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I'ereporennas miaargpopma HybriLIT

EcrecTBeHHBIM pa3BUTHEM T'ETEPOTEHHOTO KiacTepa
HybriLIT, sBisromerocss KOMIIOHEHTOM MHOTOQYHKIIHO-
HaJILHOTO MH(OPMAIIMOHHO-BBIYHCIIUTEILHOTO KOMILIEK-
ca OMSU, cran BBenennnlt B urone 2018 1. B akcmutya-
TalUI0 CynepKkoMIibioTep «l 0BOpyH», Ha3BaHHBIN B UeCTh
Huxonas HukonaeBuua ['oBopyHa, ¢ MMEHEM KOTOPOIO
¢ 1966 1. cBa3aHO pa3BUTHE WHPOPMAITUOHHBIX TEXHO-
norut B OUSAUN. Cynepkommbiorep «loBopyH» — co-
BMeCTHbII npoekT Jlabopatopuu TeopeTndeckoil Gu3nKu
nM. H. H. Boromro6oBa u JIabopatopnn nH(GOpMAITMOHHBIX
TEXHOJIOTHA, oaaep)anueid qupekiueir OUSN. TIpoekt
HaleJIeH Ha KapJUHAJIbHOE YCKOPEHUE KOMIJIEKCHBIX Te-
OPETHYECKUX U SKCIEPUMEHTAJbHBIX HCCIEIOBAHUN B
obnacty siiepHON (DU3UKK ¥ (PU3MKKA KOHACHCHPOBAHHBIX
cpex, mpoBonuMbix B OMSN, B ToM umcne i pa3BUTHS
KoMIbloTHHTa AJ1s1 Meranpoekra NICA.

BBon B 2KCIUTyaTaluio CynepKOMIIbIOTEpA MPHUBEN K
CYIIECTBEHHOMY YBEIMYCHHIO MPOU3BOAUTENIBHOCTH KaK

CPU-, tak u GPU-koMIIOHEHTa TeTepOTeHHOT0 KJIacTepa
HybriLIT, u coBMecTHO ¢ HUM CyIEpKOMITBIOTEp 00pa-
30BaJI TeTeporeHHyro mardopmy. Ilmardopma cocrout
U3 IBYX vactei (puc.1): yueOHO-TECTOBOrO MOJIMIOHA U
cynepkoMmmbiorepa «lOBOpyH», OOBENMHEHHBIX EIUHON
MIPOTPaMMHO-HH(POPMAITHOHHON cpeioif (puc. 2).
Henocpencreenno — cynepkommnbiotep — «[oBopyn»
NpejHa3HauYeH JUIs TPOBEICHUS PECYpCOEMKHX |
MaCCHUBHO-TIApAJUIEIIbHBIX PACYETOB MPU PELICHUH LIHPO-
KOTO CTIeKTpa 3amad, crosmux nepen O, uro craHo-
BUTCS] BOSMOXKHBIM OJIarofiapsi TeTepOreHHOCTH (HATHIHIO
PA3IMYHBIX THUIIOB YCKOPHTENCH BBIYHCICHUN) BBIUUC-
JIUTENIHOM apXHUTEKTYphl CYNEpPKOMITbIOTEpa. YueOHO-
TECTOBBIM IOJUTOH npe€aHasHa4y€H i HCCIICA0BAHUA
BO3MO)KHOCTEH HOBBIX BBIYHCIHTEIBHBIX apXUTEKTYP,
HOBEIX U T-pemnienuii, a Takxke JJIs IPOBEICHIS YUCOHBIX
KypCOB TI0 TEXHOJIOTHSIM MapajuIeIbHOTO MPOTrPaMMHUPO-
BaHMs, COBPEMEHHBIM HHCTPYMEHTaM pa3paboTKu, OT-
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Heterogeneous Platform HybriLIT

The commissioned Govorun supercomputer named
after Nikolai Nikolaevich Govorun, with whom the de-
velopment of information technologies at JINR has been
connected since 1966, became a natural elaboration of the
heterogeneous cluster HybriLIT being the MICC com-
ponent. The Govorun supercomputer is a joint project of
the Bogoliubov Laboratory of Theoretical Physics and the
Laboratory of Information Technologies, supported by the
JINR Directorate. The project is aimed at the significant
speed-up of complex theoretical and experimental studies
in the field of nuclear physics and condensed matter phys-
ics underway at JINR, including the development of the
NICA megaproject computing.

The supercomputer commissioning led to the sig-
nificant performance increase of CPU- as well as GPU-

components of the HybriLIT heterogeneous cluster and,
along with it, the supercomputer formed a heterogeneous
platform.

The platform consists of two elements (Fig. 1), i.e.,
the education and testing area and the Govorun supercom-
puter, combined by the unified software and information
environment (Fig. 2).

The Govorun supercomputer is designed to carry out
resource-intensive and massive parallel calculations for
the solution of a wide range of challenges facing JINR,
which becomes possible due to the heterogeneity (pres-
ence of different types of computing accelerators) of the
supercomputer computing architecture. The education and
testing area is aimed at exploring the possibilities of novel
computing architectures, IT solutions as well as at con-
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JaIKU ¥ IPOGUINPOBAHMS TAPAJUICIBHBIX MPUIOKEHHUH,
MaKeTaM MPUKIAAHBIX nporpamm. Ilomp3oBarenu mar-
(OpPMBI UMEIOT BO3MOXHOCTBH pa3palarhlBaTh M OTIAXKH-
BaTh CBOM IPUJIOKEHUS HA Y4eOHO-TECTOBOM TIOJIUTOHE, a
Jlaliee MPOBOJKUTH PACUYEThl HA CYNEPKOMITBIOTEPE, YTO, B
CBOIO Ouepe/ib, Mo3BoJsieT AP (HEKTUBHO UCTIONBH30BATh pPe-
CYPCHI CYIIEpKOMITBIOTEpa. DTa BO3MOKHOCTH 0OecIeyun-
BaeTCs COUHOHN MPOrpaMMHO-HH()OPMAIIMOHHON Cpemon,
BKITIOYAIONICH B ce0sl CIUHBIN CHCTEMHBIN YPOBEHB (OIIe-
palMOHHYIO CHCTEMY, IUIAHHUPOBIIMK 3ajad, (aiioBble
CHCTEMBI U MPOrpaMMHOE olecrieueHne), a Takxke Habop
CEpBHUCOB, MO3BOJSIIONIMX IOJb30BATENSIM  ONEPATHBHO
MIOJTy4aTh OTBETHI HA BO3HUKAIOIINE BOIIPOCH], COBMECTHO
pa3pabarbiBaTh HapauleNbHbIe NPHUIOKEHUS, MOIydYaTh
nHpOpMaNNIo 0 KOH(EpeHIHsIX, CeMUHapax M BCTpeyax,
TTOCBSIIIEHHBIX TEXHOJIOTHSM ITapaJlIeIbHOTO MPOTrpaMMu-
poBanus (cM. puc. 2).

Puc. 1. Crpyxrypa miardopmsr HybriLIT

Fig. 1. HybriLIT platform structure

ducting training courses on parallel programming technol-
ogies, modern tools of the development, debugging and
profiling of parallel applications, application packages.
Platform users are able to develop and debug their applica-
tions on the education and testing area and then carry out
calculations on the supercomputer, which allows them to
effectively use the supercomputer resources. This possi-
bility is provided by the unified software and information
environment including the unified system level (the oper-
ation system, the job scheduler, file systems and software)
as well as a set of services allowing users to quickly get the
answers to their questions, jointly develop parallel appli-
cations, receive information about conferences, seminars
and meetings dedicated to parallel programming technol-
ogies (Fig.2).

The Govorun supercomputer is a heterogeneous
computing system containing the GPU-component based
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Cynepkomnviomep «l060pyn» SBISETCS TeTEPOTCH-
HOW BBIYUCIUTEIHHON cucTeMoi, conepxkamieii GPU-koM-
MOHEHT Ha 0a3e rpaduyeckux yckopureneir or NVIDIA
n CPU-kommoHeHT Ha 0a3e BYX BBIYHCIHUTEIIBHBIX apXu-
TekTyp oT Intel. GPU-komIoHeHT BKtodaeT B cedst 5 cep-
BepoB NVIDIA DGX-1. B kaxxaoM cepBepe yCTaHOBJIE-
Hel 8 GPU NVIDIA Tesla V100, ocHOBaHHBIX Ha CaMOM
coBpemenHoi apxutekrype NVIDIA Volta. Kpome Toro,
onuH cepsep NVIDIA DGX-1 nmeer 40960 anep CUDA,
KOTOpBIE TI0 CBOCH BBIYMCIUTEIBHONW MOIIHOCTH HKBHBA-
neHTHsl 800 BBICOKOIPOU3BOJUTEIBHBIM IEHTPAIbHBIM
nporeccopam. B DGX-1 ucnone3yercs nemiblil psii HOBBIX
TeXHOJOTHH, B ToM yrcie muHa NVLink 2.0 ¢ mpomyck-
HoI1 ctocodHocThIO 10 300 I'ouT/C.

CPU-KOMIOHEHT CYNEPKOMIIBIOTEPA PEaNU30BaH Ha
BbICOKOILIOTHOH apxurektype «PCK TopHago» ¢ npsmbiM
JKHJIKOCTHBIM  OXJIQJKICHHEM, pa3pabdoTaHHO# crierua-

Puc. 2. Ctpykrypa nporpaMMHO-HH()OPMAITHOHHOH Cpebl

Fig. 2. Structure of the software and information environment

on the NVIDIA graphics accelerator and the CPU-com-
ponent based on two Intel computing architectures. The
GPU-component consists of 5 NVIDIA DGX-1 servers.
Each server has 8§ GPU NVIDIA Tesla V100 based on the
latest architecture NVIDIA Volta. Moreover, one server
NVIDIA DGX-1 has 40960 cores CUDA, which are equiv-
alent to 800 high-performance central processors. A num-
ber of novel technologies are used in DGX-1, including
the NVLink 2.0 wire with the bandwidth up to 300 Gbit/s.

The supercomputer CPU-component is implemented
on the high-density architecture “RSK Tornado” with di-
rect liquid cooling developed by specialists of the Russian
group of RSK companies and having the record energy
efficiency index — less than 1.03; i.e., less than 3% of
all consumed electricity is spent on cooling. CPU comput-
ing nodes are based on the Intel server products, namely,
the most powerful 72-core server processors Intel® Xeon
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JTUCTaMu poccuiickor rpymmel kommanuii PCK n o6ma-
naromeit pexopansiM st HPC-unaycTpun moxasarenem
9HeprospQeKkTUBHOCTH cucTeMbl — MeHee uyeM 1,03, T.e.
Ha OXJIXKJICHNE pacxomyercsi MeHee 3 % Bcero morpeosns-
emoro sjekrpudectBa. OCHOBY BBIYMCIUTEIBHBIX Y3JIOB
CPU-koMIIOHEHTa COCTaBHIIM CEpBEPHBIE TPOAYKTEHI Intel:
caMmble MOIIHBIE 72-sIepHBIE CEPBEPHBIC MPOLECCOPEHI
Intel® Xeon Phi™ 7290, npoueccops! cemeiictsa Intel®
Xeon® Scalable (Mozenu Intel® Xeon® Gold 6154) u Ho-
BeiiIlIe BHICOKOCKOPOCTHBIE TBepAOTebHbIe quckn Intel®
SSD DC P4511 ¢ unrepdeiicom NVMe emkocteio 1 Th.
JU1 BBICOKOCKOPOCTHOW Tepefady JaHHBIX MEXIY BBI-
YHCIINTEIBHBIMHU y3JIaMI B COCTaBE CyTIEPKOMITBIOTEPA HC-
TTONTB3YETCs TIepeoBasi TEXHOIOTHS KoMMmyTanuu Intel®
Omni-Path, obecrieunBaroias CKOpOCTh HEOIOKUPYESMOit
xommyTanuu 10 100 ['6ut/c, Ha ocHOBE 48-OPTOBBIX KOM-
MyTaTOpOB Intel® Omni-Path Edge Switch 100 Series co
100%-M xuIKOCTHBIM oxakaenneM. IIpumenenne Intel®
Omni-Path Architecture mo3BossieT He TOJIBKO YIOBICTBO-
PHUTH TEKyIIHE MOTPEOHOCTH PECYPCOEMKUX TPUIOKEHUH
[OJIb30BaTelIel, HO U 00€CIIeYnTh HEOOXOAUMMBIM 3arac
NPOITYCKHOW crocoOHOCTH ceTn Ha Oyayiuee. [InkoBas
MIPOM3BOIUTEIEHOCTh CYTIEPKOMITBIOTEPA COCTaBISICT |
PFlops mns omepanmii ¢ ogumHapHO# TOuHOCTBIO M 500
TFlops ¢ nBoitHOI.
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CeronHs pecypchl CylepKOMITBIOTEpa MCTIONB3YIOTCS
rpynmnamu nonb3oBateneid u3 JITO, JIAT, JI®BD, JIAII
(axcnepumentsl JUNO u NOvA). CynepkoMIbloTep HUc-
TOJIB3YETCS [T PEIIeHHs 3am1ad, TPeOYIOMMX MacCHB-
HO-TIAPAJIICNIFHBIX PACUYETOB B PA3ITUYHBIX 00NACTSIX sAep-
HOW (M3MKH U (PUBKKHU BBICOKUX YHEPTHil, B YACTHOCTH B
PELIETOYHOM KBAHTOBOM XpOMOJMHAMHUKE JIJIsl KCCIIEI0Ba-
HUSI CBOMCTB aIpOHHOI MaTepUU IIPU BBICOKOH MJIOTHOCTH
DHEPTrUM U OAPUMOHHOTO 3apsijia U B MPUCYTCTBHH CBEPX-
CUJIBHBIX DJIEKTPOMArHUTHBIX MOJIEH, AJIi MaTemMaruye-
CKOTO MOJCTHPOBAaHUS B3aWMOACUCTBUI aHTHUIIPOTOHOB
C TIPOTOHAMU | AJPaMH C HUCIOIb30BaHUEM T'€HEpaTOpOB
DPM, FTF u UrQMD+SMM, pa3BuBaembix B OSSN u
MpeJCTaBIsAoIMX uHTepec it skcrepumenta NICA-
MPD, pns mopenupoBaHuss AMHAMUKHM CTOJIKHOBEHUI
PESITUBUCTCKUX TSDKEJIBIX MOHOB, @ TAKOKe IS PEIICHHS
MPUKIIAJHBIX 337a4: pacyeTa HKO3e(COHOBCKHX IIEPEXO-
JTOB, MOJICTTHPOBAHUSI JMHAMUKH MHOTOYACTHIHBIX O030H-
HBIX CHUCTEM B MarHUTOONTHYECKUX JIOBYIIKAaX, pacdyera
MOTIPABOK 11 MAaTPUYHOTO JIEMEHTA B MEPBOM OOPHOB-
CKOM TPUONIKCHUU B CIIyYae PeakIuu MpsSMOW MOHHU3a-
IIUM aTOMa TeNrsl OBICTPBIM MTPOTOHOM C YYETOM pa3iIiy-
HBIX MOJIeJIeld KOHEYHOTO COCTOSIHUS U JIP.

Cpennsist 3arpy3Ka 10 BbIYMCIUTEILHBIM KOMIIOHEH-
TaM COCTaBJIsIeT: KOMIIOHEHT Ha 0a3e Skylake — 80,58 %

Phi™ 7290, processors Intel® Xeon® Scalable (models
Intel® Xeon® Gold 6154) and novel high-speed sol-
id-state disks Intel® SSD DC P4511 with the NVMe in-
terface and a capacity of 1 TB. For high-speed data trans-
fer between computing nodes the supercomputer uses an
advanced switching technology Intel® Omni-Path provid-
ing the speed of non-blocking switching up to 100 Gbit/s
based on 48-port switches Intel® Omni-Path Edge Switch
100 Series with 100% liquid cooling. The use of Intel®
Omni-Path Architecture allows not only meeting the cur-
rent needs of resource-intensive user applications but
also providing the necessary network bandwidth for the
future. The peak supercomputer performance is 1 PFlops
for single-precision operations and 500 TFlops for double-
precision operations.

The Govorun supercomputer was put into regular
operation in July 2018. At present, the supercomputer re-
sources are used by user groups from BLTP, LIT, VBLHEP,
and DLNP (the JUNO and NOvA experiments). The super-
computer is used to solve problems that require massive
parallel calculations in various fields of nuclear physics
and high energy physics, particularly in lattice quantum
chromodynamics to study the properties of hadronic mat-

ter at high energy density and baryon charge and in the
presence of supramaximal electromagnetic fields, for
mathematical modeling of interactions of antiprotons with
protons and nuclei using DPM, FTF and UrQMD-+SMM
generators developed at JINR and being of interest for the
NICA-MPD experiment, for modeling the dynamics of
collisions of relativistic heavy ions as well as for solving
applied problems such as calculating Josephson junctions,
modeling the dynamics of many-particle Boson systems in
magnetic optical traps, calculating corrections for the mat-
rix element in the first Born approximation in case of a di-
rect ionization of a helium atom by a fast proton taking into
account different models of the final state, etc. In addition,
work related to the development of the NICA megapro-
ject computing is carried out on the supercomputer basis.

The average load on computing components is the fol-
lowing: the component based on Skylake is 80.58% (max-
imum 100%), the component based on KNL is 38.41%
(maximum 74%), the component with GPU computing
accelerators is 73.58% (maximum 100%).

In total, within the commissioning period, over 130 000
tasks on all computing components were completed by all
groups performing calculations on the supercomputer.
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BBIYMCIUTENBHBIX sifep (MakcumaiabHo — 100 %), Ha Oaze
KNL — 38,41% BbIYMCIUTENBHBIX sep (MakcHMalb-
HO — 74%), KOMIOHEHT C YCKOPUTEJIMU BBIYMCICHUN
GPU — 73,58 % (maxcumansao — 100%). 3a Bech 1e-
PHOI SKCIUTyaTallid BCEMHU TpYyNIaMH, MPOBOIAIINMHU
pacdeTsl Ha CyNepKOMITBIOTEPE, OBLIO BHINOIHEHO CBBIIIE
130000 3ama4 Ha BceX BBIYUCIUTEILHBIX KOMIIOHEHTAX.

Yueono-mecmoswtii nonuzon B Hacrosiiee BpeMs
coziepkuT 10 BBIYMCIMTENBHBIX Y3JIOB C Ipaduueckumu
yekopuremsimu NVIDIA Tesla K20X, K40, K80, comnpo-
neccopamu Intel Xeon Phi 5110P, 7120 u nmpoueccopamu
Intel Xeon E5-2695 V2 u V3. O0iee KOJIMYEeCTBO siiep
CUDA — 77184, nponeccopHsIX saep — 252, saep co-
mporeccopa — 182, obmmuit o6vem mamsatu — 2,5 Th, 06-
mas nmporu3BOAUTEIIBHOCTE IPHU BBIYHUCICHUAX C OJWHAP-
Hoit TouHOCThIO — 140 Tflops, ¢ nBoitnoit — 50 Tflops.

Eounaa npozpammno-ungopmayuonnas cpeoa
naamegopmer HybriLIT. Chepa nHbOPMALMOHHBIX TEX-
HOJIOTMH — OfIHa U3 CaMbIX JUHAMUYHO Pa3BUBAEMBIX
cdep Kak ¢ TOUKH 3pEHHUS pa3BUTHS allllapaTHOTO odecrie-
4yeHUs! (Pa3BUTHSI BBIUMCIUTENBHBIX aPXUTEKTYpP, CUCTEM
XpaHEHUs JaHHBIX, CETEBBIX PELICHMH), TaK U C TOYKU
3pEHUS] PA3BUTHSI METO/IOB, aJTOPUTMOB, IIPOIPAMMHOTO
obecrieueHns], MOJIEPKUBAIONIETO BO3MOXKHOCTh IIPOBE-
JICHUS PacyeTOB Ha HOBEHIIMX BBIYUCIUTENBHBIX apXH-
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TEKTypax M pa3pabOTKu MPOrpaMMHBIX IPOLYKTOB C HC-
MOJIb30BaHUEM HOBEHIIMX (peliMBOPKOB M OMOIHMOTEK.
Bce 310 BBIIBMTACT K MPOrpaMMHO-HH(MOPMAINOHHON
cpene cephe3HbIe TPeOOBaHUS: 2UOKOCHU — BO3MOXKHO-
ctu ObicTporo (opmupoBanus UT-cpeapl miasi perieHus
KOHKPETHBIX NPUKIIIHBIX 3a]1a4, MACUMadupyemocmu —
TIPH HEOOXOTUMOCTH OBICTPOTO YBEIHYCHHS/ YMECHBIIICHHUS
BBIYUCIIMTEIBHOTO IIOJL, user-friendly — onepaTHBHOTO
OTKJIMKA Ha 3ampocChl MOJb30BaTeael miaropMbel — co-
00IIleCTBa, PEIIAIOIIETO 3a/1a4l B Pa3JIMUHBIX 00JIACTAX,
AKTUBHO pa3BHUBaeMbIX B MHcTuTyTe. YIOBIETBOpPEHHE
0003HAYEHHBIM TPEOOBAHUAM PEaN3yeTCs Yepe3 pa3iny-
HBIE MeXaHn3Mbl. [ MOKOCTb tocTuraercs 3a cyer chopmu-
POBAaHHOTO AWHAMUYECKOTO MyJla BHPTYaIbHBIX MAlIWH,
NMPpCAHA3HAYCHHBIX KaK IJIsA pa6OTBI B PCKUME OTIIAAKU U
3amycka 3anad (user-interface VM ¢ mojep:Kkoi TOIBKO
SSH-mpoTokoa), Tak ¥ s perIeHus TpapuuecKy HACHI-
meHHbIX 3a1a4 (cepsuc HLIT-VDI na rexnonoruu Citrix).
MacmrabupyeMocTh 00ecnedrBaloT BO3MOKHOCTH ILIa-
nuposnmka 3a1ad SLURM, nozBosstroniero nmpu HeoOXo-
JVMOCTH TIEPEpACHPENENATh BEIUYHCIUTEIBHBIE PECYPCHI
no ouepensim. Tpeboanue user-friendly nporpamMmHuo-nH-
(hopMarMOHHOH Cpe/ibl pea3yercs oiarogapst orneparus-
HOMY pa3BEepPTHIBAHIIO HEOOXOIMMBIX ITob30Baressiv N T-
cpen 1 paboTe C MOJIb30BATENISAMHU TPYHIIBI IO F€TEPOTreH-

At present, the education and testing area contains
10 computing nodes with graphics accelerators NVIDIA
Tesla K20X, K40, K80, coprocessors Intel Xeon Phi 5110P,
7120 and processors Intel Xeon E5-2695 V2 and V3. The
total number of CUDA cores is 77 184, processor cores —
252, coprocessor cores — 182, the total memory volume
is 2.5 TB, the total performance for single-precision cal-
culations is 140 Tflops and 50 Tflops for double-precision
calculations.

Unified software and information environment of
the HybriLIT platform. Information technology is one
of the most rapidly developed fields in terms of the hard-
ware development (development of computing architec-
tures, data storage systems, network solutions) as well
as in terms of the development of methods, algorithms,
software for calculations on novel computing architectures
and the software development using novel frameworks
and libraries. All of the above creates serious requirements
to the software and information environment, namely,
flexibility, the ability to quickly form an IT environment
for solving specific applied tasks; scalability, for a fast
expansion/reduction of the computing field; user-friendli-
ness, a prompt response to user requests from the platform
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(community) solving problems in various fields developed
at the Institute. The indicated requirements are satisfied
through different mechanisms. Flexibility is achieved due
to the formed dynamic pool of virtual machines designed
for debugging and launching tasks (user interface VM sup-
porting only the SSH protocol) and VM for solving graph-
ical tasks (HLIT-VDI service based on the Citrix technol-
ogy). Scalability is attained due to the possibilities of the
SLURM job scheduler allowing, if necessary, reallocating
computing resources in queues. The user-friendliness re-
quirement of the software and information environment
is realized by the rapid deployment of necessary IT envi-
ronments and work with heterogeneous computing group
users through services which are actively developed and
supported by the team. The structure of the created and
supported software and hardware environment is illustrat-
ed in Fig. 3.

The platform software and information environment
aimed at making users’ work with computing resources
easier and at increasing the efficiency of their use can be
divided into two levels (Fig.2). The first level is consid-
ered to be a system one and includes basic software (the
operation system, file systems, the workload manager and
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HBIM BBIYHMCIIEHUSIM ITOCPEACTBOM CEPBUCOB, aKTUBHO pa3-
BHUBAEMBIX U MOJACPKUBACMBIX KOJUIEKTUBOM. CTpyKTypa
CO3/1aHHOH U MOAJICPKUBAEMON MPOrpaMMHO-aNNapaTHON
cpelbl IpesicTaBlIeHa Ha puc. 3.

IIpozpammno-ungpopmayuonnan cpeda mnnarpop-
MBI, IPU3BaHHAsI 00JIETYUTD MOJIB30BATEISIM PabOTy C BbI-
YHUCIIUTEIBHBIMU PECypcaMy M IOBBICUTH 3()()EeKTHBHOCTD
UX HCIIONB30BAHMS, MOXKET OBITH pa3/ielieHa Ha /1Ba ypPOB-
HA (cM. puc.2). IlepBblil ypOBEHb CUNTACTCSA CHCTEMHBIM,
BKJIFOYaeT B cesi OCHOBHOE IPOrpaMMHOE oOecriedyeHne
(omepaMoHHyI0 cHCcTeMy, (aiIoBble CHCTEMBI, IIaHH-
POBIIVK 33/1a4) ¥ CHCTEMBI MOHUTOPHHTA, TIPEOCTABIISIET
BO3MOKHOCTH JTs1 3(PPEKTUBHOTO CHCTEMHOTO aIMHHH-
CTPUPOBaHMS, TAKNE KaK JUHAMHYHOE PAaCIIMpEHHE TIar-
(OpMBI € TOCIEeIYIOMNM BHEPESHHEM HOBBIX BBIYHCIH-
TENBHBIX Y3JI0B, CHHXPOHHBIC OOHOBICHHS, pa3paboTka
MPOTrPaMMHOTO OOeCIieueH s Ha BCEX TEKyIIMX U Oymy-
IIMX BBIYHMCIUTEIBHBIX y3JIaX, OllepaTWBHAs HaCTpOWKa
y3I1a, BKITIoHaromiast B ceds HeMCIIPaBHOCTH 1 TIepe3arpys-
Ky. Ko BTOpoMy ypOBHIO OTHOCSATCSI MHCTPYMEHTBHI IS
pa3paboTKH, OTIAJKK U IPOGUIMPOBAHUS TTAPAIIIETBHBIX
TIPUJIOXKEHUH, a TaKKe JUISl BBITTOJHEHUSI PECYpPCOEMKHX

Puc. 3. Crpykrypa mpo-
rpaMMHO-anmnapaTHoOu
cpers

(SSH) (SSH)

Fig. 3. Structure of the
software and hardware
environment

the job scheduler) and monitoring systems. The first level
of the software and information environment provides the
possibility for the efficient system administration such as
the dynamic expansion of the platform with further imple-
mentation of new computing nodes, the possibility for syn-
chronous updates and software development on all current
and future computing nodes, the fast node setting includ-
ing faults and reloading. The second level includes tools
for the development, debugging and profiling of parallel
applications and carrying out resource-intensive calcula-
tions. One of the main components of the second level is
information support provided for users. With regard to the
fact that users of the platform are scientists and specialists
from different countries, bilingual support (Russian and
English) for all resources is crucial.

The software and information environment of the
HybriLIT platform includes the HLIT-VDI service de-
signed for the work with applied software using advanced
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BeIYMCIIEHUHA. OHUM U3 OCHOBHBIX KOMIIOHEHTOB BTOPO-
TO YPOBHSI SIBIISIETCS] MH(OPMALIMOHHAS MOAJEP)KKa MOJb-
3oBarenei. IlockonpKy mIaTdopMoil MOIb3yI0TCS yUeHbIe
1 CHELHUAINCTBI U3 PA3HBIX CTPaH, TO KpaiiHe BakHa JIBY-
SA3BIYHAS TOJ/IEPKKA (Ha PYCCKOM M aHIIIMICKOM) BCEX
pecypcos.

[IporpammHO-nH(pOpPMaIMOHHAS Ccpela TUIaT(GOpPMBI
HybriLIT comepxwur cepsuc HLIT-VDI, npenna3naden-
HBIN JUIs paOOTHI C MPHUKIIAJHBIM MPOTPaMMHBIM OOecTIe-
YEHUEM, HCTIONB3YIOINM Pa3BUTHIE Tpaduueckne HHTEP-
¢eticer. CepBuC TO3BOJSET pabOTaTh C TAKMMHU TIaKeTa-
MU TIPUKJIAIHBIX Tporpamm, kak Wolfram Mathematica,
Maple, Matlab, GEANT4 u np., gepe3 yaaneHHbIH JOCTYII
Ha BHpPTyaJIbHbIE MAIMHBI, 00ECIeYnBaeT KaKk MpOBeze-
HHUE HeOOJIBIINX PAacdeTOB BHYTPH BHUPTYaJIbHBIX MAIlVH,
TaK ¥ BBIIIOJTHEHUE PECYPCOEMKHUX PAacyeTOB Ha BBIYHCIIH-
TENBHBIX Y371aX MIAT()OPMBI.

JKocucmema 0na 3a0au MAWUHHOZ0 00yueHus,
27IYO0K020 00yuenus u ananu3a OaHHbIX. AKTUBHOE BHE-
JpEHHEe HEeHPOCETEeBOro MOAX0/Ia, METOJIOB U aJrOPUTMOB
MalIMHHOTro 00y4yeHus: u rybokoro odyuenusi (ML/DL)
JUISL PEILCHUs] LIMPOKOTO CIIEKTpa 3ajad 00yCJIOBICHO

graphical interfaces. The service allows working with the
applied program packages such as Wolfram Mathematica,
Maple, Matlab, GEANT4 and others via remote access on
virtual machines (VM). This service enables carrying out
small calculations inside VM as well as resource-intensive
computations on platform computing nodes.

Ecosystem for tasks of machine learning, deep
learning and data analysis. The active implementation
of the neural network approach, methods and algorithms
of machine learning and deep learning (ML/DL) for solv-
ing a wide range of problems is defined by many factors.
The development of computing architectures, especially
while using DL methods for training convolutional neural
networks, the development of libraries, in which various
algorithms are implemented, and frameworks, which al-
low building different models of neural networks, can be
referred to as the main factors. To provide all the possibil-
ities both for developing mathematical models and algo-
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MHOTUMH (PaKTOPaMH, B YaCTHOCTH DPa3BUTHEM BBIUYHC-
JIUTENBHBIX apXUTEKTYp, 0COOCHHO NPH HCIOJIB30BAHUN
MeTo0B DL mpu 00yd4eHHH CBEPXTOUHBIX HEWPOHHBIX
ceTel, M pa3BUTHEM OMOJIMOTEK, B KOTOPBIX PEaTH30BAHO
LIMPOKOE MHOrooOpasue ajropuTMoB, U (peiiMBOPKOB,
TIO3BOJISTIOIINX OBICTPO CTPOUTH PA3IUUHBIC MOJIEIH HEH-
pocereii. [y obecreueHus BCeX ITHX BO3MOXKHOCTEH Kak
110 pa3paboTKe MaTeMaTHUECKUX MOJENEH 1 aJrOPUTMOB,
TaK U JUIs MPOBEIEHHSI PECYPCOEMKHX pPacueToB, B TOM
qHcie Ha TpaUuecKuX YCKOPHUTEISIX, TTO3BOJISIONUINX Cy-
LIECTBEHHO COKpAIaTh BPEMs BBIYUCIECHUH, 11 MOIb30-
Baresei rutardopmel HybriLIT coznana u akTuBHO pa3Bu-
BaeTrcs dkocrucrema s 3agad ML/DL u ananmsa JaHHBIX.
Co3naHHast HKOCHCTEMa UMEET JIBa KOMIIOHEHTa (puc. 4):

* KOMIIOHEHT, TpeTHA3HAYCHHBIA I TMPOBEACHUS
PECYpCOEMKHX, MAacCHBHO-TIAPAJUICIBHBIX 3a1ad o0yde-
HUSI HEHPOHHBIX CeTeil ¢ UCIOIb30BaHUEM I'papUUECKUX

yckopureneit NVIDIA;
* DKOCHCTEMY JUISl pa3pabOTKK MOJENel U anropur-
MoB Ha 0Oaze JupyterHub — MHOromnosib30Barenbckoit

mtardopmel o padore ¢ Jupyter Notebook (M3BecTHBIM
kak [Python ¢ BO3MOKHOCTBIO PabOTHI B BeO-Opay3epe).

rithms and for carrying out resource-intensive calculations
including graphics accelerators, which significantly reduce
the calculation time, an ecosystem for tasks of ML/DL and
data analysis has been created and is actively developing
for HybriLIT platform users. The created ecosystem has
two components (Fig.4):

 the first component is aimed at carrying out re-
source-intensive, massive parallel tasks of neural network
training using NVIDIA graphics accelerators;

* the ecosystem for the development of models and
algorithms on the JupyterHub basis, i.e., a multi-user
platform for working with Jupyter Notebook (known as
[Python with the possibility to work in a web browser).

Educational program. The HybriLIT platform is
used not only for massive parallel calculations, but also
for training JINR human resources in the field of high-per-
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Oébpazosamensnan npozpamma. Pecypcel TeTepo-
renHoit mmardopmel HybriLIT akTuBHO HCHONB3yrOTCS
HE TOJIBKO 11 MACCUBHO-TIapAJUIEIbHBIX PACUETOB 3aj1ay,
pemaembix B OMAN, HO 1 11 MOATOTOBKM KaApoOB JUIs
pa0oTHl Ha BBHICOKOPOM3BOANTEIBHBIX BBEIUYMCIUTEIIBHBIX
cucremMax (HPC). Ha 6a3e y4eOHO-TECTOBOTO MOJHMTOHA
pa3pabareIBaloTCsl yIeOHBIE MPOTPAMMBI, KOTOPBIE JAf0T
BO3MO)KHOCTb CTYy/IGHTaM, aCIUpPAaHTaM M MOJIOJBIM yue-
HBIM Hay4uTbCsl paboTarb Ha COBPEMEHHBIX BBIYMCIIHU-
TENBHBIX TIaropMax M OBIAAETh coBpeMeHHbIMH MT-
TexHosorusiMu.  OOpa3zoBaresibHasi MPOTpaMMa  MOXKET
OBITH pazzeneHa Ha TPY HAIPaBICHHUS.

OcCHOBHasl 1IeNTb NEPBOTO HAMPABICHUS — MO3HAKO-
MUTb CTY/IEHTOB C OCHOBAMHU TEXHOJIOTUH MapayieIbHOrO
IIPOrpaMMHUpPOBaHus, a Taxke ¢ UT-pemienusiMu u uHCTpY-
MEHTaMH, HEOOXOAMMBIMH s 3 (HEKTUBHOTO UCIIOIIB30-
BaHMs IUIAT(GOPM BBICOKONPOU3BOAUTEIBHBIX BBIYHCIIC-
Huii. B mepuon ¢ 2014 mo 2019 . Ha 6a3e mnarhopmbl
65110 TIpOBeeHO Oontee 40 ceMMHAPOB M JIEKINH, B KOTO-
pbIX pHUMaIH y4yactre oonee 340 yenosek u3 OUSAN u
218 uenorek u3 crpan-yuactaun OSSN, Cemunaps! Obun
MIPOBEJICHBI B X0JIe KOH(QEPEHIINH U IIIKOJI, OpPraHH30BaH-
ueix JINT OV (MPANCS 2014, MMCP 2015 u 2017,

Puc. 4. JIByXKOMITOHEHTHAs 3KO-
cucremMa g 3agad ML/DL u
aHaJIM3a JJAaHHBIX

Fig. 4. Two-component ecosys-
tem for tasks of ML/DL and data
analysis

formance computing (HPC). On the basis of the education
and testing area, training programs are elaborated at the
most up-to-date level. The programs give students, post-
graduate students and young scientists the opportunity to
learn how to work on modern computing platforms as well
as to master state-of-the-art IT technologies. The educa-
tional program can be divided into three directions.

The main purpose of the first direction is to acquaint
students with bases of parallel programming technologies
as well as with IT solutions and tools necessary for the
effective use of HPC platforms. During the 2014-2019
period, on the basis of the platform, 41 tutorials and lec-
tures were held; more than 340 people from JINR and 218
people from the JINR Member States took part in them.
The tutorials were carried out as part the conferences and
schools held by JINR LIT (MPANCS’2014, MMCP’2015
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NEC’2015 u 2017, GRID’2016 u 2018), BXoxnnu B Tpo-
rpaMMBbI MEXIyHapoaHOTo coTpyaHndecTBa B Copuiickom
yauBepcurere (boxrapust) 1 MOHTOJILCKOM TOCYy/1apCTBEH-
HOM yHUBepcuTeTe. B pamkax opranusyemsix JIMT Ha no-
CTOSTHHOM OcHOBe st coTpynHukoB OWSU, crymeHTOB
W acmupaHToB yHHBepcuTera «JlyOHa» y4eOHBIX KypcoB
M0 TEXHOJIOTHSIM MapauIeIbHOTO MPOrpaMMHUPOBAHUS KO-
magmoi HybriLIT 6putn mpoBeieHsl CEMHUHAPH! HA TEMBI:
«SI3p1kn  mporpammupoBanust C/C++», «Ilakers mpo-
rpamm ROOT/PROOF», «TexHonoruu mnapauienbHOro
nporpammupoBanus CUDA, OpenMP, OpenCL, MPI»,
«Beb-unTepdetic GitLab mas COBMECTHOH mapauieTbHOM
pa3paboTKH MPHUIIOKEHUID.

Ko BTOpOMY HanpaBieHUIO OTHOCHTCS YIITyOJIeHHOE
M3y4YeHHE TEXHOJIOTHH MapauleNbHOTO IPOTPAMMHPO-
BaHWS B PaMKax PETYISPHBIX Y4eOHBIX KypCOB, IPOBO-
mumbix komangod HybriLIT mist corpymaukos OUSIN,
CTYICHTOB M AacCIHpaHTOB yHUBepcutera «JlyOHa». Ha
0aze rereporeHnoil mratdopmbl HybriLIT Opumu mpose-
JIeHbl y4eOHble KypChbl 110 TEXHOJIOTHM Mapaule]bHOrO
nporpamMMmupoBanus MPI u uHCTpyMeHTaM 1o OTIajgKe U
MPOGUINPOBAHHIO TTAPATIICIBHBIX MIPHIOKEHUH (0T KOM-
nauuu Intel), CUDA (kommanun NVIDIA), npukinaaHeix
mporpamm COMSOL Multiphysics, Matlab u 1. 1. Kypcsr
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MpeHa3HauEeHbI AJIs1 yCOBEPIIEHCTBOBAHNS HABBIKOB U ITe-
PETIOATOTOBKH CIEIHAIIICTOB.

Tperpe HampaBneHne BKIJIIOYaeT B ceOsl MOATOTOB-
Ky WUT-cnenmanncToB Ha Kadenpe CHCTEMHOTO aHaln3a
W ynpasiieHus yHuBepcutera «JlyOHa». [lnst cTyneHTOB
BTOPOTO M ISITOTO KYPCOB MPOBOJATCS KYPCHI IO TEMaM:
«APXHUTEKTYpPbl BBIYHCIUTEIBHBIX CHCTEM», «APXHUTEK-
TYpbl ¥ TEXHOJIOTMH BBIYHUCIUTEIBHBIX CUCTEM», «Mate-
MaTHYEeCKHe MOZEIH B (u3nke». Bo BpeMs KypcoB CTy-
JIeHTHl yd4aTcs padoTaTh Ha IIIaTgopMmax BBICOKOIPO-
M3BOANTENHHBIX BBIYMCICHUN M 3HAKOMSTCS C APYTUMH
UT-cepBucamu. Kpome Toro, Hapsiy ¢ peryisipHbIM 00y-
YEHHEM CTYJCHTHI JyOHEHCKOr0 YHHBEPCUTETa y4acTBY-
I0T B PEUICHUH KOHKPETHBIX MCCIIEIOBATEIbCKUX 3a1a4
Ha 6aze matopmer HybriLIT, y HUX ecTh BOZMOXHOCTh
BBIOpaTh TEMY JUIS CBOMX OaKaJaBPCKUX M MAaruCTEPCKUX
paboT Ha ocHOBe 3a1a4, pemaembix B OVSIN ¢ ncrons3o-
BaHWEM TEXHOJIOTHH BBICOKOIPOWU3BOJUTEIIBHBIX BBIYHC-
JICHUH.

Jannas agantuBHas oOpaszoBaTesbHAs IpOrpaMma,
ocHoBaHHasi Ha kiacrepe HybriLIT, obecneunBaer mon-
TOTOBKY CTYJCHTOB M CICIIMAJIICTOB B OBICTPO pa3BHUBAIO-
IIEMCsI CEKTOPE BBICOKOIIPOU3BOIUTEIBHBIX BBIYHUCICHHUH.

and 2017, NEC’2015 and 2017, GRID’2016 and 2018),
within the programs on international cooperation at Sofia
University in Bulgaria and Mongolian State University.
During regular training courses on parallel programming
technologies organized at LIT for JINR staff, students
and postgraduate students of Dubna State University, the
HybriLIT heterogeneous computing team held tutorials on
C/C++ program languages, ROOT/PROOF program pack-
ages, parallel programming technologies such as CUDA,
OpenMP, OpenCL, MPI as well as on the user-friendly
GitLab web interface for the joint parallel development of
applications.

The second direction is related to advanced learning
of parallel programming technologies as part of regular
training courses conducted by the HybriLIT team for JINR
staff, students, and postgraduate students of Dubna State
University. On the basis of the HybriLIT heterogencous
platform, training courses on MPI parallel programming
technologies and tools for debugging and profiling parallel
applications (Intel company), CUDA (NVIDIA company),
application programs COMSOL Multiphysics, Matlab,
etc., were held. These courses are aimed at improving
skills and retraining specialists.

The third direction is a regular training of IT specialists
at the Department of System Analysis and Management of
Dubna State University. In this direction, the courses on
“Computing System Architectures”, “Architectures and
Computing System Technologies”, “Mathematical Models
in Physics” are held for second-year students (bachelor’s
degree) and fifth-year students (master’s degree). During
the courses, students learn about tools for working on HPC
platforms and related IT services. In addition, along with
their regular studies, students of Dubna State University
participate in solving specific research tasks based on the
HybriLIT platform and have an opportunity to choose
themes for undergraduate and master theses on solving
problems related to JINR research topics using HPC tech-
nologies.

This adaptive educational program based on the
HybriLIT cluster allows training students and specialists
taking into account the rapidly developing HPC sector in
the field of scientific computing.




