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HPClab component

VM with JupyterHub and SLURM [https://jlabhpc.jinr.ru]
Q Intel Xeon Gold 6126 (24 Cores @ 2.6 GHz)

O 32 GB RAM

Educational component
JupyterLab Server [https://studhub.jinr.ru]
[https://studhub2.jinr.ru]
O 2xIntel Xeon Gold 6152 (22 Cores @ 2.1 GHz)
LD 512 GB RAM

r’c:::mputatinn component

Server with NVIDIA Volta [https://jhubl.jinr.ru]
[https://jhub2.jinr.ru]

O 2x Intel Xeon Gold 6148 (20 Cores @ 2.4 GHz)

Q 4x NVIDIA Tesla V100 SXM2 32 GB HBM?2

O 512 GB RAM
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hYBRI | lill Investigation of systems, based on Josephson junction: %0
Block of Symbolic calculations / Block of numerical calculations and analysis \
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. f = partial(my_sfs, G=G, alpha=alpha, k=k, \
OmegaF=0OmegaF, V=V)

#t_e = np.arange(e, 25, 6.0001)

t_e=np.linspace(t®@,tf,160000)

s@ = np.array([e, 1, @])
sol_l=solve_ivp(f,[te,tf],s@, t_eval=t_e, method='RK45")
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SciPy is an open-source software for
mathematics, science, and engineering.
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SymPy is a Python YcKopeHue MHoronapameTpuyeckmMx pacyeTos

library for symbolic '
mathematics.

~

Joblib is a set of tools
to provide lightweight

Numba’is an open source JIT
compiler that translates a subset
Job1+, Pipelining in Python of Python and NumPy code into
) fast machine code.




! Jjupyter {book}

Welcome to HLIT Jupyter Book

OcHogbl paboTsl ¢ Python:
WHCTpYMeHTapuid Ha Python ans
PEeLIEHWA HayUHbIX M NPUKNaAHBIX

3agau

YucneHHoe PeEWERWE 38084

Kowwu: 6ubnuoteka SciPy

MapannentHble BLIUMCAEHUA Ha
Python

3agaua 1: JluHeapusosaHHoe

YPaBHEHWE Ha MarHWTHEIA MOMEHT

3apaua 2. [NepnoaMuHOCTh
NoABAEHWA UHTEPBANOB
nepeBCcpoTa HaMarHMUeHHOCTH B
@0 pxo03edCOHOBCKOM Nepexoae

nog B034eACTEMEM MMMy AbCa TOKa

3apauva 3. PeppoOMarHUTHbIA
pesoHaHc 1 AMHaMKKa
MarHMTHOro MOMeHTa B cucTeme
“A¥Ko3e(pCOHOBCKWIA Nepexoa-

HaHOMarHuT"
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Various possibilities of Jupyter Book

= np.linspace(t®, tf,nt)

= np.array([@, 1, @])

_G3 = solve_ivp(f, [t@, tf], s0, t_eval=t e, method="RK45',
rtol=le-8, atol=le-9)

figure(figsize=(8, 6))

xlabel('t', size=16)
ylabel('$m z(t)$', size=16)
legend(fontsize=12)

show()

= partial(my_sfs, G=G3, alpha=alpha, k=k, OmegaF=OmegaF, V=V)

B .ipynb
& pdf

plot(sol G3.t, sol G3.y[2], label="KomnonenTta $m_z$ npu G = %4.2f' % G3)
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Qctiosbl pabotsi ¢ Python:
WHCTpyMeHTapwit Ha Python Ars
PELLIEHYA HayHHbIX U NPAKAZNHEIX

3afau

YucnenHoe pelleHue 3afa4n

Koww: 6ubamorexa SciPy

[lapannenbtiie B51UACIEHAA Ha
Python

3agaua 1: neapusoeanoe

YPaBHEHKE Ha MarHTHIA MOMEHT

3agaua 2. MepuoguuHoCTy
NOABNEHIA NHTEPBAN0E
NepeBopoTa HaMATHAUBHHOCTI B
0 ax03e0C0H0BCKOM Nepexoge

noZ BO3AEACTEMEM UMMyNbCa Toka

3agaua 3. DeppoMarHiTHeIA
PE30HAHC 1 AMHAMIKA MarHUTHOTO
MOMEHTa B CHCTeMe
"DrazedconoBekii nepexos-

HaHOMarHT"
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MaTemaTnueckas NoCTaHOEKa 3a4aumn
NHCTpyMeHTapuiA ANa YNCNEHHOTo
MOAENMPOBAHNA

YucneHHoe MogeMpPOBaHKE:
nccnefoBaHve NepeocpueHTaLum
HaMarHMUeHHOCTW B cucTeme
YucneHHoe MogeMpPOBaHKE:

npoasneHue OMP Ha saBucumMocT

= L UM

YinenexHoe peluenme 3agaun Kow:
bubanotexa SciPy

Marepuans! 370if uactvt 0cHoBaHsl Ha ke Boook):

Qingkai Kong, Timmy Siauw, Alexandre M. Bayen. «Python Programming And Numerical Methods: A Guide For

Engineers And Scientists» hitps.//pythonnumericalmethods. berkeley.edu/notebooks/Index: html

3agaua Koww: Paccuotpum pewenve HauansHoit 3agauu (Intial value problem) 448 ciceTemsl 0BLIKHOBEHHbIX

LUOOBDEHLMATbHbIX YPABHEHUI NeDBOTO NODARKa, PaZPELLeHHbIX OLIHOCUTE/HO NDOMBOZHONE:

M _ (1), 1)
Y-t =

ey =(y,...,3n)" - selT0p-OyHiLAA.

[pumep 1: Yncnerro pewnts 3agauy Koww:

¢
7 = yoos(t),
4(0) =1

[lns cpaBHEHUA NpUBE/EM aHANUTHUECKOE pewuerme 3agaum (2):

i=Contents

Mpwviep T: YncnerHo pewns 3agavy
Kown:
Mpiwiep 2: YCheHHO pewnTs 3agauy

Kouwn:
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Josephson junction
4 )
b . .
= The coupling of two superconducting layers
» l =———=through a thin non-superconducting barrier
= . .
@) forms a Josephson junction.
- J
Under the influence of external radiation,
provided that the Josephson frequency is a
multiple of the radiation frequency (n w, =k
' w), a constant voltage step appears on the
: Current Voltage current-voltage characteristic of the
5t - characteristic . ) ) .
Josephson junction. This step is called the
4 @=2, A=05 Shapiro step.
> 3:‘ Shapiro
- step
2 =
/ The width of the Shapiro step depends
4 on the amplitude and frequency of the
ol TP AR S T radiation.
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Dynamical equations for describing of the Josephson junction under
the influence of radiation

HLIT Jupyter book
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Bbiuncnsem BAX

Welcome to HLIT Jupyter Book
d ‘ / Python-yHCTpyMeHTapwii Ans 3apaem 3sHaueHua napameTpoB Ana Beluncnenus BAX

. .
— — z —_— ‘ / —_— Sl l l A Sl [ l u MOJENUPOBaHNA AUHAMUKN
— OtmeTnM, uTo MPW BBIYKUCIEHUA Heof]xoammo COrnacoeartb BCe BpeMEHHLIX XapakTepuCcTUKK ¢ nepyuoiom

,Cl,)KOSEq)(OHCIBCKOFO nepexoia

_ BHELHEero uany4yeHna so M3BEXaHMYN HAKONAEHMK OLWMBOK npw ycpeaHeHun. ﬂ,ﬂﬁ 3TOM0 HY>KHO BEIMUCIWTL
noj BO3AeMCTBMEM BHELWLHErO

nepuos eHewkero nanyderna T = 27 /w. V12 nocTpoeHHbIX Bbilue rpabyKOB BUAHO, UTO PelueHus

W3NyYeHus
dg@ crabunnznpyetea nocne Ty = 60 (ana w = 2), 370 cootsetcreyeT npumepro Ty = 20T (Hadano uutepeana
_ p— ‘/ Ana ycpeaHerns). [1na eslumcnenns BAX ecav seibepem epemenHoi uHtepean Ty = 250 310 byger
dt COOTBETCTBOBATH NPUMEPHO Tray = 80T (MakcuManbHOe 3Ha4eHWe BpeMeHu) W, COOTBETCTBEHHO, Lar No
epamenn At =T /50,
— — ( ( ) T=2*% np.pifomega # lepuog BHEWHEro M3Ny4eHue
Tmin = 28 * T # Ha4ano wHTepeana ANA MHTErpPUPOBAHMA ANA YCPESHEHWA
t Tmax = 80 ¥ T # MakcumanbHOe 3HaYeHWe BpeMeHW

deltat = T/58 # war no epemeHn
ntmin = int(Tmin/deltat)
nt = int(Tmax/deltat)

Initial condition t=0,V=0,9=0,u=0

deltalext = 8.81
Text = 0.0
a=1.0

Text max = 1.2

Tasks ok 1

Iplot = []
s@ = np.array([@, 0, 8])

a) Calculation of the current-voltage characteristic of a

Rrenem nanamaTtn Tlimit  ArNAHUUURAKIIAN UHTANRAN UAMEHAUSE NN TOKY NNA URAAWAHUA 2A1TAK TURAHNA

Josephson junction under the influence of external - - _
radiation. http://studhub.jinr.ru:8080/jjbook/intro.html

b) Calculation of the amplitude dependence of the

width of the Shapiro step
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Realization of numerical calculations _—
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[
Calculated current-voltage characteristics at w=2 and amplitude
values: A=0, A=3
6 m— C\/C 6 m— CVC e = Shapiro step
V=2*w
Second harmonic
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Acceleration of calculations s_—
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o

- wanisostw ||| BAVEIEEEE For 160 values of amplitude with stepsize AA = 0.25 the

o [Maximum speedup = 2835] _ duration of the calculation in serial mode was 29 hours.
E g Parallel calculations were carried out using the Joblib
== = library. An acceleration of about 28.5 times was obtained
5 E when using 40 threads and the calculation time was

) reduced to 1 hour.

: e Fdfzg;eer;;i:ss number of processes

7 " Numberofprocesses,n . T 0 T
Numba results 1600

\ === (Calculation time from number of Threads

1400

Calculations were carried out for the same values as on the previous result,
i.e. for 160 amplitude values with a stepsize of AA = 0.25 and calculation

duration in serial mode was 5 min.

1200

1000

Time (s)

800

600

In parallel mode using 20 threads, the calculation time was 26 seconds. o
Acceleration of calculations - 11 times. Also, if we compare calculation times v//
. . N . 200
using Numba, a 70 time acceleration was achieved
0 10 20 30 40 50 60 70 80
Threads number




Thank you for your attention

Toolkit based on Python libraries and Jupyter ecosystems for solution scientific
and applied problems
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