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NHTerpanus BoIYUCIUTEIbHBIX PECypCcoB
opranusauuii crpan-yyactuuny OUAN
C UCMOJIb30BAHUEM 00JIAYHBIX

U TPUA-TEXHOJIOT I

OObeAMHEHHBIH MHCTUTYT SJCPHBIX HCCIIEI0BAHMIMA
(OUSIN) yuacTByeT B OOJBIIOM KOJUYECTBE HAy4YHO-HC-
CIIEZIOBATEIbCKUX MPOEKTOB, B KOTOPBIX BaKHBIM Cpe.-
CTBOM JUIS TOJYYEHHS 3HAYMMBIX HAYYHBIX pe3yJbTa-
TOB BBICTYNAIOT BBIYHUCIMTENBHBIE pecypchl. B cBs3u ¢
9THUM OOBEAMHEHHE CUCTHBIX MOIIHOCTEH OpraHu3amui
cTpaH-y4acTHUI] MHCTUTYyTa B €qUHYI0 HH(OpPMAILOH-
HO-BeIuHCHUTENbHYIO cpeny (MBC) npencrasnsercs Bax-
HOM M aKTyaJIbHOH 3aa4eii, pelieHre KOTOPOM 1103BOJINIIO0
OBl CyIIECTBEHHO YCKOPHUTD IPOBEJCHUE HAYYHBIX HCCIIe-
JIOBaHUM.

Ilepexon Ha COBpEMEHHBIE NMPHHLUIBI IOCTPOCHUS
BBIYHCIIUTEIBHBIX IIGHTPOB C HUCIIOJIb30BAHUEM 00JIauHBIX

TEXHOJIOTHH, MOBBIIIAIOMNX 3()(HEKTHBHOCTH UCIOIB30-
BaHUs armapaTHOTro o6ecnequMﬂ 3a CYCT BUPTYAJIbHOI'O
paszeneHns: pecypcoB W YIpOLIAMoLIeld 00CiyKUBaHHE
UH(PACTPYKTYPBI, YTO CHUXKAET CTOMMOCTH BIIAQJICHHS H
HCIOJIb30BaHUA alraparHbIX peCypCoOB, ABJISACTCA OAHUM
U3 CTpaTern4ecKux HarpasieHui B pabote Jlaboparopun
MH()OPMALIMOHHBIX TEXHOJIOTHH.

Jlnst oObearHEHUST OOJTaYHBIX BBIYMCIMTEIBHBIX pe-
cypcoB OMSU u opranu3anuii U3 ero CTpaH-y4acTHHUI] ObLIT
YCTaHOBIICH Pean30BaHHbIH Ha s13bIKe ruby IporpaMMHbBIi
unrepgeiic OCCI (Open Computing Cloud Interface) —
rOCCI, a Takxke paspaboraH IpaiiBep Ui MHTErpalnuu
o TMUpPUHroBoi Moxenu «cloud bursting» [1]. Dtu pas-
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The Joint Institute for Nuclear Research (JINR) par-
ticipates in a large number of research projects in many of
which computer infrastructures play an important role in
obtaining meaningful scientific results. That is why the in-
tegration of computational resources of the JINR Member
State organizations into a unified informational and com-
putational environment (ICE) is an important and topical
task the solution of which would significantly accelerate
scientific research.

The transition to modern principles of building com-
puting centers using cloud-based technologies that in-
crease the efficiency of hardware utilization due to the
virtual separation of resources and simplify the infrastruc-
ture, thus reducing the cost of ownership and usage of the

EI

hardware resources, is one of the strategic directions of the
Laboratory of Information Technologies.

In order to integrate the cloud computing resources
of JINR and its Member State organizations, implemen-
tation of the programming interface OCCI (Open Cloud
Computing Interface) — rOCCI on the ruby language has
been installed, and a driver has been developed for inte-
gration in peer model “cloud bursting” [1]. These develop-
ments have been successfully used for the last few years
as a tool to integrate the cloud resources of organizations
of the JINR Member States. In this way resources were
integrated of Plekhanov Russian University of Economics
(Moscow, Russia), Bogolyubov Institute for Theoretical
Physics (Kiev, Ukraine) and the Institute of Physics of
the National Academy of Sciences of Azerbaijan (Baku,
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PabOTKH YCHEIIHO HMCIOJIB30BATNCH B TEUCHUE HECKOJIb-
KHX JIeT KaK WHCTPYMEHT sl OOBEAMHEHMS OOJadHBIX
pecypcoB opranuzanuii ctpas-yuactHul, OUSAN. Takum
croco0oM OBbIIIM MHTErpUpOBaHbl pecypchl Poccuiickoro
SKOHOMHYECKOro  yHuBepcurera uMm. I.B.Ilnexanosa
(MockBa, Poccmst), UHCTHTYTA TEOPETHUSCKOH (DH3UKH
nm. H. H. boromo6oBa (Kues, VYkpawna) u Hucturyra
¢usukn HanmonanbHOW akagemun Hayk AsepOaiimpkaHa
(baky, Azepbaiimkan). CxemMa HHTETpaliyd PECYPCOB IO
TTUPUHTOBOM MOJIEIIH TIpEeICTaBIeHa Ha puC. |, ciesa.
Bozpocmmii uHTEpEC CO CTOPOHBI CTPaH-y4aCTHHIL
WucTuTyTa MpUBEN K YBEIMYCHUIO KOJIMYECTBA YYaCTHU-
KOB TaKOH pacrpeieieHHON 001a9HOi HHPPACTPYKTYPHI,
YTO BBISIBWJIO HU3KYIO MaclITabUpyeMOCTh JaHHOTO TOJI-
xoJa. B cBs3u ¢ »TMM OblTa HavaTa HMCCIIEI0BaTEIbCKAs
paboTa 1o OleHKE BOBMOXKHBIX aJIbTEPHATHB JIJIsl HUHTErpa-
MU 00Ta9HBIX HHAPACTPYKTYp. B kauecTBe HOBOTO Cpej-
CTBa JUISl MHTETPAIIMK 00JaKoB OBLIO BBHIOPAHO pelIeHue
Ha ocHoBe rpua-mardopmser DIRAC [2] (puc. 1, cnpasa).
Cuayx0b1 camoit DIRAC-mardopMmsl pa3BepHyTHI B 00I1a-
ke OMSIU, xoTopoe Tak ke, Kak M oOJaKa OpraHu3aini

Puc. 1. Bo3MoxXHBIE CXeMbI HHTETPALIUH 00JIAKOB
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Fig. 1. Possible schemes of the clouds integration

Azerbaijan). A scheme of the clouds integration following
the “cloud bursting” model is shown in Fig. 1, left.

Enormous interest of the JINR Member States in the
uniform distributed computational environment has led to
an increased number of participants in such a multicloud
infrastructure and revealed a low scalability of this ap-
proach. That is why research work was started to evalu-
ate possible alternatives, so the DIRAC software frame-
work [2] has been chosen as a new tool for the distributed
resources integration (Fig. 1, right). The services of the
DIRAC platform itself are deployed in the JINR cloud,
which, together with the clouds of the organizations of the
JINR Member States, provides computing resources for
the grid environment.

DIRAC (Distributed Infrastructure with Remote
Agent Control) is a software framework for distributed
computing providing a complete solution to one (or more)
user community requiring access to distributed resources.
DIRAC builds an intermediate layer between the users and
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crpan-yyactaun OVISAU, mpemocTaBiseT BBIYHUCINATEINb-
HBIE PECYPCHI [UISl TPUA-CPEIIBI.

DIRAC (cokpamienne ot anriuiickoro «Distributed
Infrastructure with Remote Agent Controly — pacmpe-
JienieHHasi UHQPaCcTPyKTypa ¢ BO3MOXKHOCTBIO yIpaBiie-
HUSl yIaJeHHBIM areHToM) — 3TO IporpaMMHasl cpeia
JUIsl PacrpeesICHHBbIX BBIYMCICHUH, MPEI0CTaBIISIOMAs
3aKOHYEHHOE pEIIeHHE Ul OJHOTO M Oojee coolmiecTs
MOJIb30BATENCH, HYXKIAIOIUXCST B JJOCTYIE K pachpere-
nenHbIM pecypcaM. DIRAC BeimonHseT GyHKINIO pome-
JKYTOYHOTO CIIOSI MEKY TOJIb30BATEISIMU 1 alllTapaTHBIMU
MOIITHOCTSIMH, TIPEIOCTABIAA OO WHTEpdeiic K Tmo-
CTaBIIMKaM Pa3HOPOAHBIX PECYPCOB.

Cucrtema ympaBieHust paboueil Harpy3koi ¢ MOMoO-
IIBI0 areHTOB B BUJE MWJIOTHBIX 337ad, BIIEPBBIEC Mpe.-
crasnenHas B DIRAC, B Hacrodiee Bpems IMIHPOKO HC-
MOJIB3YETCSI B PA3IUYHBIX TPUA-UHPPACTPYKTYypax. ITta
KOHIICTIIMSI TI03BOJISIET MPO3PauHbIM ISl MOJIb30BaTeleH
00pa3oM 0OBEIMHUTH B OOIICH CHCTEME TaKUEe BBIUMCIIU-
TEJIbHBIE PECYPChl Pa3IMYHON TMPHPOABI M MPOUCXOXKIE-
HUSI, KaK IpUJI-Cpe/ibl, 00JlaKa WM KJIaCTEePBl.

B ommmume ot nupunroBoit monenu «cloud burstingy
mwratpopma DIRAC mo3BosieT UCIoIb30BaTh pa3HbIC BHI-
YHCIUTENbHBIE PECYPCHI C TOMOIIBIO TTMIOTHBIX 3371ad.

Jlst TOrO, 4YTOOBI POBEPUTH BO3MOXKHOCTH OIOOHO-
T'O MCIOJB30BaHUs 00JIaYHBIX PECYpCOB, OblIa IPOBEACHA

the resources offering a common interface to a number of
providers of heterogeneous resources.

The Workload Management System with Pilot Jobs
introduced by the DIRAC project is now widely used in
various grid infrastructures. This concept allows one to
aggregate in a single system the computing resources of
different source and nature, such as computational grids,
clouds or clusters, transparently for the end users.

Unlike the “cloud bursting” model, the platform
DIRAC allows one to use different computing resources
with the help of pilot tasks.

In order to test the possibility of such use of cloud re-
sources, a series of tests were conducted, which resulted in
new virtual machines that were successfully created, their
contextualization was performed, user tasks were started,
and the results were sent to the storage element. No spe-
cial actions were required to run tasks on different cloud
resources. At the moment, the program code of DIRAC is
being finalized, because not all the necessary functionality
is present in the basic version of the system.

At present, the integration of the JINR Member
State organizations clouds into DIRAC-based distrib-
uted platform is at different stages. Their technical inte-
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Cepus TECTOB, B PE3yNbTaTe KOTOPHIX YCIIEIIHO CO3/1aBa-
JIUCh HOBBIC BHUPTyaJbHBIC MAIIUHBI, TPOU3BOIIIACH UX
KOHTEKCTyaJIu3alysl, 3allyCKaIUCh M0JIb30BATENIbCKUE 3a-
Jla4yl ¥ pe3yNbTaThl OTIPABIISIIMCE HA JIEMEHT XPaHEeHNUSsI.
IIpu sTOM He TpeOGoBaOCh HUKAKUX CHEIHUATbHBIX JEH-
CTBMH JUIsl 3aIycKa 3a/1a4d Ha Pa3HbIX O0OJIAYHBIX pecypcax.
Ceitgac Begercst gopaboTka nmporpammuoro koxa DIRAC,
TaK KaK He BECh HEOOXOIMMBIH (PyHKIIMOHAI TIPUCYTCTBY-
eT B 0230BO BEPCHH CHCTEMBI.

B Hacrositiee Bpemst MHTerpanusi o0JIakoB IapTHEp-
CKUX opraHu3anuii crpan-yuactaur OMSU B pacnpene-
neHHyto miardpopmy Ha ocHoBe DIRAC Haxomurtcs Ha
pasHBIX JTamax. BEIMONHEHa TEXHWYECKass HHTETPaIys

Puc. 2. Teorpaduyeckoe nonoxenue o0nagyHpIX HHYPACTPYKTYp
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W uaeT paboTa MO0 TECTHPOBAHWIO M OTIAIKe OOJIaKOB
ActannHcKoro ¢mmmana MHCTUTYTa SsaepHON QU3HKH —
yactHoro yupexneHus «Nazarbayev University Library
and IT Services» (Acrana, Kazaxcran) [3], Hayuno-
UCCJIE0BATENLCKOI0 MHCTUTYTA SIIEPHBIX ITpobiiem bero-
PYCCKOTo rocyapcTBeHHOT0 yHUBepcuTeTa (MuHck, bemo-
pyccust), EpeBanckoro ¢usngeckoro mactutyTa (Epesan,
Apwmenus), MactutyTa pusnkn HannoHamsHOH akageMun
Hayk AzepOaiimkana (baky, Azep0Oaiimxkan), Poccuiickoro
SKOHOMHYecKkoro  yHuBepcurera uM. I.B.IlnexaHosa
(Mockga, Poccus). HaxonsaTest B mporecce TEXHUUYECKOI
UHTErpanuu obnaka MHCTUTyTa SAEpHBIX HCCIEI0Ba-
Huit n snepuoit sHepretukn BAH (Codwus, Bonrapms),

opranuzanuii u3 ctpan-ydactaun OV, ygacTByrommx B HHTErpaiiy 00Ja4HBIX PECYpPCOB
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Fig.2. Geographical location of the partner cloud infrastructures from the JINR Member States

involved in the integration of their cloud resources

gration has been fulfilled, work on testing and debugging
is in progress for the Astana branch of the Institute of
Nuclear Physics — the private establishment “Nazarbayev
University Library and IT Services” (Astana, Kazakhstan)
[3], the Scientific Research Institute for Nuclear Problems
of Belarusian State University (Minsk, Belarus), Yerevan
Physical Institute (Yerevan, Armenia), the Institute of
Physics of the National Academy of Sciences of Azerbaijan
(Baku, Azerbaijan), and Plekhanov Russian University of
Economics (Moscow, Russia). In the process of integration
are the clouds of the Institute for Nuclear Research and
Nuclear Energy of BAS (Sofia, Bulgaria), Sofia University
“St. Kliment Ohridski” (Sofia, Bulgaria), Georgian Tech-
nical University (Tbilisi, Georgia), and the Institute of
Nuclear Physics (Tashkent, Uzbekistan). Negotiations are
in progress with the University “St. Kliment Ohridski”
(Bitola, Macedonia). Figure 2 maps the location of the or-
ganizations listed above.

EI

To work in any cloud infrastructure, the user must
be identified in it. Each organization independently de-
termines the identification procedure in its cloud service.
JINR provides cloud access only for users who have a
General Institute Account, i.e., if they are registered in the
JINR User Base. Having become an AFS user at JINR, this
user will automatically be able to log into the cloud service
as a single Kerberos service is used for authentication.

The cloud infrastructures of JINR and its Member
State organizations are grounded on a solution with open
source code OpenNebula [4].

There are two interfaces available for users of the
JINR cloud to access the OpenNebula service, namely, a
full-featured command-line interface (CLI) and a Sunstone
graphic web-interface. Access to the virtual machines is
provided either by {rsa, dsa} key or by password. User au-
thentication in Sunstone is implemented using Kerberos.
To improve the security of information transfer between
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Codmiickoro yauBepcutera uM. CB. Kmumenra Oxpwun-
ckoro (Codwust, boxrapust), I'py3MHCKOTO TEXHHYECKOIO
yauBepcureta (Toummen, I'py3us), Mucturyra saepHO
¢m3ukn AH PVY3 (Tamkent, Y30ekucran). Begyrces me-
pEeroBopbl 0 MHTErpalyd OOJAaKOB C YHUBEPCHTETOM
uMm. CB. Kimmmenrta Oxpuackoro (buroma, Makenonus)
(puc.2).

Jlist paboTel B 001a4HON MH(PACTPYKType I0JIB30-
BareNb JO0JDKEH ObITh MaeHTH(UIMpOoBaH B Hel. Kaxmas
OpTaHM3aIsl CaMOCTOSITEIEHO OIPEAEIAeT TPOLEaypy
HOCHTU(UKAIIMA B CBOeM oOmagHoM cepsuce. B OMSU
BXOJ] B 001aKO BO3MOYKEH TOJIBKO JJIsI TTOJIb30BATENEH, KO-
TOpbIE UMEIOT OOIIENHCTUTYTCKYIO YUETHYIO 3aIluCh, T. €.
3aperucTpupoBanbl B 6ase nons3osateneir OMSN. Batom
cilydae I0JIb30Barelib aBTOMAaTH4eCKH OyleT UMETh BO3-
MOKHOCTB BXOJIa B OOJIaYHBIN CEpPBHC, TAK KaK JIJIsl ayTeH-
TU(QUKAMN UCIIONB3yeTCs enuHblii cepBrc Kerberos.

Oo6naunble nudpacTpykrypsl MHCTUTYTA M Opranu3a-
LUH U3 CTPaH-y4YaCTHHUI] OCHOBAHBI Ha PELIEHUH C OTKPHI-
ThIM UCcXOIHBIM KoioMm OpenNebula [4].

Jlns monp3oBateneit obmaka OMAN cymecTtByer aBa
uHTepdeiica mocryma k cepucy OpenNebula, a nMeHHO
MOTHO(YHKIIMOHATBHBIN HHTEp(hEHC KOMaHIHOH CTpo-
ku (CLI) u rpaduueckuii BeG-unTepdeiic «Sunstoney.
JlocTyn K BUPTyaIbHBIM MalllMHAM OCYIIECTBIIAETCS JINOO
no {rsa,dsa}-xmrody, 1160 O mapomo. AyTeHTH()UKAIISL

the web-based interface of the service and user browsers,
SSL-encryption is used.

One of the most important tasks for the nearest fu-
ture is to provide scientists from the JINR Member States
with an access to the computational capacities of the JINR
supercomputer “Govorun”. The integration of its hard-
ware and the cloud resourses of the participating countries
would significantly increase a total computing capacity of
the entire ICE.

The growing number of participants of the distribut-
ed computing environment demonstrates importance and
relevance of this activity, which in turn is related to the
desire of the parties to join forces and resources in solving
fundamental and applied problems, the successful imple-
mentation of which is impossible without the use of new
approaches in conducting distributed and parallel calcu-
lations and using distributed storage for large amounts of
data.

Information on how to access the JINR cloud and use
its resources is available on the web-portal http://micc.jinr.
ru, option “Cloud service”.
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HOJIB30BATENId B Sunstone pealn3oBaHa ¢ UCIONb30BaHU-
em Kerberos. Jlnst moBbIeHust 6€301MaCHOCTH Tepeiadn
nHpOpMaIUN MeXIy BeO-mHTepdelicoM cepBuca U Opa-
y3epaMu mosp3oBareneii mpumeneHo SSL-mmdposanue.

B OnmxaiiiieM OyayIieM IUIaHUPYeTCsl TPEeIoCTaBIIe-
HHE YYEHBIM M3 OpraHu3anni crpan-y4acTHul MHCTHTY T
JIOCTyIa K BBIYUCIHUTENBHBIM PECypcaM CyNepKOMITBIO-
tepa OUAN «ToBopyn». MHTErpamus ammapaTHBIX pe-
CYPCOB CYINEpPKOMITBIOTEpa U OONauHBIX MHOPACTPYKTYD
CTpaH-y4YaCTHHUI] TTO3BOJIUT CYIIECTBEHHO YBEIHYHUTH 00-
LIYIO BBIYMCIUTENBHYI0 eMKocTh Beerd UBC.

VYBenuuuBaromeecss KOJIMYECTBO YYAaCTHHUKOB pac-
NPE/ICIEHHON BBIYUCIMTENLHON Cpelbl JIEMOHCTPUPYET
BO)XHOCTb M aKTyaJbHOCTh JJAHHOHU JIEITENLHOCTH, 4TO, B
CBOIO OYE€pe/ib, CBA3aHO CO CTPEMIICHHEM CTOPOH 00be/H-
HHUTh YCHJIUSI U PECYPCHI B PEIICHNH (PyHIAMEHTAIbHBIX
W TPUKJIAIHBIX 33jad, yCHeIHas peaju3alusi KOTOPBIX
HEBO3MO)KHa 0e3 MPUMEHEHHUST HOBBIX TTOJIXO/I0B B TIPOBE-
JICHUH pacIpe/ieIeHHBIX W apauIeIbHBIX PACUeTOB U HC-
TOJIb30BAHUSI CUCTEM PACIPENEICHHOTO XPAHEHUS 0O0ITb-
KX 00BEMOB JTaHHBIX.

Wudopmanus o nocryne k pecypcam odonaka OUSN u
paboTe B HEM JOCTyITHA Ha BeO-TIopTae ¢ agpecom http://
micc.jinr.ru no ccpiike «O0MauHbIil cepBUCY.
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