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Disclaimer

Este conjunto de slides tem fim e objetivos educativos. E vedado o seu uso sem
autorizacao. E vedado o seu uso comercial. Sdo utilizadas idéias, equagoes, figuras
e imagens de varias fontes; nem todos os direitos autorais sao reconhecidos porque
nem sempre estao explicitos. Se alguém for lesado, comunique e modificarei de
acordo.

This set of slides have educational objectives and goals. Unauthorized use is

forbidden. Commercial use is forbidden. Ideas, equations, figures and images from
various sources are used; not all copyrights are acknowledged because they are not
always explicit. If anyone is impaired, make contact and I'll modify it accordingly.
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Computacao Cientifica

e aquisi¢do de dados (simulagdo, conrole de experimentos)
e manipular, processar e analisar dados

e visualizar resultados (figuras para andlise e para publicagao)



Compracao Entre Plataformas

Linguagem C/C++/Fortran| Matlab Scilab, Octave, Python
R, IDL
Prés muito réapido biblioteca ex- cédigo livre rica biblioteca
tensa, rapido, cientifica, ori-
ambiente de entada objeto,
desenvolvimento linguagem  mul-
tipropdsito,
cédigo livre, bons
ambientes de
desenvolvimento
Contras ciclo de de- caro, linguagem linguagens menos lento?
senvolvimento restrita desenvolvidas
penoso, sintaxe
dificil, sem am-

biente interativo,
gerenciamento de
memoria manual




Ecossistema de Computacgao Cientifica

Python
+
Numpy
+
Scilab

_|_
Matplotlib

Ambiente: iPython 4+ Jupyter

Pacote Especificos:

Pandas: manipulacao de dados
StatsModels, Seaborn: estatistica
Scikit-Image: processamento de imagens
Scikit-Learn: aprendizado de méaquina
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Python?

%introdugao de 5 minutos



Python

% python3

Python 3.6.8 (default, Oct 7 2019, 12:59:55)

[GCC 8.3.0] on linux

Type "help", "copyright", "credits" or "license" for more information.
>>> print "014 Mundo!"

= oi.py (~/Downloads) - Pluma BRI

File Edit View Search Tools Documents Help

[/ B open ~ & ©undo v

Python v TabWidth: 4 tns, Col1 Ns

% python3 oi.py




Tipos Basicos

Inteiros

>>> 1 + 1
2

>>> a =4
>>> tyPe(a)
<type 'int'>

Ponto Flutuante

>>> ¢ = 2.1
>>> type(c)
<type 'float'>

Complexo

>>> a = 1.5 + 0.5j
>>> a.real

1.5

>>> a.imag

0.5

>>> type(1. + 0j)
<type 'complex'>

Booleano

>>> 3> 4

False

>>> test = (3 > 4)
>>> test

False

>>> type(test)
<type 'bool'>




Containers

Lists

#A list is an ordered collection of objects, that may have different types. For ezample:

>>> 1 = [3, -200, 'hello']
>>> 1

[3, -200, 'hello'l

>>> 1[1], 1[2]

(-200, 'hello')

>>> 1 = ['red', 'blue', 'green', 'black', 'white']
>>> type(l)
<type 'list'>

>>> 1[2]

'green'

>>> 1

['red', 'blue', 'green', 'black', 'white']
>>> 1[2:4]

['green', 'black']

>>> L = ['red', 'blue', 'green', 'black', 'white']
>>> L.append('pink')
>>> L

['red', 'blue', 'green', 'black', 'white', 'pink']
>>> L.pop() # removes and returns the last item
'pink’

>>> L

['red', 'blue', 'green', 'black', 'white'l

>>> L.extend(['pink', 'purple'l) # extend L, in-place
>>> L

['red', 'blue', 'green', 'black', 'white', 'pink', 'purple']
>>> L = L[:-2]

>>> L

['red', 'blue', 'green', 'black', 'white'l]




Containers

Strings

s = 'Hello, how are you?'

s = "Hi, what's up"

s = '''Hello, # tripling the quotes allows the

how are you''' # the string to span more than one line
§ = "nwyi,

what's upr;n nn

# strings se compo'r‘tam como listas
>> a = "hello"

>>> a[0]

3%

>>> a[1]

050

>>> a[-1]

1o

# strings se comportam como listas

>>> a = "hello, world!

>>> a[3 6] # 3rd to 6th (ezcluded) elements: elements 3, 4,
'lo

>>> 3[2 10:2] # Syntaz: alstart:stop:step]

'lo

>>> a[..S] # every three characters, from beginning to end
| i
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Containers

Dicionarios
dicionarios mapeiam palavras-chaves a valores

>>> tel = {'emmanuelle': 5752, 'sebastian': 5578}
>>> tel['francis'] = 5915

>>> tel

{'sebastian': 5578, 'francis': 5915, 'emmanuelle': 5752}
>>> tel['sebastian']

5578

>>> tel.keys()

['sebastian', 'francis', 'emmanuelle']

>>> tel.values()

[5578, 5915, 5752]

>>> 'francis' in tel

True
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Controle de Fluxo

if/elif/else

>>> if 2*%%2 == 4:
. print('Obvious!')

>>> a = 10
>>> if a == 1:

se:
print('A lot')
A lot

12



Lacos

For
lago com nimero de repetigoes pré definido

>>> for i in range(4): # exzpressdo se torna
print(i) #
0
1
2
3
>>> for word in ('cool', 'powerful', 'readable'):
print (word)
cool
powerful
readable
>>> fruits = ["apple", "banana", "cherry"]
>>> for x in fruits:
print(x)
apple
banana
cherry
>>> for xx in range(2, 20, 3):
prlnt(xx)
else
prlnt("Flnally finished!")
2
5
8
11
14
17
Finally finishedT]

for i in [0,1,2,3]:

print 2
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Lacos

while
repete por um nimero indeterminado (em principio) de vezes

T = leia_temperatura()
while T<22:

print "Frio"

T = leia_temperatura()

14



Funcgoes

>>> def test():
print('testando')

>>> teste()
testando

>>> def disk_area(radius):
return 3.14 * radius * radius

>>> disk_area(1.5)
7.0649999999999995




NumPy
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NumPy Arrays

Arrays NumPy

e extensao do Python para arrays multidimensionais
e implementagao mais eficiente

e projetado para computagao cientifica

>>> import numpy as np

>>> a = np.array([0, 1, 2, 3])
>>> a
array([0, 1, 2, 3])
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Criando Arrays

Especificando os valores explicitamente

1D

>>> a = np.array([0, 1, 2, 3])
>>> a

array([0, 1, 2, 3])

>>> a.ndim

1
>>> a.shape

>>> len(a)
4

2D, 3D
>>> b = np.array([[0, 1, 2], [3, 4, 5]1]1) # 2 = 3 array
>>> b
array([[0, 1, 2],
[3, 4, 511)
>>> b.ndim
2
>>> b.shape
2, 3
>>> ¢ = np.array([[[1], [2]], [[3], [4111)
>>> ¢
array([[[1],

211,

[[3],

[4111)
>>> c.shape
(2, 2, 1)
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Criando Arrays

Por instrucgao

Espagamento:

np.arange(inicio, fim(exclusive), passo)

>>> a = np.arange(10) # elementos [0, 1, ..., n-1] dltimo exclusive
>>> a

array([0, 1, 2, 3, 4, 5, 6, 7, 8, 9])

>>> b = np.arange(l, 9, 2) # inicio, fim (exclusive), passo
>>> b
array([1, 3, 5, 71)

Ntumero de pontos:

linspace(inicio, fim, numero-de-pontos)

>>> ¢ = np.linspace(o, 1, 6) # start, end, num-points
>>> ¢

array([ 0. , 0.2, 0.4, 0.6, 0.8, 1. 1)

>>> d = np.linspace(0, 1, 5, endpoint=False)

>>> d

array([ 0. , 0.2, 0.4, 0.6, 0.8])
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Criando Arrays

casos particulares

Arrays frequentes

>>> a = np.ones((3, 3)) # reminder: (3, 3) is a tuple

>>> a

array([[ 1., 1., 1.],
[1., 1., 1.1,
oy Bop oI

>>> b = np.zeros((2, 2))

>>> b

array([[ 0., 0.1,
[0.,0.1D)

>>> ¢ = np.eye(3)

>>> ¢

array([[ 1., 0., 0.1,
[o0., 1., 0.1,
[o., 0., 1.1D

>>> d = np.diag(np.array([1, 2, 3, 4]))

>>> d

array([[1, 0, 0, 0],

[0, 2, o, o],

[0, 0, 3, 0],

[0, 0, 0, 411

>>> a = np.random.rand(4) # uniform in [0, 1]
>>> a
array([ 0.95799151, 0.14222247, 0.08777354, 0.51887998])
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Arrays

Fatiando

Fatias

>>> a = np.arange(10)
>>> a
array([0, 1, 2, 3, 4, 5, 6, 7, 8, 9])

>>> a[2:9:3] # [start:end:step]
array([2, 5, 8])

>>> al:4]
array([0, 1, 2, 3]1)

>>> a[1:3]
array([1, 2])

>>> al::2]
array([0, 2, 4, 6, 8])

>>> a[3:]
array([3, 4, 5, 6, 7, 8, 91)
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Arrays

Fatiando

>>> a[0, 3:5]
array([3, 4])

>>> a[4:, 4:]
array([[44, 55],
[54, 55]])

>>> af:, 2]
a([2, 12, 22, 32, 42, 52])
>>> af2::2, ::2]

array([[20, 22, 24],
[40, 42, 44]1])

A

0 1 2 4 5
10 (11 12§ 13 | 14 | 15
21 E 23 25
30 | 31 |32 33 | 34 | 35
41 43 45
50 | 51 |52 53 |54 | 55

22



Arrays
Fatiando

>>> al[0,3:5]
array([3,4])
S>> ald:,4:] 0 1|2 3/4|5
array([[44, 45],

e 10 11|12 13 14‘15

20 21 22|23 24| 25

>>> af:,2]
array([2,12,22,32,42,52]) 30131032133 (34 |35

40 41]42 143144 45

50| 5115253 54|55
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Arrays

Operacgoes

elemento a elemento

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

array([2, 3, 4, 5])

>>> 2xxa

array([ 2, 4, 8, 16])

>>> a = np.arange(5)

>>> np.sin(a) # elemento a elemento

array([ 0. , 0.84147098, 0.90929743, 0.14112001, -0.7568025 1)
>>> np.log(a) # elemento a elemento

array([ -inf, 0. , 0.69314718, 1.09861229, 1.38629436])

>>> np.exp(a) # elemento a elemento

array([ 1. , 2.71828183, 7.3890561 , 20.08553692, 54.59815003])

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

>>> b = np.array([4, 2, 2, 4])

>>> at+b # elemento a elemento
array([5, 4, 5, 81)

>>> axb # elemento a elemento
array([ 4, 4, 6, 16])

>>> a/b # elemento a elemento
array([ 0.25, 1. , 1.5, 1. 1)
>>> a-b # elemento a elemento
array([-3, 0, 1, O0I)

>>> a ==

array([False, True, False, True], dtype=bool)
>>>a>b

array([False, False, True, Falsel, dtype=bool)
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Arrays

redugdes bésicas

Soma

>>> x = np.array([1, 2, 3, 4])
>>> x.sum()
10

Somando ao longo de linhas e colunas

>>> x = np.array([[1, 1], [2, 2]1])
>>> x

array([[1, 1],

[2, 211

>>> x.sum(axis=0) # columas
array([3, 31)

>>> x[:, 0].sum(), x[:, 1].sum(Q)
3, 3

>>> x.sum(axis=1) # linhas
array([2, 41)




Arrays

redugdes bésicas

Extrema

>>> x = np.array([1, 3, 2])

>>> x.min()

1

>>> x.max()

3

>>> x.argmin() # indez of minimum
0

>>> x.argmax() # index of mazimum
1

Estatisticas

>>> x = np.array([1, 2, 3, 11)

>>>y = mp.array([[1, 2, 3], [5, 6, 111)
>>> x.mean()

1.75

>>> np.median(x)

1.5

>>> np.median(y, axis=-1) # last azis
array([ 2., 5.1)

>>> x.std() # full population standard dev.
0.82915619758884995
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Arrays

manipulando forma

Achatar

>>> a = np.array([[1, 2, 3], [4, 5, 61])
>>> a.ravel()

array([1, 2, 3, 4, 5, 6])

>>> a.T

array([[1, 4],

[2, 5],

[3, 611)

>>> a.T.ravel()

array([1, 4, 2, 5, 3, 6]1)

Reformatar

>>> a.shape

2, 3)

>>> b = a.ravel()

>>> b = b.reshape((2, 3))
>>> b

array([[1, 2, 3],

[4, 5, 611)
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INTERLUDIO

IPython e Jupyter
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IPython

Improved Python — interpretador Python melhorado

e shell melhorado

e histérico de comandos

e comandos mégicos (log de sessao, )
[ ]

depurador
% ipython3
Python 3.6.8 (default, Oct 7 2019, 12:59:55)
Type "copyright", "credits" or "license" for more information.

IPython 5.5.0 -- An enhanced Interactive Python.

-> Introduction and overview of IPython's features.
Jquickref -> Quick reference.

help -> Python's own help system.

-> Details about 'object', use 'object??' for extra details.

In [1]: import numpy as np
In [2]: x = np.arange(0,1,0.1)

In [3]: y = np.exp(-x)

In [4]: x

Out[4]: array([ 0. , 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9])
In [5]: y

Out [5]:

array([ 1. , 0.90483742, 0.81873075, 0.74081822, 0.67032005,

0.60653066, 0.54881164, 0.4965853 , 0.44932896, 0.40656966])

ipython3 --matplotlib
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Jupyter

% jupyter notebook

8 Untitled1- JupyterNote: x  +

C @ O localhost:8888/notebooks/Untitled1.ipynbzkernel_name: * B ©

: Jupyter Untitledl nsaved cnanges) A Lo
File  Edit  View Insert  Cell  Kemel  Widgets  Help | Python3 O
B 4+ 5 4 B 4 ¥ MR B C » Code M

In [18]: %pylab
smatplotlib inline

Using matplotlib backend: TkAgg
Populating the interactive namespace from numpy and matplotlib

Escrevendo a equagéo Logistica

==
0=
1+e>
arange(-10,10,0.01)
(1 - exp(-x)) / (1 + exp(-x))
In [35]: plot(x,y, linestyl color="k’)

axhline(6.6, linestyl
axvline(6.0, linestyles

', linewidth=t

0ut[35]: <matplotlib.lines.Line2d at 0x7f4226al9cco>

100
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100
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In[]: 30




MatplotLib




Grafico Simples

Rotinas Pyplot

import matplotlib.pyplot as plt # carrega biblioteca de graficos
import numpy as np # carrega numpy

x = np.arange(-10,10,0.01) # variavel independente [-10,10] passo 0.01
= (1-np.exp(-x))/(1+np.exp(-x)) # fungdo logistica

gltAplot(x,y) # grdfico com opgbes padrdo
plt.show() # mostra janela
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Grafico Simples

plt.x1im(-10,10)
plt.ylim(-1,1)
plt.title("Fungdo Logistica")
plt.grid()

plt.xlabel("X", fontsize=20)
plt.ylabel("Y", fontsize=20)

Fungéo Logistica
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050
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100
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Graficos Multiplos

t = np.linspace(-np.pi, np.pi, 1000)

x = np.cos(t)

y = np.sin(t)

plt.plot(t,x, color='red', linewidth=2.0, linestyle='--', label='cosseno')
plt.plot(t,y, color='blue', linewidth=2.0, linestyle='-.', label='seno')

plt.legend()

plt.savefig('plot2.png')

100{ == cosseno
—- seno
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—02s{  \
\,
050 \
N
075 S
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Elementos da Figura

Anafon)y of a figure
9 @

Title

Major tick

Minor tick

Major tick label

label

G
(eo)
w0\
Markers
(scatter plot)

Spines
Figure
N Axes
o T T T T T T T T T
0 0,2:@),75 2.25 2,50 2.75 3.25 3.50 3.5 4

o label
Minor tick label Made with http:/matplotlib.org

matplotlib.org



Exemplos Matplotlib

4.6.3 Markers

o hy

o OO o000 0000
s

e LI

AVoo

4.6.4 Colormaps

PP g _x. For inst; _risthe

If you want to know more about colormaps, check the documentation on Colormaps in matplo ib.

p,ﬁ;pu v

HEE

88 L3
I|||‘||||II| I'| ’

—

H

II ||I
b
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Exemplos

062 ggp 082

0s2_oey
026 0%

=1
cos(@)= -}

sin(3) =

-
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SciPy
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Modulos SciPy

e File input/output: scipy.io

e Special functions: scipy.special

e Linear algebra operations: scipy.linalg

e Interpolation: scipy.interpolate

e Optimization and fit: scipy.optimize

e Statistics and random numbers: scipy.stats
e Numerical integration: scipy.integrate

e Fast Fourier transforms: scipy.fftpack

e Signal processing: scipy.signal

e Image manipulation: scipy.ndimage



scipy.io — Entrada e Saida

Ler/Escrever arquivos

e MatLab

e IDL

e Matrix Market
e Fortran

e NetCDF

o Wav

o Arff

40



scipy.special — Fungoes Especiais

e Funcdo de Airy

e Integrais e Funcgoes Elipticas

e Funcgoes de Bessel
19 e 2° tipo, argumentos reais e complexos, modificada, Haenkel 1° e 2° tipo,
zeros, derivadas e integrais, esféricas, Riccati-Bessel

e Funcoes de Struve

e Funcoes estatisticas elementares (binomial, Poisson, student, Chi, Gamma,
Gaussian )

e Fungoes da teoria da informagao (Entropy, Kullback-Leibler divergence, ...)

e Gamma (fungdo, logaritmo da, inversa, beta completa e incompleta, ...)

e Funcao erro (direta e complementar, imaginaria, Integrais de Fresnel, ...)

e Funcgoes de Legendre

e Polindmios ortogonais (Laguerre, Legendre, Chebyshev, Jacobi, Hermite)

e Funcoes Hipergeométricas

e Funcoes de Mathieu e relacionadas

e Funcoes de onda esferoidais

e Fungoes de Kelvin

e Analise Combinatéria

e Funcao W de Lambert e relacionadas

41



scipy.linalg — Algebra Linear

Basics
Inv(al, overwrite_a, check finite]) Compute the inverse of a matrix.

Solves the linear equation set a * x — b for the unknown x for square a
solvea, bl, sym_pos, lower, overwrite a, ) %

solve_banded(I_and_u, ab, b[, overwrite_ab, ...

Solve the equation a x= b for x, assuming a is banded matrix.

solveh_banded(ab, b, overwrite_ab, ...1) Solve equation a x = b,
solve_circulant(c, b, singular, tol, ..]) Solve € x = b for x, where C is a circulant matrix.
solve_trlangular(a, b, trans, lower, ..J) Solve the equation a x = b for x, assuming a is a triangular matrix.
solve_toeplitz{c_or_cr, b, check finite]) Solve a Toeplitz system using Levinson Recursion

det(af, overwrite_a, check finite]) Compute the determinant of a matrix

normyal, ord, axis, keepdims]) Matrix or vector norm.

Istsq(a, bl, cond, overwrite_a, ..]) Compute least-squares solution to equation Ax =b.

pinvial, cond, rcond, return_rank, check finite]) Compute the (Moore-Penrose) pseudo-inverse of a matrix.
pinv2(aL, cond, rcond, return_rank, ...]) Compute the (Moore-Penrose) pseudo-inverse of 3 matrix.
pinvh(al, cond, rcond, lower, return_rank, ..J)  Compute the (Moore-Penrose) pseudo-inverse of a Hermitian matrix.

kron(a, b) Kronecker product.
trikmi, k) Make a copy of a matrix with elements above the k-th diagonal zeroed.
triu(mi, k) Make a copy of a matrix with elements below the k-th diagonal zeroed.
orthogonal_procrustest, BL check finite]) Compute the matrix solution of the orthogonal Procrustes problem.
matrix_balance(al, permute, scale, ..J) Compute a diagonal similarity transformation for rowrcolumn balancing
subspace_angles(a, B) Compute the subspace angles between two matrices.

LinAlgError Generic Python-exception-derived object raised by linalg functions

The warning emitted when a linear algebra related operation is close to fail

LinAlgwarnin
€ e conditions of the algorithm or loss of accuracy is expected.

Eigenvalue Problems

elg(al, b, left, right, overwrite_a, ..J) Solve an ordinary or generalized eigenvalue problem of a square matrix.
elguals(al, b, overwrite_a, check finite, .J)  Compute eigenvalues from an ordinary or generalized eigenvalue problem.
Solve an ordinary or generalized eigenvalue problem for a complex Hermitian or
real symmetric matrix.

Solve an ordinary or generalized eigenvalue problem for a complex Hermitian or
real symmetric matrix.

elg banded(a_band, lower, eigvals_only, ..J) Solve real symmetric or complex hermitian band matrix eigenvalue problem.

elgh(al, b, lower, eigvals_only, ..Jy

elgvalshial, b, lower, overwrite_a, ..])

elgvals_banded(a_band[, lower, ..]) Solve real symmetric or complex hermitian band matrix eigenvalue problem.
eigh_tridiagonal(d, e[, eigvals_only, ..]) Solve eigenvalue problem for a real symmetric tridiagonal matrix.
elgvalsh tridiagonalid, el select, ..]) Solve eigenvalue problem for a real symmetric tridiagonal matrix.
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scipy.linalg — Algebra Linear

Decompositions

lu(al, permute_|, overwrite_a, check finite])
lu_factor(a[, overwrite_a, check finite])
Iu_solve(lu_and_piv, b, trans, ..Jy
svd(al, full_matrices, compute_uv, ..J)
svdvals(al, overwrite_a, check_finite])
diagsvd(s, M, N)

orth(a, rcond))

null_space{A[, rcond])

IdIAL, lower, hermitian, overwrite_a, ..])

cholesky(al, lower, overwrite_a, check finite])
cholesky_banded(abr, overwrite_ab, lower, ..
cho_factor(al, lower, overwrite_a, check finite)
cho_solve(c_and_lower, b, overwrite_b, ..)

cho_solve_banded(cb_and_lower, b, ..J)

polaral, side])

qrtal, overwrite_a, Iwork, mode, pivoting, ..1)
qr_multiply(a, c[. mode, pivoting, ..1)
qr_update(Q, R, u, V[, overwrite_qruv, ..
qr_delete(Q, R, k, int p=1(, which, ..J)
qr_insert(@, R, u, k[, which, rcond, ...)

rqtal, overwrite_a, Iwork, mode, check_finite])
q2iA, BL, output, Iwork, sort, overwrite a, ..1)
ordqz(a, BL, sort, output, overwrite_3, ..J)
schur(al, output, Iwork, overwrite_a, sort, ..J)
rsf2csf(T, Z[, check finite])

hessenberg(al, calc_q, overwrite_, ..])

cdf2rdfow, v)

Compute pivoted LU decomposition of a matrix.
Compute pivoted LU decomposition of a matrix.

Solve an equation system, a x = b, given the LU factorization of a

Singular Value Decomposition.

Compute singular values of a matrix.

Construct the sigma matrix in SVD from singular values and size M, N.
Construct an orthonormal basis for the range of A using SVD

Construct an orthonormal basis for the null space of A using SVD
Computes the LDLt or Bunch-Kaufman factorization of a symmetric/ hermitian
matrix.

‘Compute the Cholesky decomposition of a matrix.

Cholesky decompose a banded Hermitian positive-definite matrix
Compute the Cholesky decomposition of a matrix, to use in cho_solve

Solve the linear equations A x = b, given the Cholesky factorization of A

Solve the linear equations A x = b, given the Cholesky factorization of the
banded hermitian A

compute the polar decomposition.

Compute QR decomposition of a matrix.

Calculate the QR decomposition and multiply Q with a matrix,

Rank-k QR update

QR downdate on row or column deletions

QR update on row or column insertions

‘Compute RQ decomposition of a matrix.

QZ decomposition for generalized eigenvalues of a pair of matrices.

QZ decomposition for a pair of matrices with reordering

Compute Schur decomposition of a matrix.

Convert real Schur form to complex Schur form.

Compute Hessenberg form of a matrix.

Converts complex !
block diagonal form wr and the associated real elgenvectors vr, such that.

wand vtoreal luesin a
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scipy.linalg — Algebra Linear

Matrix Functions

expm(A) Compute the matrix exponential using Pade approximation.
logm(A[, disp]) Compute matrix logarithm.

cosmiA) Compute the matrix cosine.

sinm(a) Compute the matrix sine.

tanmia) Compute the matrix tangent.

coshm(a) Compute the hyperbolic matrix cosine.

sinhm(a) Compute the hyperbolic matrix sine.

tanhm(a) Compute the hyperbolic matrix tangent.

signm(a[, disp]) Matrix sign function.

sartmiAL disp, blocksize]) Matrix square root.

funm(a, funcf, disp]) Evaluate a matrix function specified by a callable.

expm_frechet(A, E[, method, compute_expm, ..J) Frechet derivative of the matrix exponential of A in the direction E.
expm_cond(a[, check finite]) Relative condition number of the matrix exponential in the Frobenius nor
fractional_matrix_power(A, t) Compute the fractional power of a matrix.

Matrix Equation Solvers

solve_sylvester(a, b, q) Computes a solution (X) to the Sylvester equation AX + XB = Q.
solve_continuous_are(a, b, q, L. e, s, ..J) Solves the continuous-time algebraic Riccati equation (CARE).
solve_discrete_are(a, b, q, r[, &, 5, balanced]) Solves the discrete-time algebraic Riccati equation (DARE).
solve_continuous_lyapunov(a, qy Solves the continuous Lyapunov equation AX + XA? = Q.
solve_discrete_lyapunovia, gL method]) Solves the discrete Lyapunov equation AXAT — X +Q =0

Sketches and Random Projections

clarkson_woodruff_transform(input_matrix, ..}
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scipy.linalg — Algebra Linear

Special Matrices

block_diagi*arrs) Create a block diagenal matrix from provided arrays.
circulant{c) Construct a circulant matrix.

companion(a) Create a companion matrix.

dft(n[, scalel) Discrete Fourier transform matrix.

fledler(a) Returns a symmetric Fiedler matrix
fledler_companion(a) Returns a Fiedler companion matrix

hadamard(n[, dtype]) Construct a Hadamard matrix.

hankekc[, r) Construct a Hankel matrix.

helmert(n[, full)) Create a Helmert matrix of order n.

hilbert(n) Create a Hilbert matrix of order n.

Invhilbert(n[, exact]) Compute the inverse of the Hilbert matrix of arder n.
leslie(f, s) Create a Leslie matrix.

pascal(n, kind, exact]) Returns the nx n Pascal matrix.

Invpascalin[, kind, exact]) Returns the inverse of the n x n Pascal matrix.
toeplitz(c, r]) Construct a Toeplitz matrix.

tri(NL, M, k, dtypel) Construct (N, M) matrix filled with ones at and below the k-th diagonal.

Low-level routines

get_blas_funcs(namesl, arrays, dtype]) Return available BLAS function objects from names.
get_lapack_funcs{names[, arrays, dtype]) Return available LAPACK function objects from names.
find_best_blas_type{farrays, dtype]) Find best-matching BLAS/LAPACK type.

See also:

scipy.linalg.blas - Low-level BLAS functions

scipy.linalg.lapack - Low-level LAPACK functions
scipy.linalg.cython_blas - Low-level BLAS functions for Cython

scipylinalg.cython_lapack - Low-level LAPACK functions for Cython




scipy.linalg — Exemplo de Inversa

https://docs.scipy.org/doc/scipy/reference/tutorial/linalg.html

>>> import numpy as np
>>> from scipy import linal
>>> A = np.array([[1,3,5],[2,5,1],[2,3,8]1]1)

>>> A

array([[1, 3, 5],
[ B g
[2, 3, 811

>>> linalg.inv(A) # inversa
array([[-1.48, 0.36, 0.88],
[ 0.56, 0.08, -0.36],
[ 0.16, -0.12, 0.0411)
>>> A.dot(linalg.inv(A)) # produto interno da direta e inversa € a identidade
array([[ 1.00000000e+00, -1.11022302e-16, -5.55111512e-17],
[ 3.05311332e-16, 1.00000000e+00, 1.87350135e-16],
[ 2.22044605e-16, =-1.11022302e-16, 1.00000000e+00]1)
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scipy.linalg — Exemplo de Decomposicao Espectral

https://docs.scipy.org/doc/scipy/reference/tutorial/linalg.html

>>> import numpy as np
>>> from scipy import linalg
>>> A = np.array([[1, 2], [3, 411)
>>> la, v = linalg.eig(A)  # decomposicao em autovalores e autovetores
>>> 11, 12 = la
>>> print (11, 12) # autovalores
(-0.3722813232690143+0j) (5.372281323269014+0j)
>>> print(v[:, 0]) # primeiro autovetor
[-0.82456484 0.56576746]
>>> print(v[:, 1])  # segundo autovetor
[-0.41597356 -0.90937671]
>>> print(np.sum(abs(v**2), axis=0)) # norma dos autovetores (unitarios)
[1. 1.
>>> v1 = np.array(v[:, 0]).T
>>> print(linalg.norm(A.dot(v1) - 1ixv1)) # verifica se Az = lambda z
3.23682852457e-16
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scipy.interpolate — Interpolagao

Interpolacao 1D
e Inerpolagao multivariada

e Interpolagao por splines

Interpolacao fungoes de base radial
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scipy.interpolate — Exemplo

https://docs.scipy.org/doc/scipy/reference/tutorial/interpolate.html

import numpy as np
import matplotlib.pyplot as plt
from scipy.interpolate import interpld
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scipy.interpolate — Exemplo

https://docs.scipy.org/doc/scipy/reference/tutorial/interpolate.html

import numpy as np
import matplotlib.pyplot as plt
from scipy.interpolate import interpld

x = np.linspace(0, 10, num=11, endpoint=True) # wariaveis a serem interpoladas

y = np.cos(-x*%2/9.0) #zey
f = interpld(x, y) # f tem coef. do polinomio da interpolagdo linearn
f2 = interpld(x, y, kind='cubic') # f2 tem coef. do polinomio da interpolagdo cubida
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scipy.interpolate — Exemplo

https://docs.scipy.org/doc/scipy/reference/tutorial/interpolate.html

import numpy as n
import matplotlib.pyplot as plt
from scipy.interpolate import interpld

x = np.linspace(0, 10, num=11, endpoint=True) # wariaveis a serem interpoladas

y = np.cos(-x*%2/9.0) #zey
f = interpld(x, y) # f tem coef. do polinomio da interpolagdo linearn
f2 = interpld(x, y, kind='cubic') # f2 tem coef. do polinomio da interpolagdo cubida

xnew = np.linspace(0, 10, num=41, endpoint=True) # novas posicoes onde realizar a interpolagd@o

plt.plot(x, y, 'o') # pontos originais
plt.plot( xnew, f(xnew), '- # pontos interpolados linearmente
plt.plot( xnew, f2(xnew), '--') # pontos interpolados cubicamente

plt.legend(['data', 'linear', 'cubic'], loc='best')
plt.show()

10 -~
sy
05
0.0 "?
fi
—05 ® data /‘r
—— linear / ,J
—-1.04 === cubic ‘,’
T T T T T
0 2 4 6 8 10
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scipy.optimize

e Minimizacao de fungoes escalares multivariadas (minimize) com vérios
algoritmos (BFGS, Nelder-Mead simplex, Newton Conjugate Gradient,
COBYLA or SLSQP)

e Rotinas de otimizagdo global (basinhopping, differential evolution, shgo, dual
annealing)

e Minimos quadrados e ajuste de curvas (least_squares and curve_fit)

e Minimizadores de fungoes escalares univariadas

Solugdo de raizes de equagdes com véarios algoritmos (hybrid Powell,
Levenberg-Marquardt or large-scale methods such as Newton-Krylov [KK]).



scipy.optimize — Exemplo

# cria dados artificiais
x_data = np.linspace(-5, 5, num=50)
y_data = 2.9 * np.sin(1.5 * x_data) + np.random.normal(size=50) # random acrescenta ruido

def test_func(x, a, b):
"fungdo teste para ajustar"
return a * np.sin(b * x)

# curve_fit aplica test_func a (z_data, y_data) com pardmetros iniciais [2,2]
params, params_covariance = optimize.curve_fit(test_func, x_data, y_data, p0=[2, 2])
print (params)

# solucao encontrada €

# [ 3.05931973 1.45754553]

# compare com os pardmetros usado para gerar y_data

4 * ¢®  —— Fitted function
. e Data
2
0
-2
—4
L ]
-4 -2 [ 2 a



scipy.stats

Continuous distributions

SeGTaRr A 5
skewnorm A skew-normal random variable.

¢ AStudents ¢ continuous random variable
wapz Atrapezoidal continuous random variable.

triang Atriangular continuous random variable,
truncexpon A truncated exponential continuous randorn variable.
truncnorm A truncated normal continuous random variable.
tukeylambda A Tukey-Lamdba continuous random variable.
uniform Auniform continuous random varizbl.

vonmises  AVon Mises continuous rando variable.

st [ ———
s s dsosion
jues e coninios ondomvariaie
beaprime Abetapime coninus andom ol
chi A chi continuous random variable. Pypsecant Abyperbolc secant continuous randarm variase.
e ensauared conous randomvriaie om0
ol Coalbl dsvibion s s
dgomma Adoue gommaconinuous random vrale s aietee
dweibull A double Weibull continuous random variable. e K4 permmetar chokrtt
erlang An Erlang continuous random variable. puiont PR Sparamere S,
oo Anexponenialy modited
exponwelb /An exponentlated Welbull continuous random variable. ';; , : “l"’k':‘t"’:“’ "”“::::‘v:‘f —
foldcauchy A folded Cauchy continuous random variable. e o
het | A Frechet left (or Welbull maximum) continuous random variable | ™! AMayal continuces randorm variable
gt Agenralaedlogtc contnsous random vanasle e Ao
genexpon A generalized exponential continuous random variable. rml contnuous random varizdle.
genextreme A generalized extreme value continuous random variable. " B ‘““‘”t“” o v
famma. | Aganm contmious random vanale it
Ageneratze gamma conimous random vl g
genhalflogistic A generalized half-logistic continuous random variable. ’z“ o
Blorat A Glarcontinous random varle o
Gomperc A Gompers o runcted Gl continuousrandom varisble | s
Sombals A rghakewed cumbel corunuous endomsarane g
‘umbel | Aleft-skewed Gumbel continuous random variable. redpinvgauss - Areciprocal invers S OO e varable

vonmises line A
wald AWald continuous random variable.

welbullmin  Weibull minimum continuous random variabl.
welbull max  Weibull maximum continuous random variable.
wrapcauchy  Awrapped Cauchy continuous random variable

Multivariate distributions

multariate_normal A multivariate normal random variable.

matrix normal A matrix norma randor variable.
dirchlet ADirichlet random variable.

wishart AWishart random variable.
Invwishart Aninverse Wishart random variable.
multinomial Amultinomial random variable.

special ortho_group A matrixvalusd SOIN) random variable
ortho_group Amatrixyalued O(N) random variable
uniary_group Amatrixalued UN) random variable.
random_correlation A random correlation matix.

Discrete distributions

benoull A Bernoulldiscrete random variable.
binom  Abinomialdiscrete random variable.

bolzmann A Boltzmann (Truncated

diaplace A Laplacian discrete random variable.

geom  Ageometri discrete random variable,

hypergeom A hypergeometric discrete random variable.

logser A Logarithmic Log-Series, Series) discrete random variable
Rbinom  Anegative binomial discrete random variabe.

planck  APlanck disrete exponential random variable

polsson A Polsson discrete random variabl.

fandint A uniform discrete random variable.

skelam  ASkellam discrete random variabe.

20t AZipf discrete random variable.
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scipy.stats

Summary statistics

npoll)  Compute several descrptive statstics of he passed ay.
Computethe gmometric mean slon the specied 3.

Clcuats the harmoni mesn song th speciied s

Computethe kurtosis (Fisher o Pearson)of a dataset

Return an aray of the moval (most common) vale i the passed array

Clcuate th nth momen sbaut e mean for 3 sampl.

Kurostso,axs,fisher, i, nar_policy)
modetal, aw, nan_poly

Returnthe i kstatstc(1<=n<=4 s ar
Returns an unbiase escmator ofth variance of th kst
Computethe trmmed mesn.

Computethe trmmac varisnce.

el mes, ncluive, 2, o)

S, Comoue e cosfcn fsarten. e 3000 s s devtonts

findrepeattar) Find repeats an
i meanta, properiontocu, axs)
gstta, axs, o)

o s g scale, nan_polcy, )

 epeat count.
Return mesn o reay ate rimming distrbuton rom both i
Calculat the geometic standard devion o n aray
Computethe nceruars

e of the dta long the specifid axs.

Semta, 205, ddof nan_pliy) st e oot

oy confcence arys o th s, v,

mdstdas) rose dtions for e, varrce,an standrd deviatonof k.
Gl he cnropyof s

bayes ms(datal, ap

medtan_absclute. deviatin( s cence, ) Compute the median absolute deviason of tn 2t slong the g axis.

Frequency statistics

cumireqt, namtins dfautrealimits, weghis) - Retora cumulatve fequency histogram, using th Histogram functon.
ot o e s s e deeced e e i e
percentectscore(,scorel, ind) The percentilerank of a score relaive 0. st of cores,

per .3 e g sequence.

refreal,numibis,defautealimits,welghts]) Rt  relatve frequency histogram, using the iscogram functon.
i vast, satstc
2y valuest,.)  Comput

Compute  binned satis for one or more sets of cata.

3 bidimensionsl binned satstic for one or more st of dats

Catsample values, ) Compute a multdimensional binned SRS for 3 st of ata

Correlation functions
Conewaytargs Perform 3 -y ANV
pearsonrtxy) Pearson corelaton coeficient and p1alue for testing non-<orrelato.

Calcste a Spearman raiorder correlation coffcient and he pvalu o est for

spearmanra, b, s, nan po e e

polntbiserialtxy Calciate 3 poin biseril corelation coefciet

s,
Kendaltaut v L exsort, . Calcuote Kendls v, a corrlation mesur for odina data,
weightedtaut,y.rank weigher, addtheD) Compure a weighted version of Kendal's
nvegress ) Calcuiatealinear least square reressionfortwo sets of measurements.
degeli hod . . o
thlllopestyt . alphal Computes th TheiSen estmator for aset of point <.

Statistical tests
o, s, s ko) ol T4t o 8 o

westindt, b3, equal var, nan polcy])
testind_from_seatsmean?, s, nobs1,..).
st rls, b, s, nan_oolc

lstestos, o,

W akematve, mad  parorm h Klmogorov Smovies o goodnes o .
Calcusts 3 ey i square et
5..0) CressieRead pover dergence statstc and oo
odel) | Compute the Koimogorov-Smirmosatstc on 2 samples
Compure Singleton (5) eststatstc
manwitneyu, y,use_contnuy, aerathel)  Compuce the Mann e rank 2t o samples  andy
tecormactrankals) ne ey U and Krus

ofirtest.

rankdatatal metod) Assign ranks o dats, dealing with tes appropristay
ranksumsix Computeth
Calcuats the Wikoxon snectrank est.

on faric sum stastic o two sarmpls,
koo, 3 0, et correcton, .3
rusiaargs *hovarss) compur
redmanchisquarettargs) Compus
brunnermunzel, L. aternative,

the Kruskalwalls e or ndzpenc

e samples

e Frecman s o

o e
Computes the Bruner unzel eston sampes xsndy

ambin it e, wghsp Y1000 G hepalues of npendn: st bearng o

Jrque_berata Perform the arque-Bera goodinessof it est onsample data,

ansarkxy) Perform the AnariSradie es forequal scle prameters
bartleargs) Perform Bartets st for cqualvariances.
levenettargs, “hc) Perform Levene est for equal variances

shapirot) Perform thashapiro-yi st for normaley
andersont, dsl) nderson-Daring test fo data omingfrom 3 parcular ditributon
anderson ksampisamplesL, mdrankl) The AndersorDaring est fo ksamples

binom_{estod. np.aernatel)  Perform a est that the probabilty ofsucess

hargs, o) Perform Figner-llen e for equalty of variance




scipy.stats — Exemplo

Estimando uma PDF Gaussiana

import numpy as np
import matplotlib.pyplot as plt
from scipy import stats

samples = np.random.normal(size=5000)

bins = np.arange(-4.0, 4.2, 0.2)

histogram = np.histogram(samples, bins=bins, normed=True) [0]
pdf = stats.norm.pdf(bins) # norm is a distribution object
plt.plot(bins[:-1], histogram, 'o')

plt.plot(bins, pdf, '-')

plt.show()




scipy.integrate — Rotinas de Integracao Numérica

Rotinas para integragao de funcoes

e quad — rotinas de propdsito geral.

e dblquad — rotinas de integracao dupla.

e tplquad — rotinas de integracao tripla.

e fixed_quad — Integra f(x) com quadratura Gaussiana de ordem n.

e quadrature — Integra f(x) com quadratura Gaussiana de ordem n com dada
tolerancia

e romberg — Integra f(x) usando integragao de Romberg
Metédos de integracao a partir de pontos

trapz — método trapezoidal pra calcular integral de amostras
cumtrapz — método trapezoidal cumulativo pra calcular integral de amostras

simps — método Simpson pra calcular integral de amostras

romb — método Romberg pra calcular integral de amostras (2*¥k + 1)
igualmente espagadas.

Integracao de EDOs

e odeint — integragao geral
e ode — integragao com otinas VODE e ZVODE

o
o



scipy.integrate — Exemplo

Calcula

"4 43
/xzdm:‘—
0 3

e xompara com o valor numérico

from scipy import integrate

X2 = lambda x: x¥%2

integrate.quad(x2, 0, 4)
(21.333333333333332, 2.3684757858670003e-13)
print(4**3 / 3.) # analytical result
21.3333333333

4 43
/ 2% de = —
0 3
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