y ML T—REUGT 3 /-
b, F—LT14 V27 MN)EEELTDITIIRFE» NS, TD2d, Ceph & HHY—N
BAMZENY 2T TREABTDIHELRDD.
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