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# clinsolve.py: fEFE N — RGN ZEHEIZHE <
import numpy as np # NumPy
import scipy.linalg as sclinalg # Scipy.linalg

import time # time B84k

# G seed DFEE
rng = np.random.default rng(seed=20240521)

# IEFATHI DU
input str = input('Input size of square matrix > ')

n = int (input str)

# BLEATHIARL

mat_a = rng.random((n, n)) + rng.random((n, n)) * 13 # n x nf7%l
print('||mat al| 2 = ', np.linalg.norm(mat a))
# i A R AR

true x = rng.random((n, 1)) + rng.random((n, 1)) * 13 # n kL7 kL

print ('|[x|| 2 = ', np.linalg.norm(true x))
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# EEAT MV b AR

b = mat a @ true x

(1) WATHN A R D TEN.— IR TR <

start time = time.time ()

inv x = sclinalg.inv(mat a) @ b

end time inv = time.time() - start time

relerr inv = np.linalg.norm(inv _x - true x) / np.linalg.norm(true x)

# (2) solve BI%Z& M Ty, — R TRz R <

start time = time.time ()

solve x = sclinalg.solve(mat a, b)

end time solve = time.time() - start time

relerr solve = np.linalg.norm(solve x - true x) / np.linalg.norm(true x)

# Vv AFExRZE & PR O KR
print ( ' inv solve')
print (f'Computational time (s): {end time inv:10.2g},
{end time solve:10.2g}")
print (f'Norm2 Relative error : {relerr inv:10.2e}, {relerr solve:10.2e}'")
FATHES:
Input size of square matrix > 2
| Imat_a||_2 = 2.057714638198031
| Ix||_2 = 1.1823661968140318
inv solve
Computational time (s): 0.005, 0.0045

Norm2 Relative error : 3.39e-16, 2.48e-16
PS C:\Users\tkouy\OneDrive - M E T & K F\F 3

Input size of square matrix > 1000
| Imat_a||_2 = 816.1805789223445
| Ix]|_2 = 25.340629320855u8

inv solve
Computational time (s): 0.14, 0.087
Norm2 Relative error : 3.37e-12 1.61le-12
iRE 5.2
a7 L

# ceig.py: EREHFITIIOEAE - EA~XT ML
import numpy as np # NumPy

import scipy.linalg as sclinalg # SciPy.linalg
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# L seed DT
rng = np.random.default rng(seed=20240521)

# IEJFATHI DRI
input str = input('Input size of square matrix > ')

n = int (input str)

# ELBATHIARL
mat a = rng.random((n, n)) + rng.random((n, n)) * 13 # #HHFEZ ML

print('mat a = ¥n', mat a)

+ 2 TOEAE

eigen values = sclinalg.eig(mat_ a)

# EAE, ) EAXZ b

eigen values, Vr = sclinalg.eig(mat_a, right=True)
print ('Eigenvalues = ', eigen values)
print ('"Right eigenvectors = ', Vr)

# EAME, EEAXZ ML, ) EAXY b

eigen values, V1, Vr = sclinalg.eig(mat a, left=True, right=True)
print ('Eigenvalues = ', eigen values)

print ('Left eigenvectors = ¥n', V1)

print ('Right eigenvectors = ¥n', Vr)

print('index || (A - eig * I) Vr || / ||Vrl|l ||l (A - eig * I) V1|| /
FIVIIT")

for index in range (n) :

# A * Vr == Labmda * Vr ?

print (f'{index:5d} {np.linalg.norm((mat a - eigen values[index]
* np.eye(n)) @ Vr[:, index]) / np.linalg.norm(Vr[:, index]):30.17e}
{np.linalg.norm((mat a.conj().T - eigen values[index].conj () *

np.eye(n)) @ V1[:, index]) / np.linalg.norm(V1[:, index]):30.17e}")
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Input size of square matrix > 2
mat_a =
[[0.7763316 +0.97887112j 0.5U878817+0.222804987]
[0.97934203+0.3578868Uj 0.653590U49+0.89895787j]1]
Eigenvalues = [ 1.45061101+1.22404376j —-0.02068892+0.653785237]
Right eigenvectors = [[ 0.63619237+0.02349786] —0.56686221+0.000915247]
[ 0.77117256+0.j 0.82381211+0.j 1]
Eigenvalues = [ 1.45061101+1.22404376j —0.02068892+0.6537852375]
Left eigenvectors =
[[ ©.82381211+0.j 0.77117256+0. j ]
[ ©0.56686221+0.0009152Uj —-0.63619237+0.02349786j]]
Right eigenvectors =
[[ 0.63619237+0.02349786] —0.56686221+0.000915247]
[ 0.77117256+0.j 0.82381211+0.j 1]
index [|CA - eig * I) Vr || / |lvr|] [|CA - eig * I) vi|| / [|vi]]
0] 7.69685683180812282e-16 8.955206U6798'7U46523e-16
1 2.54384052431380011e-16 3.18887285829407209e-16
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