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3ACTOCYBAHHA JUHAMIYHUX BIPTYAJIBHUX OBPA3IB
Y I'PIJI-CEPEJIOBUMIIII 3 IIITPUMKOIO PEILIIKAIIIL

Axmyansnicmos memu docnioxncenns. Huni spio-mexnonoeii cmpimko pozeueaiomucs @ pisnux Haykogux eanyssx. Texnonoeis
sipmyanizayii 0038074€ GUKOPUCIOBY8AMU IYEH308AHI NPOSPAMHi 3a6e3nedents npu ooyucients 3a0ay y epio-cepedosuuyi. Oonak
3A8aHMAdICEHHS BIPDMYATLHO0 0OPA3Y HA 8I00ANEHULL PECYPC 3HAUHO BNAUSAE HA YAC BUKOHANHA 2pio-3adadi. Takoo He eupiutysa-
J10Cb NUMAHHA HALAWMYBAHHA 8iCe CPOPMOBAHO20 00PA3Y GIPMYANbHOI MawiuHu Ha eiddanenomy epio-pecypci. Tomy ichye no-
mpeba 6 po3pobyi ONMUMI308aHO20 PO3NOOINEHO20 CXOBUWA Ol BIPMYATLHUX 00paA3i8 y epio-cepedosuiyi.

ITocmanoexa npoonemu. Cyuachum npomidcHUM RPOSPAMHUM 3aDe3nedeHHIM 2pio He GUPIUYEMbCs 3a0ayi po3noodine-
HO20 30epedicents ma Hanaumy8ants OUHAMIYHUX GIPMYANbHUX 00pA3i6, HA SKUX OCHOBYEMbCS PO32OPMAHHA NOMPIOHO20
KOpucmyeayesi omouenHs 0iisi BUKOHAHHSL 2pi0-3a0at.

Ananiz ocmaumix oocnioxncenv i nyonikayii. Aunaniz nimepamypHux Odicepen NOKA3A8, WO ICHYIOYI Memoou
sipmyanizayii 6 epio-cepedosuwyi nepeddauaomv UKOPUCIOBY8AMU OOHOMUNKI GIpMYanbHi 00pazu O1sl GUKOHAHMHS 2pio-
3a0a4, He 8pAX08YI0UU ONMUMI3AYIT PO3NOOITEHO20 cXo8UWa O 00PA3iE GIPMYANLHUX MAUWUH.

Buoinenns ne oocnioscenux uacmun 3az2anshoi npoonemu. Y eunaoxy nepecunanms o6pasy 6ipmyansHoi mawiunu ons
NO0ANBUL020 PO320OPMANHS HA BIOOANEHOMY PecypCy, Yac GUKOHAHHS 3a0ayi 6 2pio-cepedosuwyl 3HAYHO NEPesUYE Yac npu
06uucnIoganti yici s 3a0ayi 3 NonepeoHbo BCMAHOGIEHUM GIPMYATbHUM 00pazom Ha epio-pecypcy. Ha cbo2ooni ne eupiuiy-
8AOCL NUMAHHA ONMUMI3aYil 30epicants OUHAMIYHUX GIPMYATbHUX 00pa3ig y epio-cepedosuuyi.

ITocmanoeka 3a60annsn. Memoio cmammi € po3pobka apximekmypu po3nooiieHoeo cXo8uuja OUHAMIYHUX GIPIYATbHUX
06pasis y epio-cepedosui 3 NIOMPUMKOIO MeXAHI3MY PentiKayil.

Buxnao ocnoenozo mamepiany. Ilpogsederno ananiz icHylouux mexHono2ii UKOPUCTNAHHS GiPIYATIbHUX MAWUN Y 2piO-
cepedoguwyi. Pozpobnsiemvcsi npakmuyna peanizayis na 6asi ichylouoeo ¢petimeopky 0isi po3podKu epio-000amkKis i3 6uKo-
pucmanmnam mexnonoeii sipmyanizayii. Ilpoyec pozeopmanns OUHAMIYHO20 8ipMyanbHo20 00pazy Ha 8i00ANEHUX 0OYUCTIO-
BAILHUX PECypCax peanizyemucsi 3a 00nomozor npozpamuoi niamegopmu Docker. Taxuii nioxio 0o ¢hopmysanns obpaszie dac
CHYYKICMb 8 YNPAGIIHHI OUHAMIYHUMU GIPMYATbHUMU 00pa3amu | 00360JA€ 3 1e2KICMIO NePEeHOCUMU 8Jice HANAUMOBAHI 00-
pasu mige obuucaosansHuMu pecypcamu 3a oonomozoro GridFtp npomokony. B cmammi npeocmaeneno mexanizm 30epica-
H3l, docmyny ma pentikayii OUHAMIYHUX 8IpMYanbHUX 00pasie y epio-cepe0osuuyl.

Bucnoeku. Asmopamu po3pobneno aneopumm 6UKOHAHHS 2Pi0-3a0ayi 3 GUKOPUCMAHHAM OUHAMIYHUX 00paszie ipniy-
ANbHOI MAWUHU Ma apXimekmypy pO3nooileno2o cxoeuwja O1si 30epieants OUHAMIYHUX GIDMYAnbHUX 00pasie y epio-
cepedosuwyi 3 NIOMPUMKOIO MeXaHizmy pennikayii.

Knrouogi cnosa: epio-cepeoosuwe; sipmyanizayis,; ounamivnuii gipmyanvhuii 00pas, po3nooiiene cxosuwe; penikayis.

Puc.: 2. Tabn.: 1. Bion.: 29.

IlocranoBka mpo6Jjemu. HuHi rpii-TeXHONOT] CTPIMKO pPO3BHUBAIOTHCS Ta 3aCTOCOBY-
I0TbCS Ul BUCOKOIPOJYKTUBHUX OOYMCIIEHb, @ TAKOK 3HAYHO MOIIHMPEHI B HAYKOBUX JIO-
CIIIDKEHHAX, MEIUIIMHI, €eKOHOMII1 Ta 1HIIMX Taly3sX, /Ie MOTPIOHO MIBHUJIKO, a TOJIOBHE Jie-
meBe OOYUCIUTH BEJMKI MacwBU AaHuX [1]. YV rpim KOKHOMY KOPHUCTYBady HAJA€ThCS
MO>KJIMBICTh BUKOPHCTOBYBATH IeBHI npukiagdi nporpamu (I1I1) 3 BinnoBigHMMH Hajamry-
BAaHHSMM Ha BIJJIAJICHUX pecypcax. Sk mpaBuiio, 11l pecypcH MpeJCcTaBlieH] KIacTepaMu, 110
npairoroTh i ynpasiaiHHasaMm OC cimerictBa Linux.

OpHak npu BUPILIEHHI TPiA-337a4 4acTO BUHHUKAE HEOOXIIHICTh iX BUKOHAHHA MiJ OIe-
pamiiinoro cuctemoro Windows. Llst mpobieMa TpaauiiiHO BUPIMIYETHCS 3@ JTOIMTOMOTOIO TeX-
HOJIOT1i BipTyaii3alii, sika 103BoJige€ copMyBaTu 00pa3 BipryanbHoi Mamuuu (BM) 3 HeoO-
XIHUMU HaJAIITYBaHHAMH. AJie ICHYE JeKUIbKa HEBHUPINICHUX 3a/1ad 11010 BUKOPUCTAHHS
TEXHOJIOT11 BIpTyasi3alii B IpiJ-Cepe10BHUILIL:

— 3aBaHTa)XeHHs BipTyasbHOTOo oOpasy (BO) Ha BimmaieHuii pecypc rpia-ceperoBUIla
3aiiMae Oarato yacy (B cepeAHbOMY BiJ OJHIET TOAUHM 1 Outblle) [2], 1110 3HAYHO 30LUIbIIYE
yac BUKOHAHHS TPiI-3a/1a4;

— HaJIalTyBaHHs padime cpopmoBaHoro BO mig yMoBM BUKOHAHHS KOHKPETHOI 3a/iaul.

CyudacHuM npoMDKHUM mporpamHuM 3abe3neueHHsM (IIII3) rpin He HamaeTbecst MOXK-
JUBICTh aBTOMATHU30BAHOr0 HajamrtyBaHHS BO 11 BUKOHaHHS OKpeMHX 3adad. Y TOH ke
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yac 1 npobiieMa Moxke OyTH SIKOIOCh MIPOIO BUpIIIEHA HUISIXOM peaji3alii B Ipi MEXaHI3MY
perutikanii, KUl 3 YCHIXOM B)K€ BUKOPHCTOBYETHCA Yy XMAapHUX TEXHOJIOTIAX, TAKUX SK:
Microsoft Azure [3], De Novo [4] Ta iH. Ane perutikaiiito y XMapHHX TEXHOJIOTISIX 3aCTOCO-
BYIOTh TUIBKU JJIsl pE3€PBHOTO KOMIIOBaHHS Ta CUHXpOHI3alii oOpa3iB BM, He miarpumyoun
6e3nocepeHbO Ipolec o0unciIeHb Ha po3ropayTux BO.

AHaJi3 ocTaHHIX q0c/iakenb i myoJikauniii. Ha cboroHi icCHYIOTh €K1 PIIEHHS 100
BUKOPHUCTAHHS BIPTyaJIbHUX 00pa3iB y rpia-cepenoBuili. Tak, y cTarti [S] mponoHyeThCs BU-
kopuctanus BO, sike MOKHA 3aBaHTa)KUTH Ha pecypc 1o rpia-mepexi. Ane neit BO moxe 0y-
TH BUKOPUCTAHUU TUIBKU JJI1 OJHOTHITHUX 3a7a4 0e3 MOKJIMBOCTI HOTO HAJIAIITYyBaHHS ITiJ
IHIILI1 TPOTPaMH.

VY po6oTi [6] po3risimaeTbes BapiaHT MONEPEIHBOI0 HEABTOMATHYHOTO po3roptanHs BO
Ha BIAJAJIEHOMY I'piJ-pecypci, 1 3a1a4a Moxe OyTu 3amylleHa TUIbKU Ha B)K€ M1ArOTOBJIEHO-
My BO. Takox y 1pbOoMy IpUKIJIaJi Ha BPaXOBYETHCS MOXKJIUBICTb CTBOPEHHS PO3IOAUIEHUX
cxoBul] BO, mjo Moke 3HaYHO MOKPALIUTH YacOB1 XapaKTEPUCTHKHU MPU BUKOHAHHI 3a/1a4y
IpiJ-CepeOBHILLI.

V crarri [7] BupiyeTbes 3aada po3roprands BM Ha BijgjageHOMY Ipi-pecypci, ajie He
nependavaeThCsl MOKIIMBICT HaJAMITYBaHHS copmoBaHoro BO Ta Horo perutikariii.

BuainenHss He BHMpilleHMX paHillle YaCTHH 3arajbHoOi nMpodJjeMH. ABTOpaMu CTaTTi
Oy/0 oLiHEeHO e(EeKTUBHICTb TEXHOJOTIi MOOYJOBM BIPTYaJbHOTO OTOYEHHS IJs Tpil-
3acTOCYBaHb. Pe3ynpTaTi eKcriepuMeHTIB Ha 0a31 KOMILIEKCY IMITAIlIfHUX MOJeNel mpouecy
BUKOHAHHS 3ajjaul B I'Pi-CepeOBUINI 3 BUKOPUCTAHHS TEXHOJIOTIi BIpTyasi3allii Mmokasaiu,
10 TUMYACOBI BUTpATH Ha po3ropranHs BO mix vac 3amycky 3agadi He MEpEeBHINYIOTh 5 % y
pa3i HasBHOCTI 3a3gaieriib Bu3HadeHoro BO Ha rpia-pecypcy. OnHak BIIHOLIEHHS MK 4Ya-
COM BHMKOHAHHSA 3aJjaul B TpiA-cepeloBUIIl 0e3 BUKOPUCTAHHS TEXHOJIOTI BipTyamizaumii 1 3
BHKOPHUCTAHHSM, ajie 0e3 BcraHoBieHoTo BO Ha BimmaneHuit 004YHCIIIOBAILHUN pecype 3HaY-
HO BuIe [2]. Ane BuTpatu Ha nepecuiaky BO MoxyTh OyTH KOMIIEHCOBAHI 3a JIOMIOMOTOIO
PO3poOKHU po3noaiieHoro cxosuia s 30epiranis BO B rpia-cepenoBui.

Merta crarTi. Y CTaTTi IPOMOHYETHCS APXITEKTYpa PO3MOIUICHOTO CXOBHINA TUHAMIYHHUX
BIpTYallbHUX 00pa3iB y Ipii-CEPEIOBHUIII 3 MIATPUMKOIO MEXaHI3MY perlIiKallii.

AHani3 icHywu4ux TexHoJioriii Buxkopucranis BO B rpia-cepenoBumi. Ilix
BIpTyali3ali€l0 po3yMIEThCS aOCTpaKilisi 0OUMCIIIOBAIBHUX PECYpPCIB 1 HaJlaHHS KOPUCTYBa-
4YeBl CUCTEMH, SIKa «IHKAICymnoe» (IIpUXOoBYe B co01) BiIacHy peanizauito [8]. Ines Bukopu-
CTaHHSI TEXHOJIOTII BIpTyai3alii A THYYKOTO KOH(IrypyBaHHS NOTPIOHOTO KOPUCTYBAueBl
OTOYEHHsI IIPY BUKOHAHHI 33Ja4 y Ipii-CcepeIoBullll HE € HOBOIO. HaiiBiomimiuMu mpoekra-
MH 3 BUKOPUCTaHHs BipTyainizaiii B rpig-cepenoBumax € RainBow [5], CKI®-I'PIJ] [9] Ta
Bipryansuuit «konreiinep» [7].

Komrmrekc nporpamunx 3aco6iB Rainbow ( «ARC in the Cloud») po3po0bnennii y Mexxax
npoekty Ykpaincekuil HanioHansHuH rpig (YHI) [10] mist 3aBianb IHTEpaKTUBHOIO aHAII3Y
MEIMYHUX JaHUX BipTyanbHOI opranizamii «Mearpim» [11]. CaopsimoBaHUN Ha MPUCKOPEHHS
amapaTHOro 3a0e3MedyeHHs BIpTyaJlbHUX MAalllMH Ha poOOYMX By3/1ax KJIAcTepiB 1 OpIEHTOBa-
Huii Ha Bukopuctanus 1113 Nordugrid ARC [12]. SIx 0OpoOHUK 00YHCITIOBATBFHOTO €IIeMEH-
Ty(CE, anrn. Computing Element), a Takox crieHapiii Kepyr4oro MUKIOM POOOTH BIpTyalib-
HO1 MamuHu BUKopuctoByBaBcs MmexaHisM RunTimeEnvironment (RTE) I13 Nordugrid ARC.

VY Tabnuui npencTaBieHO MOPIBHSUIBHUM aHalli3 TaHUX MPUKIAAIB BUKOPUCTAHHS BIPTY-
QTBHUX MAIIIWH Y TPII-CEPEIOBUII 32 IEBHUMHU KPUTEPIMHU.

Peanizaniss BUKOPUCTOBY€E rOTOBI eleMeHTU MepexeBoi iHppacTpykTtypu OC Linux. In-
TEPAaKTUBHUHN TOCTYI 10 TiaTdopm Ha 6a31 Windows 311HCHIOETHCS 32 TOTTOMOTOI0 TIPOTOKO-
Jy BIIIAJIEHOTO MIAKII0UEHHs 10 pododoro crory RDP [13].
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Taomums 1
Tlopignanvnuu ananiz icHyl0O4ux mexHono2ii UKOPUCAHHSL
BIPMYANILHUX MAWUH ) 2Pi0-cepedosunyi
Kpurepii orinku Rainbow CKI®-T'PIJ BipryanbHuii «KOHTEHHEPY

Ilepenaya BO Ha Bigma- n i n
JIeHUH pecypc
306epiranns BO B n i n
PO3IIOAIIEHOMY CXOBHIITI
Bu6ip BO nns BukoHaH-
Ho 3a7a4il ) ) )
HasBHicTb 3ac00iB
perutikarii BO ) ) )
Po3mmproBasicTh - - -

[Mpumitku:

1. "-" o3Havae BiACYTHICTb peastizaii i€l BUMOTH Y PO3IJITHYTOMY PillleHH;

2. "+" o3Hauae HasBHICTH peasizalii i€l BUMOTH.

OpmHak po3rISHYTE PINICHHS OpIEHTOBaHE HAa 3aIlyCK 1 BUKOHAHHS 3a/1a4 aHAII3y M-
HUX JIaHUX, 1 epeadadae BUKOpUCTaHHS ogqHOTHIIHOTO BO, sike MOXHa 3aBaHTKUTU HA pe-
cypc 1o Mepexi B rpina-cepenouii. Kommiekc nporpamamnx 3aco0iB Rainbow He BpaxoBye
MOXKJIMBICTH po3muproBaHocti BO.

[Ipombkae mnporpamue 3abesneuenHs CKID-I'PIJI npusznauene s 00 eaHaHHS
PO3MOJIUVIEHUX BHCOKOIPOIYKTUBHUX OOYMCIIOBAJIILHUX PECYpPCIB B €IMHY TPII-MEPEXY, a
TaKOX JIJIsl Oprasizaiii 1octyny KopucTtyBadiB 10 BO Ha BigianeHuX rpijg-cecypcax.

Ha Binminy Big I1113, Biitouenoro B EMI (aurn. European Middleware Initiative) [14] cran-
napt, komnoneHTu CKID-I'PI/] peanizytoTb MOKIMBICTh OpraHizalii BIpTyaJIbHUX CEPBICIB.

Kommonentn CKID-TI'PI/I:

— skifGrid-srv npusHaueHuil Ay BipTyaii3allli cepBepHOro oOJiaHaHHS 1 CUCTEMHOTO
ynpasninHsa BO, BukopucroByrouu peanizaiito I1I10 Ganeti [15];

— skifgrid-crm - menemkep obuncmoBanbHUX pecypeiB (anri. Computing Element, CE)
BukopuctoBye [1113 QosCosGrid [16];

— opoxkep CE (skifgrid-crb);

— KJIIEHT KOHCOJIBHOTO JIOCTYNY 110 pecypciB (skifgrid-cli);

— MOHITOPHUHT Tpin-mepexi (skifgrid-mon).

[II13 CKIO-T'PIl € BUIbHMM NpOrpaMHUM 3a0€3IEUEHHSM, SIKE O3BOJIAETHCS MOLIU-
pIOBATH 1 BHOCUTH 3MIHM BIINOBIAHO J0 YMOB CTaHAAapTHOI rpoManchkoi jineH3ii GNU
(GPL) Bepcii 3 [17].

Onnak Take nmporpaMHe pillieHHs1 He BpaxoBye nepeaady BO Ha BiganeHuii rpii-pecype Juis
BukoHaHHs 3aa4di. CKID-I'PIJ] Takox He BpaxoBye HasBHICTH cxoBuia BO Ha rpin-By3nax.

V HayxoBo-gocaigaoMy ooducioBabHoMy IeHTpi MI'Y im. M. B. JloMmoHOCOBa Benucs
PO3pOOKH 3 BUKOPHMCTAHHS BIPTYaJIbHUX MaIlWH y IPiA-TEXHOJIOTIIX MPHU BHPIIICHHI 33124 B
00UHCITIOBANIBHIN XiMIi. Y Iifi KOHIIETIIIi OITMCAaHO BUKOPHUCTAHHS BipTyaabHHX MamuH (BM)
Yy PO3MOIUICHUX CepefoBHUIaX. TakuM YHHOM, KOPHUCTYBA4eBl1 PO3IMOIAUICHOTO CEpPEeAOBHINA
MOJKe OyTH HaJlaHe IMOBHICTIO 130JIbOBAaHE BIpTyaJbHE OOYHCIIIOBAIBHE CEpeIOBHUIIE (BIPTY-
ATbHAN «KOHTEHHEPY») [7]. 3a CBOIMH BIACTHBOCTSIMH BIPTYaJIbHUM «KOHTCHHEP» HE IMOCTY-
maeTbes GI3UIHOMY cepBepy. Y IbOMY JI0JATKy BUKOPHCTOBYETHCS TEXHOJIOTIS BipTyani3allii,
IO y CBOIO d4epry jgae HeszanexkHIicTh Big OC 1 orodeHHsA. TakoX BpaxoOBYETHCS IOBHE
BUIIUICHHSI SK KOHKPETHOI cly)kOu abo mporpamu Bil 30BHINIHBOTO CEpPEIOBHINA, TaK 1
30BHIIIHHOTO CEPEIOBHUIIA Bifl HET.

KopucTyBadu oTpuMye MOXKJIHUBICTE CTBOPUTH 00pa3 BIPTyaIbHOT MAIlIMHU 3 MOMEPETHBO
BcTaHOBIeHOI0 OC 1 MOBHICTIO CKOH(MIrypOBaHUMH A0JaTKaMH, HAIJICHUMH Ha BHUPIIICHHS
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KOHKpETHOI 3aaaui. Llei o0pa3 moTiM mepenacTses Ha pO3IMOAUICHHN pecype 1 po3ropTaeThbCs
TaM SIK I'pi-3aCTOCYBaHHS, HE BHMAarardy HajallTyBaHHS JaHOTO BY3Ja IiJ KOHKPETHI 3a-
nadi. Ile icrotno monermrye anantaniro [T gms poGoTtu B rpia-cepenosuti [7]. JogatkoBum
IJTIOCOM € T€, IO TaKi TEXHOJIOTI 3arajioM JI03BOJISIOTH 3amyckaTu obpasu BM 3 omeparriii-
HUMM CUCTEMAaMHU, BIAMIHHUMMU BiJ BCTAHOBJICHHX Ha pecypcax.

OpnHak 1eil MeToJ| PO3MJISTHYTO 3 YpaxXyBaHHSAM BUKOPHCTAHHS BIPTYaJIbHUX MAIIWH IS
BUPIIMICHHS KOHKPETHHUX 3aJ1ad B 00UHCIIIOBaIbHIN XiMii. [Iporpamuunii 1o1aTOK BIpTyaIbHUN
«KOHTEMHEP» BHUpIIIYE 3amaqy po3ropranHs BM Ha BigmaieHOMy TIpin-pecypci, aje He Bpa-
XOBYE MOKJIMBICTH po3iIKproBaHocTi copmoanoro BO Tta ioro perutikarii.

MexaHi3M pelutikanii Ta 0c00JJHBOCTI HOro BUKOPHCTAHHS NPH BipTyasizamii.

Permmikarist — 1e mpoliec, Imijg SKUM PO3yMIEThCSA KOIIOBAHHS JAaHHX 3 OJHOI'O pecypcy Ha
iHmMi (a6o Ha Oe3miu iHmuX) 1 HaBmaky [ 18]. [Ipu pernikaiii 3MiHu, 3p00JICH] B OIHIA KOTIii
00’eKkTa, MOXKYTh OyTH MOUIMPEH] MDK IHIIMMH KOMisiMU (perutikamu). Perutikaiist Mmoxxe OyTu
CHHXPOHHOI0 200 aCHHXPOHHOT.

[Ipr cCHHXPOHHIN peIUTIKaIlii, KO IS PEIIiKa OHOBJIIOETHCS, BCI 1HIIN PEIUIIKKM TOTO XK
(dbparMeHTa JaHUX TAKOXX MOBWUHHI OyTH OHOBJICHI B Tiil caMiil TpaH3akIlli. Ajle CHHXpOHHA
peruIiKaisi Mae HeJOJIK, 00 BOHA CTBOPIOE JOJATKOBE HABAHTAKEHHS MPU BUKOHAHHI BCIX
TpaH3aKIlii, B SIKUX OHOBIIOIOTHCS OYy/Ib-5K1 PETUTIKH.

VY pa3i acMHXpOHHII peruTikaiii OHOBJICHHS OJIHI€T PETUTIKU TOIIUPIOETHCS Ha 1HIIN Yepe3
NeSKUI Jac, a He B Tid JKe TpaH3akilii. TakuM 9iMHOM, IPH aCHHXPOHHIN peIuTiKaIlii BBOINTh-
sl 3aTpUMKa, a00 4Yac OYIKYyBaHHsI, IPOTATOM SIKOTO OKPEMI1 PEIUTIKM MOXKYTh OyTH (PaKTUYHO
HCICHTUIHHUMH.

Pemuikariiss mmpoKo BUKOPUCTOBYETHCS B cucTeMax ynpasiiHHs 0azamu nanux (CYBJI),
ne 3a0e3neuye Taki MOXIHBOCTI [ 19]:

— CHHXpOHMalis naHux. JlaHi po3moaiuieH] MO ACKUIBKOX PECYpCiB, KOXKEH 3 SKHX
MIATPUMYE aKTyajdbHY Komito iH(opmarii. 3MIHM Ha OJHOMY pecypcl HMOLIUPIOIOTHCA MK
IHIIMMH pECYpCaMU;

— iaTerpamis manux. [adopmartis, mo 30upaeThes 3 NEKUTBKOX PKepe, KOMOIHYEThCS 1
HAJXOJUTh HA MHOKEHY IHIINX PECYPCIB;

— KOHcoJinamis nanux. Habopu maHmx Ha BiIIaIeHHX pecypcax, Kl BIAPI3HAIOTHCS 3a
KOHTEKCTOM, BUTATYIOTHCS i 00’ €IHYIOTHCSI HA OJTHOMY 200 JEKUTBKOX pecypcax.

— IEepeHEeceHHs JaHuX. Y LbOMY BUIAJIKY 1H(OpMaIlis IEPEHOCUTHCS 31 CTapUX PECYpCiB
Ha HOBI.

Sk BXXe BKa3yBaJjOCh, PEIUIIKAIIS 3HAXOIUTh IIIMPOKE BUKOPUCTAHHS Y XMapPHUX 0OUYHCIICH-
Hax. Peamizanis periikamii y XMapHUX TEXHOJIOTIIX 3a0e3medye 3aXucT iHhopmMaIlii Bi BTpaTu
Yy BUIIQJKy BUXOJY 3 Jady oOJaJHaHHSA Ha KiacTepl. Y XMapi TaK0XX HAaJIa€ThCS MOXKIIHBICTH
BHKOPHCTOBYBATH TEXHOJIOTIIO BIpTyaTi3allii 3 MATPUMKOIO MexaHi3My perutikartii [20].

[Ipu BipTyanizauii perutikaiisi Haja€e Taki MOKJIUBOCTI:

— HepioAUYHO CHHXPOHI3ye Komito oOpasy BM 3 06a3oBuM, MmiATpUMYIOYHM JaHi B
aKTyaJlbHOMY CTaHi;

— 3HIMAa€ MWUTAHHS TMAAIHHS TMPOAYKTHUBHOCTI OOYHMCIIOBAJLHUX PECYpPCIB, OCKUIBKH
peIuIika € KOMI€ BIPTyalbHOI MAalllMHU, Ky MOKHA 3aIlyCTUTHU B OYy/b-SIKUIl MOMEHT 4acy;

— sKIo 6a3oBuit 00pa3z BM 3 sikoick pu4MHY IepecTaHe MpaltoBaTH, HAAAEThCS MOYKIIUBICTh
LIBHUJIKO TIEPEMKHYTHCS Ha PEIUTIKY 1 BigHOBUTHU 1oTpiOHI1 [1I1 3 MiHIMaIbHUM POCTOEM;

— CTBOpeHHs1 Komii oOpazy BM Ha nokanpHHEl 0OUYMCIIOBAIBHMI pecypc abo Ha
BIITAJICHUH TIICIISI aBAPITHOTO BITHOBJICHHS.

ApXiTeKTypa pO3MOAiJIEeHOr0 CXOBHINA JJs 30epiraHHs AUHAMIYHUX BipTyaJbHHUX
o0pa3iB y rpia-cepegoBuii 3 MiATPUMKOI0 MeXaHi3My pemikanii. ApxiTekTypa, 10 Mpo-
MOHYETHCSI, MAa€ 3a METy MO€IHAHHS mepeBar 3actocyBanHs pertikamii y CYBJl ta y
PO3MOAUIEHOMY XMapHOMY CEPEIOBHIII JJIs MATPUMKH BUKOHAHHS TPi-3a/1a4.
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[Tig ABO po3ymieThcst 00pa3 BIpTyalibHOT MallIMHU, SIKUW A€ MOKJIMBICTh PO3IINPIOBATH
HEoOX1/1H1 KOpUCTYBayeB1 KOH(Irypallii OTOUeHHs Ta BCTaHOBIoBaTy crenugiuni [13.
ANroput™m BUKOHAHHS 3ajadi 3 BUkopuctanHam JIBO B rpia-cepenoBuil nNpeacTaBiIeHHl
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Puc. 1. Aneopumm euxonanms sadaui 3 suxopucmannam JBO 6 epio-cepedosunyi

[Iponiec posropranns JIBO Ha Bignanennx CE peanizyeTbcs 3a AOMOMOTO0 TPOrpaMHOL
mnatdopmu Docker. Docker — mporpamae 3a0e3mnedeHHs Jis aBTOMAaTHU3allli po3ropTaHHs i
yIOpaBJiHHA A0JaTKaMU B cepeqoBHILI BipTyanizanii Ha piBH1 OC [21].

Knientcbka ctopoHa (QpeldMBOpPKY A03BOJIIE KOPUCTyBauaM TIpiI-MOPTaly BUKOPUCTO-
BYBaTH pi3HI MmIaTopMHu, BKIIOUAOYU MOOUIbHI mpucTtpoi. Ilpn BUKOpUCTaHHI TE€XHOJOTIL
BIpTyanizauii s BUpIIEeHHS rpia-3anadi npukpimioersbes ABO, akmo Bubpanuii o6pas 3a-
BaHTaXXYy€EThCs Brepiie, a Takoxk Dockerfile [21].

Dockerfile mictute HaOlp I1HCTpyKIIA 3 aprymeHTtamu s posropranas JIBO. Ilicis
BIIMPABKHU 3a/1a41 HA BUKOHAHHS B T'PIA-CEPEIOBUII, BUKOHYIOThCS cepBick Docker, siki po3rop-
tatoth JIBO Ha ocHoBi iHcTpyKIiii B Dockerfile. 3a monomororo Hcrpykiii TAG koxen JIBO
1IeHTH(DIKYEThCS YHIKAILHUM KIIFOYEM 1 3aHOCUTLCA B 0a3y JaHUX ICHYIOUOro GpeMBOpPKY [22].

[Toni6Hno BipTyanmpHi MamumHi Docker 3amyckae cBoi mpollecH y BiacHIN, 3a37ajeTiab
HanamroBaHii OC. Ane npu oMy Bci npouecu Docker mpamioroTe Ha (i3UYHOMY TPif-
cepBepi, IUITYU BC1 MPOIECOPH 1 BCIO JOCTYIHY MaM'siTh 3 yciMa IHIMUMH Tporecamu. [linxi,
BUKopucroByBanuii Docker 3HaxoauThCs MOCEPEAMHI MDK 3allyCKOM BCHOI'O Ha (DI3UYHOMY
cepBepi 1 MOBHOT BipTyai3allii, MpONMOHOBAaHOI BipTyalbHUMH MammHaMmu. Llei minxinx Has3u-
BA€THCSI KOHTEHHEPHU3ALIIEIO.

ITig yac BUKOHaHHS Ipif-3a4a4i, Ha ocHOBI BuOpaHoro J/IBO, y docker konTelinepi cTBo-
proetbes Binganena OC 3 moTpiOHUMHU AJI1 KOPUCTYBaueBl HAJIAIITYBAHHSIMH Ta 3aCTOCYBaH-
HaMu. Cami X pe3yibTaTd BUKOHAHHS 3a7adyl OyAyTh aBTOMATUYHO 3aBaHTAKEHO Ha

92



TEXHIYHI HAVKM TA TEXHOJIOTIi Ne 3 (9), 2017

TECHNICAL SCIENCES AND TECHNOLOGIES

KIIIEHTCbKY YaCTUHY KOpUCTYBaya. Po3MIMpEeHHSIM MOKIIMBOCTEN y BKe BcTaHOBIeHOMY J[BO
Ha BIIJAJICHOMY TPiI-pecypcy 3aiiMaeTbcs po3poOHUK Tpif-cepriciB. Po3pooHuk mae RDP
noctyn a0 BigmaneHoi OC mis CTBOPEHHS HOBUX a0 peAaryBaHHs BXK€ ICHYIOUHX TPill-
cepeiciB. [lix rpin-cepBicaMu po3yMie€ThCs CIIEHApid aBTOMATH30BAHOTO BHKOHAHHS 3aadi
Bcepennni OC Docker xoHTeiinepa.

Ha puc. 2 mpencraBieHa apXiTeKTypa pO3IMOJUICHOTO CXOBHUINA JUIsi 30epiraHHs -
HaMIYHMX BIpTyalbHHUX 00pa3iB B Irpia-cepeoBHILI 3 NIATPUMKOIO MEXaHI3MY peIutiKaliii.
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DTR
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Puc. 2. Apximexmypa po3nodinenozo cxosuwa 05 30epicanis OUHAMIMHUX BIPIYATbHUX 00paA3i6
y 2pio-cepedosuyi 3 NIOMPUMKOIO MEeXAHIZMY PenaiKkayil

Docker Trusted Registry (DTR) — ne xoHTeiiHepH1 J04aTKU, 10 3alyCKAalOThCs Ha Kia-
crepi Docker Universal Control Plane (UCP). 3a 3amoBuyBannsiM DTR 36epirae JIBO na
¢aitnosiit cucremi SE (anrin. Storage Element) rpin-By3na. DTR takox nae MOXIMBICTD BU-
KOPHCTaHHSI IIEHTPATI30BaHOTO pe3epBHOro KomitoBaHHs (perutikamii) JIBO. DTR minrpumye
HACTYIHI TeXHoJorii Juia 30epiranHs pe3epHoi xomii JIBO: NFS [23], Amazon S3 [24],
Cleversafe [25], Google Cloud Storage [26], OpenStack Swift [27] Ta Microsoft Azure.

[Tnardpopma Docker nae MOXIMBICTH BUKOPUCTOBYBATH BJIACHE CXOBHUIIE 3aPEECTPOBAHUX
JIBO. Take cxoBwuiie HazuBaeThess Docker hub.

JIBO cknamaeTrhest 3 AeKUTbKOX 00pa3iB ¢aitoBoi cucremu. Hanpuknan, nepmuii o6pa3 mMo-
e MICTUTH TUIbKM 06a30BY ycraHoBKY OC, npyruil monae 10 Hei Habip CTaHIAPTHHUX JIEMOHIB,
TPETIM — YTWIITH aJMIHICTpYBaHHs 1 Tak jani. Docker MOHTYe Bci 1apyu B peKUMI «TUIbKU YH-
TaHHS, aJie TakK, 00 PO3POOHUK IPi-CEPBICIB MaB MOXKIIMBICTH 3MiHIOBaTH BMICT [|BO.

3a 3amoBuyBaHHAM Micis 3aBepuieHHs: DTR (sike BiaOyBa€eThCs MICisl 3aBEPIICHHS OCTaH-
HBOTO MPALIOI0YOr0 B HHOMY IPOLIECY) OCTaHHIN 1Iap CTUPAETHCS 1 BC1 3MIHU IPONAAAI0Th.
Opnak, BukopucToBytoun komaHmay docker commit, po3poOHUK Tpin-CEpPBICIB MOXKE «3a-
¢ikcyBaTu» 3MiHH, cTBOpHUBIIM HOBUI JIBO Ha 0CHOBI BXke ICHYIOUMX 00pa3iB.

Takuit ninxin 10 popmyBaHHS 00pa3iB Jae THy4YKicTh B ynpasiinHi JIBO 1 no3Bosie 3 ser-
KICTIO TIEpeHOCUTH Bke cKoHpirypoani /JIBO mix mammnamu 3a nonomororo GridFtp [28]
(o6pa3 moxxHa Bukiactu Ha Docker Hub i moTiM po3ropHyTH Ha iHIIOMY Ipig-By3ini). Takox
Docker m03Bojsi€ €KOHOMHUTH JUCKOBHU MPOCTIP, Y BHIAAKY PO3TOPTaHHS HA TPIA-BY3Ii
nexitbkox JIBO. Koxen JIBO Oyzne cmoyaTky 3acHOBaHWI Ha 0fHOMY 0a3oBoMy 00pasi. OTxe,
JIBO OynyTh mocuiiatvcs Ha 1iei 6a30Buii 00pa3 1 He OyAyTh JyOJIFOBATH MOTO BMICT.

3anponoHoBaHa TexHOJIOTIA [29] mependayae BUCOKOPIBHEBHMM 1HTepdeiic ans rpin-
kopuctyBauiB. 11lo 1acTh MOXIHMBICTh 3a4aBaTH HEOOX1IH1 HATAIITYBAHHS IS BIPTYaIbHOTO
CepeZIOBUINA, B IKOMY OYyTh BUKOHYBAaTHCh I'PijI-3aayi.
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[IpakTryHa peamizalisi 3apoOIIOHOBAHOT apXITEKTYpH PO3MOAUIEHOTO CXOBHUIIIA 3 MIATPUM-
KOIO MeXaHi3My peruikaiii 3jailicHeHa Ha 0a3l ICHYo4Yoro (ppeiMBOpKY AJsi po3pOoOKH Ipif-
3acTocyBaHb [22] 3 BUKOPUCTAHHSIM TEXHOJIOT1 M0OY10BU BIPTYaJIbHOTO OTOYEHHS [29].

BucnoBku. [IpoBesieHO NOPIBHSAJIBLHUMN aHalI3 TEXHOJIOT1 BUKOPUCTAHHS BipTyasi3alii B
rpizn-cepenoBuinax. Po3po6ieHo aroput™M BUKOHAHHSI 3a/1a4l 3 BUKOPUCTAHHSIM JTMHAMIYHUX
BIpTYyallbHUX 00pa3iB y rpii-cepe10BUILI.

VY crarti 3ampornoHOBAaHO apXITEKTYpPy PO3IMOIUICHOTO CXOBHINA I 30€piraHHs -
HaMIYHMX BIPTyaJbHUX 00pa3iB y rpia-cepenoBulli 3 BukopucranusMm Docker iHCTpyMeHTIB.
3anponoHOBaHa apXITEKTypa J03BOJISIE peali3yBaTl MEXaHi3M perutikamii JMHaMIYHUX BIpTYy-
albHUX 00pa3iB Ta BUKOPUCTOBYBATH iX K 0a3zy Ui IHIIMX 0Opa3iB, 110 EKOHOMUThH Yac Ha
3aBaHTAXXEHHS Ta NaM’sTh Ha rpia-pecypci. Takuil miixiag 3HAYHO 3MEHIIYE Yac BUKOHAHHS
3aJ1a4i B rpiji-cepeI0BUIII 3 BUKOPUCTAHHAM TEXHOJIOT1i BipTyaii3alii.

[Tomanpmii nocnikeHHs: OyyTh COPSAMOBaHI Ha pO3pOOKY alrOpUTMy IJIaHYBaHHS BUKO-
HaHHS I'piA-3a/1adl 3 ypaxyBaHHAM BUKOPUCTaHHS 3ac00iB BIpTyaizallii, a TAKOK MMPOBEIEHHS
€KCIIEPUMEHTIB B PEATbHOMY T'Pi/I-CEPEAOBUIII JIJIsi BU3HAYEHHS €(PEeKTUBHOCTI BUKOPHUCTAHHS
TEXHOJIOT1i MOOYI0BU BIPTYaJIbHOT'O OTOYEHHS JUIsl TP1/I-3aCTOCYBaHb.
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Volodymyr Kazymyr, Olga Prila, Mykola Kryshchenko

THE USE OF DYNAMIC VIRTUAL IMAGES IN A GRID ENVIRONMENT
WITH REPLICATION SUPPORT

Urgency of the research. Currently grid technologies are rapidly evolving in different scientific fields. Virtualization
technology allows you to use the licensed software for computing tasks in a grid environment. However, the download of the
virtual image on the remote resource significantly increases the execution time of grid tasks. Also, the issue of configuration
the generated image of a virtual machine on a remote grid resource was not solved. There is therefore a need to develop
optimized distributed storage for virtual images in a grid environment.
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Target setting. Modern middleware grid does not solve the problem of distributed storage and configuration of dynamic
virtual images, based on the deployment of the necessary environment user to perform grid tasks.

Actual scientific researches and issues analysis. The analysis of literary sources showed that existing methods of virtualiza-
tion, grid environments involve the use of similar virtual images to perform a grid task, without considering the optimization of the
distributed storage of virtual machine images.

Uninvestigated parts of general matters defining. Transfer the virtual image to a grid resource is time-consuming. This
time considerably exceeds the time of task execution on grid resource, which has a pre-installed virtual image. To date, the
issue of optimizing the storage of dynamic virtual images in the grid environment has not been resolved.

The research objective. The purpose of this paper is to develop architecture of distributed storage for dynamic virtual
images in a grid environment with support for replication.

The statement of basic materials. The technology implementation is done on the basis of the existing framework for grid
applications development. The mechanism for realizing the deployment of a virtual image on remote computing resources is
implemented on software Docker platform. This approach to the formation of images gives the flexibility to manage dynamic
virtual images and allows you to easily transfer already configured images between computing resources by using GridFtp Pro-
tocol. The article presents a mechanism for storing, accessing and replicating dynamic virtual images in a grid environment.

Conclusions. The authors research the existing technologies for building a virtual environment for computing tasks on
the remote resource of the distributed environment. The architecture of distributed storage for storing virtual images in a
grid environment with support for replication was designed.

Key words: grid environment, virtualization; virtual image; distributed storage; replication.
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NPUMEHEHHME TUHAMWYECKHAX BUPTY AJIbHBIX OBPA30B
B I'PUI-CPEJE C MOJIEPKKOM PEIVIMKALIAN

Ha 0anmblii MOMEHM SpUo-mexHonIocuy CmpemMumenbto pazguealomcs 8 PasnudHbX HayyHbix oonacmax. Texnonozus eup-
myanusayuu NO3601sAem UCHONb306AMb TUYEHIUPOSAHHbIE NPOSPAMMHbIE 0Oecneyenysi npu Gbl4UCTIeHU 3a0ad 8 epud-cpeoe.
Oonaxo 3azpysKa 6upmyanbHozo 0opaza Ha yOieH bl Pecypc 3HAYUMENbHO GIusem Ha 6pems ebinoanenus epud-3adauu. Co-
BPEMEHHBIM NPOMENCYMOYHBIM NPOSPAMMHBIM O6ecnedeHueM cpud He pewaemcs 3a0aui pachpeoeieHHo20 XpPaHeHus U
HACMPOUKYU OUHAMUNECKUX 6UPNIYATHBIX 00PA308, HA KOMOPLIX OCHOBbIBACHICS PA36EPIMbIBAHUS TNPEOYEMO20 OKPYICEHUS OISl
svinonnenust epud-saday. Ilpoyecc paseepmuvieéanis OUHAMUYECKO20 SUPMYATBHO20 00PA3A HA YOANEHHbIX SbIYUCTUMETbHBIX
pecypcax peanuzyemcsi ¢ NOMowbio npoepammmoil niamgopmul Docker. B cmamve npedcmagnen Mexanuzm Xpanenus, 0ochiy-
na u peniukayuy OUHAMUHECKUX 6UPMYATbHBIX 00pa306 6 epud-cpede. Agmopamu pazpabomano aneopumm GolNOTHEHUS ZPUo-
3a0auu ¢ UCNOTL306AHUEM OUHAMUYECKUX 00PA308 GUDIMYATLHIX MAWUH U APXUMEKMYpPY PACHPEOeleHHO20 XPAHUTUWA Onsl
XpaneHust OUHAMUYECKUX BUPITYATLHBIX 00PA306 6 2PU0-cpede ¢ NOOOEPIHCKOL MEXAHUIMA PENTUKAYUU.

Knrouesvie cnosa: cpuo-cpeoa; supmyanuzayus; OUHAMUYECKUll 8UPMYanbHblll 00pas; pacnpeoenenHoe Xpauuiuue;
pennuxayusi.
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