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AHHOTanusa

Ha CeI‘OﬂHHLHHI/Iﬁ AE€Hb [1JId pellleHud 3a4a4 pasnw{Hoﬁ CJIOKHOCTH Tpe6y}0’rc;1 BBICOKHME€ MOIIHOCTHU
U NIPUMEHSATCA ITOBBILIEHHbIE TpeGOBaHI/Iﬂ K 060pyaosal—mro. JTo 3aja4u UHXXEHEePHOTO0 IPOEKTHUPO-
BaHHA, 6OJIbIIOH CIIEeKTP 3aJa4 Hay4YHbIX BbI‘{l/ICJIeHPIfI, CHUCTEMbI MO EJIMPOBAHUSA, aHAJIU3 JAHHBIX U T.
. Kak IIpaBuUJIo, J06asa O0Tpac/ib UMeeT 3a/1a4qy, AJid BbIIIOJIHEHUA KOTOPbIX Tpe6y}0TCH BbBICOKOIIPpOHM3-
BOoAHWTEJIbHbI€ BbIYHUCJI€HHUA. Z[JIH penmieHruAa TaKuX 3a/1a4 UCIO0JIb3YHTCA BbICOKOIIPOW3BOAUTE/IbHbBIE
BbIYHC/IINTEJIbHbIE CUCTEMbI, OCHOBY KOTOPBIX COCTABJIAIOT TEXHOJIOTUH I1apaJlJIeJIbHbIX BbI‘{PICJIEHHﬁ,
TEeXHOJIOTUHU BUPTYa/JIUu3alunu U KOHTeﬁHepHBaHH”.

HapanneanbIe BbIYHCJ/IEHUA MTO3BOJIAKT 3HAYUTEJ/JIbHO YBEJIUINUTDb NPOU3BOAUTE/IbHOCTD BBIYUC/IU-
TeJIbHbIX CUCTEM IIPHU BbINIOJIHEHUU O/I[HOI‘;I U TOH xKe nporpamMmmal. Texnosoruun BHUPpTYyaJu3aluu 10-
3BOJIAKOT CO31aTh HA OJHOM QJHSH‘{GCKOM KOMIIbIOTEPE HECKOJIbKO BUPTYaJ/JIbHbIX MalllMH, KaX/asd U3
KOTOPbIX pa60TaeT noa ynpaBJieHUEM OTﬂeﬂbHOﬁ OHepaul/IOHHOﬁ CHUCTEMBI. KOHTeﬁHepr — 3TO O4HO
N3 CaMbIX IEePCHEeKTUBHbIX HaHpaBJ’[eHI/Iﬁ Pa3BUTHUA COBPEMEHHDbIX PIH¢OpMaLlPIOHHbIX TEXHOJIOTHUH.
B HacTodlee BpeMda KOHTeﬁHepr HCIIOJIb3YKOTCA BO MHOI'MX 06J'IaCTHX, BKJIIO4Yas Beﬁ-npnnomel—ms{
(nanpumep, Apache Tomcat), MOOGUIIbHBIE TPUJIOKEHUS, CUCTEMBI yIpaBjeHUs 6a3aMU JaHHBIX, a
TaKXe AJid pa3BepTbIBAHUA CEPBEPHBIX Cpen. [To MHeHUIO paSpa6OT‘{HKOB, KOHTeﬁHepr IIO3BOJIAT
YHOpoOCTHUTDb paspaGOTKy W pa3BEPHYTDb BbICOKONIPOU3BOAUTE/NIbHbIE BBIYUC/IUTE/IbHbIE€ CUCTEMDBI, 3HA-
YUTEJIbHO NOBBICUTb UX NPOU3BOAUTENIBHOCTD U HAAEXKHOCTb.

B L[aHHOﬁ CcTaTbe NpeacCTaBJIEeHbl CPDABHUTEJ/IbHbIE XaPAKTEPUCTUKH l'IJ'IaT(bOpM KOHTeﬁHepHBauPﬂd
Docker u Singularity B acnekTe pelieHust TaKUX po6JieM, KaK IOPTUPYEMOCTb KOZA MEXAY JIOKaIb-
HOU Cpe/ioi BBINOJIHEHHUS U NMPOMBIIIJIEHHOW Cpe/lod mpuioeHus. [IpuBejeHbl MPUMepbl UCHOJIb-
30BaHHA JAaHHBIX HJ'[aT(bOpM AJId pelleHHA 3aJa4, KOTOpPble ABJIAKTCA aKTyaJIbHbIMWU B HaCTOAllee
BpeMs. PaCCMOTpeHbI HauboJsiee BaXKHble MOMEHTbI paGOTbI JAaHHBIX l'IJ'IaTd)OpM NIPUMEHHUTEJIbHO K
BbICOKOIIPOMW3BOAWUTEJIbHBIM BbIYHC/IIUTEJ/IbHBIM KJIaCTepaM.

KiloueBble €J/I0Ba: koHTelHepHas miaTGOpMa, BUPTyaJu3alus, BbICOKONPOU3BOJUTENbHbIE
KJIaCTephbl, IPOrPaMMHbI€ NMAKEThI
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Abstract

To date, to solve problems of varying complexity, high power and increased requirements for equipment
are required. These are engineering design tasks, a wide range of scientific computing tasks, modeling
systems, data analysis, etc. As a rule, any industry has tasks that require high-performance computing.
To solve such problems, high-performance computing systems are used, which are based on parallel
computing technologies, virtualization and containerization technologies.

Parallel computing can significantly increase the performance of computing systems when executing
the same program. Virtualization technologies allow you to create several virtual machines on one
physical computer, each of which runs a separate operating system. Containers are one of the most
promising areas for the development of modern information technologies. Containers are currently
used in many areas, including: web applications (such as Apache Tomcat), mobile applications, database
management systems, and for deploying server environments. According to the developers, containers
will simplify the development and deployment of high-performance computing systems, significantly
improve their performance and reliability.

This article presents the comparative characteristics of the containerization platforms Docker and
Singularity, in the aspect of solving such problems as code portability between the local runtime and
the production environment of the application. Examples of using these platforms to solve problems
that are currently relevant are given. The most important aspects of the work of these platforms in
relation to high-performance computing clusters are considered.
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204 MAPANTTENbHOE 1 PACMIPEAENEHHOE MPOTPAMMUPOBAHWE, TPUI-TEXHOMOTN, A. C. BOHAAKOB,
NMPOrPAMMUPOBAHWUE HA TPAGUYECKIX MPOLLECCOPAX A. O. KoHgpaTbes
BBegeHue OcHOBHAag 4acTh

B coBpeMeHHO! Hayke BbICOKONPOU3BOAWTE/IbHbIE KJIACTEPBI pellia-
0T CJI0XKHEeMNILIMe 33/1a4U MO/le/IMPOBaHHS1, aHa/IN3a 60JIbIIUX JJAHHBIX,
ONTHMU3ALMK Pa3/IMYHbIX POLECCOB U MHOroe fipyroe. [1o3BossoT
BBITNOJIHATb pacyeThl BO MHOI'MX 06/1aCTAX HAYKU U TEXHUKHU. [l1s1 BbI-
MOJIHEHUS TaKKUX pacyeTOB UCII0JIb3yeTcsl crienrdruieckoe nporpamMm-
Hoe obecrnieyeHue, Takoe kak ABINIT, VASP, Wien2K u T. 1. HekoTopbie
KJIaCTepbl MOTYT Cpa3y NMpeJJOCTaBUTh MOJIb30BATEI0 JAOCTYI K MO-
no6HoMy 10 B kKauecTBe JONOJIHUTEIBHOTO CEPBUCA. ITO, KaK ITPaBHU-
10, I10, pacnpocTpaHsieMoe Ha yCI0BUAX CBOOO/IHOTO JINLIEeH3UOHHOTO
JloroBopa. Bce BbICOKONPOM3BOAUTE/IbHBIE KJIACTEPbI YHUKAIBHbBI C
TOYKH 3peHHUsI CBoel apxuTeKTypbl, HacTpoek [10, ucro/ib3yemMoii one-
paLMOHHOM cucTeMbl U npoyee. Jl0BOJILHO 4acTo, pellias 3ajady Ha
KJIacTepe, 10J1b30BaTe/b CTAKUBAETCA C TAKUMU NPobJieMaMH, Kak
npyras Bepcus Tpedyemoro [10, apyras OC, gpyroil Ha6op KOMIUJIS-
TOPOB U T. /. OJJHUM U3 pellleHUH AAHHBIX IPO6JIEM SIBJISIETCS UCTOJIb-
30BaHHe KOHTeHHEepHBIX M1aTdopM. Ha cerofHsIIHUE JleHb CaMbIMU
MONYJAPHBIMM U BOCTPeGOBAaHHBIMM KOHTEMHEpHBIMM ILIaTdOp-
Mamu cuuTatotTcss Docker u Singularity.KoHTeliHepHble miaTdopMbl
MPeJOCTaBJIAIT BO3MOXKHOCTb CO3/1aBaTh U 3alycKaTb KOHTEHHepH,
B KOTOPBIX MOXKHO YIIaKOBBIBATb TpebyeMble NPOrpaMMHble aKeThl.
[TocpencrBom Docker nim Singularity, Mo>KHO co3/jaTh KOHTEHHED C
HY>KHBIM IPOTrPaMMHBIM NTAaKETOM /1JI51 €r0 N0C/IeAYyIOLIero 3amnycka Ha
BBIYMCJIUTENBHOM KiacTepe. KoHTeliHep npezcTaBsieT co60i oAMH
daiis1 1 J1erko NopTUPyeTCsl MeX/ly pa3HbIMH ONlepalliOHHbIMU CUCTe-
MaMu. KoHTelHepu3anys BO MHOTOM HAallOMHUHAET BUPTYaIU3aLHI0
CUCTeMbl — CO3/IaHUe BUPTYaJIbHbIX MallWH, U30JMPOBaHHBIX APYT
OT pyra 1 OT GU3NYECKON MallIMHbI, Ha KOTOPOU OHU paboTaroT.[/1aB-
HOe OT/JIMYMe KOHTeHHepHUs3alMy OT BUPTYyaIM3alMy 3aK/II04YAeTCs B
TOM, YTO KOHTEeHHep COJepKUT B cebe TOJIbKO ONePaLMOHHY0 CUCTe-
My, B TO BpeMsl KaK BUpPTyaJibHasi MalllHA BKJIIOYAET B ce0sl BUPTY-
a/IM3allMIo BCeX 31eMeHTOB GpU3nyeckoi MaliMHbL KoHTelHepb! s
cBoel paboTbl MCIOJIL3YIOT PU3UUECKHE AJPa, B TO BPeMS KaK BUPTY-
aJIbHble MalllMHbl — BUPTYyasibHble. TAKUM 06pa3oM, KOHTEeHHepHbIe
m1aT$OpPMbl MPUBSI3aHbl K alllapaTHOW apxXUTeKType PpU3ndecKor
MatrHbl ¥ ee OC. OZIHUM U3 OCHOBHBIX IPEUMYILIECTB KOHTEeHHepa, [0
CpaBHEHMIO C BUPTYaJbHOW MAlLlMHOM, AABJIIETCA MUHUMU3ALUA Bpe-
MeHHM NIPU CO3/JaHUH HOBBIX KOHTEHHEPOB Ha paboTaloLIMX y3J1aX, YTO
0COGEHHO BaXKHO ITPU MacClITAOMPOBAHUH KJIACTEPOB.

OcHoBHa# 3aja4a Docker u Singularity — npocToit 3anyck u ne-
PEHOCHMOCTb KOHTEHHEpPOB, CoiepKallliX NMPUIOXKEHHUs pasiny-
HOH CJIOKHOCTH, U3 OJHON ONepallMOHHON CUCTeMBbI B JIPYyTyIO C
MOCJeAYOIUM HUX BbIIOJHEHHEM Ha BbICOKONIPOU3BOAUTENbHbIX
kJsactepax. Docker u Singularity — kak 1 G0OJIBLIMHCTBO APYTUX
m1aTGopM KOHTeHHepH3alLMK, OCHOBaHHbIe Ha sApe Linux mpo-
€KTbI C OTKPBITBIM UCXO/JHBIM KOJIOM, aKTUBHO UCIOJIb3YIOTCA KaK
B Hay4yHOH cpeJie, Tak U B IPOMbILIJIEHHOCTH.B HacTosiee BpeMs
Docker u Singularity sBJsI10TCSI OCHOBHBIMU MHCTPYMEHTAMH KOH-
TeliHepusauuu. [lonynsapHocTb, HanpuMep, Docker MoXKHO 06bsic-
HUTb BOCTPeOOBAaHHOCTbIO KOHTEHMHEPHOW HHQPACTPYKTYpHI, B
CBSI3U C YeM JlaHHas naaTdopma aKTHBHO pa3BUBAETCH.

Ileab uccaegoBaHUs

[IpoaHa/sM3MpoBaThb pa3JMYHble BO3MOXXHOCTH KOHTEHHEpHBIX
matdopm Docker u Singularity u Bei6paTh HauboJsiee MOAXOASA-
IO JJIS1 BBINTOJIHEHHS] BBIYUCJIEHUH.

CoBpemeHHble
MH(OPMaLMOHHbIe
TeXHONnornun

n UT-o6pa3oBaHue

AHanu3upysi BO3MOXHOCTH KOHTeHHepHbIx miaaTtdopm Docker
u Singularity, ciesyeT OTMeTUTh HECKOJbKO Haubosiee BaXKHbIX
0Cc06eHHOCTeH JaHHbIX IATGOPM, N03BOJIAIOLIUX BbIGPATh ONTH-
MaJIbHbI KOHTeHHep [/l BbINOJHEHHUS BbICOKONPOU3BOJUTEb-
HBIX BbIYMCJIEHUH.

OnepanoHHYI0 cUcTeMy Linux MOXHO yCJIOBHO pa3/le/IuTh Ha /iBe
OCHOBHbBIE YacTH: 06J1acThb fJipa U 06J1acThb MoJib3oBaTes. Aapo
OCylLIecTB/IsIeT B3aUMOJIECTBHE C anmnapaTHbIMU CpeACcTBaMHU
1 obecrieyrBaeT BbIIIOJIHEHHUE OCHOBHBIX CHCTEMHBIX QYHKIMH.
06J1acTh N0JIb30BaTeEsI — 3TO Cpefia, B KOTOPOH paboTaloT NpH-
JIOXKeHUs1, GUGJIMOTEKH U CUCTEMHBIe CIyXK6bl. Kak npaBuso, Mbl
HCIO0JIb3yeM ONlepalMOHHY0 CUCTeMY C GUKCUPOBAHHOH KOMOM-
Hauued fzpa U 06J1acThi0 NoJib30BaTessd. [Ipy Mcnosb30BaHUHY,
Hanpumep, Oracle Linux OS, 70BOJIbHO CJI0KHO YCTAaHOBUTb IPO-
rpaMMHoOe obecrnedyeHue, co3lanHoe s Ubuntu, notomy 4To 06-
JIACTh TO0JIb30BaTeNeld 3TUX JUCTPUOYTHBOB HecoBMecTUMaA. Tak-
»Ke OYeHb CJIOXKHO YCTAHOBUTb HECKOJIbKO BepCHUi OJHOT0 U TOTO
Ke IporpaMMHoro o6ecrnevyenus [1-7].

KonTelineps Singularity gesarwoT 06J1acThb oJIb30BaTe s JUHAMU-
YecKH U3MeHs1eMOH. ITO 03HAYaEeT, YTO BCs 06J1aCThb M10/1b30BaTeJIs
onepaLMoOHHOM cucTeMbl Linux, BKJIIOYass NporpaMMbl, 0J1b30Ba-
TeJIbCKMe KOHPUTYPALUU U CPesly, MOXKET GbITb HE3aBUCUMOM OT
OC. KoHTeiiHep Singularity ynakoBbiBaeT Bce, 4TO TpebyeTcs, B
OJIMH TpoBepsieMblid ¢ai1. Biarogaps sToMy MOXXHO c03/JjaBaTh
WJIM pa3BOpAYMBaTh NPUJIOKEHHs Ha 6a3e 0601 HauboJiee ONTH-
MaJIbHOH Il HUX ONlePAllMOHHOMN CUCTEMBI.

B pab6oTe koHTelHepa Singularity BaXKHO BbIJEJIUTD CJeAyloLIue
0COGEHHOCTH:

. OpHodainoBeil dopmaT KoHTelHepa SIF mMo6useH, ero
JIETKO NepeMeLlaTh U COBMECTHO UCI0Ib30BaTh.

. KoHTeiiHep 3aliuiieH KpuntorpadpuuecKUMH HOANHCIMHU.

. [lo yMOJIYaHUIO UCIOJIb3YETCsl MHTErpaluss BMeCTO H30-

JIALMY, T. e. NPUJIOKEHUSIM KOHTelHepa JOCTYNHBI I'pa-
dudeckue mpoueccopsl, CeTH, NapajiejbHble QailsoBble
CHCTEMBL
. [IpocTast, HO B TO ke BpeMs 3¢ PeKTHBHAs Mo/Jiesib 6e30-
nacHocTH. [losb30BaTesb AB/IAETCA TEM 3Ke I0Jb30BaTe-
JleM BHYTpH KOHTelHepa, YTO M CHapyXH, U [0 yMoJ4a-
HUIO He UMeeT NpaB a[MMHHUCTpaTOpa B OCHOBHOH (XOCT)
cHUCTeMe.
Docker-koHTeliHep Tak ke, kak U Singularity, MOXHO 3amyckaTb
Ha JIOKaJIbHBIX MalllMHAX, BUPTYa/JbHbIX MallMHAX WM pa3Bopa-
4yuBaTbh B o6sake. Docker, B oTimuue ot Singularity, kpoccniat-
dopmMenHbli (kpoMme Linux, noasepxuBaet padoty ¢ Windows u
MacOS). Docker ncnoJib3yeT U30JMpOBaHHYI0 GpalIOBYIO CUCTEMY,
KOTOpas NpefocTaBseTcss 06pa3oM KoHTelHepa. Tak kak o6pas
cozlep>KUT GalIoOBYI0 CUCTEMY KOHTeHHepa, OH TaKxKe COAEPXKUT
BCe 3aBHCUMOCTH — KOHQUIYypaluH, CLleHapHUH, JBOUYHbIe daii-
JIBl U T. ., HEOOXOAUMble JJI 3allycKa NpuaoxeHus. Kpome Toro,
06pas TakKe COAEePKUT TaKylo KOHPUrypalUIo, Kak epeMeHHble
cpeAbl, KOMaHAY [0 YMOJIYaHUIO JJIS 3allycKa U Apyrue MeTaJaH-
Hble.B koHurypannonHeix ¢aisax o6pasa Dockerfiles, kak mpa-
BUJIO, BHaYaJsle yKa3blBaeTCsl UCIO/Ib3yeMbIi AUCTPUOYTUB Linux.
[Togo6HbIe 06pa3bl MyGJUKYIOTCA B UHTEpPHETe TaKUMH OpraHH-
3anuaMH, kak Canonical, Debian, Oracle ¥ MHOTMMH JpyrUMH 10-
cpeactom Docker Hub [8-12].
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[lasnee B nporecce GopMUPOBAHUS KOHTEHHepa MOXKHO 3arpy3HTh,
HaCTPOUTb M CKOMIMJIMPOBATb JIONOJHHUTE/bHble HCTOYHHUKH.
Docker, Tak e kak u Singularity, mpejocTaB/sIIOT CEpBUC, TTOCPES-
CTBOM KOTOPOT'0 MOXKHO OCYLIECTBJIITb XpaHEHUe, a TaKKe BbIIPY-
»KaTb 06pa3bl KOHTeHHEPOB. JlJ1s cO3JaHUs HECKOJIbKUX KOHTelHe-
POB MOXKeT ObITh UCII0JIb30BaH O/IMH U TOT e 06pa3.PaccMaTpuBas
apxuTekTypy Docker, Hy<HO OTMeTUTb HCIOJIb30BaHHe CZroups,
BaKHON QyHKLMU AJpa Linux, mocpeAcTBOM KOTOPOH OCYILeCTBJIA-
eTCsl yIpaBJieHHe pecypcaMy U «IIPOCTPAHCTBOM HMEH» JJIsl U30-
JIILUU TIPOLIECCOB, 3aNyLeHHbIX BHYTPHU KOHTeHHepoB. OCHOBOH
Docker Ha ypoBHe oneparioOHHON CHCTEMBbI SIBJISIETCS CITy>KeOHBIN
cepBuc dockerd, pa6orarouuii ¢ mpaBaMH CyIepIoJb30BaTesl.
JTa 0COGEHHOCTb OrpaHUYMBAET NpPUMeHeHHe KOHTeHHepu3aluu
Docker Ha matdopMax BbICOKONPOU3BOAUTENBHBIX KJACTEPOB.
OcHOBHas 3a/iaya JJaHHOI'0 cepBHca — OCYLIEeCTBJATh yIpaBJieHue
KOHTeHHepaMu. JlocTyn K JAHHOMY CepBHUCY OCYILLECTBIISIETCS Yepes
REST API knnenTom Docker, mocpesicTBOM KOMaH/JHOHM CTPOKH Tep-
MuHasa Linux.Singularity, B ominume ot Docker, niesieHanpaB/ieHHO
paspabarbiBajach AJ1s1 MHGPACTPYKTYpbl BbICOKONPOU3BOJUTE/b-
HBIX KJIAaCTEpOB C OCHOBHOM 3ajilauell — IMOPTUPOBaHUE MAKeTOB,
MPOrpaMMHBIX KO/I0B, IPUJIOXKEHHUH MeX/y pa3JIMYHbIMU NJIaTdOp-
MaMU. ApxuTekTypa Singularity npefocTaBisieT BO3MOXXHOCTb M0JIb-
30BaTeJiIIM 6e30MacHO 3alyCKaTb CBOM KOHTEHHePbI Ha IJIaTopMax
BbICOKONPOU3BOAUTENbHBIX KJIACTEPOB, He TPeOys NpaB CylneproJib-
30BaTeJis, @ TaKXKe HCIIOJIb3yeT NMPOrpaMMHble pelleHus, KOTopble
He TpeOyIT Ha/lWuus Cay:keOHOro cepsuca./lsil BbINOJHEHUS 06-
passel Singularity ucrnosb3yoT mpaBa Mosib30BaTessl TMOCPELCTBOM
cucreMHoi opranusanuu goctyna UNIX SUID. Usonsanus mpornec-
COB JlocTUraeTcs 6s1aroaapsi GyHKIMH «IIPOCTPAHCTBA UMEH» SApa
Linux. Singularity, B osindne ot Docker, He ynpaBJ/isieT CUCTEMHBIMU
pecypcaMu U He NoJIb3yeTcs cgroups. Singularity moazsep:xkuBaeT
dopmat o6pa3oB Docker, Tem He meHee s Singularity coszas, no
06pa3y 1 noso6uio, nepcoHanbHbIN peectp Docker Hub [13-20].

B Singularity peasnsoBaHbl cnieliaibHble MeXaHU3Mbl, 103BOJISIO-
IMe 3aMyCcKaTb NPUJIOKeHUs 6e3 MnpaBa A0CTyNa K IPUBUJIErUAM
root, 4To N03B0oJIsIeT 6€30MaCHO UCI0JIb30BaTh JAHHYIO MaTdop-
My B pa3/IMYHbIX HHQPACTPYKTYpax AJil BBICOKONPOU3BOJUTEb-
HBIX BblYHCAeHNH [21-22]. B Tabsnne 1 npexcrasiieH 0630p [23-
25] cpaBHeHUs] HEKOTOPbIX BaXKHbIX KpPUTepHeB KOHTeHHepHBIX
miiatrdopm Docker u Singularity.

Ta6aunial CpaBHeHHe KOHTeHHEPOB

Table 1. Container comparison

Docker | Singularity
HeT npuBuU/IerupoBaHHbIX UJIH ecTb HeT
JIOBEPEHHBIX CEPBHCOB
TpebyloTcsl JONOJHUTENbHbIE na HeT
HaCTPOUKHU CETH
Jloctyn k $paitsioBo# cucTeMe XOCTOBOH ecTb ecTb
MalIWHbI
BcrpoenHas nogzaeprkka rpaduyeckoro HeT ecTb
npoueccopa (GPU)

BcrpoenHast moazepskka InfiniBand ecTb ecTb

BcTpoennas noazaeprxkka MPI ecTb ecTb
PaGoTaeT co BceMU IJIaHUPOBLIMKAMHU HeT Ja
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Cpesia KOHTelHepa UMeeT NpaBUJIbHbIE Ja za
paspelueHust
KoHTeliHephl NOpTUpPYeMble, HE MOJIU- HeT Ja
GUIUPYIOTCS IPY UCII0JIBb30BAaHUU
AZMUHUCTPATOPBI MOTYT HET Ja
KOHTPOJIMPOBAThb U OrPaHUYUBATh
BO3MOXHOCTHU

HcmouHuk: 3/1eCb U lajiee B CTaThbe BCe Taﬁf[l/lubl W PUCYHOK COCTaBJIEHbI aBTOPaMH.

Source: Hereinafter in this article all tables and figure were made by the authors.

Jl1s cpaBHEHHWsI NPOW3BOAMTEJBLHOCTH ONUCHIBAEMBbIX KOHTEH-
HepHBIX MIaTdopM B o6savHON HHPpacTpykType OUAU 6b1in
COo3/laHbl BUPTyaJibHble MalIUHBI CO CJAeAYIOIIMMU apaMeTpaMHu:
4 CPU, 16 RAM, 20 GB. Ha xaxx/j0i U3 MallIWH ObIJIN yCTAaHOBJIE-
Hbl KoHTeHepbl Docker u Singularity. B kauectBe o6pasa OC guist
JlaHHBIX KOHTEWHEPOB HcIoab30Basicsa o6pa3 Oracle Linux 8x,
ycraHoBsieHHbIN ¢ Docker Hub. B koHTeliHepax 66111 pa3BepHY ThI
nakeTsl ABINIT, VASP, Wien2K, BeinosiHsifO1MEe posib 6eHIMApKOB.
Pe3ysibTaThl BbINOJIHEHUS! KOHTPOJIbHBIX 33/1a4 NOCPe/ICTBOM yKa-
3aHHBIX NAKETOB NpeJCTaB/JeHbl Ha puc. 1. B MoMeHTbI NHKOBOH
3arpysku CPU npoBojuoch u3MepeHHe MTHOBEHHOTO 3HAYeHUs
Load average (Ta6suna 2).

T a6u1a2. MrHoBeHHbIe 3Ha4eHUs Load average (cpeHee 3HaYeHHe
3arpysku cuctemsl 3a 1, 5 1 15 MMHYT) B MOMEHT NUKOBOM 3arpy3sku CPU
T able 2. Instantaneous Load Average Values (average system load for 1, 5
and 15 minutes) at the time of peak CPU load

Docker

541279116 5/157 27158

Singularity
5.352.951.256/157 27175

AHanusupys nosydeHHble JaHHbIE MPOU3BOAUTENbHOCTH Docker
u Singularity Ha puc. 1 u B Tabaune 1, Mbl BUAUM NPaKTUYECKU
0JlMHaKOBY!0 3arpy3ky CPU npu BbIITOJIHEHUH TECTOBBIX PACYETOB.
TakuM 06pa3oM, C TOYKU 3peHUs npousBoAuTebHOCTH Docker u
Singularity mpakTudeckyn uJeHTHYHBL. Ho Tak Kak apXHTeKTypa
Singularity npejocTaB/sieT BO3MOXHOCTb CTaHJAPTHBLIM MOJIb-
30BaTeJIsIM 0e30MacHO 3alycKaTb CBOM KOHTeHHepbl, He Tpebys
npaB CyNneproJib30BaTesis, a TaKXe HCMOJIb3yeT MpPOrpaMMHbIe
pellleHUs, KOTOpble He TPeOyIOT HaJU4UsA CJIy>KeGHOT0 CepBHCa,
TO HCrNoJib30BaHUe Singularity npejcraBiseTcs HauboJiee ONTH-
MaJIbHBIM pelleHHeM.

IlosiyyeHHBbIE pe3y/IbTaThl

Ha BupTya/nbHBbIX MallMHax o6JsadyHoi MHpacTpykTypsl OMAU
chopMUpOBaHBbI JiBe He3aBUCHMbIE APYT OT Apyra CUCTeMbl KOH-
TelHepHU3aluu A5 BbIYMCIeHUH, T03BOJIAIOLME JIETKO 3allyCcKaTh
W IOPTUPOBATb BbIYMCAWTE/NbHble KOHTeHHephl. [IpuBejeHbI
CpaBHUTeJIbHble XapaKTEePUCTHUKH NPOU3BOJUTENbHOCTH KOHTEMH-
HepHbIX muaTdopM. [IpoaHaIM3UpoOBaHbl BO3MOXHBIE CLieHAapUU
WCIO0JIb30BaHUs KOHTEHHEPHOM TEeXHOJIOTUH AJIsl NpPOBeJeHUs
pacudeToB. PaccMoTpeHbl mpeuMyliecTBa U HejocTaTku Docker u
Singularity. B yacTHoCTH, y/1e/ieHO BHUMaHHe BOIPOCY 6€30MacHO-
CTU KOHTEWHEPHBIX MJIaTHOPM.
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B CPUusage B CPUusage
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Puc 1.
MOHHMTOPHHT NPOU3BOAUTENBHOCTH KOHTEHHEPHBIX I1aTGopM cpeAcTBaMu o6s1auHoi nHdpacTpykTypel OUSU: a) Docker, 6) Singularity
Fig. 1. Monitoring the performance of container platforms using the JINR cloud infrastructure: a) Docker, b) Singularity
3ak/r4yeHue Hepbl MO03BOJISIIOT YIPOCTUTh MEPEHOC, YyCTAHOBKY U 0OCJIY>KHBa-

BJiaroziapst KoHTeHHepU3a MU MOXKHO 3¢ PEeKTUBHO UCII0/Ib30BATh
BBIYHMC/IUTE/bHBIE PECYPCHI, YTO NTO3BOJISIET CHU3UTh OGILYI0 CTO-
MMOCTb BJIa/IeHHUsI BBIYUCIUTENbHON HHOPACTPYKTypoil. KoHTeN-

HUEe NPOrpaMM U TeM CaMbIM 06€CleYrTh BHICOKHHI YpOBEHb 6e3-
OMACHOCTH U HaZeXXKHOCTH. KpoMe Toro, KOHTeHHephI MO3BOJSIOT
06ecrnedynTh TMOKOCTb M MaCIITAOGUPYEMOCTh, KOTOpPbIe HEOOXOU-
MBI JJ151 paGOThI CJIOKHBIX TPOTPAMMHBIX CUCTEM.
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