Poccnticknit xxypran nadopmarmonasix Texuosornii B cuopre. 2026. T. 3, Ne2. 202608 e
Russian Journal of Information Technology in Sports, 2026, 3 (2), €202608 (\77\

CIIOPTHBHOE ITPOI'PAMMMNPOBAHUIE
Hayunasi crarbs
https://doi.org/10.62105/2949-6349-2026-3-2-202608
YK 004.75

BricokoTexHOJJIOrn4ecKuii BHIYUCJINTEIbHBIN KJjilaCcTep OAJid IIpoBedeHud
OJIMMIINa A IIO0 NCKYCCTBEHHOMY HMHTEJIJIEKTY

A.IT1. Xagumos ™2, 1. A. Ilogyecupix !, 1. A. Kynmos ', M. A. Jloiiko !

I ®enepanbaoe rocyapeTBeHHOE aBTOHOMHOE 06pa3oBaTe/IbHOe YIpPesKIeHre BhICIIero oopa-
soBanus « MOCKOBCKHUT (hU3NKO-TEXHUYECKUIT MHCTUTYT (HAIIMOHATILHBIN UCCIIeI0BATETHLCK UL
yuusepcuter)s, 1. Jlosronpyaueiii, Poccuiickas Pepepaiius

> khalilov.ash@phystech.edu

AnHoTarus

AKTyaabHOCTB. POCT TOMyJITPHOCTH COPEBHOBAHUI IO MCKYCCTBEHHOMY WHTEJITIEKTY 1
MAIITUTHHOMY OOYYEeHHIO, & TaKyKe YBeJINYeHne INC/Ia YIaCTHIKOB TPEOYIOT CO3IaHUs CIIEIUATN3-
POBAHHON BBLIYUC/IUTEIHLHON UHMPACTPYKTYPBI, 00ECIIeunBaIOIIeil PaBHbIE YCJIOBUS U U30JIAIINIO
pu padbore ¢ rpadUICCKIMU YCKOPUTEISIMIU.

IHeap uccaemoBanus. OnucaTb apXUTEKTYPY U MPAKTUIECKYIO PEATU3AINIO BHITUCIH-
TEJILHOTO KJIacTepa, IMOJATOTOBIEHHOTO /I IPOBE/IEHNs OJUMITHA/T TI0 UCKYCCTBEHHOMY WHTEJI-
JIEKTY ¥ MAITUHHOMY OOYY€eHUIO.

MeTtoapl ucciiemoBaHusi. Anajms TpebOBaHW OYHOTO COPEBHOBAHUS K H3OJISIIIUN
YYIACTHUKOB, OJIMHAKOBOI IIPOIPAMMHOI CpeJie, PABHOMEPHOMY PACIIPE/IE/IEHUI0 IPpapUIecKux
YCKOpHTEIeHl, COXPAHEHUIO 0JIb30BATE/IbCKIX JAHHBIX M KOHTPOJIIO CETEBOTO JIOCTYTIA.

Pesynbrarel. Paspaborano texundeckoe permnenne na 6aze RKE2/Kubernetes, NVIDIA
A100 ¢ pasnmenenmem Multi-Instance GPU, nepconanbabix JupyterLab-pabounx mect, NFS-
XpaHWIAIIA, 3aIUIEHHOro Beb-m1ocTyna u Monutopunra Prometheus/Grafana. IIpoekrnas
KoH(Uryparus paccautana Ha 66 U30JMPOBAHHBIX PabOYMX MeCT Ha 22 pabodux ysjiax u
MIO3BOJISIET HA3HAYATH KaXKJIOMY y4IacTHUKY oTjebHbiit GPU-sk3emmisap npoduisa 2g.20gh.

BeiBoapbl. [Ipejjioxkennas nndpacTpykTypa obecriequBaeT BOCIPOU3BOIIMMOE PAa3BEP-
TBhIBAHUE W YIPABIAEMYIO SKCIUIYATAIIUIO CPEJIBI JJI MAaCCOBOI'O COPEBHOBAHUSA IO MAITMHHOMY
obyuenuio. HoBusna keiica cocTouT B ajlanTaruu 00JIATHO-HATUBHBIX CPEJCTB YIIPABJIECHUS
GPU-undpactpykTypoil K 3aj1a1amMm 09HOTO (hUHAA MKOJIBLHONW OJUMIIUA/IBI 110 UCKYCCTBCHHOMY
UHTEJLIEKTY.

Kiro4deBblie cjioBa: NCKYCCTBEHHbBIM WHTE/JIEKT, MAIIUHHOE 00YYeHUe, BHIYUCTUTETbHBII
kiaacrep, Kubernetes, RKE2, NVIDIA A100, MIG, JupyterLab, ciopruBHOe nmporpamMMupoBaHue,
OJINMIINA1a, UHPOPMAIMOHHBIE TEXHOJIOIMHE B CIIOPTE

©) Xammnos A.IIL., IMomrecusix J.A., Kymmos I.A., Jloiiko M.A., 2026 1


https://doi.org/10.62105/2949-6349-2026-3-2-e202608

Russian Journal of Information Technology in Sports, 2026, 3 (2), €202608 S
Poccniickuit xxypran nadopManimoHabix Texaosornit B cnopre. 2026. T. 3, Ne2. 202608 (\77\

SPORTS PROGRAMMING

Research article
https://doi.org/10.62105/2949-6349-2026-3-2-202608
UDC 004.75

High-technology computing cluster for artificial intelligence Olympiads

A. Sh. Khalilov '™, D. A. Podlesnykh !, D. A. Kuptsov ', M. A. Loiko

! Moscow Institute of Physics and Technology (National Research University), Dolgoprudny,
Russian Federation

> khalilov.ash@phystech.edu

Abstract

Relevance. The growing popularity of artificial intelligence and machine learning
competitions, as well as the increasing number of participants, require specialized computing
infrastructure that ensures equal conditions and isolation when working with GPU accelerators.

Objective. To describe the architecture and practical implementation of a computing
cluster prepared for artificial intelligence and machine learning Olympiads.

Research methods. Analysis of the requirements of an onsite competition: participant
isolation, identical software environments, equal allocation of GPU accelerators, persistent user
data, and controlled network access.

Results. The technical solution uses RKE2/Kubernetes, NVIDIA A100 GPUs partitioned
with Multi-Instance GPU technology, personal JupyterLab workstations, NFS storage, secure
web access, and Prometheus/Grafana monitoring. The target configuration supports 66 isolated
workstations on 22 worker nodes and assigns a separate 2g.20gb GPU instance to each participant.

Conclusion. The proposed infrastructure provides reproducible deployment and manage-
able operation of an environment for mass machine learning competitions. The novelty of the
case is the adaptation of cloud-native GPU infrastructure management to the tasks of a mass
onsite school artificial intelligence Olympiad.

Keywords: artificial intelligence, machine learning, computing cluster, Kubernetes,
RKE2, NVIDIA A100, MIG, JupyterLab, competitive programming, Olympiad, information
technology in sports
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BBenenue

B Poccun HecKOBKO JIeT POBOJIATCS CTYJIEHYECKHIE U TKOJIbHBIE OJIMMITHA/IBI, XaKATOHBI
U MHTEHCHUBBI 110 UCKYCCTBEHHOMY MHTEJIEKTY. Beepoccuiickas omMITIa/Ia 10 NCKYCCTBEHHOMY
UHTEJIJIEKTY BXOJUT B CUCTEMY OJIMMIIMA]] IITKOJIbHIKOB U OPHEHTHPOBAHA Ha YYACTHUKOB, BJIaJle-
IOIUX MAaTEeMATHKOM, nH(MOPMATUKON U IPOrPAaMMUPOBAHAEM B 33/Ia1aX MAITUHHOIO 00yYeHUs
[1]. Ee me cremyer cmenmmBats ¢ npodusem «Mekycersennstit naresuiekTs Beepoceniickoit osmmm-
HaIbI IKOJBLHUKOB 110 nH(popMaruke: ¢ 2025/2026 yuebuoro roja npeamver «MHbopmaTnkay Bo
BcOIII mpoBoauTest 1o geTbipeM mpodusM — IporpaMMupoBaHne, nHGOPMAInOHHasT Oe301mac-
HOCTh, POOOTOTEXHUKA U UCKyCCTBeHHBIH uHTe/tekT [2]. B Hacrosimeii crathe paccmarpuBaeTcs
nHGPACTPYKTYPa JJId OJUMIINAJIbI 110 UCKYCCTBEHHOMY MHTEJIJIEKTY KaK CAMOCTOSTEIHLHOTO
COPEBHOBaHUSI, UMEIOIIEr0 COOCTBEHHBIN PErJIaMeHT U OYHbIN (hUHAJ.

s omuMIIna ] 10 KJIACCUYIECKOMY ITPOTPAMMUPOBAHUIO OOBITHO JIOCTATOYHO CUCTEMBI
[IPOBEPKU pEIeHU T, KOMITMIATOPOB M OTPAHUYEHHI 110 BpEMEHHU BBITIOJIHEHUsI. B copeBHOBaHMAX
10 UCKYCCTBEHHOMY WHTEJIJIEKTY 3Ta MOJIETb OKA3bIBAETCH HEITOTHON. Y YaCTHUKAM TPeOyIoTCs
rpadguuecke yCKOpuTein, 00beMHble HADOPHI JIAHHBIX, MHTEPAKTUBHbBIE CPEJIbI pa3paboTKu, Co-
XpaHEHHE IPOMEYKYTOUHBIX (PailIoB 1 BO3MOYKHOCTD ITOBTOPSTH BHIYUC/IUTE/IHHBIE SKCIIEPUMEHTDI.
[Tosromy mHpPACTPYKTYpa CTAHOBUTCA YACTHIO METOMYECKOTO JIM3aiiHa: €CJIU TPOrpaMMHAasd
cpejia, JIOCTYI K JIAHHBIM UJIU TPOU3BOIUTE/ILHOCTD YCKOPHUTEICH Pa3/IMdaloTcsd MeK/1y YIacTHH-
KaMMI, TO CpaBHEHUE Pe3yJIbTaTOB CTAHOBUTCS MEHee CTPOTUM.

Cy1ecTByIOT HECKOJIBKO OIM3KUX UHMPACTPYKTYpHBIX Mojeeit. Kinaccuaeckue HPC-
KJIACTEPBI XOPOIIO IMOJIXOJAT JJIsd JIJINTEIbHBIX HayYHbIX PACYETOB M IMAKETHON IOCTAHOBKU
3aJIaHnii, OJHAKO UX MOJIE/Ib odepeiell HeyI0O0Ha JIJIT OYHOIO Typa, TJIe JECATKH YIaCTHUKOB
OJIHOBpeMeHHO paborator B nHTepakTuBHBIX cpepax 18] 19)]. [Tybauanbie obaadnbie cepBUCHI
JTAI0T TUOKOCTH, HO YCIIOXKHSAIOT KOHTPOJIb CTOMMOCTH, BHEITHUX CETEBBIX COEJMHEHUIT M BOC-
npou3BojuMocTH OKpyzKenus [24]. JlokaibHble pabodne cTaHIUK TIPOIIE JIJIs 0JIb30BATE s, HO
TPeOYIOT PYyYHON TOJATOTOBKHU U XYK€ MacCIITabUPYyIOTCA IPU HEOOXOUMOCTH IEHTPAJIMI0BAHHO
OOHOBJIATH OKPY2KEHNE, KOHTPOJIUPOBATH JOCTYII 1 cOOUpPATh MeTpuku. B paccmarpuBaeMoM mpo-
€KTe BBIOPAH M'MOPU/IHBIN TI0JIX0/I: YIaCTHUKHN pabOTaIOT B NPUBBIYHLIX BeO-cpejax JupyterLab,
a OpraHm3aTOPBI yIpaBidioT pecypcamu depe3 Kubernetes, GPU-kBOTBI 1 euHBI KOHTYP
monuTopunra [3, [10].

NudpactpykrypHas 3ajiada OTHOCUTCS W K 00JIACTH WHTEJLIEKTyaJibHOTO criopTa. C
MoMmeHTa co3ytanusg Dejepaluu CIIOPTUBHOTO ITPOrPAMMUPOBAHUS Pa3IMIHbIE COPEBHOBAHUS TIO
[IPOrPaAMMUPOBAHUIO, POOOTOTEXHUKE, MH(POPMAITMOHHOH 06€3011aCHOCTH, ITPOrPAMMUPOBAHUIO
OeCIMIOTHBIX CUCTEM WM XaKATOHBI CTAJIN PACCMaTPUBATHCA KaK OJim3Kue (hOpMbI MHTETIIEK-
TyaJbHOrO cropta. /ljisg Takux MeponpusaTuii TexHudeckas miardopMa BIUSEeT He TOJbKO Ha
y/100CTBO, HO U HA YECTHOCTH COPEBHOBAHUS: OHA JIOJI?KHA 0DECIIEUUTH OJMHAKOBBIC CTAPTOBBIC
YCJIOBUS, YCTOMYUBOCTD BO BpeMs Typa U KOHTPOJIUPYEMbIil JOCTYII K BHEIITHUM PECYPCAM.

enb cTaThbn — IpeJCTAaBUTH ONMUCAHUE Kelica TPOEKTUPOBAHNUSA U TOATOTOBKU BBIYHUCIIH-
TEeJBLHOIO KJIacTepa I OJTMMITHA]] TI0 UCKYCCTBEHHOMY MHTe/IeKTy. B crarhe dbukcupyiorcs
APXUTEKTYPAa, IPOEKTHBIE TTApAMETPbI, (PaKTUIECKN TPUMEHEHHbIE KOHTYPBI JOCTYIIa U IepeueHb
MeTPHUK, KOTOPbIE CJIEJlyeT UCIOJIL30BATH [P IIPUEMKE 1 COITPOBOXKJ/IEHUN COPEBHOBAHMUS.

I'toccapmit oCHOBHBIX TEPMUHOB

B craTtne HCIIOJIB3YIOTCA aHIJIOA3bIYHbIE NH2KEHEPHBIE TEPMWHDI. ,ZLJIEI y,ILO6CTBa quTaTesaein
HUZKE IIpUBCACHBI KPAaTKHE ITOACHCHUA.
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Tabmuma 1: ['moccapuii OCHOBHBIX TEPMIHOB
Table 1. Glossary of basic terms

Tepmun

IToacuenne

Kubernetes

RKE2

Ansible

containerd

Konreitaep

Pod

Control plane
Worker node
GPU

MIG

JupyterLab
Notebook

NFS

Persistent Volume

pPVC

Cucrema ynpasjieHust KOHTeliHepaMu Ha rpyiie cepepos. Ona
3aIlyCKAET CEPBUCHI, CJIEJIUT 38 UX COCTOSHUEM U PACIPeJe/iseT
HATPY3KY I10 y3JIaM.

Huctpubyrus Kubernetes, paccautanublii Ha KCILTyaTalllo B
IIPOU3BO/ICTBEHHON cpejie. B crarhe OH BBICTyHaeT KaK OCHOBA
KJIacTepa.

Nucrpyment asromaruzamnuu UT-miporeccoB ¢ OTKPBITHIM HC-
XOJHBIM KOJIOM, HCIIOJIb3yEeMbIil /I/Isi YIIpaB/IeHUsT KOHPUTypa-
UMY, Pa3BEPTHIBAHUS ITPOIPAMMHOI0 OOECIIeYeHIsT I OPKECT-
palny CJI0YKHBIX 33,129 HA MHOXKECTBE CEPBEPOB OJTHOBPEMEHHO.
[Iporpamma, KOTOpast HEIIOCPEICTBEHHO 3aIlyCKAeT KOHTeiHe-
pbl Ha cepBepe. Kubernetes yipapiisieT eo depes cTaHiapTHBIH
unrepdeiic.

WszonmpoBannas mporpaMMHas cpefa ¢ IPUIOXKEHNEeM U 3a-
BucuMocTaMu. KoHTeliHep rmomoraeT 3aIryCKaThb OJIITHAKOBOE
OKPY2KEHHUe Ha Pa3HbIX CepBepax.

Munumasibas eauauia 3amycka B Kubernetes. B manrOoM
IIpoeKTe padodyee MECTO ydacTHHKa O0dOopMJIeHO KakKk pod ¢
JupyterLab u SSH-mocTymom.

Yipasigronias 9acTh KJIacTepa, KOToOpas XPAHUT COCTOSHUE
CUCTEMBI U IIPUHUMAET PEIeHUs O 3aIlyCKe CEPBUCOB.
Pabounit cepBep, Ha KOTOPOM 3aIlyCKAIOTCS TOJIb30BATEIbCKIE
CpeJIbl U BBIMIOJTHAIOTCS BBIUUCICHUS.

['padudecknii yckopurtesib. B 3a/1aqax nCKyCCTBEHHOT'O UHTE/I-
JIEKTa OH yCKOPsieT O0YYeHre U 3aIyCK MOJIesIel.
Multi-Instance GPU, pexum pasnenernus NVIDIA A100 na
Hecko/IbKO HezaBucuMbix GPU-skzemiuisspos. s yaactHuka
TAKOW 9K3EMILISP BBINVISIIUT KaK OTJE/]bHAs BUICOKAPTa C
(UKCUPOBAHHON KBOTOW MAMSITH U BBIYUCICHUIA.

Beb-cpena st mporpammupoBaHusi, paboTbl ¢ notebook-
daittamMu, aHaM3a JaHHBIX 1 3airycka Python-koa.
UnTepak TUBHBIN JIOKYMEHT, TJi€ KO, PE3Y/IbTAThl BIUYUCICHUI],
rpaduKu 1 MOsICHEHUST HAXOJIATCS B OJHOM (haiie.

CereBas daitoBas cucrema. OHa TO3BOJISIET HECKOJBKUM CEP-
BepaM oOparmaTbes K dpailyiaM, paciooKeHHBIM Ha OT/IeTbHOM
cepBepe XpaHeHUs.

[Tocrosinmbiit Tom manabix B Kubernetes. On coxpansier daitsibr
[IPU TIepe3alycke KOHTeWHepa.

Persistent Volume Claim, 3asiBka KoHTeiiHepa Ha MOCTOSHHBII
toM. B mpoekte 1wepes PVC cozmarorcss JmdaHbIE KaTaTOTH
YIACTHIKOB.

[Ipotokenne Ha cJieLyIoneil cTpaHulie
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Tabsmma 1 — npogosKenne

Tepmun [Tosicnenue

StorageClass [TpaBuiio Kubernetes, omnuceiBatoriee, Kak co3jgaBaTb TOMa
XPAHEHUsT U KaKWe CBOMCTBA OHU MMEFOT.

StatefulSet Tun npunoxenus Kubernetes 71 cepBUCOB, KOTOPBIM HY ?KHbI
cTabuJIbHbIE UMEHA U ITOCTOAHHBIE TOMA JTAHHBIX.

Ingress [IpaBuio Bxojdmiero Bed-10CTyIa, KOTOPOe CBA3bIBAET JTOMEH-
HOE UMsl YIaCTHUKA C CEPBUCOM BHYTPHU KJIACTEPA.

TLS Mexanuzm mudpoBaHud COEJIUHEHUS, WCIOJIb3YEeMbIl B
HTTPS.

SSH SalUIeHHbI ITPOTOKOJI YIAJEHHOIO JIOCTYIIa K KOMAaHTHOM
CTPOKE; B IPOEKTE OH HYKEH JIIsi PADOTHI Yepe3 PeIaKTOPhI ¢
YJIAJICHHBIM TTO/IK/TIOUCHIEM.

Sidecar JloromHuTe IbHBIN KOHTEHED BHYTpH TOro ke pod-a. OH He
SIBJII€TCS OCHOBHOM IMPOTrpaMMOii, HO 100aB/IgeT K HEll OT/Ieb-
Hyto dyHKImio, Hanpumep SSH-mocTy.

Requests/limits MuHumaJIbHbBIE 3aIIPOIIEHHbIE U MAKCUMAJIbHbBIE JIOIYCTUMbIE

Device plugin

DCGM exporter
node-exporter u kube-
state-metrics

Pod affinity n topology
constraints

DNS

CDN

Deep packet

inspection

VPN

PoE

STP

pecypchl KOHTeltHepa: mporeccop, namsatb 1 GPU.
Kowmrmionent Kubernetes, koTopbrit coobIaer KjaacTepy o J10-
CTYTHBIX almapaTHbX yerpoiictBax, Hanpumep GPU wm MIG-
9K3EMILIAPAX.

Cepsuc NVIDIA, koropsriit iepegaer merpuku GPU B cucremy
MouuTopuara Prometheus.

CepBuchl, KOTOpbIE COOUPAIOT CUCTEMHBIE METPUKHU CEPBEPOB
u cocrognne obbekToB Kubernetes.

[IpaBuna pasmernierus pod-oB. OHE TOMOTAlOT 3aIlyCKaTh pa-
6oune MecTa B HY2KHOM cerMenTe nHppPacTpyKTypbl 1 H30eraTh
HeKeJIaTe/IbHOM KOHIIEHTPAIUA HAI'PY3KH.

Cucrema comocrapienns JoOMeHHBIX nMmeH u [P-ampecos. B
MIPOEKTE OHA TaKXKe UCIIOJIb3yeTcd KaK OJIMH U3 YPOBHEN orpa-
HUYECHHS JIOCTYIIa K BHEITHUM PECypCaM.

Pacupenenennas cetb gocraBku KonrenTa. 3-3a CDN oaun
CEPBHUC MOXKET HCII0JIB30BaTh MHOTO IP-apecoB, 9To 3arpy/I-
HSIET TTPOCTYIO OJIOKUPOBKY 10 aJIPecaM.

['nmy6okast mpoBepka cereBoro Tpaduka. Takoil moaxo TouHee
MPOCTBIX CITUCKOB OJIOKUPOBOK, HO TpeOyeT DOJIBbITIE PecypcoB
U CJIOZKHEE B 9KCILIyaTalllu.

Bupryaabaasi yacTHast ceTh, MO3BOJISIONIAs 00bEIMHATh Pas3-
HbI€ CEeTEeBbIe CEIMEHTHI MOBEPX CYIIECTBYIOIIEr0 UHTEPHETA
UJIM BHYTPEHHEHR ceTu.

Power over Ethernet, nutanue ceTeBoro 060py0BaHus IO TOMY
JKe KabeJTio, 10 KOTOPOMY TIEePEJIAloTCs JTaHHbIe.

Spanning Tree Protocol, Mmexanusm 3amuTh! JTOKAJILHON ceTu
OT TIeTEJIb.

[Ipoo/Kenne Ha cJieyIoNeil CTpaHulle
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Tabsmma 1 — npogosKenne

Tepmun [Tosicnenue

Clonezilla NHCcTpyMeHT Jij1s1 CO3/1aHusI U BOCCTAHOBJIEHUSI 00PA30B JIMCKOB;
HCIIOJIb30BAJICA JIJIsSI OJMHAKOBOI IIOATOTOBKH KOMIIBIOTEPOB
YIaCTHUKOB.

OBS [Iporpamma 3ammcu 3KpaHa; UCIIOJIb30BaIach JId (PUKCAITIT

paboOThl Ha KOMIIbIOTEPaX yIacTHUKOB.
Prometheus n Grafana Prometheus cobupaer merpukn, a Grafana moxkasbiBaeT ux B
BHUzIe IaHeJei MOHUTOpPHUHTA.

ITocTanoBka 3asaun 1 TpeboOBaHMS K COPEBHOBATEILHOM
nHPpaACTPYKType

i opraru3arnum 09HOro (bUHAJIA OJTUMITUABI TPEOYeTCsd MPEeJOCTABUTD YIaCTHUKAM
ojnoBpeMeHHbIit u conocraBumblit jgoctyn Kk GPU-pecypcam. Kitaccudeckne cucreMbl makeT-
HOIl IMTOCTAHOBKU 3314 Ha KJIACTEP TJI0XO MOJXOIAT JJIS STOW MOJEIN: YIACTHUK JOJIZKEH He
TOJILKO OTHPABUTH 3aJlaHue B OYepesb, HO U UHTEPAKTUBHO PAOOTATH C KOJIOM, JTAHHBIMU U
pe3yJibTaTaMi SKCIepuMeHTOB. [[o3ToMy HY2KHBI BUJIEOKAPTHI, T0/IJIEPZKUBAIOIIIE HAJIEXKHOE
pasjiesieHue pecypcoB, u miaardopma, crocobnas aBTOMATHIECKN BBIIABATEH 9TH PECYPCHI OT/IE/Ib-
HBIM I10/Th30BaTE/ILCKUM cpejiaM. B mmpoekTe TakuM anmapaTHbIM OCHOBAHHEM CTaJl IpahuyecKmii
yckopureas NVIDIA A100.

Kiracrep mpoekTupoBaJics Kak CIelnuaJIn3upoBaHHas CpeJia /it YIaCTHUKOB, BBITIOJIHAIO-
MUX 3a/aHUs 110 UCKYCCTBEHHOMY MHTE/IEKTY B MHTEPAKTUBHBIX pabounx mectax. OCHOBHBIE
TpeOOBAHUS BKJIIOYAIN HU30JISIUIO T0JIH30BATEIbCKUX OKPYKEHUN, BbIJIeJIEHNE COITOCTABIMBIX
GPU-pecypcoB, coxpanenue nepcoHaaIbHbIX (hailJioB MEXKJLY ITepe3aIyCKaMiu, eJIuHbIi JOCTYII
K 00IIuM HabopaM JaHHBIX, 3alllUIEeHHBI BeO-10CTYI, BO3MOXKHOCTH SSH-1ToAKII09e s 115
V/IaJIeHHBIX PEIaKTOPOB, MEHTPATN30BaAHHBI MOHUTOPHWHT y3J10B, KouTelinepoB, GPU u xpanu-
JINITIA.

B kadgectBe 6a30Boii miatdopmbl BoiOpan Kubernetes, mockoIbKy OH IPeI0CTABIIACT
JIEKJIAPATUBHYIO MOJIENIb YIIPABJIEHNs] KOHTETHEPU30BAHHBIMY TPUJIOYKEHUAMU, MEXAHU3MBbI TLIa-
HUPOBaHusi pod-0B, OrpaHuIeHUs pecypcoB u aberpakimu xpanuuima [3]. st passeproiBanus
ucnoss3yercs RKE2 kak quctpubyrus Kubernetes, opuenTrpoBanHbIil Ha IPOMBIIIJIEHHYIO 9KC-
IIyaTaIo, ¢ containerd 1 TUIIOBON MOJE/IBIO YIIPABJIAIONIEro u pabodero yaia [4]. Yupasienne
JKU3HEHHBIM IIHKJIOM CEPBEPOB BbIHeCeHO B Ansible, 1To mo3BosisieT mpecTaBuTh YCTAHOBKY B
BH/JIE TI0CJI€/IOBATEILHOCTH TOBTOPsIEMBIX Playbook-0B u yMEHBIIUTH 3aBUCUMOCTD OT PYYHBIX
JieficTBuil aaqvmuarcTparopa 5.

GPU-gacts nadpacrpykrypnl crpourcs BOKpyr NVIDIA A100 n mexarnmsma Multi-
Instance GPU. MIG no3Bosisier pazjiesinTsb ojuH (DU3NIECKUil yCKOPUTETh HA HECKOJIHLKO alllla-
paTHO M30MPOBaHHBIX SK3eMILIsIpoB [6]. B Kubernetes obuapyzkenne u Boinada GPU-pecypcos
kouTeitHepam BoinotHAIOTCA depe3 NVIDIA GPU Operator u cBsa3anubie KoMoHeHTHI: device
plugin, container toolkit 1 DCGM exporter [7]. Takoii BbIGOp MO3BOJIsIET HepeiiTi OT pyU-
HOT'O Ha3HAYEHUs BUJIEOKAPT K pecypcHoit mosesm Kubernetes, rie KonTeitnep 3amparmBaeT
konkpernbiii Turt MIG-pecypca.

OrpannyenneM TakKOro I0OJIX0JIa OCTAETCs MAacHITad: 00eCnevYnTh KarxKJI0ro yJacTHHKA
GPU-pecypcom 1ies1ecoobpas3Ho mpexke BCero B 09HOM (huHa e Ha HECKOJIBKO JECATKOB Ye/IOBEK,
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KOTOPBIH TTPOXOJIUT TIOCJIEe JIMCTAHITMOHHOTO oTOopa. MaciirabupoBanue Ha COTHU yIaCTHUKOB

oTPebOBaJIO ObI JIMOO CYIIECTBEHHO OOJIBIIIEr0 YNC/Ia YCKOPUTEIeH, TNO0 MHOM COPEBHOBATEIHLHOIM
MOJIeJIN, HAIPUMEpP IaKeTHON POBEPKH 0e3 IMOCTOSTHHOrO HHTepakTHBHOIO JocTyna K GPU.

Texumuaeckoe penmiesne nm ero HOBU3Ha

KnodeBas 0cobeHHOCTD peIieHns COCTOUT B 00bEJIMHEHUN TPeX KOHTYPOB, KOTOPhIE B
YUIEeOHBIX MEPOIPHUITHAX JaCTO CyIIecTBYIOT pasaenbao: GPU-kiracrepa, moab30BaTe/IbCKIX
MHTEPAKTUBHBIX CPeJl 1 KOHTPOJMpyeMoil cern paboumnx mect. Ha yposne Bbrunciennii NVIDIA
A100 gemures na MIG-sk3emmisipel. Ha yposae Kubernetes kaxkiplii Takoiil 9K3eMILIAD CTAHO-
BUTCH OTJIEJIbHBIM PECyPCOM, KOTOPBI MOXKHO 3aIIPOCUTH JIJId KOHKpeTHOro pod-a. Ha yposue
MOJTb30BATE TSI PECYPC 3aKpelisgeTcsd 3a nepconaabuoii JupyterLab-cranmueit. Ha yposue ayu-
TOPUU HOYTOYKM YYACTHUKOB IOJIK/IIOYAIOTCA K IIOJITOTOBJIEHHON CETH C pe3epBUPOBAHHBIM
MATaHUEM, OI'PAHMICHUEM JOCTYIIa U 3allMChI0 SKpaHa.

Tabmuma 2: CocTaB TEXHUIECKOTO PEIeHus
Table 2. Composition of the technical solution

[Ipungaroe perienne [IpakTraecknit 3cpdpexT

Paznenenne A100 wa MIG-
npocduin 2g.20gb

[IpoGitema copeBHOBaHMSI

YV4acTHUK MOJIy9IaeT 0TI b
uplit  GPU-skzemiuisip, a
HEe KOHKYpUPYyeT 3a OOIIuii
YCKOPUTETH

Paboune mecta cozmarorcs u
[IepEe3aITyCKaAIOTCA OJIMHAKO-
BBIM CIIOCOOOM

[Iepezamyck xkonreitnepa He
YHUYTOXKAET (PailjIbl y4acT-
HUKA

Omunakosasg GPU-kBora

MaccoBoe co3mnanne pabo-
IUX CpeJT

StatefulSet ¢ JupyterLab u
neksaparuBibie  Kubernetes-
MaHUECThI

[TepconasibabIE
volumes na NFS

CoxpanaocTh daition persistent

Eanmoiit naracer

Kounrposb Buemnmero jio-
cTyIIa
IIoBTOpsieMast IIOJATOTOB-

Ka ayJuTopuit

Habonaemoctn

O6muit NFS-tom B pexmme
TOJIBKO JIJIsI ITEHUSI

QurcupoBanublii BHENTHU [P,
DNS- u IP-610KupOBKH, ceTe-
BbI€ MTOJTUTUKH

Clonezilla gas oOpa3oB KOM-
nbtorepos, OBS juisa 3arnmcu
skpana, PoE/STP-cers ¢ UBII

Prometheus/Grafana u GPU-
metpukun DCGM

Bce ywactHUKEM 4gmTaior
OHMH HW TOT K€ Habop
JTAHHBIX

CHukaeTcss PUCK TTOMOIIHI
U3BHE U OTBJIEYEHUsT Ha HEPe-
JIEBAHTHBIE PECYPChHI
VenoBusg paboThl B &y IUTO-
pUSIX CTAaHOBATCS DoJiee eJiu-
HOOOpa3HBIMU U TIPOBEPSIe-
MBIME

Opranu3aTopbl BUJIST COCTO-
siHIe pabovnX MECT, Y3JI0B U
yCKOpHUTEJIell BO BpeMsl Typa

Hosusna keiica cocrout we B npumenenunn Kubernetes man MIG mo ormenbHOCTH, a
B UX aJaIllTalliil K TPeOOBAHWAM OYHON OJUMIIHAJIbI. B TUIIOBOM BBIYMCIUTETLHOM IIEHTDE
GPU-kacrep obcityKuBaeT JIUTE/IbHbIE UCCJIEIOBATEIHLCKIE TPOEKTHI, & B OOBITHOM yUeOHOM
KJIACCE YUACTHUKU PabOTAIOT HA JIOKAJIHHO IOJIMOTOBJICHHBIX KOMIIbIoTepax. PaccmarpuBaemoe
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peaieHne coequHAEeT 3T MOJE/IN: YHaCTHUK II0JIYy9aeT IIPUBbIYHYIO UHTEPAKTUBHYIO CPEdy, a
OpraHnu3aTOpP COXpaHdeT HNEeHTPaJ/JIM30BaHHOE YIIpaBJICHHE pecypCaMu, JOCTYIIOM, JaHHBIMHU W
MOHUTOPHUHI'OM.

ApxurekTypa cetu padodmx MecCT

Paboune mecra yuacTHuKOB paszmerniainch B ayauropusx MOTU, moakoueHHbIX depe3
rurabuTHb Ethernet u nMmeronux mocTossHHOE MOAK/IIOUYEHHE K HHTEPHETY ¢ (PUKCUPOBAHHBIM
srermHuM [P-ajpecom Ha ckopocru 1 ['6ur/c. B kax/10ii ayuropun HCHOIB30BAICS KOMMYTATOD
¢ noyiepxkkoit Pol u STP, noakoueHHbrit K ncTouHnKy Oecriepedboiinoro murtanusi. OH muTal
KOMMYTATOPBI YPOBHsI JIOCTYITa Ha CTOJaX ydacTHUKOB 1o Ethernet-xabemro. Camu paboune
MecTa ObLIM OpPTaHM30BaHbI HAa HOYTOYKaX, IIO9TOMY CETh U IOJIb30BATEILCKUE YCTPONCTBA
COXPaHsIn PabOTOCIIOCOOHOCTH NP KPATKOBPEMEHHBIX IPOOJIEMax ¢ 3JIEKTPOIUTAHUEM.

QurcupoBaHHbIN BHemHu [P-apec ympocTn orpanndenune J0CTyIa K KaacTepy: HH-
dpacTpyKTypa MOrjia NPpUHUMATDH IMOJAKIIOYEHIS TOJIHKO U3 TOJNOTOBIEHHBIX ayauTopuit. s
UCKJIIOUEHUS] TTOMOIIU M3BHE MOTPEOOBAJIOCH OIPAHUYUTD JIOCTYII K COIUAIBLHBIM CETSIM, MeC-
CeHJIZKepaM U JIDYTUM HepesieBaHTHBIM pecypcaM. [Ipocras Ookuposka o IP-amxpecam memo-
CTATOYHA, MTOCKOJIBKY MHOTHE cepBUCHI ncro/ib3yioT CDN un gacto menstor ajpeca. [losromy
ObL/Ia IpUMeHeHa THOPUIHAA CXeMa: JacTh pecypcoB OJ0KupoBasach 1o [P-ajpecam u mojceTsim,
cobmpaeMbIM OTJIEJIbHBIM CKPUIITOM, & 9acTh — Ha ypoBHe DNS-paspernenus nMes.

B mpobrOM Type Takasi cxema mMpoBepsiiach Ha CIEHAPHUH, TJ1e€ PUMEPHO KaXK bl TpeTnit
KOHTPOJILHBIN 3aIIPOC BeJT K 3a0JI0KHPOBAHHOMY PECYPCY; 3aIIPOCHI YCIIENTHO OJIOKUPOBaINCh. Bo
BpeMsi OCHOBHBIX TYpOB B ItepBbie 20 MUHYT HabJIfo1a/1cd HEOOIBINON poCT dncia 6JIOKHPOBOK,
1ocJie 4ero obpalienus K 3ampernieHubIM PecypcaM MoYTH ITPEKPAIAINCh. ITO KOCBEHHO TOKa-
3BIBAET, UTO YIACTHUKU EPEXOJIMIA K PEIICHUIO 3a/1a, a He HbITAIUCH PEry/IsapPHO 00paIaThCs
K 3a0JIOKMPOBAHHBIM cepBucaM. bBojiee Tounas ornenka 3h(MEeKTUBHOCTH CeTEBLIX OrPaHUYEHUIA
JIOJIZKHA OCHOBBIBATHCsT Ha KypHasaax DNS u morpannaHoro o60py10BaHus.

Ha xomibioTepbl y9acTHUKOB yCTaHABIMBAJICS UJICHTHIHBIH HAOOD ITPOrPAMMHOIO 00ec-
nedenust npu nomormu Clonezilla. Ha Bcex KommbioTepax Beslach 3alllCh KPaHa CPeICTBAMU
OBS. YTo0n! He 3aHUMATD MPOIYCKHYIO CIIOCOOHOCTH CETH BO BpeMsl Typa, 3alliCh [IePEHOCUINCH
Ha CceTeBOe XPAHWJIUIIE HOYBIO MOC/Ie 3aBEPIIEHNs COPEBHOBATE/ILHOTO JTHS.

ApxurekTypa KJjacTepa

[IpoekTHas KoHUTYpallisd KaacTepa BKJIIOYaeT OJUH y3es control plane, ornenbHbIi
NFS-cepsep u j10 22 worker-ysios ¢ GPU. Control plane pasmernaer yrpapjigioniie KOMIOHEHTBI
RKE2, ingress-koutyp, Boinyck TLS-ceprudukaros u monuropunr. Worker-y3/ibr MapKupyroTcs
KaK y3JIbl pabovunx MecT u npuHuMaioT pod-bI yuacTHHKOB. NF'S-cepBep npemgocraBiser mepco-
HaJIbHBIE TOMA U 00Ul KaTasaor ¢ Habopamu JaHHbIX. CeTeBast MOJIE/Ib UCIIO/Ib3YeT CTaHIapTHBIE
CIDR-mnamnasonsr Kubernetes st pod- u service-cereit, a m0CTyT mojib30BaTe el OpraHn30BaH
Jepes joMeHbl Bua competitorN.vserosai.ru.

Buiaenenne 6oabmoro unciia GPU-pecypcoB B ogHOM cermMenTe 00JIaIHOIO IIpoBaiiiepa
MOKeT ObITh 3aTpy/HeHo. [Ij1s KiacTepa, pacipe e/ ieHHOrO MeXKy CerMEeHTaMU, BO3MOYKHBI
nBa 6a30BBIX BapHaHTA: MCHOJIB30BATH ITATHYIO CTATHYECKYIO WM JUHAMUYECKYIO MapIIl-
PYTH3AIIAIO MEXKJIy CerMeHTaMu JIn0O Ha3HAYaTh OT/EIbHBIM Y3JIaM POJIb MEYKCerMEeHTHBIX
L3-MapmipyTu3aTopoB u nmogHuMarh cBA3HOCTH depe3 VPN. Bropoit BapuanT Menee ycToituns
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B ycioBudx, e VPN-Tpaduk MoxkeT OJIOKMPOBATHCA OpraHU3allMOHHBIMUA ITOJTATHKAMEI UJIN
BHEIITHUMHU CETEBBIMU OIPDAHUYICHUAMMU.

C TouKM 3peHns paBeHCTBA YCJIOBH KeJIATEIHHO COKPAIATH KPOCC-CEIMEHTHBIH MOJTB30-
BaTe/IbCcKuit Tpaduk. [Iist sroro pabodee MecTo yIacTHUKA M TOYKY BXOJA €ro Tpaduka MOXKHO
pasMemniaTh B OJJHOM CerMeHTe 0DJIAYHOrO IpoBaiigepa ¢ MOMOIIBIO TPABUI pa3MerieHus pod
affinity, topology constraints u npusszku DNS-3ammcu K 6a1aHCUPOBIIUKY COOTBETCTBYIONIETO
cermenTa. [lo Toit 2Ke TpuYMHE KOHKYPCHBIE T'PYIIIILI, HAIIPUMEDP yIaCTHUKOB OJTHOTO KJIacca,
11eJ1ec000PA3HO pa3MelaTh B OJHOM TeHTpe 06pabOTKM JaHHBIX: OTKa3 OT/IETbHOTO CErMEHTa
TOTJIa 3aTParuBaeT OrpaHMYeHHYIO U 3apaHee MOHSTHYIO IPYIILY y9aCTHUKOB.

B rabimune [3 dpukcupyrores mapamerpsl, 3aj0xkeHHble B KOHMUTYpaIMOHHBIX daiiiax
pasBepThiBanud. OHU SIBJISIOTCS IPOEKTHBIMU ITapaMeTPaMH CUCTEMbBI U HE TIOAMEHSIOT SKCILTya-
TallUOHHBbIC U3MEPCHUA.

Tabmuna 3: [IpoekTHbIe MapaMeTpbl BBIMUCIUTEIHLHOTO KJIaCTEPa
Table 3. Design parameters of the computing cluster

Kowmrmonenr

[TapameTp

Kubernetes-uctpubyrun
Control plane

Worker-y3br
GPU

Pa6oune mecra
Pecypcwr cranmumn

[TepconabHOE XpAHUIIMILE
O6mmue jjanabe
Hoctym

Ingress u TLS
MonuTopunr

RKE2, neneBas Bepcust Kubernetes 1.34, containerd

1 yzesn, RKE2 server, kubeconfig mis anvmuancrpuposa-
HNUA

JI0 22 y3JI0B, KaxKJblii momedaeTcsd Kak workstation-
node=true

NVIDIA A100; MIG Bkimogen; npoduib 2g.20gb; 3 MIG-
sxzeMmiLtsgpa Ha GPU

J10 66 JupyterLab-crannmit: 3 cranmuun vHa worker-ysei
sarpoc: 2 CPU, 16 Gi RAM, 1 nvidia.com/mig-2g.20gb;
mumvut: 4 CPU, 32 Gi RAM
PVC ma NFS, 100 Gi
ReadWriteOnce

NFS-tom shared-dataset tosbko jyist arenus, 500 Gi,
pexknm ReadOnlyMany

JupyterLab mo HT'TPS; sidecar-konreitnep ¢ SSH st
yIaJeHHON pa3pabOTKM

Nginx Ingress Controller, cert-manager, Let’s Encrypt
kube-prometheus-stack, xpanenne merpuk Prometheus

30 nmeit, manesm Grafana ama Kubernetes, node-exporter
u NVIDIA GPU

Ha Y4YaCTHHUKa, PE2KHUM

Wcnons3oBanue StatefulSet mrs pabounx MecT 00ycI0BIeHO HEOOXOAMMOCTHIO CTabMIBHOM
WJICHTHIHOCTH POd-0B U CBA3aHHOTO ¢ HUME persistent volume claim [§]. Kubernetes Persistent
Volumes n StorageClass oT1e/II10T }KU3HEHHBIH TUKJT TT0JIb30BATE/IbCKIX TAHHBIX OT KIU3HEHHOTO
ki kKouTeiHepos [9]. st obiero nabopa JaHHBIX MPUMEHSIETCST TOM TOJBKO JIJIsl YTeHMUs,
YTO YMEHBINAET PUCK CJIYIailHOTO M3MEHEHUsI MCXOJHBIX JAHHBIX YIaCTHUKAMU M YIIPOIIAeT
BOCIIPOU3BOIUMOCTD 3aIaHHIA.
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Opranuzanus 10Jb30BaTEJIbCKNX PaboUnMx MeCT

Kazxmoe pabodee mecTo mpejcrasiisier coboii pod ¢ ocHOBHBIM KoHTeliHepoM JupyterLab
u sidecar-konreitrepom SSH-cepsepa. JupyterLab BeiOpan kak mHTepaKTUBHAs Cpejia JIs 3a1ad
aHaJM3a JaHHBIX 1 MarmHHoro obydenus [10]. Basosslit 06pa3 jupyter/tensorflow-notebook
npejiocrasysgeT rorosoe Python-okpyzkenne ¢ 6ubjnoTeKamMu Jijis BBIYUCIUTETHHBIX SKCIIEPU-
menros [11]. /Ina ywyacrHuka 3ajarorcs MOIb30BaTENb competitor, mepcoHaabHBIA KaTaaor
/home/competitor/workspace u karamgor /home/competitor/datasets, mocTymnHblit TOTBKO 1151
ITEHUS.

Bbiaua pecypcoB BBIOJHAETCST Yepe3 MexaHusM requests/limits, To ecrb depe3 mu-
HUMAaJIBHBIE 3allPOIIeHHbIE U MaKCUMaJIbHbIE JIOMyCTUMbIe pecypchbl Koureitnepa. lna GPU
ucrojb3yercs: pecype nvidia.com/mig-2g.20gh: 1; 970 03HaUAET, YTO MJIAHKPOBIIUK PA3MEIIAET
pod ToJBKO Ha y3ie, Tae gocTyieH coorBercrByrommit MIG-sk3emiuisap. Ha yposae y3i10B
npeBapuTebHo BKodaerca MIG-pexxnm, ounmmatores cymecrBytonme GPU-sk3eMisgapsr n
CO3/Ial0TCA TPH dK3eMILIsgpa npoduid 2g.20gb. B coBokynHocTH Takas cxema 3a/1aeT OJTMHAKO-
BYIO allllapaTHYIO KBOTY [ KaXKJIOTO yYaCTHUKA M MIPEJOTBPAIIAET KOHKYPEHITHIO HECKOJIHKIX
pabounx mect 3a ojua u ToT Ke GPU-3x3emuisp.

Hoctyn x JupyterLab zammumaerca nauBuya bHBIMI TOKEHAME, Cr€HEPUPOBAHHBIMU
JUIA Kakoro pabodero mecra. SSH-ytocTyn ucmob3yer oTAe/bHbIE Mapod U YHUKAJIbHBIE
BHEIITHUE MTOPTHI. Y YeTHBIE JIAHHbIE XPAHITCH OTJETBLHO OT MCXOIHOIO KOJ@a IIPOEKTa U POTUPY-
1oTcs MexK 1y Typamu. [lepesada yaeTHBIX JaHHBIX YIACTHUKAM BBIIOTHSIETCS OPraHu3allioHHON
KOMAaHJIOM 4Yepe3 3apaHee Oolpeaes/ICHHbIA KaHaJl; TAKOU HOPAJ0OK YMEHbIIaeT PUCK CJIyYailHOR
myOJIMKAIINA TOKEHOB BMECTE C KOH(PUTYPAITUSIMH.

XpaHeHI/Ie AaHHBbIX, 0e30IacHOCTb U ceTeBbIe orpanmnieHumda

[Toacucrema xpanenust pasjessger nepcoHaabibie n obue jganubie. [lepconanbubie Toma
coznatorcsa quaamudeckn depe3 NFS Subdir External Provisioner; monutunka Retain u mapamerp
APXUBUPOBAHUS TIPU YJIAJEHUN YMEHBIITAOT PUCK MTOTEPU PabOT MPHU OMMNOOTHBIX OTEPAITIAX
agmuancTparopa. OOmmuit Habop JaHHBIX MOHTHpyeTcss B pexknme ReadOnlyMany, To ecth
JIOCTYIIEH MHOTHUM PabOIUM MeCTaM TOJIBKO JIjIsi YTeHUsI. DTO COOTBETCTBYET COPEBHOBATE Ib-
HOMY TpeOOBaHUIO HEM3MEHHOCTH MCXO/IHOIO JlaTacera /s Beex ydacTHUKOB. NF'S Bepcun 4.1
HCIIOJIb3YeTCsl KaK IPOoCTast U XOPOIIIO IoJJIepKUuBaeMast MOJIE/b ceTeBoil (haiijioBOii CUCTEMBbI
s Linux-kmacrepos [12].

CereBoii mepumerp BKItouaeT ingress-goctyt mo HTTPS, TLS-ceprudukarsr cert-manager
u 6asoBbie NetworkPolicy jyist namespace padounx mect [13, [14]. TTosmruku paspemaior DNS,
HeoOxoIMMbIe obpartenus K cepsucam Kubernetes, mocryn k NFS u orpanudennbrit ncxosimii
TCP-rpaduk. Cramcok 6JJOKHPYEMBIX JOMEHOB U IOACETEl IPUMEHsIeTCsI KaK IOMOJTHUTEIbHbII
cioit kourposid. B oryimaue ot deep packet inspection, Takasi cxema Ipolle B 9KCILIyaTaAIAN
1 TpeOyeT MeHBIIIe PECYPCOB, XOTsI XyzKe PACIO3HAeT CJIOXKHBbIe ciaydan ooxomga depe3 CDN u
3epKaJia.

C TouKHu 3peHnsi COPEBHOBATE/IBHOM YECTHOCTH KJ/TFOUEBBIMU SIBJISIIOTCS HE TOJIBKO KPUIITO-
rpadutieckne cpesicTBa, HO U OIepaIOHHbIE TPABIIIA: 3alPeT 00IIero J0CTyIa K MePCOHATbHBIM
TOMaM, pazjejeHne YIeTHBIX JIaHHbIX, *KYPHAJTUPOBAHNE aIMIHUCTPATHBHBIX JIEHCTBUI, Orpa-
HUYEHUE KOMMYHHUKAITMH MEXK/1y PabOIMMU MECTaMU U KOHTPOJIb ITAKETOB, yCTaHABIUBACMBIX BO
BpeMs Typa. DTU MIPaBUJIa JOJKHBI ObITh CUHXPOHU3UPOBAHBI C PETrJIAMEHTOM OJIMMITAA/IbI 1
mpaBuIaMu 00pabOTKH MMEPCOHAIBHBIX JIAHHBIX yYIACTHUKOB.
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MOHUTOPUHT 1 SKCILIyaTalud

s MmonuTopuHra ucrosiblyerca kube-prometheus-stack, To ects roToBbIit HAGOP KOM-
nornenToB Prometheus u Grafana g Kubernetes: Prometheus cobupaer merpuku Kiaacrepa,
node-exporter orBevyaeT 3a CUCTEeMHbIE TIOKa3aTeIn y3J10B, kube-state-metrics — 3a coctosinue
obberroB Kubernetes, Grafana npesgocrasiser nanens nabmogenus [15, 16]. GPU-merpukn
cobuparorcss gepes DCGM exporter, Bxogsamuii B skocucremy NVIDIA naist MmoHHTOpHHTA
yekopureseit [17]. B kouduryparnun npeyemorpensr roroseie manean Grafana s Kubernetes-
kjacrepa, node-exporter n NVIDIA GPU.

Tabsmma 4: [lnan skcyaTarinoHHOM OIEHKN
Table 4. Operational evaluation plan

[Tokazaresn Meros pukcanun Kak ucnosbsyercst B crarbe
Hoctynnocts  pabouux umciao Ready-pod-oB B Iloarsepxkiaer, 9To HpoeKTHAs
MeCT namespace workstations €MKOCTb BBIBEJIEHa B pabodee co-

Bpewmst xomomHoro crapra
CTaHIINN

KoppekTHocTb GPU-

BBLIAIN

Vrumuzarus GPU Bo Bpe-
MsI Typa

JocTymHOCTD 00IIIEero Jia-

TaceTa
CTabnIbHOCTD XPaHWIU-

13

CetreBble OrpaHUICHUS

l'oToBHOCTDH ayauTopumii

UHTEPBaJ OT  CO3JIAHUSA
WM Iepesairycka pod-a J1o
readiness probe

nvidia-smi BHyTpu pabounx
Mect u Kubernetes resource
allocation

Prometheus/DCGM
exporter
KOHTPOJIBHOE YTCHHE U3

/home/competitor/datasets
cobbrtusa Kubernetes, NF'S-
Jjioru, omnbku PVC

xkypuasabsl DNS, morpannta-
HOTO ODODPY/ZIOBAHUS M KOH-
TPOJIbHBIE 3AITPOCHI
IpoBepPKa Clonezilla-
00pazoB, OBS-zarmmcn,
PoE/STP-ceru u UBII

CTOsTHTIE
[TokasbiBaeT, CKOJIBKO BpeMeH!
TpebyeTcs Ha BOCCTAHOBJIEHUE Pa-
Oouero mecra

[ToaTBepakaaeT, YTO  KarxKblil
VIACTHUK TOJIyIaeT OTIeIbHBII
MIG-3x3eMILISAD

[To3Bosster OIEHWTH JIOCTATOY-
HOCTbL  BBIODAHHOrO  TIpOdUIIA
2g.20gb

[TpoBepsieT euHbIi JOCTYT yaacT-
HUKOB K MCXOJIHBIM JTAHHBIM
[To3BoJIsiET BHISIBUTH Y3KHE MECTa
[IEPCOHAJILHOTO U OOIIEro XpaHu-
JIUIIA

[TogTBepKIaeT paboTy CeTEeBOTO
KOHTYpa COPEBHOBAHUSI

[ToaTBep:KkIaeT OJMHAKOBLIE YCJIO-
BUsI PAOOTHI 38 (DUBNIECKUMU KOM-
[bIOTEPAMHE

DKCILTyaTAITMOHHBIE CIIEHAPUN BBIHECEHBI B HAOODP CKPUIITOB: JI00ABJIEHUE U Yy laJeHue
worker-y3/10B, co3ganne u mepe3aiyck pabodnx MeCT, TeHepallisl TOKEHOB, 3arpy3Ka JaHHbIX B
obmuit KaraJjor, 3arpysKa (aiijioB B I€pCOHAJBHBIN TOM, pe3epPBHOE KOIIMPOBAHUE W OYUUCTKA
TomoB. Takoit cjoit ympaB/ieHUsT BayKeH JJisi COPEBHOBAHUSI, TJie YacTh OIepaluil JOJKHA
BBITIOJIHATHCSA OBICTPO U BOCIPOM3BOINMO, HO He 00A3aTe/IbHO TPeDOBATh OT OllepaTopa 3HAHMS
Bcex neraneir Kubernetes API.

KoHTPOJIb TOTOBHOCTH CHCTEMBI ITE€PE]T, CTAPTOM COPEBHOBAHUS JIOJI?KEH BKJIIOYATH JOCTYTI-
HOCTH Bcex worker-y3iioB, koppekTayio pekyiamy MIG-pecypcos, 3amyck Bcex JupyterLab-pod-os,
JIOCTYIIHOCTH JIOMEHOB yYACTHUKOB, UTEHUE ODINEro JaTaceTa, 3alliCh B IE€PCOHAIbHbBIE TOMA,
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BuyimmocTh GPU u3 Python-okpy:kenust, orcyTcTBre HE3aAIIAHUPOBAHHOIO JIOCTYA MEXKLY
paboIMMU MeCTaMM, aKTyaJbHOCTh Pe3epBHOI Kornu, KoppeKTHOCTh DNS- u IP-6/10kupoBoK, a
TaK:Ke TOTOBHOCTH 3allCH SKpaHa Ha KOMIIbIOTepax yJIaCTHUKOB.

OO6cyx1enue

[Ipeyiokennass apXuTEKTypa 3aHUMAET ITPOMEXKYTOYHOE ITOJIOKEHUE MEXK1y yIeOHOI
JtabopaTopueil ¥ BBICOKOITPOU3BOIUTEIbHBIM BBIUYUCIATEIBHBIM TeHTPOM. OT KJIaCCHIeCKuX
HPC-cucrem ona nacjejyer 3ajady IJIOTHOTO PaCIpe/iesIeHusT YCKOPUTEIe, IeHTPaTn30BaH-
HOI'0O MOHUTOPHUHIA W yIpaBJeHUA OOIIUMHU JaHHBIMU; OT O0JIAYHO-HATUBHBIX ILIAT(OPM —
JeKJIapaTUBHOE pa3BepThIBaHNE, KOHTEHHEPHYIO HU3OJISINI0 U aBTOMATU3UPOBAHHOE BOCCTAa-
HOBJIeHIE cepBucoB. [lomxom cormacyercs ¢ obmeit Tengennneit commkennss HPC u Harpysok
HCKYCCTBEHHOI'O MHTEJIIEKTA, TJie KOHTeHHEePU3aIus U OPKECTPAIMA CTAHOBATCS MHCTPYMEHTAMUI
Bocrponssogumoctu u Macurrabuposanus |18, [19]. Dsosmorus Kubernetes u3 npoMbiiiieHHBIX
cHUCTeM yIpaBJeHUs KOHTefiHepaMu, a TaKxKe MPaKTUKa JIETKOBECHON KOHTEHHepHU3aInu 110-
Ka3bIBalOT, II0YEMY TaKOl CTeK y,ZLO6eH IJId KPATKOBPEMEHHBIX MaCCOBbIX BbIIYMCJ/IUTEIbHBIX
meponpustuit [20] 21], 24].

KitoueBoe nHkeHepHOE perieHne coCTOUT B ucmoJib3oBanun MIG Kak e uHUIIBI COPeBHO-
BaTEJIbHOI KBOTHI. DTO cHUXKaeT paziudus B joctynHbix GPU-pecypcax mex iy yaacTHUKaMu
10 CPaBHEHHUIO C pexxuMoM pazaensemoro nogaoro GPU u gemaer miaHmpoBaHne padOdInx
MecT Oostee mipejsickasyeMbiM. Bmecte ¢ Tem MIG me perraer Bce Bonpockr nzossimn: CPU,
RAM, cerb u aitoBas cucrema IMO-TIpeKHEMY TPeOYIOT OTIEJbHBIX JIMMUTOB, HOJUTHK U
9KCILIyaTAI[MOHHOIO KOHTPOJISI.

Bropoii Baxknbrit Beibop — JupyterLab kak ocHOBHOIT moJib30BaTeILCKU UHTEPQETIC.
OH cHEKaeT TOPOr BXOJa I MKOJbHUKOB, 3HAKOMBIX ¢ notebook-crienapusamu, u m0IX0 AT
JIs 33029 aHan3a JaHHbIX; cama notebook-Mosesb MmupoKo uemosib3yercs Kak popMar Boc-
[IPOU3BOIUMBIX BBIMUCIUTEIBHBIX pabounx mporieccos [22]. OrpanudeHne cCOCTOUT B TOM, UTO
MHTEPAKTUBHASA cpejla TpedyeT TIIATETbHOIO KOHTPOJISI 3aBUCUMOCTEH, JIOCTYIA K ITaKeTHBIM
PEIO3UTOPUAM U COXPaHeHus cocTosiuusd. J[7is 3a/1a4 ¢ MOBTOPHBIM OOpAaIleHneM K OJHUM U
TeM Ke JIAHHBIM I10JI€3€H OITBIT CUCTEM PacIIpejie/IeHHON 00paboTKu ¢ pabounMu HabOpaMu,
IIOCKOJIbKY OH IIOYepPKUBAET 3HAUYCHHUE JIOKAJIbHOCTU JAHHBIX U IIOBTOPHOI'O HCIIOJIH30BaHUA
IPOMEKYTOIHBIX pe3ynbraToB [23].

OTnenbHOM 0COOEHHOCTBIO Kelica SIBISIeTCs CBA3b BBITUCIUTENIHHOTO KJlacTepa ¢ pu3n-
qeckoil nHppacTpyKkTypoit ayauropun. lake xoporro HacTpoenHbiit Kubernetes-kmacrep ne
perraer 3a/1a91u OYHOIO COPEBHOBAHUS MOJIHOCTHIO, €CJTH JIOKAJIbHAST CeTh HEeCTaOU/IbHA, KOMITBIO-
TEPbl YIaCTHUKOB PA3JIMYaI0TCsA 11O IIPOIrPaMMHOMY COCTaBY MWJIM OTCYTCTBYET HpOBepHeMbeI
KOHTPOJIb ceTeBOro joctyma. [losroMmy Texnmdeckoe perieHue cjiejyeT pacCMaTpUBaTh Kak
eJINHYIO0 CUCTEeMY: 00JIaTHO-HATUBHBIN KJIacTep, ceTh ayIUuTOPHil, 0JnHaKOBbIe 00pa3hbl paboInx
KOMIIBIOTEPOB U OPraHn3allMOHHbIE ITPOIE/YPhL.

BriBoab:

Ornmcan Kefic MOCTPOEHNsT BBITUCIUTETLHOTO KIaCTePa JIJIs OJIUMITUAT 110 MCKYCCTBEH-
Homy uHTe/IekTy. Nudpacrpykrypa ocaoBana va RKE2/Kubernetes, NVIDIA A100 ¢ MIG-
paznenennem, JupyterLab-pabounx mecrax, NFS-xpanmiuiie, ingress/ TLS-kouType 1 MoHu-
ropunre Prometheus/Grafana. [Ipoekrnas xkoudurypanus paccanrana xva 66 H30MPOBAHHBIX
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pabounx mecT u 3aaeT oguHakoByio GPU-kBOTY /1 Kask/10r0 yIacTHHKA.

[TpakTrdecKast IEHHOCTH IOJIXO0/a COCTOUT B BOCIIPOM3BOAMMOM Pa3BePThIBAHUHU U YIIPAB-
JIZEMO SKCILTyaTallii CPeJIbl JIJIsI MACCOBOTO COPEBHOBAHUsI 110 MAITHHHOMY 0OydeHuo. Oco-
OEHHOCTH PeIeHns 3aKI0YaeTCd B TOM, YTO YYACTHUK MOIYYaeT MPUBBIYHYIO NHTEPAKTUBHYIO
Cpey, a OpraHmu3aTop COXPAaHIeT KOHTPOJIb HAJl PECyPCaMu, JTaHHBIMU, CETEBBIM ITEPUMETPOM,
COCTOSIHIEM KJIacTepa U PU3MICKIMH padbounMu MectamMu. Takoil 1m01xol MOXKeT ObITh MCIIOJIb-
30BaH IPHU IOJIOTOBKE OJUMIIAA]], YIeOHBIX HHTEHCUBOB U XaKATOHOB, IJie TpeOyeTCs codeTaHue
YeCTHOT'O paclpejie/ieHns] YCKOPUTE el U IMeHTPAJIN30BAHHON SKCILTyaTAIIIH.
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