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application, and perform the most resource-intensive calculations in parallel is an urgent task.
The Jupyter Notebook environment provides this capability.




Developed sarvices

saas.jinr.ru



Developed services
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Example d. Problem to stucdy the eynamics of magnetization in
2 Phi-0 Josephson Junction (SFS structure)

Collaboration with Ilhom Rahmonov (Bogoliubov Laboratory of Theoretical Physics, JINR)

The dynamics of the magnetic moment M of the system under consideration is
described by the Landau-Lifshitz-Gilbert equation:

dm, 1

dt 1+ M?a? nyHy —m,Hy + alm, (M, H) — Hy]},
dm,, 1

dm 1

dtZ T 1+ M2a? {mHy —myHy + alm,(M,H) — H,]},

M = [mx,my,mz] are the magnetic moment components; the effective field components H = [Hx, Hy, HZ] depend on the
Josephson phase difference ¢ and are defined as follows:

H,(t) =0,
H, = Grsin(¢(t) — tm, (1)), Model parameters:
H,(t) = m,(t). G — ratio of the Josephson energy to

the magnetic anisotropy energy;
r — spin-orbit interaction constant;
a — Hilbert dissipation parameter;

The equation for the Josephson phase difference ¢ (t) is determined from the
equation for the electric current I flowing through the Josephson junction,
measured in units of the critical current I..:

do 1 dm,

P —w(sin(cp — rmy) +r It

1 in this study w = 1.
)+_1,
w



Example 4. Python inplementation




Example 1. Parallel implementation with Python

Define a function called by each process

from joblib import Parallel, delayed
import numpy as np

def funk parall{k):
i=k%N
J=k/ /N
mz_so0l=8
G=G@+delta G*i
alpha=alpha®+delta_alpha*j
f = partial{my_sfs, G=G, r=r, alpha=alpha, \
As=As, t_s=t_s, delta_t=delta_t)
t_e=np.linspace(@,58,1668)
s8 = np.array([e, 8, 1, @])
sol i=solve ivp(f,[©,68],58, t eval=t e) # method = "Radau’
if sol_i.y[2][999] < @:
mz_sol= -1
# alpGxy[i+j*N, 2] =- 1
return mz_sol

Senal mode calculation

t8 = time.time()
rez= Parallel{n_ jobs=1)\
{delayed{funk_parall){k) for k in range(N*N) )
tl = time.time()
print(f'Execution time {t1 - t@} s")

Execution time 159.9254457958592 s

Computing in Parallel Mode

te = time.time()
rez= Parallel{n_jobs=86)\
{delayed{funk_parall)({k) for k in range(N*N) )
tl = time.time()
print(f'Execution time {t1 - t@} s")

Execution time 34.51583881345825 s
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Example 2. MATLAB Integration for Jupyter *

https://jhub2.jinr.ru

* https://www.mathworks.com/products/reference-architectures/jupyter.html



Example 2. MATLAB Integration for Jupyter

Collaboration with Marko Cosi¢ (Laboratory of Physics, Vin¢a Institute of Nuclear Sciences — National Institute of the Republic of Serbia)

https://jhub2.jinr.ru
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Thanks for your attention!
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