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M, HEBICHBLU TRV ZERZIFHTE 2N TER
W, ZTD/D, RA—ADFENEERRREEZFHTE
8- AN BETH D,

FROT L — RY—/NIHEH IS GPU X VM O&H
Y—CATEMATEIENTER, TZITIVTIH
MEMHET D, aVTHERY T MY 27 Tdhd Docker[l]
Tl& NVIDIA Container Toolkit T& % nvidia-docker|2]
2FHTE LT, BEDIYTFT GPU 26352
EINTE D, Docker IZFAMIZ root HERTHEMET &, &
7o —HM docker I¥ ¥ RZFHMHAT 5121k docker 2
N—TIEMT 2B d D, TD7® Docker & ¥ ILF
I-YERECHHTI L, tha—FDary 72 BFETE
522X Fa) T+ LOMENRD D,

T T, AKX Tld, Docker & ¥ )V F 1 —VEEE TR
LXdVWarys5+ 75y 74 —LTdHh Singularity[3]
ERALZIVTFEEY ARG - EKTD, 20O
aAVFFEHY—EATIE, Web VY —rsav 55
DERETDH I THA—F DIV T FADEMEE I
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2. RMHE
AR THEREMMEZ BB,
2.1 Docker
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MY T7 %22V T FERENG N =V TRET S, &
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A—=VDIERR, 4 A=Y % AT 2(MAEFE>T Y77
EHY 7 N7 THhd, VT FDETITIE Docker #
ML TV D Docker Hub[4] ICEHINT NS A A —
Y, Dockerfile Z TR LA A=Y 2FRHTEZ &
MWTEX 5, Dockerfile Z# W22 & T, hERY 7 MUz
TREEREEEATEA A=V ERERTE 5,

2.2 Kubernetes
Kubernetes[5] &%, 7 7V r—Yavosr 7oA, A
=)y 7, ROEEERARZRICTS2003 Y 7 E2HN
BTV TFA—T AN =Y 3V THB, Kuber-
netes TlEA TV MZEkD 7 I AR —DREERHT
5, A7V MIAVFTFREIFITRLS, AV NT—=I%
ANV =Y BER)Y—DLEFULWVREEZHBRTES,
AFETIEUATOA TV 7 N2 T ICHHT 5,
e Pod
— Kubernetes TERK, EHL T X 5 &m/NAL, Pod NI
1 OB EDIYTF2EHTED,
e ReplicaSet
— LR U7 Pod OMFFZITW, 75 A THEL Pod
BEEHT S, Pod DV T7—1) VT %475,
e Deployment
— ReplicaSet DO —)VT7 U M &X2 R, EHEITD,
e Service
— Pod IZ7 72 AT25720DIP 7 RUARKR— %
#HORD,
o Ingress
— WENODT 72 A% BT 5, AMIHEK, SSL #i,
AN —ZADAEFR AT+ ¥ T OBRE R 1T 5,
e Namespace
— I AZE LTIV UTHY KR S,
e Role
— Kubernetes API OF|AHERR Namespace Z & IZ7E
T3,
e RoleBinding
— A=Y TN —TIZ Role ZBHH{ T B,

2.3 Singularity

Singularity &%, HCP 7 5 A& L CHMBT 7V r—
VAVEFFTTIEOIRINZIVTF T IV N T4 —
LTHD, Singularity I& YIFa—HiZiELTEBY, O
VT T HNTORBITETI - OMEREF S 2D,
AR B HEBR DB EN BN, /2T 7 ANV KT,
$HOME, /tmp, /proc, /sys, /dev 23TV T FIZI TV k
Xh, =N ED GPU 2 f§iBICHHTE %, Singularity
DAY FTFA A—I% Docker Hub IZEFRINT VS A
A=Y F721% Dockerfile WOMER L 721 A=V & AT
5L THMTZIENTES,
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2.4 GitLab

GitLab[6] &I N—=Ya VEHRY AT ATH S Git DV
RY MY RXA =V ¥ THhb, GitLab i34 7L I AR
THHTE S/, Ka2— ATl GitLab 2ffHL T3,
ABFZ2TIE GitLab O AHEEED GitLab CI/CD[7), %7
GitLab CI/CD &i#fllAa&E T % GitLab Runner[§]
=FAT D,

GitLab CI/CD I @897 V7 7L —Y a Y (CI) - #
G595 /S) — (CD) % GitLab 25 RIIT5 - LMW TH
%, CI Tl GitLab ®a— Rz EMK FE ~ZIZEHNICYE
IR -TAMEITS, CD X CI 23R L 72B6RETH Y, ¥
IVRPTANEZTTERLS VY —ADHESELT S,

GitLab Runner ¥, ¥V RDZODT ) r—a v
ThY, GitLab CI &##id 25 Z & THDHATLIL K%
NN TED,

3. AOA—RDFELUHY—ER

AP —VY 2IHEPL 72— A& LT, libvirt ® CLI T
H3 virsh 27w TUYNFa—¥ VM BREEZ BT
ie-virsh[9] . F7z, Docker % 7 v 7 U D1 —H TH A
952 L% HME U7 ie-docker, Kubernetes % FIH U 7=
BEHaVTFrEEZHMKE U digdog[10] 23d %,

3.1 ie-virsh

ie-virsh & 1%, A3 —A D Operating System &\ 3§
FIZMEITIZ libvirt @ CLI T virsh & 7V T UEED
A—YTHHETDLILNTEL VM EHY -V TH 5,
ie-virsh 13 A3 — ZADFEZ A ITER I N2, FAEDHE
BTELHHANTES, PETIE VM OB % PAENRE
U, BB TEROR DT L — Ry =N EIZT7y FO—R U,
T 5 AOFEEDPREEITD, 9] FHEEFLO PC T
EE L7 VM 2 7L — RY—NEIZF 704352 L T,
HEREEMETL N TE D, ie-virsh & 2—HD
UID &0 GID H#R%HEd 25 Z & T, fio1—HFD VM
EHREIERV, K1IZ 2 —FPRHTES ie-virsh D
KRETH B,

# 1: ie-virsh ®a<v v R

define XML @ template % FiZ domain % fERK
define TIER L 72 domain % Hilkk

list define TfEL L 7 domain O —¥E KR
start {87 U7z domain D VM % &)

undefine

destroy 8 U7z domain 4D VM % {1k
dumpxml | domain ® XML % %0

3.2 ie-docker
ie-docker & i Docker 2 T v 7 UEK D1 —H THIH
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THILDTEDIVTFHERY—INTHD, FIATDH
AL ssh TT L — RY—"AEEH U, ie-docker % {#H L T
AVTFEEETE I ENTE S, ie-docker (& UID RO
GID W EmWET S Z & T, io1—YDa Y 7F %k
IR, FAI-YIRFEX S docker DEEREZ IR T 2,
2 2 ¥ ie-docker THIHT X 2BRETH D,

3% 2: ie-docker DI YV R

ps HEhDOIYTFFDO—EEEXRRTD
run AVTFEERT D

start AVTFEEHTD

stop AVFTFEFEIETD

attach | &ZEIL T3 IV FFIT attach T3
cp AVFTFIIT7ANEREETD

rm AV TS ZHIRT S

3.3 digdog

digdog &1 Kubernetes # | L3V 57 F &Y —
CATHD, ¥4I Dockerfile % GitLab CI/CD % F|f
UTEJIL R U GitLab Registry (2 Docker -f A — % &k
T5, FRT AV Y NEFEHALT Web Y —EAAT VA
YU, B8k U7z Docker 1 A—YTAVTFFEMERT DT
EMMTE S, 2V T FHERKKIE digdog A% Kubernetes (2
Deployment % #%E 94 %, Deployment IX#4EDT 7> b
2 CHERL X 7172 Namespace (Z3%E X115, Namespace &
Role & RoleBinding % A\ 7z, Role-based access control
(RBAC) "EEINT VD, TDAOEEIX Kubernetes
a% Y RTHDB kubectl XY RT FxD PC 5 Pod
DEMEZRITD 2 LMW TES, RBAC THAINT VB Y
YV —AESEIZER 3 TH D,

3% 3: kubectl DIV R

get | Pod D—E%HKRT D
log | Pod ® Log 2&R$ 3
exec | Pod IZ7 7% A9 3

4. HY—ERXDKE

Y=V ATEARI—ZADZEDRHEN IV TFHFEHE
72, ZOIVTFELOBEZX 1 ITRL, SIZEZLTN
THHT 5,

4.1 AVTTDER

FHRELITHBIIZERT AT Y FT Web VY =)
074 >4%, Web 3VY =Tl a—FDav5rr—%
X Docker 1 A—Y &R THILNTED, AV T
F1ERIE Docker 2> 57} & Kubernetes 2> 5 7F®D 2D
MOEIRTZIENTED, AV TFHERZERT S LT
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VT ERERT B -OICBEREHREAITDE, ATD
WAIRE 4 THD, AV TFHRIEA—FDT DV M4
WS IND 720, D 2—F L85 Z & F7A, Docker
A A—1Z1F Docker Hub IZEHINT VDA A—TU %,
A—YPERUAA A=V EANTEIENTED, B
BRET A MR — MEAR—AXY ) TEBATEZ L
MWTES, /2, AVTFAT GPU 2fHT2IZiEF
IRV I AIF v IR AND, FAMKR—NE, T7x
AT INKR— NOHEHPFHANSHEEIND, T—FIEFEI N
ARANK— R E2FALTCIYTFDOY—EAANT VXL AT
%, F72, 2—YI% Docker 2V FFHIZR L Tik Web 2V
YV —)» 6, Kubernetes I 7 FHIZIEFILD PC 25 #fE
GTEIEMNTED, BERL RV TFiE Web OV
V=DV TF—ENOHIRTS I ENTED,

# 4: 3V T HEEIRRD ATINE

ContainerName | IV 774
Image Docker 1 A —3%
Environments 3V T F R D BRI
GuestPort AVTFPERTER— NES
GPU GPU %{HT 52

4.2 A A=Y DK

Docker o A —Y DIEFIFZERITHEAL T3 GitLab @
CI/CD O CI ¥ae=FH I 2, I—HIEFERL GitLab 225
Cl h—2VaHEFL, Web 2V —J)VIZHAF L h—2 v
v b2, ZOK Docker fliZ GitLab Runner DL H
LI EHKET 25, h—2 Y DOREK, Web T2V —Iirb
CI D YAML 7714 )v%& &> a— KU Dockerfile &
—#51ZZR] GitLab OV RY "MV IZTw ¥ 2$ 3, Docker
A A=YDEIV KRBT DL Web 22V —)IbDA A—
V—ETHERNTE D, fEL 7 Docker 1 A — VI
Mo A A—=I DN OFRPAMMDFAEIILE T 2 0FEE
21TRD, BERL B4 A—TIE Web 22V —)LD
A A=Y —ENLHIIRT D ZLNTES,

4.3 Singularity OFI/A

AVFFIIREDOT =R E2RETILENDDHER,
T — & % KGAL I T2 VAT Singularity % FIHT 5,
Singularity & Docker ¥ A—Y 2 ZMUFHATE 22, 1
A=V DB sudo MRS HE L 725, Docker 1 A—
VOEWEHFEMICT D &, HHEDOAHEN R, F/22—
FEMAL D5, Singularity (&1 —VHERTEIfET 5 =
Enb, N ssh TV — R —N"AEHRLUIHTEH
ME L TWd, £ZT, Web 22 —)H 5 Singularity
DA A=V R XY O—RTESIHE T 5,

I—HRMALEZNA A=V EXIA—RL, T —
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RH— 3~N32%45 U T Singularity %9 %, Singularity
ZMATZMNER 2 12587,

5 HY—EROERE

ARIA—ATIEFERY AT LARZBEDRED T, FAETIK
TY AT LEHF — L EMHEN D I & > THESE - & -
FHMNMTONTWD, FRYVATALAF TV —RY—1\% 4
B, SAN HA MLV =YV EPHA NV —YETNEN 2 H
TOHEALTWD, RA—ADHEBY - AFZZDT L —
RY—NOEHEEEEE ET VM & UTEELTWS, ik
WY —E2A%2EETLZe R, VAT LABHRF—LNE
- EEZITORTVWEEILTIHENDH D,

Web 2>V —)L* Docker DIEfE%E 1 DIZE LD &,
Docker IV T FDIERMN 1 HEDT L — RY—NDAIIR >
TULED, TIT, AVF TRV AT AL, BREZ L IZ8
TD 3 DY —E A4 1) %, Docker ¥ Kubernetes M
BfE% HTTP API CR#ETLIZL T, M3 D&HIZV Y
TANEDEETEBDO 7L — Ry =22V T F %2458
FTHIENTED, 20 HEETIIRELETH D,

S23E1Z1d Docker *° Kubernetes DEIESFETH Y | BE
G200 T WRi>TW\W3 Go SHEEMBHT S,

e Web 2V —)J)b

e Docker D#fE

e Kubernetes DO#EfE

5.1 Web J>V—Jl

Web 22V —)VIEAKRI—ADEEDHENFHT S -
O, FRT A RNTAT A VTEDRERHD, FROD
LDAP Y —NzFfALTFER T A2V T LDAP itz
FHET D,

Docker D#{EX Kubernetes D#fE% 175 HTTP API
Wty yaviEEEITHREWD, Web IV — )V TEH
TE2RBERDHD, TDLD, A—HFDAVTFHA A=Y
DIEH%E T —RR—AIEM L TEET D, 1—YWER
9% Docker 1 A—YDIEHREZIEFLLI—YFDT ATV K
ID &I Z217D, F72, fEK L 72 Docker 1 A — ik
BITBIENTE, HEINAZA A—VIZZ—T DA A—
VB30 —6ETHRATS I eMNTES, 1—Hika
VITHEBIRIZA A=V EANTEIENTES, ZOK
D A—FWER L 721 A=V DIGFE, TDA A—=Ink
BINEA A=V BRONERZITD 2 LT, ELFITHE
INAAA=ITREAVTFOERETERY, 2V TF
DEERFTHONE, VT HIOonEZT AU MNID &
DR TOND Z & T, o a—Y D3y FF2BET
52 LIETERY, FERIZA A=Y DHIRZITORIZET
AV N ID ORI ThND,
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5.2 Docker D#{E

Docker (F Docker Engine API Z#£#L T\ %, Docker
TEVIEEELAZIP T RLVAE A—h & VY AVT
5, IP 7T RVAY R—bMDIRERITD Z & THE»S
Docker D¥AENTHEIZZR D, 72035, Dockr 7 —E ¥ Hh3{E)
UTWBEKRADNED root 772 A%BOEND /20, HREX
NTHEY, F/z, KR THEE G LY —EATIX Docker D
TARTOEEEZBEL LRV, T I T, Docker D¥fER 1T
57200 SDK [11] AL, BERFERED A% FHET D,

PF—UE A% M T D LT Docker DE L 725 HAEIXLL
TTHh b,

o I VT FDIERK

o VT FDHIER

o IVFFTOIAVY REST

o IVFTFAT7AINKE

) {X—y*%@HXf%“

o 1 A= DHIkR

AVTHiE, £4 TAHUAERZ FITERETS, O
VTFFEIE Web AV =N EV T ANEKEDAA I
VITHRIND, £/, AVTFWETDZEAY N2
HEMTEIND, VI ITANMNIISON AT EY %17
S, VITAMPL IV TFE2EMRE, fERRLAZaYTF
ID 2y hT7—21ID, AVTFFDAT—RA%EHT 5,
BHIVZaY7FID XAy hY—=21ID 2 FIZaVT o
HIBR® 2~ Y ROFES, 77 A VOREZUHT L, 77
ANV DE(ETIE JSON JERA T4 < multipart/form-data
ATV I ZANERZITE, 2—YIMEFTE IV TF L
136z, GitLab CI/CD T Docker f A —Y & EJ RT3
728 ® GitLab Runner 2. T2 MBENH D, b LTI
=M Web 22V =T CD b—2 VOFRERIZITH
13, GitLab Runner % 2 —H¥ 1231 H EiF5 Z & T,
BROIA—INEFIZEN RE2FTH I ENTED,

Docker 1 A —¥% GitLab CI/CD %2 FJH LU THEKT S
M, N RBEI U225 2 LIETERN, 20
72, Web T2V —VHIINS 5 I —FEA A=V DHEHY
JITAN%2%), Docker 1 A—YD—E%2VZANMIFELD
BHZITD,

5.3 Kubernetes DE{E

Docker & [A#kiZ Kubernetes D N TD#EMEZ KE L L
R\ 728, Kubernetes & X353 27200714 75V THD
client-go [12] ZfH L, BRELKREDOAZ FELET L, ¥ —
Y A% 29 2% T Kubernetes DAL R SEAEIXDT
Thd,

o VT FDIERL

o IV T FODHIkR

o WEEh—2 YOS

Kubernetes TD 2 > 7 FElE Pod 245 & T
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LDAPH—/X

build 7 T2,
- build#&EFR
— RS
* m”y’/indﬁ% X YDF Ak
Docker O 7 F 154§

AV THER

a—4
A~ gitlab-ci.yml, siff X—3/
ForO—R

avrFHAE

AX—Y
avr+

\ Docker - X —3¥/ ®build
" —_—
Dockerfile®push Docker,
< Kubernetes
build#5 R

Singularity

OCl

CI/CDh—% &4} - B Cl/CDR—% > D& - BFf )
UIIZk -
O / — Mysal
A /%é% Docker ¥ X—¥, A7 F &R

CDh—% > 0w
- Docker A7 7+
TR {E - BIBRY 2 TR K

Docker Docker 4 X—3, 1> 7+ DL

1: Y AT LFERK

Singularity A X —3
0y ovO—K
a1—# /

'L—RH—=)X
»rx—ﬁoaii%j "
§: FEFLINY
V7O

avs7r

2: Singularity D]

Web >V —)b

HTM%& wa

Docker | [ Kubernetes 2
BE BYE Docker #&F | |

TL—RHF=N TL—RH=N0 TL—RH=N TL—RH=N
Kubernetes Kubernetes Kubernetes Kubernetes
Master Worker Worker Worker

3: BERED I

Docker #1F | | Docker #1F |

» 5, Kubernetes TD IV 5 FERI% Namespace, De-
ployment, Service, Ingress DN TA TV =7 N E2EKT
5, AV T FDIERIE Docker & [AIBRIZE 4 DIE#HZ I
T %, BT D ETNTNDA TV 7 b&l% Web O
YY=INTAVTFHET DY M ID THiEI NG, &
7z, Namespace &7 A7V VM ID &85, 22T FDHIKR
IR ZENETNDA T 2 N4 & Namespace % V5,
Kubernetes TR U~V 5751 Web IV Y — )b
SH#EL Y| digdog THFAHINTWVS RBAC 2 W5
FWEAEMR LTV, RBAC THHT D #iFEh—27 Vit
A—Y T L IZVER S 72 Namespace IZFREI NS h—72
VERTIET, MOI—YDEIETEILIETERY,
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F727 7 & Afilf#Hlld Namespace Z & IZREIND Z L T,
OI—FDIV TS E2EET D ZLIETERY, RBAC
THATDVY —ADHMEFE S TH D,

# 5: kubectl DIV R

get | Pod, Deployment, Service, Ingress D—%% &R 5
log | Pod ® Log #&xRY %

exec | Pod IZ7 72293

cp Pod IZ7 7 A V& %ET D

6. O —EREDHE

SEER Uz Web B — Y A FICEAEDEERE% O
vrrEMERMALCRETS, TIT, IhETARI—
ATHHINTEAY VYA, FAEEERLTHWE Y T
YRS —VE R LIRS B,

6.1 ie-virsh

ie-virsh (& F7CD PC TER L2 VM 228D 7L — R
P—INZIFTOA TELZ Y- ATHD, VM IF 0S D
FULERBE R 2720, 2 — VB IFADREZBE TS
B HHEENE,

AREFFETRIEL /29— AT, Docker £ A —3 THESE
INEZT TV r—yaVItREIND, /2, T—P2H
UWERBEIX Docker 1 A — Y & fERK U R IF RN T2\ 72
®, Docker IZDWTEBEGTIBENH D, 7Zh, VM LiE
WIVT S EERT D& THBREOHBEXT AN, £
T A A=V R ET S L TR USRS Z o 2 — Y HF
TELIEUNTIDRIND D,

6.2 ie-docker
ie-docker 1% Docker # v S UMY —IVThHY, 2—H
IZZFRLD 7L — RY—I3A gsh THES: %17\ CUL 225 H
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FATAIENTED, R2DEEETIVTFEEETEZ
EMTES, 28, ie-docker Tl —HD a5+ THEH
G5 A—VEERENARTINEND D,

AWETEEL -V - AT, VT FTHHETZA
A—1F Docker Hub IZEFRINT VWS A= F/ziZ
ERU72A A=Y % FHATEIeNTES, /2, 2=
M Docker 1 A—VEERTE D Z & NHEHEDEAHEDN
PR BBZLEZD,

6.3 digdog

digdog & Kubernetes M| L3V 7 FEHF—LE X
THd, AVTHEFRFIERTE S A A—JiFa—¥N
ERS 2 EED B Y | Docker Hub IZESRINT NS A A —
VEBEIRGTDIENTE AN,

AWETEEL Y- AT, VT FTHHETZ A
A= Docker Hub IZBFRINT WS A A= F/-I34fE
BU7zA A=YV %FHATE e TES, F/2 Kubernetes
TOAVTFFEHRZIFTRL, Docker TOIVFFHH%
752 TED, TD/2, Kubernetes £AMMEIEL 72
ELTH TV —RY—/3D Docker DATH—V A% g
THIENTES,

6.4 775U RKY—ER

TRk Z 7 59 RY—EARNE K UFILD PC 1 oEHE
MRER Y 70 REEEZRMHTLIENTE S, 2, 75
U RY—ERARERNSARIETH Y, R C IR IR
PARBIRS Ehke BHIRYR D S, AR L KEBIZH]
HUDOWREDMEL H D, TDd, K —EAIEA
VIV I ABRBTEER T ok, AV L I ABREEE R
T2 L THIRM RS, Y—EATHHAT T — 42 HY
THHTIZREDRIVDH D, W, 77T Y-
EEWNFIHRFaAY SN0, FIOTTHRAL®
TOE D WHEPHBEDEMZ U TV BENRH D,

7. SRORE

AREFFETEEL 2V — A TIRFENFEHEREEE UTH
HE51iE, FEABERFEENRAZLTNVD,

AP —CATIE, KEDT—& %M\ 5 I Singularity
EREATE2BEEZHEZELTVWS, 25, Web IV Y —Jb
M SIERL L 72 Docker % Kubernetes DIV 5> TldT—
R DKGALDIEIE LU TRV, TV T FOHIBRE Iz
WHIRINT UL E S, ZRDT L —RY—N"TREAED
EDTA VI MYMRHB, Docker TIHREDT A LI MY
#AVTFUD EIFRIZY YV N2 T, aVTFINH
DT —RDKGALIZH BT E S, F 72, Kubernetes Tl
Peresistent Volumes &5 kfiR YV 22— A DL AD H
%, Z D Peresistent Volumes = 1—H T L IZEHT D Z
ET, AVTFFHADT =X DKGALIZKIETE S, ZD&
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DBRETIAY T FTHDT — XD KGEACIK LT & 22,
AV TF LT — X DRIFIGANE D B EDMENH B
72, TR EEET DAMANBELZ L E R D,
AY—VE ATIE, 22EMEHHIZ Docker 1 A—Y & /ERLT
%%, %7z, Docker 1 A—3Y % Singularity DA A —
BT D, TDRD, A A—YDRETTL—RI—N
DARNV—=V%FBEUTUED WHEMENH D N5, &
HIWNIZA A=V RHEIRTD2RBENH D, £/, KAYF—E A
TRHA—FITLIZV Y —ADHIRZTF> TR 2D, @
FRVY—2DEEEFESZODONKETI2HENRD B,
GPU B EDEMMPINE T T 5 AOETTHHAINDS
DY —2ZF Y a TEMY 7 MU o 7 R ETHEE L D,
ARY —¥ A& Docker Hub 128k I VTS Dokecer 1
A=V %FHATESH, Docker Hub I3 TE M A -V %
BT BN TED, D/, Docker Hub 12 &Hk X
NTNDA A=Y =7 MR ENT VD AJREMED
Hd, 1 A—IDEBRFIZAFY VE2ITHIRY, ¥3a)
TANKEZEZDBENH D,

8. F&&b

AT, RI—ATHHTHBY —EADKG L FE
B ELARI—ATHHALTWSY—E AL DIEEEIT-
oo FEN AV T HEMERACTEERELZFATE S
Y- ADEFH%E L, YIVF1—VEEIIHIGL 2K ES
THRIENTEL, PREIFRT AV Y M E2R>Twh
I, Web 22V =)oY T FDEENTED, £z,
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