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SetParameter.py

#!/usr/bin/env python

# —-*- coding:utf-8 -x-

#

# written by Shotaro Fujimoto

from Tkinter import Tk, Frame, Label, Button, Entry, E, END

class SetParameter():

def show_setting window(self, parameters, commands):

""" Show a parameter setting window.

parameters: A list of dictionaries {’parameter name’: default_valuel}
commands: A list of dictionary {’name of button’: command}

nnn

self.root = Tk()

self.root.title(’SetParameter’)

framel = Frame(self.root, padx=5, pady=5)
framel.pack(side=’top’)

self.entry = []
for i, parameter in enumerate(parameters):
label = Label(framel, text=parameter.items()[0]J[0] + ’> = ’)
label.grid(row=i, column=0, sticky=E)
self.entry.append(Entry(framel, width=10))
self.entry[i].grid(row=i, column=1)
self.entry[i] .delete(0, END)
self.entry[i] .insert (0, parameter.items() [0][1])
self.entry[0] .focus_set()

frame2 = Frame(self.root, padx=5, pady=5)
frame2.pack(side=’bottom’)
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self.button = []
for i, command in enumerate(commands) :
self .button.append(Button(frame2, text=command.items () [0][0],
command=command.items () [0] [1]))

self .button[i] .grid(row=0, column=i)

self.root.mainloop()

def quit(self):
self.root.destroy()

32 74YTAVITETIEOHDT v /IN—FHEK
fitting.py

#!/usr/bin/env python

# —-*x- coding:utf-8 -x-

#

# written by Shotaro Fujimoto

import numpy as np
import scipy.optimize as optimize

import matplotlib.pyplot as plt

def fitting(X, Y, fit_func, parameters, fitted, xscale=’log’, yscale=’log’,
xlabel=r’$X$’, ylabel=r’$Y$’, param_to_show={’param0’: 0}):

"""Fitting method to calcurate the hurst exponent."""

# set the data set to be fitted by user input.

# User should specify the data length by its index(not the true value).
cut_from = int(raw_input("fit from ? (index) >>> "))

cut_to = int(raw_input("fit to 7 (index) >>> "))

cut_X = np.array(X[cut_from:cut_to])

cut_Y = np.array(Y[cut_from:cut_to])

# fitting by least aquare method
# fit_func(parameters, X, Y)

result = optimize.leastsq(fit_func, parameters, args=(cut_X, cut_Y))
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# it returns fitted parameters

fitted_params = result[0]

print "fitted parameters:

print fitted_params

# Plot the result and fitting func with fitted parameters

fig = plt.figure("Fitting")

ax

ax

ax

ax

ax.

ax.

ax

= fig.add_subplot(111)

.plot(X, Y, ’-0’)
.set_xlabel(xlabel, fontsize=16)
.set_ylabel(ylabel, fontsize=16)
set_xscale(xscale)
set_yscale(yscale)

.set_ymargin(0.05)

labels = ’\n’.join([s + ’: ’> + str(fitted_params[i])

ax

for s, i in param_to_show.iteritems()])

.plot(cut_X, fitted(cut_X, *fitted_params), lw=2, label=labels)

plt.legend(loc=’best’)

fig.tight_layout ()
plt.show()

3.3 DLANRY—VHERT BRI T

DLA.py

#!/usr/bin/env python

# —-*x— coding:utf-8 —-x-

#

# written by Shotaro Fujimoto, January 2016.

from Tkinter import Toplevel, Canvas

import

import

numpy as np

time

class DLA(object):

def __init__(self, N, view=True, color=True):

self.R = 3

self.sum_rxr = 0O



16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

# radius of gyration
self.R_g = []

self.N = N

self.view = view
self.color = color

self.L = int(self.N*x(0.76)) + 2

if self.view:
self.default_size = 640 # default size of canvas
self.rsize = int(self.default_size/(2 * self.L)) or 1
fig_size = 2 * self.rsize * self.L
self .margin = 10

self.sub = Toplevel()

canvas_w = fig_size + 2 * self.margin
canvas_h = fig_size + 2 * self.margin
self.canvas = Canvas(self.sub, width=canvas_w, height=canvas_h)
self.c = self.canvas.create_rectangle

self.update = self.canvas.update

self.sub.title(’DLA cluster’)

self.c(
self .margin,
self .margin,
fig_size + self.margin,
fig_size + self.margin,
outline=’black’,

fill="white’

self.canvas.pack()

self.start_time = time.time()

def grow_cluster(self):

"""Glow the DLA cluster by random walking particles.

rn = np.random.rand

# Set the lattice size
lattice = np.zeros([self.L * 2 + 1, self.L * 2 + 1], dtype=int)

# center of the lattice



56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

self.center = self.L

# the center of lattice is occupied by a particle from start.

lattice[self.center, self.center] =1

# visualization

if self.view:

def

def

self.c(
(2 x self.center - self.L)*self.rsize + self.margin,
(2 * self.center - self.L)*self.rsize + self.margin,
(2 x (self.center + 1) - self.L)*self.rsize + self.margin - 1,
(2 * (self.center + 1) - self.L)*self.rsize + self.margin - 1,
outline=’black’,
fill="black’

)

self.update()

reset_particle_postion():

"""Initialise the postion of the particle."""

theta = 2 * np.pi * rn(Q)

x = int((self.R + 2) * np.cos(theta)) + self.center
y = int((self.R + 2) * np.sin(theta)) + self.center

return x, y

diffusion(x, y):
"""Set a partcle at outer circle and move it as random walk.

Then, if it contacts the existing cluster, the cluster grows.

def get_distance_from_center(x, y):
"""Get the distance from the center to the particle position"""

return np.sqrt((x - self.center)**2 + (y - self.center)**2)

# increase the step size of RW when it is far from the center.

r: distance from the center to the particle

o]
]

get_distance_from_center(x, y)

# 1: step size of the random walk of the particle
int(r - self.R - 2) if int(r - self.R - 2) > 0 else 1

# Random walk

10



96 p =1rn(Q) *x 4

97 if p < 1:

98 x +=1

99 elif p < 2:

100 x =1

101 elif p < 3:

102 y +=1

103 else:

104 y =1

105

106 # if the particle is far from the center, reset the possition.
107 r = get_distance_from_center(x, y)

108 if r >= 2 * self.R:

109 return 2

110

111 # if there is no occupied site near the particle, continue.
112 # if judge ==

113 if not (lattice[x-1, y] == 1 or lattice[x+l, y] == 1 or

114 lattice[x, y-1] == 1 or latticelx, y+1] == 1):

115 return x, y

116

117 # else, the particle is occupied to the DLA cluster.

118 lattice[x, y] =1

119

120 # visualise

121 if self.view:

122 if self.color:

123 colors = [’#££f0000’, ’*#£f£8000°, ’#ffff00’, ’#80ff00’,
124 ’#00££00°, ’#00f£80°, ’#00ffff’, ’#0080ff’,
125 *#0000ff°, ’#8000ff’, ’#ff00ff’, ’#££0080°]
126 len_colors = 12

127 n_samecolor = (self.N / len_colors) + 1

128 color = colors[n / n_samecolor]

129 else:

130 color = "black"

131

132 self.c(

133 (2 * x - self.L) * self.rsize + self.margin,

134 (2 x y - self.L) * self.rsize + self.margin,

135 (2 * (x + 1) - self.L) * self.rsize + self.margin - 1,

11
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(2 * (y + 1) - self.L) * self.rsize + self.margin - 1,
outline=color,
fill=color

)

self.update()

# Update R

self .R = int(r) + 1 if int(r) + 1 > self.R else self.R

# Update sum_rxr

self.sum_rxr += r*r

# Update R_g

self .R_g.append(np.sqrt(self.sum_rxr/(float(len(self.R_g))+1.)))
# Finish the random walk of the particle

return O

n=20
while n < self.N:
X, y = reset_particle_postion()
while True:
res = diffusion(x, y)
# 0: process successfully done
# 2: restart process
if res ==
# increment n
n+=1
break
elif res ==
X, y = reset_particle_postion()
else:
X, y = res
else:
if self.view:
# Save the canvas image
filename = "img/" + str(time.time()) + ".eps"
self.canvas.postscript(file=filename)

print "Save the figure to " + filename

# Print the time
self.end_time = time.time()

t = self.end_time - self.start_time

12
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print "done; N = %d, time = " % self.N + str(t) + ’> (s)’

self.lattice = lattice

return self.lattice

34 DLADT S 79IRTEFHRET 27HDRITR V) T b
fractal_dimension_of DLA.py

#!/usr/bin/env python

# —-*- coding:utf-8 -*-

#

# written by Shotaro Fujimoto

import matplotlib.pyplot as plt
import numpy as np

from SetParameter import SetParameter
from DLA import DLA

from fitting import fitting

class Main(object):

def __init__(self):

import sys

self.sp = SetParameter()

self.N = None
self.dla = None
self.sp.show_setting_window(
{
{’N’: 200}
1,
L
{’start’: self.grow_cluster},
{’plot graph’: self.plot__N_R},
{’calcurate D’: self.fit_to_powerlow},
{’save’: self.save_to_file},
{’quit’: sys.exit}
]

13
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def

def

def

grow_cluster(self):

"""Create a DLA cluster with N particles by dla.grow_cluster method."""
self.N = int(self.sp.entry[0].get())

self.dla = DLA(self.N)

self.lattice = self.dla.grow_cluster()

self.center = self.dla.center

plot__N_R(self):

"""Plot a N-R_g graph to calcurate DLA cluster’s fractal dimension."""

self.N = int(self.sp.entry[0].get())

self.dla = DLA(self.N)

self.lattice = self.dla.grow_cluster()

self.center = self.dla.center

self.Narr = np.array([2**x for x in range(l, int(np.log2(self.N))+1)])
self .R_g = np.array([self.dla.R_g[n-1] for n in self.Narr])

# plot

fig = plt.figure("Fractal Dimension")
self.ax = fig.add_subplot(111)
self.ax.plot(self.R_g, self.Narr, ’-o0’)
self.ax.set_xlabel(r’$R_{g}$’, fontsize=16)
self.ax.set_ylabel(r’$N$’, fontsize=16)
self.ax.set_xscale(’log’)
self.ax.set_yscale(’log’)
self.ax.set_ymargin(0.05)
fig.tight_layout()

plt.show()

fit_to_powerlow(self):

"""Fitting method to calcurate the fractal dimension of DLA cluster."""

def fit_func(parameterO, R_g, Narr):
"""Fitting function: Narr ~ R_{g}~{D}"""
log = np.log
cl = parameter0[0]
c2

parameter0O[1]
residual = log(Narr) - cl - c2*log(R_g)

return residual

14



72

73 def fitted(R, c1, D):

74 return np.exp(cl)*(R**D)

75

76 fitting(self.R_g, self.Narr,

7 fit_func, [0.1, 1.7], fitted,

78 xlabel=r’$R_{g}$’, ylabel=r’$N$’,
79 param_to_show={’D’: 1}

80 )

81

82 def save_to_file(self):

83 """Save the figure of the DLA cluster with eps format."""
84 import tkFileDialog

85 import os

86

87 if self.dla is None:

88 print "No figure exists."

89 return

90

91 ftype = [(Ceps flle’, ’+*.eps’), (’all files’, ’%’)]
92 filename = tkFileDialog.asksaveasfilename (
93 filetypes=ftype,

94 initialdir=os.getcwd(),

95 initialfile="figure_1.eps"

96 )

97 if filename is None:

98 return

99 self.dla.canvas.postscript(file=filename)
100

101

102 if __name__ == ’__main__’:

103 Main()

35 1RTITZUVHIEDN—R N AEKDBL-HDEITRV ) T A
hurst.py

1  #!/usr/bin/env python
2 # —-*- coding:utf-8 -x-
3 #

15
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# written by Shotaro Fujimoto

import numpy as np
import matplotlib.pyplot as plt
from fitting import fitting

def brownian_curve_1d(N, plot=True):

"""Create basic N step brownian motion"""

p=20.5
1 =1
x0 =0

xi = np.random.random(N)
xi[xi > p] =1

xi[xi <=p] = -1

X = [x0, ]

for i in range(N):
X.append(X[i] + xi[il)

# X = [x0, x1, ... , xN]

# len(X) == N+1

X = np.array(X)

if plot:
# plot
fig = plt.figure("Brownian motion")
ax = fig.add_subplot(111)
ax.plot ([0, len(X)-1], [x0, x0], ’-’, color=’black’)
ax.plot(range(len(X)), X, ’-’)
ax.set_xlabel(r’$t$’, fontsize=16)
ax.set_ylabel(r’$x$’, fontsize=16)
ax.set_xscale(’linear’)
ax.set_yscale(’linear’)
ax.set_ymargin(0.05)
fig.tight_layout()
plt.show()

return X

16



44
45 def calc_hurst(X, plot=True):

46 """Calucurate hurst exponent"""

47

48 def std(start, T):

49 return np.std(X[start:start+T])

50

51 # Tarr = [ 1, 2, 4, ... , 2°{int(log2(N))} ]

52 Tarr = np.array([2**x for x in range(1l, int(np.log2(len(X)-1))+1)]1)
53 # sigma_T: list of the average of the deviation in a time-width T.
54 sigma_T = [np.average([std(i, T) for i in range(N+3-T)]) for T in Tarr]
55

56 if plot:

57 # plot

58 fig = plt.figure("Hurst exponent")

59 ax = fig.add_subplot(111)

60 ax.plot(sigma_T, Tarr, ’-o’)

61 ax.set_xlabel(r’$T$’, fontsize=16)

62 ax.set_ylabel(r’$\sigma_{x}$’, fontsize=16)
63 ax.set_xscale(’log’)

64 ax.set_yscale(’log’)

65 ax.set_ymargin(0.05)

66 fig.tight_layout()

67 plt.show()

68

69 return (Tarr, sigma_T)

70

71

72 def main(N):

73

74 def fit_func(parameter, Tarr, sigma_T):

75 ""'Fitting function: sigma ~ T~{H}"""

76 log = np.log

7 cl = parameter[0]

78 c2 = parameter[1]

79 residual = log(sigma_T) - cl - c2xlog(Tarr)
80 return residual

81

82 def fitted(T, cl, H):

83 return np.exp(cl)*(T*xH)

17
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85
86
87
88
89
90
91
92
93
94
95
96
97
98

if

# Create brownian motion and calcurate deviations for each T

Tarr, sigma_T = calc_hurst(brownian_curve_1d(N, plot=True), plot=False)

# Fitting
fitting(Tarr, sigma_T,

fit_func, [0.1, 0.5], fitted,

xlabel=r’$T$’, ylabel=r’$\sigma_{x}$’,

param_to_show={’D’: 1}
)

_name__ == ’__main_

N = 16383 # = 16384(=2*x14) - 1

J .

main(N)
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