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3agaya 3(h(HEeKTUBHOTO pacIpe/ieNieHUs] PECYPCOB BBIYUCIUTEIBHON CUCTEMbI MMMPOKO M3BECTHA.
OHa CTaHOBUTCSI KPUTHYECKH BaKHON B MHOTOITOJIB30BATELCKIX MHOTOIPOIIECCOPHBIX CHCTEMAX, Ta-
KX Kak cyrnepkommbiorepbl. B HUY BIID (yHKIHOHHPYET BBHICOKOIIPOU3BOIUTEIBHBIA BBIYMCIIH-
tenbHBIN Kiactep «cHARISMay, cocrosmmii u3 48 BBIYHCIUTENBHBIX y3JI0B IIeCTH TUIOB. OCHOB-
HBIMU XapaKTEPUCTUKAMH Y3JIOB SIBIISIOTCS HaMuue rpaguyeckux YCKOPHUTENIEH U MX MOJENH, THUITHI
HEHTPATBHBIX IIPOIIECCOPOB M 00BEM OlepaTHBHOM mamsaTH. Ha cynepkoMiipioTepe UCIOIb3yeTcs Iiia-
HupoBnwK 3a1a4 SLURM Bepcun 23.02.4.

IIpu mogbope napaMeTpoB TUTAHUPOBIINKA HEOOXOIUMO 3apaHee ONpPeAeNTUTh, KaK OHU MOBIUSIOT
Ha IMOTOK 3aJ1a4 BEIYHCIUTEIBHOTO KiaacTepa. OMHUM U3 CIIOCOO0B peIieHUsT JaHHON MPOOIeMEBI SIBIISI-
€TCsI MOJISNIMPOBAHNE BHIYMCIUTENHFHOTO KIIACTEPA C YYETOM €ro TOMOJIOTHH M MHOT00Opa3us BBIIOJI-
HSIEMBIX 3aJ1a4u. B HacTosIee BpeMst CyIeCTBYeT MHOXKECTBO CUMYJISITOPOB BHICOKOTTPOH3BOJUTEIBHBIX
KJactepoB, Takux kak AccaSim, GridSim, CloudSim, SimGrid. B pe3ynbsrare cpaBHeHus ObLIO MpH-
HATO pereHue ucnoyib3oBath SLURM Simulator [1].

st mpoBezieHUsT MOJIETUPOBAHUST ObUT ITOATOTOBJICH KOMIUIEKT KOH(PHUTYPAaIMOHHBIX (aiiJioB U
Tpacc coObiTuii. B Habop BxousaT koHpuUrypanuonnsie ¢aitner SLURM, ¢aitn HacTpoek mMeHemkepa
YYETHBIX 3anucei, daiin, coepkanuii mepeueHb aKKayHTOB M ITOJIb30BaTeleH, 3aperuCTpUPOBAaHHBIX
B CHCTeMeE yNpaBJieHns 3aJaHusiMi. Kaxaoe coObITHE COAEPKUT BPEMEHHYIO METKY TIOCTAaHOBKH 33/1a-
HUS B OYepe/lb, KOJIMYECTBO 3aIIPOIIEHHBIX PECYPCOB, KJIaCC OOCITYKMBAHMS U JIPYTHE CTaHAAapPTHHIE
aTpuOyTHI 33/1a4H, HEOOXOIMMBIE JIISI TATbHEHUIIET0 aHaIH3a U MOIETNPOBaHNA. B KauecTBe HCTOYHHKA
JIAHHBIX st GopMHUpOBaHUs (aiisia ¢ TpaccaMu cOOBITUI OBUT MCIIONB30BaH MOTOK 3a]1a4, BHITOTHEH-
HBIX 32 TOJI Ha BEIYACTUTENbHOM Kitactepe «CHARISMay.

[Ton MoJIeTbHBIM BpEMEHEM BBINIOJIHEHUS MMOTOKA 33/1a4 OyJileM MOHWMATh BpeMs, HEOOXOMMOe
JUTSL BBITTOJTHEHHU ST 33/IaHHOTO Ha0opa 337124 Ha MOJEIHPYEMON KOH(OUTYpAIIMH BEIYHCIMTEIEHOTO KOM-
TuieKca. 3ajiaua CBOJIMTCSI K MUHUMU3AIIUA MOJIEIbHOTO BPEMEHH ITyTEM ONTUMH3AIUN KOH(PUTYpaIuu
MOJIETUPYEMOTO CymnepKoMIbioTepa. Killo4eBbIMU MapaMeTpaMu, CYIIECTBEHHO BIMSIIOIIMMHU Ha pa-
00Ty aJIrOPUTMa IIAHUPOBAHMS, SIBJISFOTCS THII IuTaHupoBIrka (builtin mmu backfill), a Taxxe BecoBbie
k03¢ uiueHTsl, Bapbupytomuecs ot 0 1o 2 147 483 645 u onpenensioniye NpUOpUTET 3anad. [lpu
MTOMOIIH MOJIENIMPOBaHMs Oy eT Mogo00paH ONTHMAIBHBIN KOMIUIEKT BEIYUCIUTEIEHOTO 000y I0BaHHS
JUIs anrpeiifa cynepkomMibrorepa B 2026 1., KOTOpbIi Hanbosee 3p(GHEKTUBHO CHU3UT BPEMS OXKUIaHUS
peaTbHBIX BRIYUCIUTENBHBIX 33J[ad B OUEPEH.

B xadecTBe nmpoBepkr MOENH OBLIIO PaCCUNTAHO BIUSHIE HEOONBIIOTO anrpeiiia, BBITOIHEHHOTO
B 2024 r. B knactep Oblau 100aBJICHBI 1Ba BRIYUCIUTEIbHBIC y3i1a Ha 0aze GPU Nvidia H100. Cpennee
MOJIETbHOE BpEMsI OXKHJIAaHHsI 33/1a4 B OYepe I yMEHbIMIOCh Ha 2.1 % oTHOCHTENBbHO 06a30BOi KOH(H-
Typaryy, YTO MOATBEPANIIOCH PEATbHBIMH CTATUCTUYECKUMHU 3HAYCHU MU, TIOTYYEHHBIX Ha CYTIEPKOM-
netorepe — 1.95 %.

JanpHelmmu 3ajja4aMu UCCIIeIOBaHUM SIBIIAETCS MOJICTPOMKA AITOPUTMOB TJIAaHUPOBIIUKA 3a/1a4
Ha MoJeIupyeMoil kommu cynepkomibiotepa «CHARISMA». B pesynbsrate MoaenupoBaHus OymayT
omnpezeacHbl H3MEHEeHHMsI B mapameTpax KoHpurypauud SLURM, BHenpeHHE KOTOPBIX B INTAHUPOBIIUK
peaTbHOTO BRIYMCIUTEIHHOTO KITaCTEPa MTO3BOJIUT CHU3UTH CPEelHEe BpeMs OXKHUIaHuUS 33/1a4 B OU4epeTnd
U JIOTIOJTHUTEIHHO MOBBICHTH 3()()EKTUBHOCTD UCTIOIB30BAHHS CYTIEPKOMITBIOTEPA.
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MopenupoBaHue NoToKa 3aAay BbIMUMC/IMTE/IbHOrO KJj1acTepa
HWNY BLLI ¢ ucnonbszosannem SLURM Simulator

P. M. MuwenuH, I'l. C. KocteHeukuni
HaunoHanbHbIM MccnenoBaTenbCKMn YHUBEPCUTET «BbiCcluas WKona 9KOHOMUKNY

1. UsBneueHue: gaHHbie n3BnekaoTcsa 13 6asbl AaHHbIX Slurm
— NNaHUPOBLMKA 3a[ay, UCMONb3yeMOro Ha kjlactepe
cHARISMa HAY BLLD.

2. O6paboTKka: nonyyeHHble AaHHble obpabaTbiBalOTCS C
nomoLbto ckpunTa generate.py. Coszgaérca 3 paiina:
jobs.events: MaccuB peasibHbIX BbIYMCIUTENbHBIX 3apad,
KOTOPbIE MPEACTOUT MOLENMPOBATL B CUMYISATOPE ;
sacctmgr.script: CNMCOK KOMaHA ANS YTUAUTBI saccmgr
(cospaHue akkayHTOB M MoJib3oBaTenei);

users.sim: CrMCOK Nosib30BaTeNen knactepa

3. MepeHoc: B koHTeiHep Docker, copepxkawmnin SLURM
Simulator, 3arpyxatotca ¢annbl koHurypauum SLURM u
3KCMepuMeHTa.

4. 3anyck cuMynsuMm: B pesysibTaTe co3faeTcs basa AaHHbIX C
pesynbTaTaMmn 3KCNepuMeHTa.

5. AHanus: no pesynsTaTtam paboTbl NIaHMPOBLLMKA CTPOATCS
rpaduKM CpefHero BpeMeHW OXWOaHWsa 3agad M 3arpysku

CPU knacTepa.
PucyHok 1. Cxemamuyeckoe npedcmassieHue npouecca pabomel ¢ CUMYISMOPOM

Tabnuya 1. Knroyessle napamemposl nnaHuposwuka 3adady SLURM Tabnuya 2. Beca pakmopos, ucnons3yemsix 0ns pacdema npuopumema 3adayu

Llenb nccnepnoBaHua — BbIIBUTb Takve MapameTpbl niaHuposlmka SLURM, koTopbie MO3BONSIOT COKPaTUTb CpeAHee BPeMsl OXXMAAHMS 3aJady B O4YEepenM M MOBbICUTb 3arpysKy
cynepkoMnbloTepa. [ 10ckonbKy aKCNepUMEHTbI Ha peanbHOM CUCTEME COMPSIXKEHbLI C PUCKaMU U OFPaHNYEHUSIMU MO BPEMEHM, MpeaaraeTcs MCNob30BaTh YCKOPEHHYIO CUMYJISILMIO MOTOKA
3apau. [ocne KaXkaou uTepaumum CUMyNALIMM OLLEHNBAETCS, MPUBENO I U3MEHEHWE BbILUEOMMUCAHHBIX MaPaMeTPOB K Y/1yULIEHMIO KIIIOYEBLIX METPUK, YTO MNO3BONAET 3PPEKTUBHO MCCNenoBaTh
BIMSIHME HacTpoeK nnaHupoBumKa 3apady SLURM Ges puricka ons cuctemsl, Haxogawencs B aKCrnayaTaumm.

OCHOBHbBIM 0O6BEKTOM MOAENNPOBaHUS ABNSAETCS
BbluMcIMTenbHasa 3apava. Kaxpas cTpoka
COOTBETCTBYET OAHOM 3afaue 1 COAEPXKUT Habop
napaMeTpoB, onpegenswowmnx ee
XapakTepucTukn. B otnmune ot ctaHpapTHbIX
NapaMeTpPOB, UCMOJIb3yEMbIX MPU 3arnycke 3afad B
SLURM, cumynstop Takxe ornepupyeT TakuMmu
aTpubyTamu, Kak paKTUYecKoe BpeMs 3anycKa i

peanbHas AIMTENIbHOCTb BbIMOJIHEHMUSI.
PucyHok 2. [pumep npedcmasneHus sbiHuciumebHoU 3a0a4u 8 CUMyasimope

PucyHok 3. 3aepy3ka kaacmepa, Nosly4eHHAs 8 pesysibmame MoOeIUpO8aHUS PucyHok 4. 3azpyska knacmepa, nosly4eHHas U3 UCmopuyecKux OaHHbIX

BolumMcniMTensHble aKCNepuMeHThI MPOBOAMINUCH Ha y3ne, Bktovaowem 48 npoueccopos Intel Xeon Gold 5118 (2.30 GHz) n 92 I'b onepaTtusHoit namatu. Pucyrku 3 n 4 unnoctpupytoT
pesynbTaTbl MOAENMpPoBaHUA Ha ocHoBe 7053 BoluncnnTenbHbIX 3a4,a4, BbINOSHEHHbIX B ceHTabpe 2024 rona Ha y3nax Tuna D knactepa cHARISMa (HAY BLUS). PacuéTtsl 3aHanm 107 MUHYT 1
39 cekyHO. DKCNepUMEHT Ha 3TOM Habope [HaHHbIX MPOLEMOHCTPUPOBaN Haubornbllee COOTBETCTBME MOBEAEHMUIO peasibHoro nnaHuvposwmka 3agad SLURM Ha cynepkomnbioTepe:
ko3pPpuumeHT koppensauum Mupcona coctasnn 85,5%, cpepHeksappatnuHas owmrbdbka (RMSE) — 5,19%, a cpepHas abcontotHas owmbka (MAE) —4,19%.



