Nastroje na analyzu dat a numerické vypocty



Preco potrebujeme kniznice na numerické vypocty?

» rychlost
P> numerické algoritmy Casto s netrividlne
» pohodlie pouzivania - Python nie je jazyk navrhnuty pre vedcov



Naivne nasobenie matic

Matice je mozné reprezentovat zoznamami:

Cl1, 21, [3, 411
= [fo, 11, [1, 0]]
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nn



Naivne nasobenie matic

n—1
A: mxn B: nxp c,-j:Za,-kbkj (1)
k=0

def naive _matmul(a, b):
res = []
for i in range(len(a)):
new_row = []
res.append (new_row)
for j in range(len(b[0])):
val = 0
for k in range(len(a[0])):
val += ali] [k] * b[k][j]
new_row.append(val)
return res

¢ = naive_matmul(a, b)



Naivne nasobenie matic
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Obr. 1: Linedrna 3kala



Naivne nasobenie matic
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Obr. 2: Logaritmicka $kala
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Kniznica numpy

Stranka numpy

KniZnica na zdkladné numerické vypocty, to znamena:

>
>

v

pohodIné pouzivanie vektorov a matic

linedrna algebra — nasobenie matic, vypocet vlastnych hodnot,
atd

Statistika — priemer, odchylka, atd

FFT (Fast Fourier Transform)

Vela inych veci — ¢itajte dokumentéciu (nie moje slidy)!


https://numpy.org/doc/stable/

Vektory v numpy

import numpy as np

python_list = [1.0, 2.0, 3.0, 4.0]
numpy_array = np.array(python_list)

print (3 * numpy_array)

print (numpy_array / 3)

print (numpy_array**3)
print(np.linalg.norm(numpy_array))
print (numpy_array * numpy_array)

# Toto je TypeError:
print (python_list / 3)



Maticové nasobenie v numpy

import numpy as np

a = np.array([[1, 2], [3, 4]11)

b = np.array([[0, 1], [1, 011)
c=a0hb
# alebo

¢ = np.matmul(a, b)
Maticové nasobenie nie je to isté Co normalne nasobenie:

c=ax*xb # nasobt po prvkoch



[terovanie

a = np.array([[1, 2], [3, 411D
for i in a:
print (i)

for i in range(a.shape[0]):
for j in range(a.shapel[l]):
print(alil [31)



Indexovanie

a = np.array([[1, 2], [3, 41]1)
alol # -> array([1, 2])
afo][1] # —> 1

alol[1] = 32

al0,1] # —> 1

al:,1]1 # -> array([2, 4]1)
al:,1] = 32

al:,1] = [2, 4]

ala > 2] += 10

b = np.array([1,2,3,4])
bl[1,2]]



Matematické funkcie

x = np.array([0.1,

print("sin",
print("sqrt",
print("exp",
print("rad2deg",
print ("sum",
print ("cumsum",
print ("cumprod",
print ("diff",

a vela inych.

0

np.
np.
np.
np.
np.
np.
np.
np.

.5, 2.0])

sin(x))
sqrt(x))
exp(x))
rad2deg(x))
sum(x))
cumsum(x))
cumprod (x))
diff(x))


https://numpy.org/doc/stable/reference/routines.math.html

Nové “cisla”

np.pi # 3.141. ..
np.e # 2.718. ..

np.inf
np.log(0) == -np.inf
O.1**np.inf == 0

1.1%*np.inf == np.inf
NaN nie je Cislo:

np.log(-1) == np.nan

np.nan + 1 # -> np.nan
np.nan > 1 # -> False
np.nan < 1 # -> False

np.nan == np.nan # -> False



Iné uzito¢né veci:

Kniznica numpy obsahuje hlavne funkcie (metédy moc nie):

> vytvaranie array-ov: numpy.zeros, numpy.ones,
numpy . linspace, iné

manipulacia: numpy.concatenate, numpy.reshape, iné
skaldrny a vektorovy stéin: numpy.dot, numpy.cross
Statistika: numpy.mean, numpy.std, iné

tranpozicia matice: numpy.transpose alebo jednoducho a.T
(a je nejaky numpy.array).

vvyyvyy

Existuje prilis vela funkcii v numpy, aby ste si vSetko zapamatali —
pouzite internetovy vyhladavac, napr.:
“numpy how to solve linear system”


https://numpy.org/doc/stable/reference/routines.array-creation.html
https://numpy.org/doc/stable/reference/routines.array-manipulation.html
https://numpy.org/doc/stable/reference/routines.statistics.html

numpy.array vs list

list
data =t—y>
- data
d}m length




dtype a shape

Z predchadzajliceho obrazku plynd dve implikacie.
» Cely array musi byt jedného datového typu:

a = np.array([1, 2])

print(a.dtype) # int64

a = np.array([l, 2.0]) # vsimnite si desatinnej bodky
print(a.dtype) # float6/

» Pamat uvazujeme linedrnu -> matica je v skutocnosti vektor +
tvar:

a = np.array([[1, 21, [3, 411)
print("2x2", a)

a.shape = (4, 1)

print("4x1", a)

a.shape = (4,)

print("vektor", a)

a.shape = (2, 2, 1)

print("3D: 2x2x1", a)



matplotlib

Pravedepodobne najpokrodilejsia kniznica na vizualizaciu dat je
matplotlib.

> vsetky mozné 2D grafy
» jednoduché 3D grafy
P animacie

P interaktivne tlacitka

Pozrite sa na priklady.


https://matplotlib.org/
https://matplotlib.org/stable/gallery/index.html

matplotlib

import matplotlib.pyplot as plt
import numpy as np # ale plot funguje aj na zoznam

X =

np.linspace(0, 1, 10)

y, y2, y3, y4 = x, xk*2, x¥*3, xk*xd

plt
plt
plt
plt

plt.
plt.
plt.
plt.
plt.
plt.

.plot(x, y, label=r'$y = x$') # popis s TeXom
.plot(x, y2, color='k',label=r'$y = x"28') # farba
.scatter(x, y3, label=r'$y = x"3$') # body
.plot(x, y4, 'o-') # styl

legend ()

xlabel(r'$x = \int_0"1 \rm{d} x$')

ylabel(r'$y = x"p$"')

title('The peculiar behaviour of polynomials')
savefig('polynomials.png') # uloz do suboru
show() # otvor okno z obrazkom



matplotlib
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Obr. 3: Vysledok




scipy

ZlozitejSie numerické algoritmy st v scipy. Pre ich spravne
pouzitie by ste mali pozorne Citat dokumentaciu, alebo zapisat si
predmet na numerické metddy.

» Specialne funkcie

rieSenie obyC. dif. rovnic

interpolacia

fitovanie

integracia

niektoré veci sa dopliiuji / prekryvaji s numpy (Statistika, lin.
alg., FFT)

vVvyvyyVvyy


https://docs.scipy.org/doc/scipy/reference/tutorial/special.html
https://docs.scipy.org/doc/scipy/reference/tutorial/integrate.html#ordinary-differential-equations-solve-ivp
https://docs.scipy.org/doc/scipy/reference/tutorial/interpolate.html
https://docs.scipy.org/doc/scipy/reference/tutorial/optimize.html#example-of-solving-a-fitting-problem
https://docs.scipy.org/doc/scipy/reference/tutorial/integrate.html

sympy
Ak poznate wolframalpha.com, tak sympy je podobny néstroj.

Priklad zo stranky sympy — analytické riesenie obyC. dif. rovnice:

from sympy import Function, dsolve
from sympy import Eq, Derivative
from sympy import sin, cos, symbols
from sympy.abc import x

y = Function('y"') (x)
dy_dx = Derivative(y, x)
d2y_dx2 = Derivative(dy_dx, x)

eq = d2y_dx2 + Oxy

print(dsolve(eq, y))
# -> Eq(y(z), Cl*sin(3*x) + C2*cos(3*x))


wolframalpha.com
https://docs.sympy.org/latest/modules/solvers/ode.html

