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newaxis, wszystkie pary

import numpy &5 np

a = np.array([l,2,3,4])
print{a, "'\wn')

b = np.array([10,100,1000])
b = k[: , np.newaxis] rownowazne z: b = b.reshape(3,1)
print(kb, "vn')

print(a + b) sprobuj: a==b, al=b, a<b, etc.

= RESTART: D:/CEERNBox/zajeci
[1 2 3 4]

[[ 10]
[ 100]
[1000] ]

[[ 11 1z 13  14]
[ 101 102 103 104]
[1001 1002 1003 1004]]




Liczby catkowite w numpy

Lr;::: numpy a= np
a = np.array([l25,9], dtype=np.intc4)
print({a, a.dtype.name, "Yn')

print (a**10)

# intlé Integer (-32768 do 327&7)
# int32 Integer (—2147433643 do 2147423€47)
# inté4 Integer (-9223372036854775808 do 9223372036854775807)

= RESTART: D:/CERNBox/zajecia/Inzynieria danyc
[125  ©] inté4

[B9EB53T0830000934825 34867T784401]

Zobacz: https://numpy.org/doc/stable/user/basics.types.html



https://numpy.org/doc/stable/user/basics.types.html

Liczby catkowite w Pythonie, long

a = 2%*%1256

print(a)
print{'\n')
print (type(a))

= RESTART: D:/CERNBox/zajeclia/Inzynieria danych/Fython/moje/wyklad &/lecé c.py =
12407222026186465122610617T707420836155249507608511064348284233855745T74003280740681
0498383515378 2210494092013375T704623470057 7063158134501 75414252168854256258706731
3348662125134880272368608501819074T71 7711711582767 T38356225105695896546037518531100
564459088084 2109814402235093810622503350380451155265115%651781430101614841010833160%
3933500576060 T7604T71109018059345123007141360219596391481995836

<class 'int'> long integer!



Long integer w numpy

import numpy as np
a = np.array([l25], dtype=okbject)
print({a, a.dtype.names, "“n')

print (a**35)

= RESTART: D:/CERNBox/zajecia/Inzynieria danych/Python/moje/wyklad 6/lecé d.py -
[125] obkbject

Ln

1566189191 1651766508 T70696TT287T70108715690E8890907T1216583251953125]

Ln

(2465189032 8!



MatPlotLib



MatPlotLib, biblioteka do kreslenia 2D w Pythonie
https://matplotlib.org/

& matplotlib.org
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matp - t'ib Plot types Examples Tutorials Reference User quide Develop Release notes QO |||‘ DO Y

Matplotlib: Visualization with Python

Matplotlib is a comprehensive library for creating static, animated, and interactive visualizations in Python. Matplotlib
makes easy things easy and hard things possible.

Create publication quality plots.

N

Make interactive figures that can zoom, pan, update.

Customize visual style and layout.

\
\

Export to many file formats.
Embed in JupyterLab and Graphical User Interfaces.

3

Use a rich array of third-party packages built on Matplotlib.

fill_between(x, y1, y2) Try Matplotlib (on Binder)

Getti tarted Examples Reference Cheat Sheets Documentation

News Resources

September 16, 2022
Matp\oﬂib 3.6.0 cased > @ Be sure to check the Users guide and the API docs. The full text search is a good way to discover the docs including
the many examples.

Kliknij tutaj


https://matplotlib.org/

Instalowanie w Windows

matplotlib.org/stable/users/getting_started/

Ju. @ ALICE pp HEPData WX Poczta - UK l Byli ubezpieczeni, a.. (5 Mathematical expre... ﬁ Root Commands an... @ Bazydanych ,2° Pseudo random nu... m Plan treningowy 3-.. () Latex Math Symbols € Sejda helps withyo.. @ M

-
llb Plottypes Examples Tutorials Reference Userguide Develop Release notes

matpl*

Getting started

Installation quick-start

Install using pip: Install using conda:

pip install matplotlib conda install matplotlib
Further details are available in the Installation Guide.

Draw a first plot

Here is a minimal example plot:

import matplotlib.pyplot as plt
import numpy as np

* = np.linspace(®, 2 * np.pi, 200)
¥y = np.sin(x)

fig, ax = plt.subplots()

ax.plot(x, y)
plt.show()

(Source code, png)



Otworz wiersz polecen,
przejdz do katalogu gdzie jest zainstalowany python

BN Command Prompt

tatwa instalacja!

Microsoft Windows [Version 18.8.19844.2138]
- Microsoft Corporation. Wszelkie prawa zastrzezZone.

C:\Users\heraklit\Documents\GLE\samples>cd C:\Usershheraklit\AppData‘\local\Programs\Python\Python318

C:\ZWsersyheraklit\ZAppData\local\Programs\Python\Python318>python -m pip install matplotlib
Collecting matplotlib
Downloading matplotlib-3.6.2-cp318-cp318-win_amd64.whl (7.2

Collecting kiwisolver:
Downloading kiwisolv

Collecting packaging»=28.8
Downloading packaging-21.3-py3-none-any.whl (48 kB)

Collecting »=. ]
Download ( rlEr 8.11.8-py3-none-any.whl (6.4 kB)
iullectiﬂp »=4_.22.8
5 8.8-py3-none-any.whl (965 kB)
Collecting python-dateutil»>=2.7
Downloading python_dateutil- .2-py2.py3 rowhl (247 kB)
eta

eta

1.19 in c:\users\heraklit\appdata\local‘\programs\python\python318\1lib\site-package
= (from matplotlib

'ulle_tlnc pllluu
Downloading

Wpisz polecenie: Wymaganie potaczenie z internetem
python —m pip install matplotlib



Pierwszy wykres

& lect_e.py - [n/CERMBox/zajecia/Inzyniena_danych/Python/mo

File

:.:.=

&I’:

Plt

Blt

Edit Formmat Run  Options Window Help
MMy np
matplotlib.pyvplot plt

np.arange (0,10,0.01)

np.sin(x)

-plot (%, V)

 Show ()

x = [0, 0.01, 0.02, ..., 9.99] jest tablica
y = np.sin(x) jest rowniez tablica
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¥, Figure 1 — O >
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Mozesz zapisaC wykres jako plik .pdf, .ps, .eps, etc.

Mozesz przyblizy¢, przesunac, etc.
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Lepszy wykres
import numpy as np
import matplotlib.pyplot a= plt
plt.rcParams['font.=zize'] = 14 # rozmiar czcionki

X = np.arange(0,10,0.01)
Y = np.sin(x)

plt.plot(x, v, '-', color='red', linewidth=2.8) # '-' ciagla linia

plt.xlakel ("x")
plt.ylabel('sin(x) ") # podpisy osi

plt.axis([-2, 12, -1.5, 1.5]) # zakres o=i
plt.grid(True)
plc.text (0,1.2, 'jakis tekst') # tekst zaczyna sie w x=0 1 y=1.2

plt.show ()
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*=0.96 y=—1.068

13



Linie

A lect_g.py - D:/CERMNBox/zajecia/Inzynieria_danych/Python/moje/wyklad_&/lect_g.py

File Edit Format Run Opticns Window Help

import numpy as np

import matplotlib.pyplot as plt
plt.rcParams|["font.=size"] = 14
plt.rcParams|['"lines.linewidth'] = 3 # grubosc linii
x = [0,10]

v = np.arrav([1l,1])

plt.plot(x, v, "-'")

plt.plot(x, v*2, '—-=-")

plt.plot(x, v*3, '-', dashes=[20,20])
plt.plot(x, v*4, '-', dashes=[1l5,11])
plt.plot({x, ¥v*5, '-', dashes=[1l0,8,3,8])
plt.plot(x, v*e, '-', dashes=[1l0,5,3,3,3,5])
plt.plot(x, v*7, '-', dashes=[15,5,3,3,3,3,3,5])
plt.axis([-1, 11, O, EB])

plt.show()

dashes = [linia, przerwa, linia, przerwa, ...] 1



"%.' Figure 1
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Znaczniki

& lecb_h.py - D:/CERMBox/zajecia/Inzynienia_danych/Python/moje/wyklad_&/lect_h.py (3.10.7)

File Edit Format Run Options Window Help

import numpy as np

import matplotlib.pyplot as pltc
plt.rcParams["font.zize'"] = 14

X = np.linspace (0,10, 9) # 9 liczb od 0 do 10

¥y = np.ones(9) # [L,0,1.0,...,1.0]
plt.plot(x, v, 'o0', markersize=9) # kolko
plt.plot(x, v*2, 's', ms=5) # prostokgt, ms=markersize
plt.plot(x, v*3, "', ms=9) # trojkat
plt.plot(x, v*4, '>', ms=9%) # trojkat
plt.plot(x, ¥v*5, '<', ms=9) # trojkat
plt.plot(x, ¥v*6, 'v', ms=9) # trojkatc
rlt.plot(x, v*7, "p', ms=9) # pieciockat
plt.plot(x, v*&, "*', ms=3) # gwiazdka
plt.plot(x, v*9, '"x', ms=9) F X
plt.plot(x, ¥v*10, '+', ms=9) F £
plt.axis([-1, 11, O, 11])

plt.show()

16



"%.' Figure 1
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Wiecej znacznikow

@ lect_i.py - D:/CERMBox/zajecia/Inzynieria_danych/Python/moje/wyklad_&/lect_i.py (3.10.7)

File Edit Format Run Options Window Help

import numpy as np

import matplotlib.pyplot a= plt
plt.rcParams["'font.=zize'] = 14
plt.rcParams['lines.markersize'] = 12

X = np.linspace (0,10, 9)

YV = np.ones(9)

plt.plot(x, v, 'd') # waski diament
plt.plot(x, v*2, 'D') # diament
plt.plot(x, ¥v*3, '.") # punkt
plt.plot(x, v*4, ',"') # piksel
plt.plot(x, yv*5, 'l', mew—=4) # mew = marker edge width
plt.plot(x, v*&, 'Z2', mew=2)

plt.plot(x, yv*7, "3', mew=2)

plt.plot(x, ¥v*E8, '4', mew=2)

plt.plot(x, yv*5, "|', mew=2)

plt.axis([-1, 11, O, 11])

plt.show()
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Kolory

5 =k i - = = =y S TAIECT3 T SIEFIa3 a3 ol SRl LT o T A R -Ta B & =

—!

File Edit Format Run Options Window Help

import numpy as np
import matplotlib.pyplot a=s plt
plt.rcParams["'font.=ize'] = 14
plt.rcParams['lines.linewidth'] = 3

X = np.linspace (0,10, 9)
Y = np.ones(9)
b=blue, g=green, r=red, c=cyan, m=magenta, y=yellow, k=black,

lt.plot (x, , Ccolor="k" .
bo=-p (e v J w=white

plt.plot (x, v*2, color=(0.5,0.5,0.9)) % (R, G, B)
plt.plot({x, yv*3, color='DeepSkyBlus')

plt.plot(x, yv*4, color='"'CrangeRe
plt.plot (x, ¥*5, color='#J0FF00")

plt.axis([-1, 11, O, &])

plt.show()

Mozna stosowac wszystkie kolory uzywane w HTML, zobacz:
https://www.w3schools.com/colors/colors names.asp .



https://www.w3schools.com/colors/colors_names.asp

"%.' Figure 1

2
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Znaczniki i linie

I'" ~ =
File Edit Format Run Options Window Help
import numpy as np
import matplotlib.pyplot as plt
plt.rcParams["font.=size'] = 14
plt.rcParams|['lines.linewidth'] = 3
X = np.linspace (0,10,9)
v = np.ones(9)
plt.plot(x, v, "r-") # czerwona ciggla linia
plt.plot(x, v*2, 'o-", ms3=10) # kolko i ciggla linia
plt.plot(x, v*3, 's--', ms=1l0) # prostokat i przerywana linia
plt.plot(x, v*4, 'D-'", color="k',
ms=10, mfc="w', mec='kL', mew=2) ms = marker Slze,
pit.amis([-1, 11, 0, 51) mfc = marker face color
plt.show () mec = marker edge color

sprawdz: mfc="None'

mew = marker edge width

22



"%.' Figure 1
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Legenda

@ lect_l.py - Dn/CERNBox/zajecia/Inzyniena_danych/Python/moje/wyklad_&/lect_l.py (3.10.7) — [
File Edit Format Run Options Window Help

import numpy &= np
import matplotlib.pyplot a= plt

plt.rcParams|['font.=size'] = 14
plt.rcParams|['legend.fontsize'] = lﬂ # rozmiar czcionki w legendzie

X = np.linspace(0,10,100)
vl = np.sin(x)
vZ2 = np.eXp(-®x/5.)

plt.plot(x, v1l, 'r-', lw=1.8, label='=in(x)'")
plt.plot(x, v2, 'b-', lw=5, dashes=[8,3], label="exp(-x/35)")

plt.axis([-2, 12, -1.5, 2.0])
plt.legend (loc="upper right') #F polofenie legendy
plt.show()

pofozenie = best, upper right, upper left, lower right, lower left, center left,
center right, lower center, upper center, center

24



""_;.' Figure 1
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Rozmiar rysunkow i zapisywanie pliku

& leck_m.py - Do/CERNBox/zajecia/Inzynieria_danych/Python/moje/wyklad_&/lect_m.py (3.10.7)

File

Edit Format Run Options Window Help

T

=

plt.
Plt.

plt.

b
I

Plt

Plt.

plt.
plt.

ploc(x, v, 'o-', color="'k', lw=Z, ms=10)

ort numpy as np
orT matplotlib.pyplot 2= plt

rcParams['font.family'] = 'Times NHew Roman' # krdj czcionki
rcParams['font.size'] = 26

figure (figsize=(8, 6.9)) # rozmiar rysunku

= np.linspace (0,10, 30)
= np.sin(x)

lw = line width
ms = marker size
axis([-0.5, 1l0.5, -1.7, 1.5])

savefig('myfig.pdf',format="pdf', pad inches=0.035)
show ()

26
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More Stuff
(if you are interested)



Algebra w numpy

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

& numpy.org/doc/stable/reference/routines.linalg.html

AND.. ® ALICEpp HEPData UK Poczta-UK | Byl ubezpieczeni & Mathematical expre... 48 Root Commandsan.. @ Bozydanych .2* Pseudorandomnu.. [H] Plan treningowy 3-.. 7B LatexMath Symbols @ Sejda helps with yo.. @ Marcin Bienkowski..

NumPy User Guide APl reference Development Release notes Learng

numpy . ctypeslib )

Datetime SUDDO\T Functions . .
Dt type routines Linear algebra (numpy.1linalg)

Optionally SciPy-accelerated routines (
numpy . dual ) The NumPy linear algebra functions rely on BLAS and LAPACK to provide efficient low level

Mathematical functions with automatic implementations of standard linear algebra algorithms. Those libraries may be provided by NumPy itself

domain using C versions of a subset of their reference implementations but, when possible, highly optimized

libraries that take advantage of specialized processor functionality are preferred. Examples of such
Floating peint error handling

libraries are OpenBLAS, MKL (TM), and ATLAS. Because those libraries are multithreaded and processor
dependent, environmental variables and external packages such as threadpoolctl may be needed to

Functional programming control the number of threads or specify the processor architecture

Discrete Fourier Transform ( numpy. fft )

NumPy-specific help functions
The SciPy library also contains a 1inalg submodule, and there is overlap in the functionality provided by

Input and output
nr a the SciPy and NumPy submodules. SciPy contains functions not found in numpy . 1inalg, such as functions

Linear algebra (numpy. 1inalg ) ~ related to LU decomposition and the Schur decomposition, multiple ways of calculating the pseudoinverse,
numpy.dot and matrix transcendentals such as the matrix logarithm. Some functions that exist in both have
numpy.linalgmutti_dot augmented functionality in seipy.linalg. For example, scipy.linalg.eig can take a second matrix
numpy.vdot argument for solving generalized eigenvalue problems. Some functions in NumPy, however, have more
numpyinner flexible broadcasting options. For example, numpy . linalg.selve can handle “stacked” arrays, while

scipy.linalg.selve accepts only a single square array as its first argument.
numpy.outer
numpy.matmul 0 Note

numpy.tensordot

The term matrix as it is used on this page indicates a 2d numpy .array object, and not a
numpy-ginsum numpy .matrix object. The latter is no longer recommended, even for linear algebra. See the
numpy.einsum_path matrix object documentation for more information.

numpy.linalg.matrix_power

numpy.kron
numpy.linalg.cholesky The @ Oper—ator

numpy.linalg.qr

numpy.linalg svd Intraduced in NumPy 1.10.0, the @ operator is preferable to other methods when computing the matrix

numpy.linalg eig product between 2d arrays. The numpy .matmul function implements the @ operator.

numpy.linalg.eigh

rumeinalg s Matrix and vector products

numpy.linalgeigvalsh

numpy.linalg.norm dot(a, b[, out)) Dot product of two arrays.

numpy.linalg.cond

numpy.linalg det linalg.multi_det(arrays, *[, out]) Compute the dot product of two or more arraysina

ey inalamatr rank single function call, while automatically selecting the
fastest evaluation order.

numpy.linalg.slogdet

numpy.trace vdot(a, b, /) Return the dot product of two vectors.
numpy.linalg.solve
numpy.inalg tensorsolve inner(a, b, /) Inner product of two arrays
numpy.linalg.Ists

Prines it outer(a, b[, outl) Compute the outer product of two vectors.

numpy.linalg.inv

[0 Latextips and tricks.. @ Stownik online za1

The @ operator

Matrix and vector products
Decompositions

Matrix eigenvalues

Norms and other numbers
Solving equations and
inverting matrices
Exceptions

Linear algebra on several

matrices at once

Rozwigzywanie rownan, wartosci wiasne, wektory wtasne, etc.

29


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

na przyktfad:

@ lecb_n.py - D:/CERNBox/zajecia/Inzyniena_danych/Python/moje/wyklad_&/

File Edit Format Run Opticns Window Help

import numpy as np

M = np.identity(3)*5S
print (H)
print ()

print (np.linalg.inv(M)) # macierz odwrotna

print ()
print (np.linalg.det(M)) # wyznacznik macierzy

= RESTART: D:/CERNBox/zajecia,

[[5. 0. 0.]
(0. 5. 0.]
[0. 0. 5.7]

[[0.2 0. 0.
[0. ©0.2 0.
[C. ©O. ©0.2]1

124 .9959958959589559084
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Zapisywanie i odczytywanie w numpy
https://numpy.org/doc/stable/reference/routines.io.html

P

numpy.org/doc/stable/reference/routines.io.html

@ ALICE_pp_HEPData

U< Poczta - UK

B &yl ubezpieczeni, a...

& Mathematical expre... @ Root Commands an.. @ Bazydanych ,2° Pseudo random nu.. [M] Plan treningowy 3-.. (& Latex Math Symbols @) Sejda helps with yo.. @ Marcin Bienkowski..

ﬁ'l NumPy

C-Types Foreign Function Interface (
numpy.ctypeslib )

Datetime Support Functions
Data type routines

Optionally SciPy-accelerated routines (
numpy.dual )

Mathematical functions with automatic
domain

Floating point error handling

Discrete Fourier Transform ( numpy. fft )

Functional programming

NumPy-specific help functions

Input and output
numpy.load
numpy.save
numpy.savez
numpy.savez_compressed
numpy.loadtxt
numpy.savetxt
numpy.genfromtxt
numpy.fromregex
numpy.fromstring
numpy.ndarray.tofile
numpy.ndarray.tolist
numpy.array2string
numpy.array_repr
numpy.array_str
numpy.format_float_pesitional
numpy.format_float_scientific
numpy.memmap
numpy.lib.format.open_memmap
numpy.set_printoptions
numpy.get_printoptions
numpy.set_string function
numpy.printoptions
numpy.binary_repr
numpy.base_repr
numpy.DataSource
numpy.lib.format

Linear algebra ( numpy.linalg )

Logic functions

User Guide APl reference Development Release notes Learng

Input and output

NumPy binary files (NPY, NPZ)

load(file[, mmap_mode, allow_pickle, ...])  Load arrays or pickled objects from .npy, .npz or pickled

files.

savelfile, arr, allow_pickle, fix_imports]) Save an array to a binary file in NumPy .npy format.

savez(file, *args, **kwds) Save several arrays into a single file in uncompressed . npz
farmat.

savez_compressedifile, *args, **kwds) Save several arrays into a single file in compressed .npz
farmat.

The format of these binary file types is documented in numpy. 1ib.format

Text files

loadtxt(fnamel, dtype, comments, delimiter, ..])  Load data from a text file.

savetxt(fname, X[, fmt, delimiter, newline, ..J)

genfromtxt(fname[, dtype, comments, ..])
fromregex(file, ragexp, dtype[, encoding])

fromstring(stringl, dtype, count, like])
ndarray.tofile(fid[, sep, format])

ndarray.tolist()

Raw binary files

fromfile(file[, dtype, count, sep, offset, like])

ndarray.tofile(fid[, sep, format])

Save an array to a text file

Load data from a text file, with missing values
handled as specified.

Construct an array from a text file, using regular
expression parsing.

Anew 1-D array initialized from text data in a string.
Write array to a file as text or binary (default).

Return the array as an a.ndim-levels deep nested
list of Python scalars.

Construct an array from data in a text or binary file.

Write array to a file as text or binary (default).

[D Latextipsand tricks.. @

[ oo

NumPy binary files
Text files

Raw binary files
String formatting
Memory mapping
Text formatting of
Base-n representa
Data sources

Binary Format Des

31


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

na przyktfad:

Numpy np
L = np.random.uniform (0,100, (5,2))
np.savetxt ('data.txt', L)

G = np.loadtxt('data.txt')

print (G)
==== RESTART: D:/CEEMNBox/zajecia,
[[29.95346542 B9.62627773]
[T3.02800627 B9.6859336379]
[42.88002532 le.e063T7207]
[36.595915%81 10.90457709]
[ S5.65016692 Te.68034552]]
L
Plk Edytuy Opce Kodowanie Pomoc

2.9953465422979984820+ 01
F.382B00626784514293e+ 01
L.38BAB2532349967311e+ 1
3.659919818230083347 7+
C.65816691908555108384e+00

8.962627772664865162e+81
8.96933657888B08766888e+81
1.66B657286785697326e+81
1.898497708988283954e+81
F.6680834951565616097e+81

32



piksele
A lec 6_p.py - [:/CERNBox/zajecia/Inzynieria_danych/Python/moje/wyklad_&/lect_p.py (3.10.7) — [

File Edit Format Run Options Window Help

import numpy as np
import matplotlib.pyplot a=s plt

plt.rcParams["font.=zsize'] = 14

= np.random.uniform(-10, 10, 100000)
v = np.random.uniform(-10, 10, 100000)

b
|

plt.plot(x, v, "xr,") # przecinek oznacza kolorowanie pojedynczych pikseli

plt.axis([-11,11,-11,11]})
plt.show()



"%, Figure 1
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