


1   # -*- coding: utf-8 -*-
2   
3   # Created on Sun 2021-10-31
4   # Source material = FORTRAN CODE from Web
5   # Python transcription = Giampiero Barbieri
6   
7   # spline-p.py --- cubic spline for a tabulated function
8   
9   
10   def splint(xa, ya, y2a, n, x):
11   import sys
12   #
13   # INPUT:       xa[i], ya[i] i = 0, n-1 = tabulated function
14   #                x1 <x2 <... <xN
15   #              y2a[i]       i = 0, n-1 = second derivatives
16   #              x = generic value with:   xa[0] <= x <= xa[n-1]
17   #
18   # OUTPUT       y = cubic-spline interpolated value
19   #
20   # INTEGER k, khi, klo
21   # REAL a, b, h
22   #
23   # We find the right place in the table by means of bisection.
24   # This is optimal if sequential calls to this routine are at
25   # random values of x.
26   #
27   # If sequential calls are in order, and closely
28   # spaced, one would do better to store previous values of
29   # klo and khi and test if they remain appropriate on the
30   # next call.
31   #
32   klo = 0
33   khi = int(n - 1)
34   #
35   while khi-klo > 1:
36   k = int((khi + klo) / 2)
37   if xa[k] > x:
38   khi = k
39   else:
40   klo = k
41   #
42   # klo and khi now bracket the input value of x.
43   h = xa[khi] - xa[klo]
44   if h == 0:
45   sys.exit()
46   #
47   # we have bad xa input in splint:
48   

# the various xa must be distinct.

49   a = (xa[khi] - x) / h
50   #
51   # Cubic spline polynomial is now evaluated.
52   b = (x - xa[klo]) / h
53   #         
54   y = a * ya[klo] + b * ya[khi] + ((a**3 - a) * y2a[klo]
55   + (b**3 - b) * y2a[khi]) * (h**2) / 6.
56   return y
57   #
58   # Cubic spline polynomial is now evaluated.
59   



72   # y2   = array of values = second derivatives of the function
73   #        at the tabulated points x
74   #
75   #        If yp1 and/or ypn >= 0.99e30 then
76   #        the routine sets the corresponding boundary
77   #        condition for a natural spline, with
78   #        zero second derivative on that boundary.
79   #
80   # INTEGER i, NMAX
81   # REAL un, qn, sig, un, p
82   # REAL aa, bb, sig, p, cc, dd, ee, ff, zz = auxiliary variables
83   # ARRAY u[n], y2[n]
84   
85   # we initializw the array u
86   u = np.ones(n+1,dtype=float)
87   if (yp1>.99e30):
88   #  The lower boundary condition is set either to be “natural”
89   y2[0]=0.0
90   u[0]=0.0
91   else:
92   # Using a specified first derivative.
93   y2[0]=-0.5
94   aa=x[1]-x[0]
95   bb=y[1]-y[0]
96   cc=yp1
97   dd=x[0]
98   zz=3.0/aa
99   zz=zz*bb
100   zz=zz/aa
101   zz=zz-cc
102   u[0]=zz
103   
104   for i in range(1,n-1):
105   # This is the decomposition loop of the tridiagonal
106   # algorithm. y2 and u are used for temporary
107   # storage of the decomposed factors.
108   sig=(x[i]-x[i-1])/(x[i+1]-x[i-1])
109   p=sig*y2[i-1]+2.
110   y2[i]=(sig-1.)/p
111   aa=y[i+1]-y[i]
112   bb=x[i+1]-x[i]
113   cc=y[i]-y[i-1]
114   dd=x[i]-x[i-1]
115   ee=x[i+1]-x[i-1]
116   ff=u[i-1]
117   zz=(6.*(aa/bb-cc/dd)/ee-sig*ff)/p
118   u[i]=zz

60   #
61   # ***************************************************************************      
62   def spline(x,y,n,yp1,ypn,y2,NMAX=500):
63   # INPUT:
64   # n    = number of samples
65   # NMAX = maximum number admissible for n
66   # yp1  = value of the derivative in the first point - default = 0
67   # ypn  = value of the derivative in the last  point - default = 0
68   # x    = array of values = independent variable
69   # y    = array of values = tabulated function
70   #
71   # OUTPUT:



143   # INTEGER n, i, icount, NMAX
144   # REAL yp1, ypn, xx1, yy1
145   # ARRAY x(n),y(n),y2(n)
146   # CHARACTER*64 dirpath, nofi, nofiw, linea, xx
147   #
148   
149   import os
150   import numpy as np
151   import matplotlib.pyplot as plt
152   
153   #
154   # find current dir -- nofi = input data file
155   dir_path = os.path.dirname(os.path.realpath(__file__))
156   nofi = dir_path + '/Spline-data2.txt'
157   
158   # we find the number of line inside nofi
159   n = -1
160   with open(nofi, 'r') as f:
161   for linea in f:
162   n += 1
163   xx = linea
164   f.close()
165   
166   NMAX = 500
167   # we initialize the three arrays
168   x = np.ones(n+1,dtype=float)
169   y = np.ones(n+1,dtype=float)
170   y2 = np.ones(n+1,dtype=float)

134   
135   for k in range(n-2,-1,-1):
136   # This is the backsubstitution loop of the tridiagonal algorithm.
137   y2[k]=y2[k]*y2[k+1]+u[k]
138   
139   # **************************************************************************
140   #
141   # MAIN PROGRAM
142   #

119   
120   if (ypn>.99e30):
121   # The upper boundary condition is set either to be “natural”
122   qn = 0.
123   un = 0.
124   else:
125   # Using a specified first derivative.
126   qn = 0.5
127   aa = x[n-1]-x[n-2]
128   bb = y[n-1]-y[n-2]
129   cc = x[n-1]-x[n-2]
130   un = (3./(aa)) * (ypn-(bb) / (cc))
131   
132   aa = un-qn*u[n-2]
133   y2[n-1]=(un-qn*u[n-2])/(qn*y2[n-2]+1.)



214   
215   # Show the result in the plot window
216   plt.show()
217   
218   

194   # we compute the number of the sample of the spline --- the could be evalueted
195   # in each point of the definition interval
196   icount = 0
197   xx1 = -0.1
198   yy1 = 1.0
199   xx = []
200   yy = []
201   for i in range(0,10*n-9-1):
202   icount = icount + 1
203   xx1 = xx1 + 0.1
204   xx1 = int(xx1*100+0.5)/100
205   yy1 = splint(x,y,y2,n,xx1)
206   yy1 = int(yy1*100+0.5)/100
207   xx.append(xx1)
208   yy.append(yy1)
209   
210   # Configure the contour
211   plt.title("Spline interpolation")
212   plt.plot(x, y)
213   plt.plot(xx, yy)

171   
172   # we read each single line in nofi
173   # and we put the strings insides x[n], y[n]
174   i = -1
175   with open(nofi, 'r') as f:
176   for linea in f:
177   i += 1
178   xx = linea
179   result = xx.find(',')
180   y[i] = float(xx[result+1:])
181   x[i] = float(xx[0:result])
182   f.close()
183   
184   # we find the number of line inside nofi
185   n = len(x)
186   # we I define the derivative at the ends of the interval -- [default = 0]
187   yp1 = 0.0
188   ypn = 0.0
189   
190   # we compute the derivative of the function in each point of the
191   # corresponding array [ y2[n] ]
192   spline(x, y, n, yp1, ypn, y2, NMAX=NMAX)
193   
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