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2. procedures
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import numpy as np

import matplotlib.pyplot as plt

from matplotlib import pyplot as plt
import ipywidgets as widgets

2.2. small procedures
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def chop(xargs, prec=2):
if len(args) ==
return(False)
elif len(args) ==
return(float(np.floor(10kxprecxargs[0]+1/2)/10xxprec))
return(tuple([chop(x, prec=prec) for x in argsl))
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def listTranspose(a):
return([list(x) for x in zip(*a)])
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def countInt(lst, rng):
return(len([x for x in lst if rng[@]l<=x<rng[1]]))
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def selInt(data, r@, ri):
return(sum([[(i,j) for j,x in enumerate(d) if r@<=x<ri]
for i,d in enumerate(data)l, [1))

def selInt2(data, r@, ril):
return([[j for j,x in enumerate(d) if r@<=x<r1l]
for i,d in enumerate(data)l)

def countArg2(data, r@, rl):
return(len(selInt(data, r@, ri1)))

def pos2arg(arg, pos):
return(arg[0] [pos[0]] [pos[1]], argl[1] [pos[0]][pos[1]])

def pos2arg2(arg, pos2):
return(sum([[(ags[jl,agh[j]) for j in js]
for js,ags,agh in zip(pos2, *arg)l, [1))
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def int180(x):
return(int(abs(x))%180)

def int90(x):
return(int(90.5-abs(90-abs(x))))
#return(int (90-abs(90-abs(x)))%90 if x!=90 else 90)
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def strL(x, r=5):
return( (' 'sr+'{}'.format(x))[-r:])
def strR(x, r=5):
return(('{}'.format(x)+"' "xr)[:r])

2.3. fEREA

printStat : ETILIZCE T LB AR DT LIZEREDRE N

def printStat(K=False, t=False, s='all', sw=True):
#sw = True 1if K or not(t) else False
if not(K): K=Ks
if not(t): t=thetas
if type(K) not in (list, tuple): K = list(K)
if type(t) not in (list, tuple): t = list(t)
print('e : &ohrhf 0 : ERDOERA Y AREOERA\N!
+ 'K : |o|] =K ave : Fij std : BEFEE\n")
if sw:
for KO in K:
print('R = {}'.format(K0))
print(' 6 :', x[strL(t@) for t@ in t])



print(' ave :', x[strL(stat_arg_of_edges[K0o][t0][0])
for t0 in t])

print(' std :', x[strL(stat_arg_of_edges[K0@][t0][1])
for t0 in t])

else:
for t0 in t:

print('e = {}'.format(t0))

print(' K :', *x[strL(K@) for KO in K])

print(' ave :', x[strL(stat_arg_of_edges([K0o][t0][0])
for KO in K])

print(' std :', x[strL(stat_arg_of_edges[K0][t0][1])
for Ko in K])
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def plotArgs(K, figsize=(4,4), xRange=(-180,180), ptsize=1,
aspect="equal', xxkwargs):
#
def plotLocalProcedure(t, r, d):
theta = min(90, max(5, 5xint(t/5)))
#
fig = plt.figure(figsize=figsize)
ax = fig.add_subplot(111)
ax.set_xlim(xxr)
ax.set_ylim(xyr)
ax.set_aspect(aspect)
ax.set_xticks(xLp, xL)
ax.set_yticks(yLp, yL)
ax.set_xlabel('arg of sub-edge')
ax.set_ylabel('arg of main-edge')
#ax.axis("off")
#
pos = listTranspose(pos2arg2(
psh, selInt2(datalthetal, r, r+d)))
if len(pos): ax.scatter(xpos, s=ptsize)
msg.value = '{} ({}%)'.format(
len(pos([0]),
chop(100xlen(pos[@])/m)) if len(pos) else '0Q (0%)'
#
#ax.clear()
fig.canvas.draw_idle()
return(fig)
#
psh, data = arg_of_edges_KI[K]
m = len(np.ravel(psh[0]))
#
yRange = xRange[0]xK/180, xRange[1]%K/180

xD = 10%int((xRange[1]-xRange[0])/8/10)
yD = 5xint((yRange[1]-yRange[0])/6/5)
xr = xRange[0]*np.pi/180, xRange[l]l*np.pi/180
yr = yRange[0]*np.pi/180, yRange[ll*np.pi/180
xL = [s for s in range(-180,190,10)

if xRange[0]<=s<=xRange[1l] and s%xD==0]
yL = [s for s in range(-180,190,5)



if yRange[0]<=s<=yRange[1] and s%yD==0]

xLp = [np.pi/180%s for s in xL]
yLp = [np.pi/180%s for s in yL]
#

# sliders

sliderT = widgets.IntSlider(
value=90, min=5, max=90, step=5, description='#%ahHngH :',
layout=widgets.Layout(width="182pt"))

sliderR = widgets.IntSlider(
value=20, min=0, max=179, step=1, description="#&gE&E0NAHA ',
layout=widgets.Layout(width="231pt"'))

sliderD = widgets.FloatLogSlider(
value=1, min=-1, max=2.2, step=0.1, description='ig :',
layout=widgets.Layout(width="'231pt"'))

#

#button = widgets.Button(description="'1{R#",

# layout=widgets.Layout(width="'42pt"'))
#text = widgets.Text(description='ZZ71/"',

# layout=widgets.Layout (width="'170pt"))

msg = widgets.Text(description="E#g :',
layout=widgets.Layout(width="'215pt"))
#
#def saveButton(b):
fig = plotLocalProcedure(
sliderM.value, sliderN.value, sliderD.value, sliderTr.value)
if saveFigure(fig, savefile=text.value):
msg.value = 'saved to '+text.value
else:
msg.value = 'error: cannot save to '+text.value
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#button.on_click(saveButton)
#
uiAll = widgets.VBox([sliderT, sliderR, sliderD, msgl)
#uiAll = widgets.VBox(
# [sliderT, sliderR, sliderD, msg, text, button])
out = widgets.interactive_output(
plotLocalProcedure, {'t': sliderT, 'r': sliderR, 'd': sliderD})
display(widgets.HBox( [out, uiAll]))
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def freq(K=90, theta=90, interval=(20,21)):
if K not in Ks:
return('error : {} is not in Ks.'.format(K))
t = max(5, min(90, 5%np.floor(theta/5)))
if type(interval) not in (list, tuple):
return(countInt(aes[K] [t], (interval,interval+1)))
elif len(interval)<1:
return('error : specify an interval')
elif len(interval) ==
return(countInt(aes[K][t], (interval,interval+l)))
else:
return(countInt(aes[K][t], intervall0:2]))
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thetas : &AM O D :5° < 0 < 900 (5° ZIH)

Ks: EHDIENA ¢ DEER K (|¢p| = K) O#

ERABDOMH (Y, d) : |¢| < 180° |4 < 90°

arg_of_edges : o () LD, EMNADHE (¢, d) [CHT 2BELOADT
—45

arg_of_edges_K : ¥ DIEMANLEEIE (K : |4 < K) J&I2, ERABDHE (Y, ¢)
DEFHEHEZFIR L TEEHELZ, BELOADT—4

aes: EMOHHEDLHIZ, LET—42%2 K, 0 CEICREBLOAET—32 % 1 Rl
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stat_arg_of_edges : oM A (0) &LEBROMERA (9) OEHNME (K :|p| < K)
[ZxF 5. BEGOADITOMETE (FYLIZERE)

freg_dist = {}
stat_arg_of_edges = {}

r 5
m 360 * r
m2, md =m//2, m//4

thetas = [5%i for i in range(1,19)]
Ks = (5, 10, 15, 20, 30, 45, 60, 90)

psi, phi = np.meshgrid(np.linspace(-np.pi, np.pi, m +1),
np.linspace(-np.pi/2, np.pi/2, m2+1))

arg_of_edges = {theta : 180/np.pixnp.abs(
np.arctan2(np.sin(np.pi/180@*theta)*np.cos(psi),
-np.sin(phi)*np.sin(psi)*np.sin(np.pi/180xtheta)
+np.cos(phi)*np.cos(np.pi/180xtheta)))
for theta in thetas}

arg_of_edges_K = {K : ((psil[r*(90-K):r(90+K)+1],
phi[rx(90-K) : rx(90+K)+11),
{theta : arg_of_edges[theta] [r*(90-K):rx(90+K)+1]
for theta in thetas})
for K in Ks}

aes = {K : {theta : np.concatenate(
arg_of_edges[thetal [m//360%(90-K) :m//360%(90+K)+1])
for theta in thetas} for K in Ks}

stat_arg_of_edges = {K : {theta : (chop(np.average(aes[K][theta])),



chop(np.std(aes[K] [thetal)))
for theta in thetas} for K in Ks}
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freg_dist = {K : {} for K in Ks}
Kss = [rxK for K in Ks]
for theta in thetas:
wk = [0]%180
for x in arg_of_edges[theta] [m4]:
wk[int180(x)] += 1
for j in range(1,m4+1):
for x in np.concatenate([arg_of_edges[theta] [m4+j],
arg_of_edges[thetal [m4-j1]):
wk[int180(x)] += 1
if j in Kss:
n = mk(2xj+1)/100
freg_dist[j//r] [theta]l = list(
enumerate([x/n for x in wk])).copy()
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freq_dist90 : E# (HUBLAEFTIFEELAELY) ITHTH5BROAE (0° ~ 180°) d 1° %l
HDEHT (%)

ERDMEHET H-OORMIE. s —0.5° Lk s+ 0.5° ki (s =0,1,---,90) &7
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freq_dist90 = {K : {} for K in Ks}
Kss = [rxK for K in Ks]
for theta in thetas:
wk = [0]%91
for x in arg_of_edges[theta] [m4]:
wk[int90(x)] += 1
for j in range(1,m4+1):



for x in np.concatenate([arg_of_edges[theta] [m4+j],
arg_of_edges[thetal [m4-j]11):
wk[int90(x)] += 1
if j in Kss:
n = (mkx(2%j+1)+wk [0]1+wk [90]) /100
freq_dist90[j//r]l [thetal = list(enumerate([x/n for x in wk]))
freq_dist90[j//r]l [thetal [0] = (
0, 2xfreq_dist90[j*360//m] [thetal [0][-1])
freq_dist90[j//r][thetal [-1] = (
90, 2xfreq_dist90[j*360//m] [theta] [-1]1[-1])
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K : 5 10 15 20 30 45 60 90
ave : 60.98 61.54 62.66 64.55 67.94 71.71 74.54 78.82
std : 18.57 18.85 19.5 21.93 27.56 33.8 38.08 43.3

ave : 68.31 69.29 71.15 72.77 75.22 77.81 79.71 82.57
std : 17.8 18.3 20.97 24.12 29.34 34.88 38.72 43.46

ave : 77.48 79.21 80.42 81.31 82.59 83.91 84.86 86.29
std : 15.24 18.75 22.47 25.58 30.41 35.52 39.11 43.56

ave : 90.0 90.0 90.0 90.0 90.0 90.0 90.0 90.0
std : 13.94 19.22 23.04 26.09 30.77 35.74 39.23 43.59

A2 FEFHTCTOERADHEDES

EMADES

THOERE (§) OEHIE (K: || < K) L8anhf ) £EEL. BEAOELNS
BRMICET 5L =QBHANE (¥, ¢) ZHRT 5., IMEITHROERBOLIHIE K (
€ Ks = (5,10,15,20,30,45,60,90)) T. &arhf. BRELOAOET XM (B0
BLIETHER) XS54 F—THEL. ThICRT 2ERAOEERRT 5.,

plotArgs(90)

HBox (children=(Output(), VBox(children=(IntSlider(value=90, description="#%
ShnfE ', layout=Layout(width='182pt’..

3

SEBDADETET—4 arg_of edges B LI=T—R aes #H &2, o nAE 0
) . EROERA (9) OEENIE (K:|¢| S K) #HBEL. BELOANHIEHIZET
HLEEDEHDIE
K=090°,0=90"0LZn, #BEBOAN20° ~ 21° (2745 (¢, ) DEHK
o7 o0mEE. THEarnA] 90, TEEEOA] 200 TR 1oEszEn T'E
I OEERLC

freq(K=90, theta=90, interval=(20,21))
6009

K=90°0=40°DLEn, BEHLOAHN 30° ~ 33° (243 (1, p) DERK
rtno577T, THahnfl 40, THE=E0A] 30, TE) 3nLED TEH @
EEREL

freq(K=90, theta=40, interval=(30,33))

68076



A3. BEBDADERSHT 57

BEBOADERI L. BEbhA 0) L. THOERA (¢) OEEFEK (¢ S K
) IR LTEFYVET ., LLBD=6. HhEERE22EBNDI 57 :

() BRI NABZEEL. EHEEZEAREADERSTEENRI ST

(2) EHEZEEL. BAINAZEAREBOADERI T EERT T 7
i<, £z, RERICBVTCEELOAEFBOMRIC, BRELLDIIROMBU SR EHNTREA
HICHE-oTLESIBELEEL. ETNICETI2BRESODAL L THREEEET SN LAL
MNT2FE:

(A) BELLOEIROBUIAZIHT 20EOBULIAEOAE (0° ~ 180°)

(B) ERHDEHUIAETEEELT. BMICKRERLOEIREIBOAE (0° ~ 90°)
EEZ. TNOEHAEDOEL4EDYT 57 (1-A), (1-B), (2-A), (2-B) <,

(1-A) : I NAEE. MEHY

Eabnfa 0) #zEEL. EROENA (¢ OEHIME K =5, 10, 15, 20, 30,45, 60, 90
IZH T EREBGOANDERS T TS 7EERTHEET ., BEHIIREZBOAT, THROME
UdmEICHTIAELL, 0 -5 ~0+5° DEEEFHBELET . MEEEHRS ?ﬁ
(%) TY, E¥MHHT—FI freq_dist ZE>TLVET, plot.saving D 5|48 L 745 H
BIFTANRBERETDHIET, VS 7ZBEBTRETEET,

for theta in thetas:
print('e = {}'.format(theta))
for K in Ks:

plt.plot(xlistTranspose(freq_dist[K] [thetal))

plt.xlim( [theta=5, theta+5]);
#plt.ylim([0,40])]);
plt.xlabel('observed angles');
plt.ylabel('frequency distribution (%)"');
plt.show()
#plt.savefig('figure-1A—{}.jpg'.format(theta))
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S (%) TI., E#HHMT—2IZ freq_dist90 ZE->TLVE T, plot.saving D 51%k(Z&
LEBEBRIFAINBERETHET, VS T7XEBRTRETEET,

for theta in thetas:
print('e = {}'.format(theta))
for K in Ks:

plt.plot(xlistTranspose(freq_dist90[K] [theta]))

plt.xlim( [theta-5, theta+5]);
#plt.ylim([0,40]);
plt.xlabel('observed angles');
plt.ylabel('frequency distribution (%)');

plt.show()
#plt.savefig('figure-1B—{}.jpg'.format(theta))
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(2-A) : ZENMEEE. MEHY

TROERE (6) OZHIE K — 5,10, 15, 20,30, 45, 60,90 #EE L. A=
TEREGOADERS T I S 72FERTHEEET ., BEIIREBOA. MEILERSH

(%) TY., BEADAFERDOBUIEETIIHITHIAELL. 0° LIE 180° UTOES
EB, EMOHT—2I freq_dist #F>TLVE T, plot.saving DI BELLER T 7
AINVBEEETDHLT. VS IEEBTRETEET.

for K in Ks:

for theta in thetas:
plt.plot(xlistTranspose(freq_dist[K] [thetal))

print('K = {}'.format(K))
#plt.ylim([0,40])]);
plt.xlabel('observed angles');
plt.ylabel('frequency distribution (%)');
plt.show()
#plt.savefig('figure-2A—{}.jpg'.format(K))
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(2-B) : ZHNMBEEE. MELFL

IROERA (9) OEEE K = 5,10, 15,20, 30,45,60,90 ZEE L. &Hohnf (0)
[CXRT EREGOBDERIMI I T7EERTHEET, HBIREZEOA, MEIERK




2t (%) T, BELDAL. TROBULIARIETEELT. BITEHREDAELL.
0°LIEI0° LITDIER D, EHHHT—FIC freq_disto0 ZFE->TULVET,

In [22]: for K in Ks:

for theta in thetas:
plt.plot(xlistTranspose(freq_dist90[K] [thetal))

print('K = {}'.format(K))
#plt.ylim([0,40])]);
plt.xlabel('observed angles');
plt.ylabel('frequency distribution (%)');
plt.show()
#plt.savefig('figure-2B—{}.jpg'.format(K))
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