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B pabote mpencraBieHbl BO3MOXXHOCTH 10 MCIIOJIb30BaHuI0 skocuctembl ML/DL/HPC, pa3ssep-
HYTOH Ha reTeporeHHO# BhIuMcauTeabHON Iuathopme HybriLIT (Jlaboparopus uHGOpPMAIHOHHBIX
texHonoruii UM M.I". Memmepskoa OUSN) na 6aze JupyterHub u mpenocTapmnstomeii BO3MOXHOCTH
pereHus 3a1ad He TOIBKO B 00JIACTH MAITMHHOTO O0YYEHUS M TITyOOKOro O0ydeHHUs, HO U JUIsl yI00-
HOU OpraHu3aliy IIPOBEICHHS PacueTOB U HAYy4YHOM BH3yasln3alu. DKOCHCTEMa M03BOJIIET pa3pada-
TBIBaTh U pean30BbIBaTh HA Python mporpammubie MOmyTH, MPOBOANTH METOJUYECKUE pAacUEThl. AK-
TyaJbHOCTb Pa3BOPAYMBAHUS TaKOW CpPEAbl, MPEXKIE BCEro, CBA3aHA C 0OJBIION BOCTPEOOBAaHHOCTHIO
NPOTPaMMHBIX MOJIYJIEH, KOTOPBIE MPENOCTABISIOTCS TPYIIE HCCIIE0BaTeNe Wi HaydHOMY CO00-
HIECTBY, KOT/Ia BCE JTAllbl UCCIIEJOBAHUS MOTYT OBITh BOCIIPOM3BEICHBI, KO MOJUPHUIIMPOBAH U HC-
MOJIb30BAJICSI HAYYHBIM coolmiecTBoM. Ha mpumepe pelieHrs: KOHKPETHON 3aa4yd M0 U3YyUCHHIO IH-
HAMHUKH HaMarHUYeHHOCTH B JK03e(COHOBCKOM (0-Tiepexojie Mpe/CTaBlIeHa METOANKA pa3padoTKu
POTPaMMHBIX MOJYJICH, MO3BOJIAIONIAS HE TOJIBKO MPOBOJUTH pacyeThl, HO H BU3YaIU3UPOBATH pe-
3yJIbTaThl UCCIEAOBAHUS M CONPOBOXKIATh UX HEOOXOIUMBIMH (OpMylIaMu U noscHeHusaMu. [lokasa-
Ha BO3MOXKHOCTb MapaJuIeNbHON peann3aluy ajJropuTMa Ajsl MPOBEACHUS pacueToB NP Pa3IMYHbBIX
3HAYCHUSX IMapaMeTpOB MoJielid Ha ocHoBe Python-6mbnmmoreku Joblib, 1 nmpeacTaBiieHbl pe3yabTaThl
MIPOBEACHHBIX BBIYMCIUTENBHBIX 3KCIIEPUMEHTOB, MOKa3blBaloUIre 3((EKTUBHOCTD MapauIeIbHON
00pabOTKH TaHHBIX.
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The work presents the possibilities for using the ML/DL/HPC ecosystem deployed on the Hy-
briLIT Heterogencous Platform (Meshcheryakov Laboratory of Information Technologies JINR) on
top of JupyterHub, which provides opportunities for solving tasks not only in the field of machine
learning and deep learning, but also for the convenient organization of calculations and scientific visu-
alization. The ecosystem allows one to develop and implement program modules in Python, as well as
to carry out methodical computations. The relevance of deploying such an environment is primarily
associated with the great demand for software modules that are provided to a group of researchers or
the scientific community, when all stages of the study can be reproduced; the code has been modified
and used by the scientific community. Using the example of solving a specific problem to study the
dynamics of magnetization in a Phi-0 Josephson Junction (Superconductor-Ferromagnet-
Superconductor structure), a methodology for developing software modules is presented; it enables not
only to carry out calculations, but also to visualize the results of the study and accompany them with
the necessary formulas and explanations. The possibility of parallel implementation of the algorithm
for performing computations for various values of parameters of the model based on the Joblib Python
library is shown, and the results of computational experiments demonstrating the efficiency of parallel
data processing are presented.
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BBenenue

C uenplo yCKOpEeHHsI H3y4YeHHs] CHUCTEM, OCHOBAaHHBIX Ha JK03e()COHOBCKHX IEpexojax, HMEIo-
MIUX KPUTHYECKH BaKHOE 3HAYCHHE AJISi COBPEMEHHON MUKPOAJIEKTPOHHUKH, pa3padaThIBAIOTCS Mapa-
JIeJIbHBIC PeAIN3alK aJITOPUTMOB JJIsl PEIIEHHs] COOTBETCTBYIOIIMX CUCTEM HENUHENHBIX nuddepen-
LUAJIbHBIX YPaBHEHUH C KCIOJIb30BAHHUEM TEXHOJOIMH MapajjiebHOIO IPOrpaMMMPOBAHMs, a It
NpeAOoCTaBIeHUsT YAOOHOH HCClIeHoBaTeIbCKOM cpelbl pa3pabaThIBAlOTCS WHPOPMAMOHHBIE CHCTE-
MBI, TIO3BOJISFOLIME TTPOBOANTH PACUCThl HA BHIYMCIUTENIBHBIX IUIATGOPMax ¢ THOPUAHON apXUTEKTY-
poit m B oOmauHbIX cpenax [BupTyanbHas mccienoBaTenbekast cpena...; I'ereporennas miatdopma
HybriLIT; O6mnaunas undpactpykrypa OUSAU; JINR cloud service...]. OtianunrensHol 0cOOEHHO-
CTBIO TAKMX MH(POPMALMOHHBIX CHCTEM SBIISETCS arperauusi pa3paboTaHHBIX MOAEIEH, KOTOPbIE T03-
BOJISIFOT TTOJIL30BATENSIM MEHATh Pa3IMYHbIE TAPAMETPBI, a JJaJlee MPOBOJIUTH PacyeThl B 0aTy-perKume.
OpHako, Ha 3Tamne HCCIENOBAaHHUA WU I (OpMHUpPOBaHUS J1a0OPAaTOPHBIX paboT AJsl CTYACHTOB,
MPECTaBIsIET MHTEPEC BO3MOXKHOCTh KaK MOTU(PHULINPOBATh YPAaBHEHNUS, TaK U MOCIEA0BATENFHO BOC-
NPOM3BOMTEH BCE ATAIbl PACUETOB: HATIISIHO BUJIETh YPAaBHEHUS, CTPOHUTH BCE MPOMEKYTOUHBIE T'pa-
¢uku 1 oToOpaxkaTh HEOOXOAMMBIE TIPOMEKYTOUHBIC pacUeThl. TaKyt0 BO3MOXKHOCTh TPEIOCTABISICT
cpena, mocTpoeHHas Ha Oaze skocucTeMsl Jupyter Notebook [Kong et al.; Project Jupyter], ¢ si3pikom
nporpaMMmupoBanusi Python, akTMBHO pa3BuBaeMas M BKIIOYAIONIAs IIUPOKHH HaOOp maremarude-
CKUX OMOIHOTEK, OMOIHOTEK I HAYYHOH BU3YyaIH3alluy M MMOJIX0AaMH K paclapajieIMBaHUIO ajro-
putmoB. OtmetnM, uto Jupyter Notebook ceifuac akTHBHO HCIIONB3yeTCS Uil 3aJad MAIIMHHOTO U
ri1yOOKOro o0y4eHusi, a HaKOIUICHHBIH MHCTPYMEHTapHid MOKET MPUMEHSThCS OoJiee IUPOKO U IS
HAYYHBIX HCCIICIOBaHUH, TpeOYyIOIUX, B TOM YUCIIe YACICHHBIX pacueToB. JJaHHbIH oaxo/ B pabore
IPOJIEMOHCTPUPOBAH HA NPUMEPE PEHICHUS 33Ja4M 110 U3YYCHUIO BO3ZMOXKHOCTH MEPEBOPOTa MarHUT-
HOTO MOMEHTa B CTPYKTypaX CBEPXIPOBOAHUK-(PEppPOMarHETUK-CBEPXIPOBOAHUK, B KOTOPBIX CIIHH-
opOUTabHOE B3aMMOJICHCTBHE B (PeppOMarHeTUKE OOeCreunBacT MEXaHH3M MPSIMOW CBSI3U MEXKIY
MarHUTHBIM MOMEHTOM H JPKO3¢(PCOHOBCKUM TOKOM — TaKHe HKO3E()COHOBCKUE KOHTAKTHI HA3bIBAIOT-
ci ¢,-nepexonamu [Atanasova et al., 2019]. OTmeTHM, 4TO HCClIEIOBaHHE TAKUX CHCTEM CBS3aHO C

MHOTOYHCIICHHBIMUA BBIYUCIIUTENBHBIME SKCIIEPUMEHTAMH I PA3TNYHBIX MOJIENeN U ISt OOJIBIIOTO
KOJIMYECTBA MMapamMeTpoB Mozenei. i yCKOpeHHs BBIYUCICHUN 0COO0YI0 aKTyallbHOCTh TIPECTABIISET
pas3paboTKa napasiensHol peanu3anuu Ha Python.

Ixocucrema ML/DL/HPC

I'ereporennas BoruncnutensHas miatdgopma HybriLIT [[ereporennas mmargopma HybriLIT]
ABJSIETCS. 4acThi0 MHOTO(QYHKIMOHAIBHOIO MH(GOPMALMOHHO-BBIYUCIUTEIBHOIO KOoMILIeKca, Jlabo-
paTopun HHGOPMAIIMOHHBIX TexHojorui uM. M.I'. MemepskoBa OUSIU, r. Jlyona [MUBK OWAU].
[Inardopma cocrout u3 cymepkommbioTepa «l'oBopyn» [CynepkommsioTep «l'oBopyH»], yueOHO-
tectoBoro nosmrona «HybriLIT» [YueOHo-TecToBBIN mosuroH] u sxocucreMsl ML/DL/HPC [Dkocu-
ctema ML/DL/HPC] mj1st 3a1a4 MalltiHHOTO 00y4eHHMsI, TJTyOOKOro 00y4eHHUs U aHAIM3a TaHHbBIX.

B cocraB 3kocHcTEMBI TeTepOreHHON BhruucauTenbHol miatdopmbel HybriLIT Bxomst cnexyto-
M€ BBIYUCIUTENBHBIX KOMIIOHEHTHI:

- jhub jinr.ru — BUpTyaJibHAs MaIllMHA, OPEJHA3HAYCHHAS JJIs Pa3padOTKH MOAEICH U alrOpHT-
MoB Ha 0Oaze JupyterHub, mMHOromonp3oBarenbckoii rmiardopmel o pabdore ¢ Jupyter Notebook:
KVM vCPU (2.6 Ghz, 24 anpa), 128 GB RAM;

- jhub2.jinr.ru — mIa MpoBenEHUS PECYPCOSMKHX, MAaCCHBHO-TIAPAJUICIBHBIX PAacyeToOB, B TOM
YHUCIIC C UCIOJb30BaHueM rpaduueckux yckoputened NVIDIA: 2x Intel Xeon Gold 6148 (2.4 Ghz,
20 simep), 4x NVIDIA Volta V100, 512 GB RAM,;

- jlabhpc.jinr.ru — BupTyanpHas MalvHA IS TPOBEICHUS PACUETOB HA BBIYMCIUTEIBHBIX y3/1axX
reteporenHoi miatdopmel HybriLIT ¢ ucnonb3oBanuem mianupoBiiyka 3amgad SLURM, pa3pabotku
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NPUWIOKEHUH, aHaiu3a AaHHBIX W HAayYHOH BH3yalW3allMd IOJyYeHHBIX pe3ynbTaroB: Intel Xeon
Gold 6126 (2.6 Ghz, 24 snpa), 32 GB RAM,;

- studhub.jinr.ru — s OpoBeACHUS JICKIUH, TYTOPHAJIOB U MAacTEeP-KJIACCOB IS CTYJCHTOB, ac-
MUPaHTOB W HayuHbeIXx coTpynHukoB OMSM: 2x Intel Xeon Gold 6152 (2.1 Ghz, 22 snapa),
512 GB RAM.

Ha Bcex KOMITOHEHTaX 3KOCHUCTEMBI YCTaHOBIICHBI OCHOBHBIC OHOJIIMOTEKH U (PpeHMBOPKH IS
3aja4 MAIlMHHOTO W TIyO0OKOro oOyueHHs, pa3paboTKa alTOpUTMOB M MPOBEJCHUE HCCIICIOBAHHUN
BejieTcs Ha O0aze Jupyter Notebook.

Jupyter Notebook npencraBnser co6oii cpeny nmporpaMmmupoBaHus Ha si3bike Python ¢ BozMox-
HOCTBIO paboTaTh C OT/AENBHBIMU OJOKHOTaMH Jupyter, TEKCTOBBIMH (Daiiiamu, N300paKEHUSIMH Pa3-
IYHBIX (hopMaToB, naTaceramMu. B OJIOKHOTE eCThb BO3MOXHOCTH pa3OUTh KOJ Ha OTHENbHBIC (par-
MEHTBI, 3a[IUCAHHBIC B BUJIC OTIENbHBIX SYEEK, U BHIIIOIHUTD UX B IPOU3BOJILHOM mopsiake. Pezynbrar
3ammycKa Ka)JIoi oTAeabHOM siueliku oToOpaxkaercs B 3ToM OiokHoTe. MHTepdetic Jupyter Notebook
OTKpBIBaeTCcs B Opaysepe, MCIONB3yEeMOM II0 yMOJYaHUIO. Bce momonHuTenbHBIE OMOIMOTEKH, HE
IpeacTaBiIeHHbIE ¢ 0a30BO Bepcur Jupyter, MOKHO YCTaHOBHUTD B TIpoLiecce PadOTHI C OIOKHOTaMHU.

T'oToBeIi (aiin HOyTOyKa MOXKHO COXpaHHUTh B yI0OHOM (opmare, Harmpumep, HTML unu PDF.
[Tpu HEOOXOAMMOCTH MPOBECTH PacUeThl 32aHOBO WIIM MEPECUUTATh C HOBBIMU HAYaJIBHBIMHU MapaMeT-
paMu JI0CTaTOYHO YCTaHOBHTH OKpYKeHHe Jupyter yepe3 MeHemkep makeToB Anaconda [Anaconda]
Ha pabouyr MaIlWHY, OTKPHITh B HEW MONYyYEHHBIH (aiil ¥ MPOU3BECTU 3aMYyCK BCEX MMEIOIIUXCS B
HEM sTYeeK WJIN OT/eIbHbIC YaCTH KOJIa.

Tak e ecTb BO3MOXHOCTh (DOPMHPOBATH OTUYETHI-HOYTOYKH, COACPIKAIIUE TOMUMO SYEEK C KO-
oM, staeiikn B popmare Markdown [Markdown], comeprkaniue omnucanue perniaemoi 3amxauu ¢ Qop-
MYJIaMH, COIIPOBOJIUTENbHbIC PUCYHKH U Tpaduku. [ToMuMo OTAENbHBIX (HalioB, HOYTOYKH MOMXHO
OPraHu30BbIBAThH B OTJEIbHbIE IHTEpHET-pECYpPCHl C YHUKAIBHON CCBHIIKOM, 3aii/isl MO0 KOTOPOW MOJIb-
30BaTelb MOXKET O3HAKOMUTHCS C OMHCAaHUEM 3aJadd, CKOMUPOBaTh HEOOXOAUMBIH KOA U 3aIlyCTHTh
ero Ha cBoeit padoueit mamune [Jupyter Book].

Tak ke B paMKax dKOCHCTEMBI €CTh BO3MOXHOCThH 3amycKaTh pacueTsl B makere MATLAB, wuc-
nonb3ys uarepdeiic JupyterHub [MATLAB B cpene JupyterHub].

Hoctyn Ha xommoHeHTHl 3kocucteMbl ML/DL/HPC mpenocraBisieTcst 3aperucTpUpOBaHHBIM
NOJIb30BaTENsIM rereporenHoi miargopmsl HybriLIT.

IHocTranoBKka pu3nyecKor 3a1a4u

B kauectBe mpumepa pabotsl B cpene Jupyter Notebook paccmoTtpum 3amady mo pacuery Bpe-
MEHHBIX 3aBUCHMOCTH KOMIOHEHT MarHUTHOTO MOMEHTA IIPU PA3INYHBIX 3HAUCHUSAX MTApaMeTPOB ¢, -

nepexo/ia, Ha OCHOBE KOTOPBIX MOYKHO YCTaHOBUThH MHTEPBAJbI IAPAMETPOB, I TMPOUCXOIUT €ro Tie-
peBopoT OT m, =1 K m, =—1.
OcHoOBHBIC ypaBHCHHE TIpEACTaBICHBI B paboTe [Atanasova et al., 2019]. Hmwke npuBenena 3aaa-
ya Kommm 151 cuctemMbl ypaBHeHHI B O€3pa3MEepHOM BUJIE.
JlnHaMuKa MarHWATHOTO MOMEHTa M paccMaTpMBacMOW CHCTEMBI OIMCHIBAETCS YPaBHEHHUEM
Jlannay-Jlngmmuna-I uisdepra:
dm 1

dzx T 1AM {msz_mzHera[mf(M’H)_H"]}’

d 1

Zy T MS {mZHx_mtzJra[my(M’H)_Hy]}’ 1)
d 1

cIZZ T i ML {mxHy—mny+a[mz(M,H)—Hz]},
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rne M =[mx,my,mZ] — KOMITOHEHTBI MArHUTHOIO MOMEHTAa, KOMIIOHEHTHI 3()(EKTHBHOrO Mo

H = [HX,H y,HZ] 3aBHCAT OT JK03¢(PCOHOBCKOW pa3HOCTH (a3 ¢ ONMPEACIAIOTCS CISAYIONUM 00pa-
30M:

H (1)=0,

H,(t)= Grsm((p(t) —rm, (t)),

H.(t)=m.(t),
IJic ¥y KOMIIOHEHTa 3aBHCHUT OT JIK03e()COHOBCKOH pa3HocTH (a3. YpaBHeHHE HA JK03e()COHOBCKYIO
pasHocTh (ha3 ¢ ompenmenseTcs B paMKax Pe3MCTHBHON MOJENU M3 BBIPAKCHUS IS DIICKTPUICSCKOTO

ToKa [ qucpes3 Z[)KOBC(I)COHOBCKI/Iﬁ nepexona, H3MepeHHBII>i B CIMHUIIAX KPUTUYCCKOT'O TOKa IC .

dp dm .
I=0| ——-r—=|+sin(p-rm ),
dt dt ((p y)
a MIMEHHO:
do (. dm,\ 1
—=——|sin(@—rm, |+r +—1, 2
dt 1) ((p y) dt 1) @

CO CIICAYIOIIUMHE TIapameTpaMu Mojienu: G — OTHoIIeHue dHeprun J[o3edcoHa K I3HEPrur MarHuT-
HOW aHU30TPOIIUH, F — KOHCTAaHTa CIIUH-OPOUTAILHOTO B3aUMOJACUCTBUSA, o — Auccumnaius ['undep-
Ta, w=1 — OTHOIIEHWE YacCTOTHl (EPPOMATHUTHOTO PE30HAHCA HA XapPAKTEPHCTHUECKOW YaCTOTHI
JK03e(hCOHOBCKOTO TIepexoa. B Hamux pacderax mojaraeTcsl paBHOM 1.
HavanpHble ycnoBHs NpEANONararT, YTO BCE KOMIIOHEHTHl MarHMTHOI'O MOMEHTa, KpoMerm_,
paBHBI HYJIIO:
mx(0)=0,my(O):O,mZ(O):l,(o(O)zO. 3)
B paccmarpuBaemoii 3amade ucciieyercsi BOSMOXXHOCTh MEPEeBOPOTa MAarHUTHOTO MOMEHTa
m, NOJ I€CTBUEM MIPSIMOYTOJIBHOTO UMITyJIbCa ToKa [ =/ (t) , BXOJIAIIETO B ypaBHEHUE (2):

0, te[0,T,—At/2],
I=1(t)=14, te[T,—At/2,T, +At]2], 4)
0, re[T,+AT)],

rac AA‘, — aMIUIUTyla UMITYyJIbCa, At — ero JIIUTCIBHOCTD, T; — MOMCHT BPCMCHHU Ha4dajla €ro JIOKaJIun-
3aluu, a T ro BpEeMs pacucTa, KOTOpOC BI:I6I/IpaeTC$I JOCTAaTOYHBIM JIA OOJIBIINM JUIsL BbIXOJa B

YCTOMYUBBIN PEXUM.

Peanu3zanus BEIYUCJINTEIbHOUH CXEMBbI

Jnist uccnenoBaHusl BOBMOXXHOCTH MEPEBOPOTa MATHUTHOTO B 3aBUCUMOCTH OT HIapaMeTpoB MO-
JIeTM HeoOXOIMMO YHCIICHO PemIuTh 3amauy Komm s cCUCTeMBbl HEMWHEHHBIX ypaBHeHHH (1-2) ¢
HaYaJIBbHBIMA yCIIOBUAMH (3) TIpH 3aJaHHON BPEMEHHOM 3aBUCUMOCTH TOKa (4).

UucneHHoe peIIcHWE HaYallbHOW 3a/a4dl  TMPOBOJWIOCH C  KCIIOJIB30BaHUEM  (DYHKITUH
scipy.integrate.solve_ivp 6ubmuotexu SciPy, B KOTOpOil ecTh BO3MOKHOCTB BEIOOpA METO/IA PEIICHHS:
JUIST HOKECTKUX 3a/1ad JOCTYIHBI siBHBIE MeTobI PyHre-KyTThl “RK45” mn “RK23” nmopsiakos 5 (4) u
3 (2) COOTBETCTBEHHO M METO/IbI PEICHUS JKeCTKUX 3ama4 “Radau” — HesiBHBIN MeToa PyHre-KyTThl
cemeiictBa Pano IIA 5-ro nopsiaka, HesIBHBIM MHOTOIIATOBBIM MeTOA nepeMeHHoro nopsaka “BDF” u
np. [SciPy. Integration and ODEs]. [IpuBeneHHbIC B CTaThe PE3yJIBTATHI TOTYYEHBI C HCTIOIb30BAHUEM
metonoB “RK45” u “BDF”.

KOMIIBIOTEPHBIE HCCJIEJOBAHUSA U MOJAEJINPOBAHUE
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UucnenHoe penrenue 3anaun Ko mpoBOAMIOCH AJIs pa3IHUYHBIX 3HAUYCHUH MapaMeTpoB MOjIe-
au. Ha Puc. 1 npuBenena nuHaMuKa nepeBopoTa KOMIIOHEHTHI MArHUTHOTO MOMEHTa m_ TIPU JABYX
3HAYEHUSIX NapaMeTpa OTHomIeHue SHepruu JkozedcoHa K SHEPrUM MarHWTHOW aHu3oTporuu G :
npu G =9 (nuHuA 3) HaOIrOJAeTCs EPEBOPOT MATHUTHOIO MOMeHTa m_, Ipu G =8 (JiuHuA 2) nepe-

BopoT orcyTcTByeT. Ha Puc. 1 taxxke mpenacraBieH rpaduk NPUIOKEHHOTO MMITYJIbCHOTO TOKa (JIH-
Hus 1). PacueTs! mpoBeneHs! pu 3HaAYCHUAX apaMeTpoB »=0.1, a =0.1.

0.5

m(t)

—3F MpAMOYronbHbIA UMNYALC TOKa
2 KoMmroHeHTa m, npu G=8 3
—3 KomnoHeHTa m, npu G=9.00

-0.5

0 10 20 30 40 50 60
t

Puc. 1. JlunamMuka nepeBopoTa MarHUTHOTO MOMEHTA 171, IPH JBYX 3HAUEHUSX IApaMETPa OTHOILEHUE SHEPTUH

JIxo3edcona K SHEpTUH MarHUTHOHM aHU30TpOonMH G U rpadk UMIyIBCHOTO TOKA

I/ICCHCHOBaHHe IMoKasajio, 4YTo nEepeBOPOT MArHUTHOI0O MOMCHTA HOCHUT HepI/IOJII/I‘ICCKI/Iﬁ Xapak-
TEP, YTO MOXKHO IIOKa3aTb, IIPOBOAA PACUCTBI C MAJIBIMU IIaraMu B IINIOCKOCTHU IMapaMETPOB, HAIIpU-

Mep, (G,a), YTO TOJIHOCTBIO COTIIACYETCs C pe3yiIbTaTaMH, MOJyUYeHHBIMU B paboTe [Atanasova et al.,
2019].
Ha Puc. 2 npuBeneH rpaduk nepuoAUYHOCTH I€PEBOPOTa MATHUTHOIO MOMEHTA m_ C yBellnde-

HUCM 3HAYCHUS MapaMcTpa G B INUIOCKOCTH (G,C{) . PCBYJ'IBTaTBI MOJTY4YCHbI JIs 3HAYCHUH rnapameT-

poB: a =0.01...0.11 c marom 0.001 u G =1...101 ¢ marowm 1.

OTMeTHM, YTO TPOBEJICHHE MHOTOYMCIICHHBIX PACUETOB JUIsl PAa3lIMYHBIX MMAapaMeTPOB TpeOyeT
0OJIBIIIOTO KOJTMYECTBA BPEMEHH, HAITPUMED, JIJISI TOTYUCHHUS pe3yNIbTaTOB, MPECTABICHHBIX Ha Puc. 2
HeoOxomuMo penuth 100° OXHOTHIHBIX 3a7ad, a Pe3ylbTaT (IIOMOKHTEILHOE MM OTPHUIATEIbHOE
3HAYCHUEC KOMIIOHEHTBI m_ NP BpeMEHH pacuera 7, ) 3anmucarh B (UHAIBHYIO MAaTPHIly 3HAYCHHH.

OOHOTHUITHOCTH pemaeMbIX 3alad W TI03BOJISIET IIPOBECTH paclapajielnBaHue 10 JaHHBIM, pacipese-
ns1s peteHus 3ana4d Ko npu pa3HbIX 3HAUCHUAX MapaMEeTPOB MO Pa3HBIM MPOLIECCaM WU MOTOKOM.
OpHa U3 BO3MOXKHBIX NapauIeNIbHBIX peanu3aluil IpecTaBIcHa HIKE.
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Puc. 2. I'paduk nepuoANUHOCTH IEPEBOPOTa MATHUTHOTO MOMEHTA /1, B IJIOCKOCTH IIapaMeTpOB (G,a)

IMapaanenbHas peaju3anus aJropurma

Jlns yckopeHus BIYMCIICHU B s3bIke Python cymecTByioT kak oTaenbpHbIe OMOIHMOTEKH, T03BO-
JSIOIIME TPOBOJUTH PacdyeThl Ha ULEHTPAJbHBIX MpolLeccopax U TpadUuecKuX YCKOPUTEISX:
multiprocessing [Multiprocessing...], Joblib [Joblib...], mpidpy [MPI for Python], — Tak u B momy-
JsipHBIe OMOMMOTeKN M (GpeliMBOPKH peann3oBaHa BO3ZMOXKHOCTh HMAapaJUIeNbHBIX BbhlUncieHuit: Ten-
sorFlow [Tensorflow...], Keras [Keras...].

B nannoii pabote napaiienbHas peanusanus Oblia caeflaHa ¢ IpuMeHeHueM ouonnorexu Joblib.
Cxema pacniapaiienyuBaHus npeacTasieHa Ha Puc. 3.

G N |— 0 1
—p |i= Kk//N
I Jj= k%N 1 01
i (J » k |==> |rez= Parallel(n_jobs=40)\ »
— (delayed(funk_parall) (k)
— for k in range(N*N))
eee
—_—
J a TMapajiebHbIe BEIYHCICHHS 0: m, — 1
1:m,— -1

Puc. 3. Cxema pacnapaiiesrBaHus 3a/1a4d ¢ IpuMeHeHneM oubnuoTteku Joblib

B mponecce pacnapamenuBaHusl BBIYMCIHTENbHAS 00gacTh pasMepHocTbio N x N =100x100
pacrpeiensiach MEXIy BBIYUCIMTEILHBIMUA MMOTOKAMH, 3HAYE€HHE KOTOPBIX 3a/aeTCsl MapameTpoM
n_jobs. Jlnsa pacrapamienuBanus npuMensercs kiacc Parallel 6ubmuorexu Joblib (cMm. Puc. 3).

Pacuersl pa3pabOTaHHOTO alTOPUTMa MPOBOJMINCH HA JBYX KOMIIOHEHTaX DSKOCHCTEMBI
ML/DL/HPC, npencrapustoiue co0oil pealbHble BRIYHCIHTENBLHBIE cepBepa. B mporiecce pacueToB
BCE IMOJTyYCHHBIC BpEMEHA PACUETOB YCPEIHSIIUCH IO TPEM 3aITyCKaM.

Ha Puc. 4 — 5 npuBeneHs!l rpaduKu 3aBUCUMOCTH BPEMEHH BBIYMCICHUNH M YCKOPEHHS OT YhCIia
MOTOKOB Ha kommnoHeHTe jhub2.jinr.ru. Ha rpadukax npuBeneHsl 3HaueHus /10 50 MOTOKOB, B CBSI3U C
TEM, YTO TPH WX JAIbHEUIIEM YBEITHYCHUH BPEeMs BBIUMCICHUI 3HAYMTENHHO He MeHsercs. U3 rpa-
(PMKOB BHJHO, YTO B ITPOIIECCE PACYETOB OBLIO IOCTHIHYTO yCKOpeHue B 21 pa3 Ha 42 moToKax.

KOMIIBIOTEPHBIE UCCJIIEAOBAHUA U MOJAEJIMPOBAHUE
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Puc. 4. I'paduk 3aBucuMocTy BpeMeHu Bbuncinennii  Puc. 5. I'paduk 3aBUCHMOCTH yCKOpPEHUS BEIYUCICHUS
3aJ]a4M OT KOJIMYECTBa MOTOKOB Ha jhub2.jinr.ru 3aJ]a4M OT KOJIMYECTBa MOTOKOB Ha jhub2.jinr.ru

Ha Puc. 6 — 7 npuBeneHs! rpaduKy 3aBUCIMOCTH BPEMEHHU BBIUMCICHUN M YCKOPEHHS OT YHCIIa
notokoB Ha komrnoHeHTe studhub.jinr.ru. Ha rpadukax npusenens! 3HaueHus 10 60 OTOKOB, B CBSI3U
C TeM, YTO NP UX JAIbHEHIIeM YBEIUYSHUH BpEeMs BRIYMCICHUN 3HAUUTENLHO He MeHseTcs. M3 rpa-
(hMKOB BHHO, YTO B IIPOLIECCE PACUSTOB OBLIO JOCTHTHYTO YCKOpeHHue B 22 pa3 Ha 50 MOoTOKaX.
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Puc. 6. I'paduk 3aBHCHMOCTH BpeMeHH Bbrauciermnii  PHC. 7. 'paduK 3aBUCUMOCTH yCKOPEHHUS BBIYHCIICHHS
3a/1a4d OT KOJMYECTBa MOTOKOB Ha studhub.jinr.ru 3a7a9¥ OT KOJIMYeCTBa NOTOKOB Ha studhub jinr.ru

3akJIroueHue

Ucnonb3oBanue s3pika Python m O6ubnumortexu Joblib, mist pacmapannenuBaHusi BHIYUCICHUH,
YIPOCTHIIO TIPOLIECC HANKMCAHUS MIPOTrPaMMBI Ul PELICHUs 3aa4dy UCCIIEAO0BAHUS BO3MOXKHOCTHU Iie-
pEeBOpOTa MAarHUTHOIO MOMEHTa B CTPYKTypaxX CBEpXIPOBOIHHK-(EppOMarHeTHK-CBEPXIPOBOIHUK.
Ha o6enx xomnonenrtax sxkocuctembl ML/DL/HPC Ob1n mosryueHsl XOpoLne MoKa3aTesln YCKOPEHHs
pacdeToB B 6omee yeM 20 pa3. ['oToBBIH Jupyter-HOyTOYK BBUIOKEH B CBOOOHBIN JTOCTYIT HA pecypcax
rereporenHoi maaTdopmel HybriLIT u goctynen mo ccewuke: http://hlit.jinr.ru/spintronics. On Oyaer
UCIIOJIB30BaThCs B IIPOLIECCE MTPOBEACHUS Ta0OpaTOPHBIX U UCCIIEI0BATENBECKUX PadOT KaK CTYACHTOB,
TaK ¥ HAyYHBIX COTPYTHHKOB HHCTUTYTA.
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