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# num diff2.py: HfEf%sy, R 4.3
import numpy as np # NumPy

# DRI
def func(x):
# return np.exp(np.cos(x)) - x ** 3

return np.sin(np.exp(x))

# HOERE
def true dfunc(x):
# return -np.exp(np.cos(x)) * np.sin(x) - 3 * x ** 2

return np.cos(np.exp(x)) * np.exp(x)
# BUMEZESPE: (FE(x + h) - f£(x)) / h
def forward diff(x, h, f):

return (f(x + h) - f(x)) / h

# LSRG (f(x + h) - £(x - h)) / 2h
def central diff(x, h, f):
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return (f(x + h) - £f(x - h)) / (2.0 * h)

# ®IBESPE: (£(x) - £(x - h)) / h
def backward diff(x, h, f):
return (f(x) - f(x - h)) / h

# x = [-5, 5]
X = np.linspace (-5, 5, 4)
h = 10.0** (=-5)

# AIEAESTPE, ARG, HIRESRE
fdiff = forward diff(x, h, func)

cdiff = central diff(x, h, func)

bdiff = backward diff(x, h, func)

¥ MXRRET = v 7

print ('x ="', x)

reldiff = np.abs((fdiff - true dfunc(x)) / true dfunc(x))
print ('Forward diff relerr = ', reldiff)

reldiff = np.abs((cdiff - true dfunc(x)) / true dfunc(x))
print ('Central diff relerr = ', reldiff)

reldiff = np.abs((bdiff - true dfunc(x)) / true dfunc(x))

print ('Backword diff relerr= ', reldiff)

FATHRE R

X
Forward diff relerr

=, -1.66666667 1.66666667 5. ]
[U4.99975922e-06 4.81950639e-06 4U.5220920Ue-05 6.98280U79e—-0U]
[1.70121638e-11 2.19716179e-11 4.11010555e-11 3.74154823e-07]

Central diff relerr
Backword diff relerr= [4.99979324e-06 U4.819U4624Ue—-06 U.52210026e-05 6.97532169e-04]

R 4.4

FA=E/ AN /I
# roots poly2.py : fUEHFREALMES ME4.4
import numpy as np # NumPy

import numpy.polynomial.polynomial as npppoly # Polynomial &Y =—/L

N2

e

# 2 Df%
# 1. FHEEKF 1823054
poly coef = [4, 5, 0, 3, 2, 8, 1] # 4 + 5x + 0x"2 + 3x"3 + 2x"4 + 8x"5 +

-2/4-



B TRRSE  IEEl = YR
LR— b A
1x"6
print('l. coef = ', poly coef)
# RO (1)) 28
approx roots = npppoly.polyroots (poly coef)

approx_roots.sort() # WUOEZ

print ('approx roots = ', approx roots)

# MHE p(x) == 02

print ('p(x) = ', npppoly.polyval (approx roots, poly coef))
2. 01, 1, ..., 1]

for n in [1, 2, 5, 10]:
poly coef = [1 for i in range(n + 1)]

print('2. n, coef = ', n, poly coef)

# RECTREXOM (1R &8
approx roots = npppoly.polyroots (poly coef)

approx_roots.sort() # WX

print ('approx roots = ', approx roots)

# BB p(x) =02

print('p(x) = ', npppoly.polyval (approx roots, poly coef))
FATHRER -
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1. coef = [4, 5, 0, 3, 2, 8, 1]

approx_roots = [-7.79399373+0.j -0.60317115+0. j -0.46018778-0.86690694j
-0.46018778+0.86690694j 0.65877022-0.6702986]j 0.65877022+0.6702986] ]

p(x) = [ 8.18531909e-11+0.00000000e+00]j -1.7763568Le-15+0.00000000e+00j
—-8.88178420e-16-7.10542736e-15]j —8.88178U20e-16+7.105U2736e-15j
-5.59552404e-14+3.93018951e-14j —-5.59552404e-114-3.93018951e-1Uj]

2. n, coef = 1 [1, 1]

approx_roots = [-1.]

p(x) = [0.]

2. n, coef = 2 [1, 1, 1]

approx_roots = [-0.5-0.866025Uj -0.5+0.86602547]

p(x) = [1.11022302e-16-5.55111512e-17]j 1.11022302e-16+5.55111512e-17j]

2. n, coef = 5[1, 1, 1,1, 1, 1]

approx_roots = [-1. +0.]j -0.5-0.8660254j —0.5+0.8660254j ©0.5-0.866025U]

0.5+0.86602545]

p(x) = [ 1.66533U5Ue-15+0.00000000e+00j 6.66133815e-16—5.55111512e-17]j

6.66133815e-16+5.55111512e-17j —-1.11022302e-15+9.99200722e-16j
-1.116022302e-15-9.99200722e-16j]

2.n, coef = 10 [1, 1,1, 1,1,1,1,1, 1,1, 1]

approx_roots = [-0.95949297-0.28173256j —-0.959U49297+0.28173256j -0.65486073—-0.75574957j
-0.65486073+0.75574957j —0.14231484-0.989821u44]j —0.14231484+0.98982144j

©.41541501-0.909632j ©.41541501+0.909632] ©.84125353-0.54064082]
0.84125353+0.540640827]

p(x) = [ 0.00000000e+00-1.7208U569e-15] 0.00000000e+00+1.7208U569e-15j

3.99680289e-15-1.276756U48e-15] 3.99680289e-15+1.276756U8e-15]j
-1.99840144e-15+3.88578059e-15] —1.998U01UUe-15-3.88578059e-15]j
1.11022302e-14-1.93178806e-14j 1.11022302e-14+1.93178806e—-14]j
-1.08801856e-14+1.42108547e-147j —1.08801856e-14-1.42108547e-1U7]

Uk
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