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DIRAC Interware — eaunblii uHTepdeiic
K pacnpeaeJeHHbIM BbIYUCIEHUSIM

B OUSIM monHbIM XOAOM HIET pa3paboTKa IeTeK-
topo st koiutaiaepa NICA. Korma yckopurens u je-
TEKTOPBI OYAyT 3aMyIleHbl B IKCIUTyaTalldio, OHU TOPO-
JSIT OTPOMHBIE 00BEMBI 3KCIIEPUMEHTAIBHBIX JAHHBIX.
[Tomumo sxcniepumentoB Ha NICA B OMSIN npoBoasiTest
HCCIIEIOBAHMS U HA JIPYTUX OOJBIINX HAYYHBIX YCTAHOB-
kax: Baikal-GVD, JUNO wu ap. IlpoBogumbie uccieno-
BaHMs 4acTo TPeOyIOT OOJIBIIOr0 KOJIMYECTBA BBIYMCIIHU-
TEIBHBIX PECYPCOB M PECYPCOB XPAHESHUS ISl MOIEITHPO-
BaHMs, 00pabOTKU M aHaIM3a KaK TEOPETHYECKUX, TaK M
IKCIIEPUMEHTANBHBIX JaHHbBIX. Bhraucnurensaas uadpa-
CTPYKTypa B COBPEMEHHbBIX KCIICPUMEHTAX SIBISICTCS Ta-
KHM JK€ KIFOYEeBBIM KOMIOHEHTOM, KaK M cama HaydqHast
YCTaHOBKA.

OUSIU obnagaeT OOIBbIIMM KOJMYECTBOM Pa3HBIX BbI-
YHCITUTENBHBIX PECYPCOB: Kiactepsl Tier-1/Tier-2, cymep-
komrbtoTep «l'oBopyH», obnaxko, kinactep NICA. Pecypcsr
KaKIOTO U3 HUX MOXKHO HCIIONIBb30BATh ISl OCTHKCHUSI

Heneil KOMIIBIOTHHIA HSKCIIEPUMEHTOB Ha KoJulaijepe
NICA. OcHOBHOW TPYJHOCTBIO B JIAHHOM Cilydae sBJIsi-
€TCs TO, YTO 3TH PECYpPChl COBEPILEHHO Pa3HbIE C TOYKH
3pEHUST APXUTEKTYPBI, IPOLEAYP AOCTYIIA U aBTOPU3ALIHH,
croco0oB npuMeHeHwus. J[is Toro 4To0bl 00ECIEUUTh UX
3¢ deKTUBHOE UCIIOIB30BaHUE, HEOOXOAMMO, C OTHOM CTO-
POHBI, UHTETPUPOBATh PECYPCHI B €AMHYIO CHUCTEMY, a C
JIpyroyl CTOPOHBI, HE IIOMEIIATh UX TEKYLIEHW 3KcIllyara-
LM ¥ BBIITOJHEHHIO APYTUX 3a/1a4.

Jlnst vHTerpanuyu NepeyrciIeHHbIX BbIIE Pa3HOPO.-
HBIX PECypCcOB OBIJIO PELICHO HCIONB30BaTh IIATHOPMY
DIRAC Interware [1]. DIRAC (Distributed Infrastructure
with Remote Agent Control) BeimosnsieT GyHKIUIO TPo-
MEKYTOYHOTO CJIOSi MEX/y I0Jb30BaTEIISIMU M arlapar-
HBIMH MOIIHOCTSIMH, MPEIOCTaBisis oOImui uHTepdeiic
K IIOCTaBUIMKAM DPa3HOPOJHBIX pecypcoB. V3HauaibHO
iarpopma DIRAC paspabarbiBaniachk cuiiamu KoJuabo-
pauuu LHCb nnst opranmsanuu komnbrotuara. B 2008 .
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DIRAC Interware — Unified Interface
to Distributed Computing

The development of detectors for the NICA collider
is in full swing at the Joint Institute for Nuclear Research
(JINR). When the accelerator and detectors are put into op-
eration, they will generate huge amounts of experimental
data. In addition to the NICA experiments, studies at other
large-scale scientific facilities (Baikal-GVD, JUNO, etc.)
are conducted at JINR. These studies often require a large
amount of computing and storage resources for modeling,
processing and analyzing both simulated and experimental
data. A computing infrastructure in modern experiments is
as a key component as the scientific facility itself.

JINR has a large number of different computing re-
sources: Tier-1/Tier-2 clusters, “Govorun” supercomputer,
cloud, NICA cluster. The resources of each of them can be
used to achieve the goals of computing for the NICA ex-

periments. The major difficulty in this case is that these re-
sources differ from each other in terms of the architecture,
access and authorization procedures, methods of their use.
To ensure their efficient use, it is required, on the one hand,
to integrate the resources into a unified system, and on the
other hand, not to interfere with their current operation and
performance of other tasks.

To integrate the above heterogeneous resources, it was
decided to use the DIRAC Interware platform [1]. DIRAC
(Distributed Infrastructure with Remote Agent Control)
acts as a middleware between users and hardware capaci-
ty, ensuring a common interface to heterogeneous resource
providers. Initially, the DIRAC platform was developed by
the LHCb collaboration to organize computing. In 2008,
it began to develop as an open-source product aimed at
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OHa CTajla Pa3BHBAThCA KaK IIPOMYKT C OTKPBITHIM HC-
XOIHBIM KOJOM, NpeJHA3HAUYCHHBIH Ui OpTraHHU3aluH
pacrpeeeHHbIX BBIYUCICHHH Ha OCHOBE T'€TePOreHHbIX
BBIUHCIIUTENBHBIX pecypcoB. Ha ceronnst DIRAC akTiBHO
ucmone3yercs B okcriepumentax LHCh, BES-I11, Belle 11,
ILC, CLIC u mp.

[Tnardpopma DIRAC ob6nagaer ciaeaylomnuMH Mpeu-
MYILECTBaMH.

* Xopomrast mpousBoauTenbHoCTh. st LHCh — at0
JeCATKHA MIJUTHOHOB 3a/1a4 B TOJI CpeIHEI POIOIKUTEIb-
HocThio 10 4.

e EnuHas cucteMa IUIs yNpaBlICHUS 3aJa4aMH, JlaH-
HBIMH, METaJJaHHBIMH, TIPaBaMU JOCTYIIA, aBTOMATH3aIH-
el ¥ U1 IPEeIOCTaBICHUS aKKayHTHHTA.

* Bo3MOXXHOCTE J0pabaTeiBaTh (DYHKIIMOHAT CHCTE-
MBI 101 COOCTBEHHBIE HY KL

e BoJbIIoe M aKTUBHOE COOOIIIECTBO ITOJIL30BATENEH
1 pa3padoTunkoB. ExxeromHo npoxomst pabodue coBermia-
Husl, cobupatorme okosto 40 yenoBek n3 25 WHCTUTYTOB
MHpa, Ha KOTOPBIX OIpenessieTcs TeKyllee COCTOSHUE H
TUTAHBI Pa3BUTHA TIaT(GOPMBIL.

[Tnardpopma DIRAC 6buta ycranosiena B OMSIU B
2017 r. B 3KCIIepUMEHTAIbHOM pexkumMe. J{iist oreHkn d¢-
(hbexTHBHOCTH ee paboThI HCITOIB30BAJIICH TUIIOBLIE 3a/1a-
9M MOIETMPOBaHus JIst 9kcniepumenToB BM@N u MPD,

a TaKXkKe He NPUBS3aHHBIE K HKCIEPHMEHTaM TECTOBBIC
3agaun. B nanbueitmem DIRAC B OUSIN pasBuBaiics ¢
pacyeToM Ha yIOBJIETBOPEHHUE TPEOOBAHHI Pa3HBIX IKCIIe-
PHMEHTOB M HAYYHBIX TPYIIIL

B 2018 r. mpoBoamiMCH PabOTHI [0 WHTETPALUH
obmaunsix uHOpacTpykryp OUAW wm crpanH-ygacTHHUIT
WuctuTyTa B pacnpenereHHylo IUargopMmy Ha OCHO-
Be DIRAC [2]. Jms sToro motpeGoBaioch paspaboTarsh
CTelUaNbHBIH MOIYNb, KOTOpbIA mo3Bosst 061 DIRAC
HMHHLMUPOBATH CO3/IaHNE BUPTYAILHBIX MAIINH B CHCTEME
OpenNebula, Ha 6a3e KOTOPOI TOCTPOCHO BBHIUKMCITUTEIh-
HOoe obOmako OV m obnaka cTpaH-y49acTHHI. Momyns
Obu1 paspaboran crnenmanuctamu JINT u mobasneH B
ucxonusiit kox DIRAC [3]. Ha ceromust paspaboTaHHbIit
MOJYNTb HE TOJIBKO aKTHBHO Hcmonb3yercs B OVSU, Ho n
BKIIIOYCH B MHPACTPYyKTyphl dKcriepumentoB BES-II u
JUNO. Unrerpanus 0061akoB NapTHEPCKUX OpraHU3aInil
ctpan-ydactaun OMSIN B pacmpeneneHHyio miaThopMy
na octoBe DIRAC (puc. 1) OTKpbIBacT UM HOBBIE BO3MOK-
HOCTH y4YaCTHS B BEIYUCIICHUSAX JUIs OKCIIEPUMEHTOB MeTa-
caitenc-poexra NICA.

OIHOBPEMEHHO € HHTErpanueld BBIYUCIUTEIIBHBIX
001akoB MPopabaTeIBAIOCh pEIIeHHe 00 WHTETPAIlUH pa3-
HOPOJIHBIX BBIYMCIUTENBHBIX pecypcoB Ha ocHoBe DIRAC
JUIsL TEUCTBYIOIIETO B HACTOSIIEE BpeMs JKCIICPHMEHTa

organizing distributed computing based on heterogeneous
computing resources. Today DIRAC is actively used in the
LHCb, BES-III, Belle 11, ILC, CLIC and other experiments.

The DIRAC platform has the following advantages:

e Good performance. For LHCh, this is tens of mil-
lions of jobs per year with an average duration of 10 h.

 Unified system for managing jobs, data, metadata,
access rights, automation and for providing accounting.

* Ability to modify the system functionality for one’s
own needs.

« Large and active community of users and develop-
ers. Workshops, at which the current state and develop-
ment plans of the platform are defined, are held annually,
bringing together about 40 specialists from 25 institutes of
the world.

In 2017, the DIRAC platform was installed at JINR in
an experimental mode. To evaluate its efficiency, typical
simulation jobs for the BM@N and MPD experiments, as
well as test jobs not related to the experiments, were used.
Subsequently, DIRAC at JINR was developed to meet
the requirements of different experiments and scientific
groups.

In 2018, work to integrate the cloud infrastructures of
JINR and its Member States into the DIRAC-based dis-
tributed platform was performed [2]. This entailed the de-
velopment of a special module that would allow DIRAC to
initiate the creation of virtual machines in the OpenNebula
system, on the basis of which the JINR computing cloud
and the Member States’ clouds were built. The module
was developed by specialists of the JINR Laboratory of
Information Technologies and added to the source code
of DIRAC [3]. At present, the developed module is ac-
tively used not only at JINR, but is also included in the
infrastructures of the BES-IIl and JUNO experiments.
The integration of the clouds of the JINR Member States’
organizations into the DIRAC-based distributed platform
(Fig. 1) opens up new opportunities for the Member States
to participate in computing for the experiments of the
NICA megascience project.

Simultaneously with the integration of computing
clouds, a solution on the integration of heterogeneous
computing resources based on DIRAC for the current
BM@N experiment, as well as for the future MPD ex-
periment at the NICA collider under construction, was
worked out. The bandwidths of storage systems on disk
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BM@N, a taxxe mis Gymymiero skcrepumenta MPD Ha
6aze crposmerocs kxommaiimepa NICA. Boutn u3ydeHst
MIPOITYCKHBIE CIIOCOOHOCTH CHCTEM XpaHEHHs Ha JUCKO-
BBIX M JICHTOYHBIX HaKOIUTEISIX, MIPOBEAEHO CTpecc-Tec-
THUPOBaHME BCEX OCHOBHBIX PECYPCOB, pa3paboTaHbl MO/~
XOJIbI K PELICHHUIO CTaHAAPTHBIX 3a/1a4 TeHepaluu, oopa-
OOTKH U mepeadu TaHHbIxX [4].

B asrycre 2019 r. mepBast rpymma 3amad MOICIUPO-
Banus Monre-Kapno nmanvbex s skcnepumenta MPD
oputa otnpasieHa gepe3 DIRAC Ha pecypcsl Tpua-Kiac-
Tepos Tier-1 u Tier-2. [lanee B riardopmy pacrpe/eeH-
HBIX BBIYHMCICHUH OBUT MHTETPUPOBAH CYNEPKOMITBIOTED
«ToBopyn». Jletom 2020 r. ObutM 100aBIEHBI KilacTep
NICA u knacrep HarpoHaibHOTO aBTOHOMHOTO YHHBEP-
curera Mekcuku (UNAM). B kadecTBe cucTeM XpaHCHHsI
6bLH MHTErpHpoBanbl cuctembr dCache, mox yrnpasneHu-
€M KOTOpOIl HaXOIATCS TUCKOBBIC M JIGHTOYHOE XPaHHIU-
ma, 1 EOQS. Crout otmeruts, uro kmactep UNAM cran
NIEPBBIM BBIYUCIHTEIBHBIM PECYPCOM, HAXOMAILIMMCS 3a
rpanuLeit EBporibl 1 A3nu v BKIFOYCHHBIM B HHPPACTPYK-
typy DIRAC B OUSIN. Cxema unrerpamuu reorpaduyuec-
KU pacrpeieleHHbIX TeTEPOreHHBIX PECYpPCOB HAa OCHOBE
DIRAC Interware npencrasieHa Ha puc. 2.

C npumeHeHHeM 3TOW HMHQPACTPYKTYpPbI BBIITOIHS-
ercsl mporpamma LEeHTPaJIn30BaHHOW reHepanuu MoHTe-
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Kapro mauusix s sxeriepumenta MPD NICA [5]. Boree
500 000 3amaq OBUTH YCIIETITHO BBITTOTHEHBI C HCIIOIh30Ba-
auem DIRAC nns momenmpoBaHUsT COOBITHI C TIOMOIITHIO
reHepatopoB UrQMD, GSM, 3 Fluid Dynamics u VHLLE_
UrQMD st axcriepumenta MPD (puc. 3). Bpems cuera
Ka)JI0 3aJ]a4¥ COCTABIISUIO B cpeHeM 5 4. OOBIYHO Mpo-
1[eCC BBIITOITHEHUSI 33/1a4¥ BKIIIOYAET B ce0sl 3arpys3Ky Hc-
XOJIHBIX JITAHHBIX, HEMOCPEJACTBEHHO CAMHU BBIYMCICHUS U
BBITPY3KY MOJIyYSHHBIX PE3YJIbTATOB B CHCTEMY XPAHEHHSI.
B kauectBe cuctem xpaHeHus ucronb3ytores EOS s 3a-
mucu Ha auckoBoe xpanmnuine u dCache mis mocryna k
nenTouHomy xpanununty. [Ton ynpasneanem DIRAC Owbi-
710 3amucano okojyio 1 mutH ¢aitnos ¢ nanueMu st MPD,
o0 pazMep KoTopbix yxke mpesbici 130 Toaiir.

Hpyroii cdepoii ucnonb3oBanus miardpopmer DIRAC
B OMSMU cramo yuacTue B JOOPOBOJIBHBIX BBIYHMCICHU-
X, CBSI3aHHBIX C HccienoBanusiMu Bupyca SARS-CoV-2
B pamkax mpoekta Folding@Home [6]. dnst uccnemoa-
Huit o COVID-19 ycnemHo 3a1eficTBOBaHBI CBOOOTHBIC
oT ocHOBHOH nearensHocTn OWSIN obnaunbie pecypcsl
Kak MHCTHTyTa, Tak M OpraHM3alMii ero CTpaH-y4acT-
HUL. Briag Bcex o0mayHbIX MHQPACTPYKTYp YUYTEH Kak
B akkayHTHHre Folding@Home B pamkax rpymmsr «Joint
Institute for Nuclear Research» [7], Tak u B pamkax cucre-
MbI akkayHTHHTa camoro DIRAC.

JINR (Russia):
integrated

INP (Belarus):
integrated

SU (Bulgaria):
integrated

INRNE (Bulgaria):
integrated

NOSU (Russia):
integrated

ASRT (Egypt):
work in progress

PRUE (Russia):
integrated

INP Astana branch
(Kazakhstan): integrated

GTU (Georgia):
work in progress

INP (Uzbekistan):
work in progress

IP (Azerbaijan):
integrated

Puc. 1. O6naka oprann3zanuii crpan-yyactaun OVSIU, naterpu-
pOBaHHBIE B PacCIpeAeIeHHYI0 HH()OPMAIMOHHO-BBIUNCIHTEIb-
HyI0 cpeny Ha ocHoBe miargopmsl DIRAC

Fig. 1. Clouds of the JINR Member States’ organizations inte-
grated into the distributed information and computing environ-
ment based on the DIRAC platform
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Puc. 2. Cxema uHTErpaiyu reorpaguaecku
pacmpeaeneHHbIX TeTePOreHHbIX
pecypcos Ha ocHoBe DIRAC Interware

Puc. 3. Pacnipenenienue BBITOMHEHHBIX 33/1a4 MEK/TY
BBIYHCITUTENILHBIMU pecypcamu ¢ omorisio DIRAC Bo
BpeMs [IEHTPATN30BaHHON reHepauy JaHHbIX 1t MPD

EOS

Tier-1 CICC/Tier-2 Cloud “Govorun” NICA UNAM
cluster

LHEP cluster
16487 —_ UNAM.mx

| 1001

@

Fig. 2. Scheme of the integration of geographically distributed heteroge- ~ Fig. 3. Distribution of completed jobs between the com-

neous resources based on the DIRAC Interware

and tape drives were studied, stress testing of all the main
resources was conducted, approaches to solving standard
tasks of data generation, processing and transfer were
elaborated [4].

In August 2019, the first set of Monte Carlo data simu-
lation jobs for the MPD experiment was sent to the re-
sources of the Tier-1 and Tier-2 grid clusters via DIRAC.
Then the “Govorun” supercomputer was integrated in-
to the distributed computing platform. In the summer of
2020, the NICA cluster and the cluster of the National
Autonomous University of Mexico (UNAM) were added.
dCache, which manages disk and tape storages, and EOS
were integrated as storage systems. It is noteworthy that
the UNAM cluster became the first computing resource lo-
cated outside Europe and Asia and included in the DIRAC
infrastructure at JINR. The scheme of the integration of
geographically distributed heterogeneous resources based
on the DIRAC Interware is shown in Fig. 2.

Using this infrastructure, a program of the centralized
Monte Carlo data generation for the MPD experiment of
the NICA megascience project is performed [5]. Using
DIRAC, more than 500 000 jobs were successfully com-
pleted for event modeling with the help of the UrQMD,
GSM, 3 Fluid Dynamics and VHLLE_UrQMD generators
for the MPD experiment (Fig. 3). The calculation time for
each job reached about 5 h. The process of performing a
job usually comprises the loading of initial data, calcula-
tions themselves, and the uploading of the results to the
storage system. As storage systems, EOS is used to write
to disk storage, and dCache is used to access tape storage.
About one million data files, the total size of which already

—EI

puting resources using DIRAC during centralized data
generation for MPD

exceeded 130 TB, were written for MPD under the man-
agement of DIRAC.

The participation in voluntary computing related to
the study of the SARS-CoV-2 virus within the Folding@
Home project became another area of using the DIRAC
platform at JINR [6]. Cloud resources of both the Institute
and its Member States’ organizations that are free from
the major activity of JINR are successfully involved in the
COVID-19 research. The contribution of all the cloud in-
frastructures is taken into consideration in the accounting
of Folding@Home within the “Joint Institute for Nuclear
Research” group [7] and in the frames of the accounting
system of DIRAC itself.

The integration of computing resources based on the
DIRAC platform is an important step in the development
of distributed data processing at JINR. This integration al-
lows one to include any kind of computing resources into
a unified system and provide them to users via a unified
web interface, a command line interface or a programming
interface. Work on the development of the functionality of
the system is in progress. The developed system is open to
new tasks, new users, and new computing resources.
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VHTerpanns BEIYUCIUTENBHBIX peCypcoB Ha Oa-
3e ardopmbel DIRAC — 370 BakHBIi 1Iar B pa3Bu-
TUU pacrpenereHHonl o0paboTku nanHbx B OMSN.
Takas UHTErpanyst MO3BOJISACT BKIIOYUTH IPAKTHYE-
CKH JII000H BUJ BBIYMCIUTENBHBIX PECYpPCOB B €IIH-
HYIO CHCTEMY U ITPEIOCTaBUTh UX IOJIB30BaTEISIM de-
pe3 enuHBIN BeO-uHTEpdEiic, nHTEpdeiic KOMaHTHON
CTPOKHM WJIM TIPOTpaMMHEIN mHTepdetic. PaboTsr mo
Pa3BUTHIO (YHKIIMOHAIBHBIX BO3MOKHOCTEI cHcTe-
MBI ITpooipKatoTcs. PazpaboTanHas cucteMa OTKpHI-
Ta JUIsl HOBBIX 33184, HOBBIX ITOJIb30BaTENeH 1 HOBBIX
BBIYHCITUTENBHBIX PECYPCOB.

Cnucok autepartypsi / References

1. Gergel V., Korenkov V., Pelevanyuk I., Sapunov M.,
Tsaregorodtsev A., Zrelov P. Hybrid Distributed Computing
Service Based on the DIRAC Interware // Commun. Comp.
Inform. Sci. 2017. V.706; https://doi.org/10.1007/978-3-
319-57135-5_8.

2. Baranov A.V. et al. New Features of the JINR
Cloud // CEUR Workshop Proc. 2018. V.2267. P.257-261.

3. Balashov N., Kuchumov R., Kutovskiy N., Pele-
vanyuk ., Petrunin V., Tsaregorodtsev A. Cloud Integra-
tion within the DIRAC Interware // CEUR Workshop Proc.
2019. V. 2507. P. 256-260.

4. Korenkov V., Pelevanyuk 1., Tsaregorodtsev A. In-
tegration of the JINR Hybrid Computing Resources with
the DIRAC Interware for Data Intensive Applications //
Commun. Comp. Inform. Sci. 2020. V. 1223; https://doi.
0rg/10.1007/978-3-030-51913-1_3.

5. Pelevanyuk 1. et al. Integration of Distributed Het-
erogeneous Computing Resources for the MPD Experiment
with DIRAC Interware // Phys. Part. Nucl. (submitted).

6. Zimmerman M. 1. et al. Citizen Scientists Create
an Exascale Computer to Combat COVID-19. bioRxiv
2020.06.27.175430;  doi:https://doi.org/10.1101/2020.06.
27.175430.

7. https://stats.foldingathome.org/team/265602.



	An opening speech of President of theRepublic of Bulgaria R. Radev to participantsof the session of the Committee ofPlenipotentiaries of the Governmentsof the Member States of JINR
	AT THE LABORATORIES OF JINR
	M.Yu. Barabanov, A.S. Vodopyanov, A. Kisiel. Theoretical and Experimental Challengesin Flavor Hadrons, Quarkoniumand Multiquark Physics
	B.V. Batyunya, A.S. Vodopyanov. ALICE Experiment:Status and Prospects
	N.D. Topilin. Test Assembly of the MPDMagnetic Circuit at JINR
	V.I. Komarov. Nucleon Structure in the Nonperturbative QCD — a Promising Problem ofthe XXI Century Physics
	I. Pelevanyuk, A. Tsaregorodtsev. DIRAC Interware — Unifi ed Interfaceto Distributed Computing
	FINANCE COMMITTEE
	JINR CP SESSION
	JINR DIRECTORATE’S INFORMATION
	SCIENTIFIC COOPERATION
	IN MEMORY OF THE SCIENTIST
	JUBILEES
	CONFERENCES. MEETINGS

