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import re

import time

import os

import glob

from functools import partial, partialmethod

import math
from numpy import exp, array, insert
from math import log, sqrt, e

import numpy as np
from scipy import integrate
from scipy.optimize import differential evolution

smatplotlib inline

import matplotlib.pyplot as plt

import matplotlib as mpl

from matplotlib.widgets import CheckButtons, Cursor

from refnx.analysis import Parameter, Parameters
from refnx.reflect import SLD, Slab, Structure, ReflectModel

# an alphanumeic sorter
def sorted nicely(l):
"""Sort the given iterable in the way that humans expect."""
convert = lambda text: int(text) if text.isdigit() else text
alphanum key = lambda key: [convert(c) for c in re.split("([0-9]+)", key)]
return sorted(l, key=alphanum key)

Simplified Trofimov-model solver
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def Xi2(Theta, ThetaC):

rval = np.zeros like(Theta)

cond® = Theta > ThetaC

condl = np.logical and(0 < Theta, Theta < 1)
cond2 = np.logical and(0 < ThetaC, ThetaC < 1)
cond3 = cond® & condl & cond2

cond4 = Theta >= 1

cond5 = ThetaC >= 1

rval[cond® & cond4]
rval[cond® & cond5]
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if cond3.any():
expol = np.sqrt(-np.log(l - Theta[cond3]))
expo2 = np.sqrt(-np.log(l - ThetaC[cond3]))
rval[cond3] = 1 - np.exp(-(expol - expo2) * (expol - expo2))

return rval

def trofimov (X, t, *args):
X: list of differential equations to solve
t: independent variable
args: Xc, R123
Xc: list of theta criticals
R123 = R1,R2,R3,R: growth rates for different layers
Xc, R123 = args
R1, R2, R3, R = R123
N = len(Xc)
rval = np.zeros like(Xc)

# Rate equations for different rates for the first four ML
xit = Xi2(X, Xc)

if X[0] < 0.99999999:
rval[0] = R1 * (1 - X[0]) + R2 * (X[0] - xit[0O])

rval[l] = R2 * (xit[0] - X[1]) + R * (X[1] - xit[1])
rval[2] = R3 * (xit[1l] - X[2]) + R * (X[2] - xit[2])
rval[3:] = R * (xit[2:-1] - xit[3:])

return rval
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def calc all(N, t, R123, ThetaC):
"""Calculate coverages, thickness, roughness, reflectivity"""

X0 = np.zeros(N)
X = integrate.odeint(trofimov, X0, t, args=(ThetaC, R123), mxstep=2000) #original
np.clip(X, None, 1.0, out=X)
coverages = np.transpose(X) # Coverages in a.u.
thickness = sum(coverages)
roughness = np.sqrt(abs(sum(
[(coverages[i] - coverages[i + 1]) * (i + 1 - thickness) ** 2 for i in range(N - 1)]
)
)
)
roughness f = roughness *16.6 # 16.6 A (DIP monolayer thickness), the roughness for the experimental dataset
thickness f = thickness * 16.6 # 16.6 A (DIP monolayer thickness), the thickness of the film
return X, coverages, thickness f, roughness f

Parameters for the growth model

N = 35 # number of ML
times = np.linspace(0, 16, num=80) #time of the growth
x = np.linspace(0, N, N)

# parameters G - growth rates

Gl = Parameter(0.9, name="G1")

G2 = Parameter(0.7, name="G2")

G3 = Parameter(0.85, name="G3")

G4 = Parameter(1.09, name="G4")

# parameters to generate Theta criticals

a = Parameter(0.28, name="a") # parameter for the tanh() function

b = Parameter(0.6, name="b") # parameter for the tanh() function

c = Parameter (0.2, name="c") # parameter when to swich from tanh() to exp()
d = Parameter(-5.75, name="d") # exp() decay

g = Parameter(0.028, name="g") # exp() convergation

Theta criticals generation based on tanh() function and an exponential decay

def growth model thickness(times, N, Gl1, G2, G3, G4, a, b, ¢, d, g):
Gl, G2, G3, G4, a, b, ¢, d, g = map(float, [Gl, G2, G3, G4, a, b, c, d, g])
X np.linspace(0, N, N)
f=0
z = a*(((0.5*%np.tanh(-0.5%(x+d))+0.5))/((0.5*np.tanh(-0.5*d)+0.5)))
#print(z)
for j in range (N):
if z[j] > c:

z[j1 = z[j]
f=j
else:
z[j] = (c - g)* e ** (-b * x[j-f]) + g
#print(z)

gr = [Gl, G2, G3, G4]

thetacrit = z
out = calc _all(N, times, gr, thetacrit)
return out

pars = growth model thickness(times, N, Gl, G2, G3, G4, a, b, ¢, d, g)

plt.rcParams["font.size"] = "16"
for i in range(N):

plt.plot(pars[0][:, 1], linewidth=2)
plt.xlabel("Time [A]", fontsize=20)
plt.ylabel("Coverage", fontsize=20)
plt.savefig("Coverage.svg", format="svg", dpi=1200)
plt.show()

# plt.figure(figsize=(8, 6), dpi=1200)
# Where on earth does this value of 16.6 come from?

plt.plot(times, pars[2], linewidth=2) #16.6 thickness of the one ML. pars[3] * 16.6 = real thickness
plt.xlabel("Time", fontsize=20)

plt.ylabel("Thickness [A]", fontsize=20)

plt.savefig("Roughness.svg", format="svg", dpi=1200)

plt.show()

plt.plot(times, pars[3]) #16.6 thickness of the one ML. pars[3] * 16.6 = real roughness
plt.xlabel("Time", fontsize=20)

plt.ylabel("Roughness [A]", fontsize=20)

plt.show()



print(pars[0].shape, pars[1l].shape)
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from refnx.dataset import DatalD
from refnx.analysis import Transform, Objective, GlobalObjective, Parameter, CurveFitter

files = sorted nicely(glob.glob("data/DIP403 *.*"))
datasets = [DatalD(file) for file in files]
print(datasets[1])

<DIP403 1>, 109 points

thicks = Parameters()

sigmas = Parameters()

for t in times:
p = Parameter(1l, name=f"thick - {t}s")
sigma = Parameter(1l, name=f"sigma - {t}s")
p.t=1t
sigma.t = t
thicks.append(p)
sigmas.append(sigma)

si = SLD(20.0, "Si")



air = SLD(O, "Air")
sio2 = SLD(19, "Si02")
film s = SLD(10, "film")

air_1 = air()
sio2 1 = sio2(10, 2.5)
si 1 =si(0, 1)

for t, thick, sigma in zip(times, thicks, sigmas):
film 1 = Slab(thick, film s, sigma)
s =air 1 | film 1 | sio2 1 | si
strucs.append(s)
mod = ReflectModel(s)
mod.threads = 1
mod.dq.value = 0.0
models.append(mod)

g = np.linspace(0.01, 0.14, 109)
for s in strucs:
plt.plot(q, s.reflectivity(q))

plt.yscale("log")
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Gl.setp(vary=True, bounds=(0.5, 1.1))
G2.setp(vary=True, bounds=(0.5, 1.1))
G3.setp(vary=True, bounds=(0.7, 1.2))
G4.setp(vary=True, bounds=(0.9, 1.7))

.setp(vary=True, bounds=(0.2, 0.6)) # max 0.7, after that the integration is taking too long
.setp(vary=True, bounds=(0.05, 0.7
.setp(vary=True, bounds=(0.11, 0.4
.setp(vary=True, bounds=(-7, 0))

.setp(vary=True, bounds=(0.002, 0.12))

)
)
)
)
)
)
)

)
)

Q on oTw

film l.sld.real.setp(vary=True, bounds=(5, 20))

t = Transform("logY")

objectives = [
Objective(model, data, use weights=False, transform=t)
for model, data in zip(models, datasets)

1

objectives[0].auxiliary params = Parameters(
data=(Gl, G2, G3, G4, a, b, ¢, d, g)

)

global objective = GlobalObjective(objectives)

def wrapper(

global objective, thicks, sigmas, times, N, Gl1, G2, G3, G4, a, b, ¢, d, g
) 8

def cost to minimise(x):

global objective.setp(x)
X, _cov, ts, rs = growth model thickness(times, N, Gl1, G2, G3, G4, a, b, c, d, g)
for thick, sigma, t, r in zip(thicks, sigmas, ts, rs):

thick.value = t

assert np.isfinite(t)

sigma.value = r

assert np.isfinite(r)
try:



plp = global objective.nll()
return plp
except RuntimeError as exc:
print(global objective.varying parameters())
print(ts)
raise exc

return cost to minimise
bounds = [(p.bounds.lb, p.bounds.ub) for p in global objective.varying parameters()]
cost = wrapper(

global objective, thicks, sigmas, times, N, Gl1, G2, G3, G4, a, b, ¢, d, g
)

def callback(x, *args, **kwds):
pass

cost(global objective.varying parameters())

135.58709262755028

%timeit growth model thickness(times, N, G1, G2, G3, G4, a, b, c, d, g)

301 ms + 45.2 ms per loop (mean + std. dev. of 7 runs, 1 loop each)

%timeit cost(global objective.varying parameters())

367 ms + 7.16 ms per loop (mean + std. dev. of 7 runs, 1 loop each)

A large proportion of time seems to be spent in solving the differential equation.

res = differential evolution(cost, bounds, polish=True, seed=2, callback=callback)

objectives[11].plot()
objectives[33].plot()
objectives[77].plot()
plt.legend()
plt.xlabel("Q")
plt.ylabel("logR");
# plt.yscale('log')
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objectives[-1].model.structure.slabs()
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print(repr(np.array(thicks)))
print(repr(np.array(sigmas)))
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out = np.array([objective.generative() for objective in objectives])
#plt.figure(figsize=(7, 5), dpi=1200)
plt.imshow(np.log(out))

plt.colorbar()

<matplotlib.colorbar.Colorbar at 0x7f5539c2d1f0>
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