m Benopyccko-Poccuncknin ynmsepcuteT
Kadegpa «[MporpammHoe obecnedeHne MHGPOPMaLMOHHbIX
A

I/Iﬁxgi;)gpmam Ka.
[TporpammupoBaHme Ha Python

Tema: Python. OCcHOBBI.
Busyanusauua gaHHbIX

KYTY30B Bukrop Bnagnmmposuy




Matplotlib

matpl:tlib

* Matplotlib — bubnumnoTteka Ha s13blke
nporpammunpoBaHusa Python onsa Busyanmsaumnm
OAaHHbIX ABYMepHOU 2D 1 TpexmepHou rpadoukm 3D.

https://matplotlib.org/ - OdnumansHbI canTt bubnunoTtekn Matplotlib

https://matplotlib.org/stable/contents.html - PykoBoacTBO Nonb3oBaTens
Matplotlib

https://matplotlib.org/stable/gallery/index.html - Npumepbl rpadmnkoB Matplotlib

https://github.com/matplotlib/cheatsheets#tcheatsheets — LLinapranku no Matplotlib

WHdopmaTuka. MporpammupoBaHue Ha Python 2
Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx



Matplotlib

matpl:tlib

e [1akeT nogaepxmBaetT MHorue Buabl rpaduKkos u
anarpamm:
* ['padouku (line plot)
» [Inarpammsbl pasbpoca (scatter plot)

« CTonb4yatble gnarpamMmmel (bar chart) u ructorpammebil
(histogram)

» KpyroBble anarpamMmmel (pie chart)

» CTBON-NUCT Anarpammbl (stem plot)
* KOHTYpHble rpadonkm (contour plot)
* [longa rpagneHTOB (quiver)

WHopmaTuka. MporpammupoBaHue Ha on 3
Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx



Busyanusauusa aaHHbIX. Bubnmnoreka

Matplotlib

 bubnmnotekaMatplotlib ABNAeTCcA OQAHUM U3
caMbIX NoONyJApPHbIX cpeaAcTB BU3yanuiauumm
AaHHbIX Ha Python.

« OHa OTNNYHO NOAXOANT KakK ANns Co30aHUA CTaTUYHbIX
n300pakeHnn, Tak 1 aHUMMUPOBAHHbIX, U
MHTEPaKTUBHbIX PELLIEHWUIA.

* Matplotlib aBnsieTcsa 4acTtblo Scientific Python — Habopa
BnbnunoTek Anst Hay4YHbIX BbIYNCIIEHUN Y
BU3yanu3auumn OaHHbIX, Kyaa Takke Bxogsat NumpPy,
SciPy, Pandas, SymPy 1 eLle psag Apyrmx UHCTPYMEHTOB.

m MHdopmatuka. MporpammuposaHue Ha Python
Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx



Matplotlib - Mmoaynb Pyplot

* [1Ns1 noCcTpoeHuns rpapumkoB n3 ombnmotekn Matplotlib
HY>XHO MMMOPTUPOBAaTL MoAYIb Pyplot.

* Pyplot 3TO Habop KOMaH, CO3AaHHbIX AN
NOCTPOEHUA rPpaddUKOB OYHKLNN U YpaBHEHUN.

* [1ns1 ynOOHOro nocTpoeHms rpaPuUKoB Tak XXe MOXKHO
ncnonb3oBartb OMbNMoteky NumpPy.

m’m MHdopmatuka. MporpammuposaHue Ha Python
Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx



[TlpmMepbl NpUMEeHeHUus

Matplotlib — Gallery




Matplotlib — Gallery - Lines, bars and markers

SO by P W e
N Y e e S Wy e o e - - - - —
. “ -‘ A | -‘ I I l _-'

Bar Label Demo Stacked bar chart Grouped bar chart
with labels

Cap style

Broken Barh CapStyle Plotting categorical

variables

PESENVIONE] LR T
X I i
I III)
- -
{ H
1 H

{

| [ ]

Horizontal bar chart

) ' 2
T Joma R i GAALALAARR 14
/.{_..{v.'_f :":‘u‘ ’,,‘ 3 xe 1’ '"1‘

Plotting the
coherence of two
signals

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html 7




Matplotlib — Gallery - Lines, bars and markers

| LA wl
AR AT \ al,
w '-\»k " "1,|| vy p'_",“"‘ F"|
|

CSD Demo Curve with error Errorbar limit Errorbar
band selection subsampling
e g p;\

' '}

I 0y - = A
. . N

— "l M

= H e w

ERREHE .

EventCollection Eventplot Demo Filled polygon Fill Between and
Demo Alpha
=1 WHdbopmaTuka. NporpammupoBaHue Ha Python . : H
Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx https-//matDIOtl|b-0rg/Sta ble/gallerV/lndeX-html 8




Matplotlib — Gallery - Lines, bars and markers

vtv®
\N\N‘

2 A N

Filling the area Fill Betweenx Demo Hatch-filled Bar chart with
between lines histograms gradients
- _-- wo s e N
1] =="ma ey p—
m .- == v i A o
- C ~ - i o
Hat graph Discrete distribution JoinStyle Customizing dashed
as horizontal bar line styles

chart

WHdopmaTuka. MporpammupoBaHue Ha Python

Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx https-//m athOtl|b-0rg/5table/ga”erV/lndeX-html 9




Matplotlib — Gallery - Lines, bars and markers

Lines with a ticked Linestyles Marker reference

patheffect
." AAN \
| ' .L /
% ’V/ //
\Af o~ S N S /

prop_cycle property Multicolored lines
markevery in

rcParams

Plotting masked and
NaN values

Markevery Demo

Psd Demo

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html 10




Matplotlib — Gallery - Lines, bars and markers

Scatter Custom Scatter Demo?2 Scatter plot with Scatter Masked
Symbol histograms
* . s “
. . a o
5 P
- — - o ‘ 2 "‘
.
) ' o \IK,
- ‘:-“‘\"‘-:
K et
Scatter plot with pie Marker examples Scatter Symbol Scatter plots with a

chart markers

legend

WHdopmaTuka. MporpammupoBaHue Ha Python

Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx https-//matDIOtl|b-0rg/Sta ble/gallerV/lndeX-html 11




Matplotlib — Gallery - Lines, bars and markers

Simple Plo Using span_where Spectrum Stackplots and
Representations streamgraphs
| "
| ..........
Stairs Demo Stem Plot Step Demo Creating a timeline
with lines, dates, and
text

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html 12




Matplotlib — Gallery - Lines, bars and markers

bl dll 4
o I UL L T
My =
hlines and vlines Cross- and Auto-

Correlation Demo

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html 13




Matplotlib — Gallery - Images, contours and fields

T R . .
o =y “'l‘l . e o
PYIAR IR X y ;
. . . . s - . S . Y ° > > ! o

Affine transform of Wind Barbs
an image

MV
» Y
Py ALS
PY Il

Barcode Contour Corner
Mask

Contour Demo Contour Image Contour Label Demo Contourf Demo

WHdopmaTuka. MporpammupoBaHue Ha Python

Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx https-//m athOtl|b-0rg/5table/ga”erV/lndeX-html
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Matplotlib — Gallery - Images, contours and fields

1
lul

f
i

- x -
({7 VA
% {\ /M e
' v A B J

Contourf Hatching Contourf and log Contouring the boxlmage Demo
color scale solution space of

optimizations

R -.-
e | |
T ,.,.
Figimage Demo Creating annotated Image antialiasing Clipping images with
heatmaps patches

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html 15




Matplotlib — Gallery - Images, contours and fields

ooy e e

Image Demo Image Masked Image Nonuniform Blend transparency
with color in 2D
Images

il
et
SR

Ly

Modifying the Interpolations for Contour plot of Layer Images
coordinate formatter Imshow irregularly spaced
data

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html 16




Matplotlib — Gallery - Images, contours and fields

Matshow Multi Image Pcolor Demo pcolormesh grids
and shading

e T ——

pcolormesh Streamplot QuadMesh Demo Advanced quiver and
quiverkey functions

Vibopuatua. Mporpamuposae e Prinon — hitns- //matplotlib.org/stable/gallery/index.html




Matplotlib — Gallery - Images, contours and fields

Quiver Simple Demo Shading example Spectrogram Demo Spy Demos
X ‘ o ‘f ;r'_‘\"'\_ A
: AN
V=Y
: (7 A
. . / ./,‘;,,“,.
: (T2
8 et ot
Tricontour Demo Tricontour Smooth Tricontour Smooth Trigradient Demo
Delaunay User

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html 18




Matplotlib — Gallery - Images, contours and fields

.............

M= matplotlib

Trinterp Demo Tripcolor Demo Triplot Demo Watermark image

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html 19




Matplotlib — Gallery - Subplots, axes and figures

0 ,‘u
" " AN M M
o N\ i / vy Ul
\- \] ¥ l{'. / \

Aligning Labels Axes box aspect Axes Demo Controlling view
limits using margins
and sticky edges

—r

Axes Props Axes Zoom Effect axhspan Demo Equal axis aspec
ratio

Vibopuatua. Mporpamuposae e Prinon — hitns- //matplotlib.org/stable/gallery/index.html




Matplotlib — Gallery - Subplots, axes and figures

Axis Label Position

Resizing axes with
constrained layout

Broken Axis Placing Colorbars Custom Figure

subclasses

Title

Different scales on
the same axes

Resizing axes with
tight layout

Figure size In
different units

WHdopmaTuka. MporpammupoBaHue Ha Python
Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx
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Matplotlib — Gallery - Subplots, axes and figures

Figure labels:
suptitle, supxlabel

supylabel

Creating adjacent
subplots

Geographic
Projections

Combining two
subplots using
subplots and
GridSpec

Using Gridspec to Nested Gridspecs Invert Axes Managing multiple
make multi- figures in pyplot
column/row subplot
layouts
o o meaocanne va v https://matplotlib.org/stable/gallery/index.html 22




Matplotlib — Gallery - Subplots, axes and figures

Secondary Axis Sharing axis limits Shared Axis Figure subfigures
and views

i ,"' ". .. .. |
ol S er— V4 : : '
Multiple subplots Basic Subplot Demo Subplot Toolbar Subplots Adjust

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html 23




Matplotlib — Gallery - Subplots, axes and figures

T
LU |ll ...... !

Creating muitiple Plots with different Zoom region inset
subplots using scales axes
plt.subplots

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html 24




Matplotlib — Gallery - Statistics

fr= 1 13 1 g : ] » . 1
~ F—— ' v i
" TR e - =
e
7 S B S
Percentiles as Artist customization Box plots with Boxplots
horizontal bar chart in box plots custom fill colors

Box plot vs. violin Boxplot drawer Plot a confidence Violin plot
plot comparison function ellipse of a two- customization

dimensional dataset

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html 25




Matplotlib — Gallery - Statistics

oAb et “r

+
*———e

A e RS L

o

Errorbar function Different ways of Including upper and Creating boxes from
specifying error bars lower limits in error error bars using
bars PatchCollection
.I nl - S T : I P -
Hexbin Demo Histograms Using histograms to Some features of the
plot a cumulative histogram (hist)
distribution function

o ooy B e e https://matplotlib.org/stable/gallery/index.html 26
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Matplotlib — Gallery - Statistics

h

nll-:hf - &

e

[ oo

Demo of the The histogram (hist) Producing multiple Time Series
histogram function’'s function with multiple histograms side by Histogram
different histtype data sets side
settings
Violin plot basics
=1 WHdbopmaTuka. NporpammupoBaHue Ha Python . : H
Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx https-//m atDIOtllboorg/Sta ble/gallerV/lndeX-html 27




Matplotlib — Gallery - Pie and polar charts

Basic pie chart Pie Demo2 Bar of pie Nested pie charts

Scatter plot on polar

@ : axis
=: i\ | ,"
Labeling a pie and a Bar chart on polar Polar plot Polar Legend

donut axis

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html 28




Matplotlib — Gallery - Text, labels and annotations

beOlANG

coeaixy

Using accented text
In matplotlib

Arrow Simple Demo

MHdopmatuka. MporpammuposaHue Ha Python
Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx

gttt ssmets figure fraction

cton
“

Tl Tt

| [kt oo
Gl G3=C3

=2 {ponnl offuet from ames Sraction

[ —
figare poikis

Scale invariant angle Annotating Plots Arrow Demo
label

Auto-wrapping text Composing Custom Date tick labels
Legends

https://matplotlib.org/stable/gallery/index.html
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Matplotlib — Gallery - Text, labels and annotations

Custom tick formatter Demo Annotation Using a text as a Text Rotation Mode
for time series Box ath
o -9
ol @
S
S |
° —e : De/};
ol wigej— @
o L
The difference Labeling ticks using Annotation arrow Styling text boxes
between \dfrac and engineering notation style reference
Y -
irac

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html 30




Matplotlib — Gallery - Text, labels and annotations

NGl

Rt tatiiletiiiiLil

Figure legend demo Configuring the font Using a ttf font file in Font table

family Matplotlib

i - . e o ek
Fonts demo (object- Fonts demo (kwargs) Legend using pre- Legend Demo
oriented style) defined labels

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html 31




Matplotlib — Gallery - Text, labels and annotations

& versus &, Py ¢ e ety eagr
v \ 0:o=1% q . 2 n o) -:
some other string =
1Q: 0;,=15 - T
4 GTinTes
Artist within an artist Convert texts to Mathtext Mathtext Examples
Images
4 :’ 7;:; Y
7 23452300123
Math fontfamily Multiline Placing text boxes Rainbow text

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html 32




Matplotlib — Gallery - Text, labels and annotations

STIX Fonts

m NN

Default text rotation

demonstration

MHdopmatuka. MporpammuposaHue Ha Python
Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx

Rel

Rendering math
equations using TeX

ext Rotation
olat

ive To Line

Precise text layout

Title positioning

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

Unicode minus:

ASCIl hyphen:

Controlling style of
text and labels using
a dictionary

=1
-1

Unicode minus

33



Matplotlib — Gallery - Text, labels and annotations

Ig lg. g

lﬁ 1: i.T
,;)" ‘ ;17: ; .p:'i
Py P P
Usetex Baseline Test Usetex Fonteffects Text watermark

o e e ror https://matplotlib.org/stable/gallery/index.html 34
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Matplotlib -

Gallery - Pyplot

Align y-labels

Annotate Transform Annotating a plot

/

Annotation Polar

Auto Subplots Adjust Infinite lines Boxplot Demo Dollar Ticks
b opara porpanboeave e v hittps://matplotlib.org/stable/gallery/index.html 35




Matplotlib — Gallery - Pyplot

Fig Axes Customize Simple axes labels Adding lines to plot() format string
Simple figures

o>

Lsin(2at)
A I A R ey i A O
Pyplot Mathtext Pyplot Simple Pyplot Text Pyplot Three
=1 WHdbopmaTuka. NporpammupoBaHue Ha Python . : H
e e e hittps://matplotlib.org/stable/gallery/index.html 36




Matplotlib — Gallery - Pyplot

BoAd rgere veptitie
H Fa S s e e o .1'-" -
\/
: - & = 1t
9

J

Pyplot Two Subplots

b 4
y 3

Text Commands

Nhat's New 1

Text Layout
Subplot3d

Fill Between What's New 0.98 4 What's New 0.99 What's New 0.99
Legend Axes Gnd Mplot3d

WHdopmaTuka. MporpammupoBaHue Ha Python
Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx
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Matplotlib — Gallery - Color

!
! rw A/
:- .l N -
Color Demo Color by y-value Colors in the default Colorbar

property cycle

- B = = -

| 8 =

- l

P eptually Undorr Sequentel (oW mag ’ =

| WS - - = =
S = =
| = =
- — =2 é

= & =

== - —

- 4 -

Colormap reference Creating a colormap List of named colors
from a list of colors

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html 38




Matplotlib — Gallery - Shapes and collections

A Comomnt pon

‘ / e

Arrow guide Reference for Line, Poly and Compound path
Matplotlib artists RegularPoly

Collection with
autoscaling

BRI} . XL ol
i dod 188382 y @ ;“.
BEEE ] g

@000 S o i 8
s e S S - 3 - ; N PR .

s Bareuleesn oot EEEEEE b P o
B R SR
Dolphins Mmh Donutslil Ellipse Collection Ellipse Demo

WHdopmaTuka. MporpammupoBaHue Ha Python

Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx https-//m athOtl|b-0rg/5table/ga”erV/lndeX-html 39




Matplotlib — Gallery - Shapes and collections

o,
et

Hatch demo Hatch style reference

Line Collection

. \ !
(<] \ o = g . \ P
o

Marker Path Circles, Wedges and PathPatch object Bezier Curve
Polygons

WHdopmaTuka. MporpammupoBaHue Ha Python

Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx https-//m atDIOtllboorg/Sta ble/gallerV/lndeX-html
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Matplotlib — Gallery - Style sheets

Bayesiar

1 Methods
for Hackers style

sheet

~
£

.

ot -
C v,
o

. <::-“ s

MHdopmatuka. MporpammuposaHue Ha Python
Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx
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Dark background

style sheet

§ Ranaom Lines - Line

"2{1 A e

Solarized Light

stylesheet

freethintyeight” style sheet

.

A
D Vv
\"\.«.—M‘,"‘
‘.\/'\
. 0

FiveThirtyEight style

sheet

kal

ggplot style sheet
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Matplotlib — Gallery - Axes Grid

Anchored Direction Axes Divider Demo Axes Grid Axes Grid2
Arrow

" -|

HBoxDivider demo Showing RGB Demo Colorbar of Colorbar with
channels using Inset Axes AxesDivider
RGBAXxes

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html 42




Matplotlib — Gallery - Axes Grid

f g g‘ .
HH | == gm

Controlling the Demo Edge Colorbar Demo Fixed Size Demo Imagegrid
position and size of Axes Aspect
colorbars with Inset

Axes
Inset Locator Demo Inset Locator Demo2 Make Room For Parasite Simple
Ylabel Using
Axesgrid

T hohabosanme varror — hittps://matplotlib.org/stable/gallery/index.html

Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx
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Matplotlib — Gallery - Axes Grid

: A 3 9a 8 e A
) B ot :if‘ F
; )

Parasite Simple2 Scatter Histogram
(Locatable Axes)

E
i

Simple Axes Divider Simple ImageGrid

2
v

Simple Anchored
Artists

Simple ImageGrid 2

Simple Axes Divider
1

Simple Colorbar

Simple Axisline4

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html a4




Matplotlib — Gallery - Axis Artist

91

\

Axis Direction Demo Axis Direction Axis line styles Curvilinear grid demo

Pt B2
Demo Curvelinear mpl_toolkits axisartist. flo Demo Floating Axis Parasite Axes demo
Grid2 features

WHdopmaTuka. MporpammupoBaHue Ha Python
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Matplotlib — Gallery - Axis Artist

:: 5 o .i\ CR S
ol ol 0-5.’\-‘::
T I T T v .
Parasite axis demo Ticklabel alignment Ticklabel direction Simple Axis Simple Axisline2
Direction0O1
Simple Axis Simple Axis Pad Simple Axisartist1 Simple Axisline Simple Axisline3
Direction03
=1 WHdbopmaTuka. NporpammupoBaHue Ha Python . : H
Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx https-//m atDIOtllboorg/Sta ble/gallerV/lndeX-html 46




Matplotlib — Gallery - Showcase

: I:ﬂv)dx
Anatomy of a figure Bachelor's degrees Firefox Integral as the area
by gender under a curve

Shaded & power XKCD
normalized rendering

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html 47




Matplotlib — Gallery - Animation

Decay Animated histogram pyplot animation The Bayes update

r"’i

The double Animated image Frame grabbing Pausing and
pendulum problem using a precomputed Resuming an
list of images Animation

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html 48




Matplotlib — Gallery - Animation

y L)
s f,"' | “
> ‘:r
Rain simulation Animated 3D random Animated line plot Oscilloscope
walk

MATPLOTLIB
UNCHAINED
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Matplotlib — Gallery - Front Page

« B A

Frontpage 3D Frontpage contour Frontpage histogram Frontpage plot
example example example example

o porpanposane vabvnor  hittps://matplotlib.org/stable/gallery/index.html 50




Matplotlib — Gallery - 3D plotting

Plot 2D data on 3D

&

Demonstrates
plotting contour
(level) curves in 3D
using the extend3d

r il

Demo of 3D bar Create 2D bar
charts graphs in different
planes

Projecting contour Filled contours

profiles onto a graph

Demonstrates
plotting contour
(level) curves in 3D

Projecting filled
contour onto a graph

WHdopmaTuka. MporpammupoBaHue Ha Python
Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx
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Matplotlib — Gallery - 3D plotting

o

Custom hillshading in
a 3D surface plot

Lorenz Attractor

MHdopmatuka. MporpammuposaHue Ha Python
Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx

4 =
3 "; “\'
e e
3D errorbars Create 3D histogram Parametric Curve
of 2D data
,.}5,'\"“" ! ’ .
2D and 3D Axes in Automatic Text Draw flat objects in
same Figure Offsetting 3D plot

https://matplotlib.org/stable/gallery/index.html
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Matplotlib — Gallery - 3D plotting

Generate polygons 3D quiver plot Rotating a 3D plot 3D scatterplot
to fill under 3D line
graph

e Py PG . ‘...q
@) ; o AL e A ‘

3D stem 3D plots as subplots 3D surface 3D surface (solid
(colormap) color)
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Matplotlib — Gallery - 3D plotting

3D surface

(checkerboard) coordinates

N
A
&§ o

A

Tnangular 3D filled Trniangular 3D
contour plot surfaces

MHdopmatuka. MporpammuposaHue Ha Python
Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx

3D surface with polar

Text annotations In
3D

N)

v

More triangular 3D
surfaces

Triangular 3D
contour plot

3D voxel / volumetric

plot

https://matplotlib.org/stable/gallery/index.html
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Matplotlib — Gallery - 3D plotting

d | S, |

3D voxel plot of the 3D voxel / volumetric 3D voxel / volumetric 3D wireframe plot
numpy logo plot with rgb colors plot with cylindrical
coordinates

Rotating 3D 3D wireframe plots in
wireframe plot one direction
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Matplotlib — Gallery - Scales

Loglog Aspect Custom scale Log Bar Log Demo

Log Axis Logit Demo Exploring Scales

normalizations
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Matplotlib — Gallery - Specialty Plots

o vrased

7 . — Al 2
< l : > i
o - . 2t

Hillshading

Anscombe’s quartet Hinton diagrams Left ventricle

bullseye

MRI

MRI With EEG Radar chart (aka

The Sankey class
spider or star chart)

WHdopmaTuka. MporpammupoBaHue Ha Python
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Matplotlib — Gallery - Specialty Plots

™
5 b
o -
. P
h&- {;J
L—J.
Long chain of Rankine power cycle SkewT-logP diagram: Topographic
connections using using transforms and hillshading
Sankey custom projections
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Matplotlib — Gallery - Ticks and spines

Automatically setting
tick labels

Ll

Custom Ticker1

Centered spines with Centering labels Colorbar Tick
arrows between ticks Labelling
- s ? ,:- “N .
by RO
Formatting date ticks Date Demo Convert Placing date ticks

using
ConciseDateFormatter

using recurrence

rules
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Matplotlib — Gallery - Ticks and spines

Date Index Formatter

Date Precision and
Epochs

Major and minor ticks

Multiple Yaxis With

Spines

The default tick Spine Placement Spines Custom spine
formatter bounds
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Matplotlib — Gallery - Ticks and spines

Dropped spines Tick formatters Tick locators Set default y-axis tick
labels on the right

Setting tick labels Set default x-axis tick Rotating custom tick
from a list of values labels on the top labels
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Matplotlib — Gallery — CkayaTb Bce

npumMepbl

* [lpumepsbl — lanepea MatplotLib
https://matplotlib.org/stable/gallery/index.html

« CkayaTtb Bce npumMepsbl - Python MCXOOHMKM NpOrpamMm:
gallery python.zip

https://matplotlib.org/stable/ downloads/63b34a63fc35d50
6739b9835d7e98958/gallery python.zip

» CKkayaTtb Bce npumepsbl - Jupyter notebooks:
gallery jupyter.zip

https://matplotlib.org/stable/ downloads/a70483fff7b46b03
f4d5c358b003188f/gallery jupyter.zip
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Matplotlib

CospaHue rpachukoB




Matplotlib - MToaknioyeHue

# nomkJouyeHMe Habop KoMaHO IJisg paboThH
Cc rpadukamMmu mu3 OubImoTeku matplotlib

import matplotlib.pyplot as plt

# NoIkJIoUeHMe OMOJIMOTEKM NUmMpy IOJid
BEITIOJIHEHMS MATEMATUUECKUX PACUETOB WU
paboTel C MaTpMLUaMM (MaccmUBaMy,
CIIMCKAaMM)

import numpy as np
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Matplotlib - OCHOBHbIE 35fIEMEHThI

Major tick

D

Minor tick

Major tick label

5 label

Y axis label

Spines

Ty

Figure line
- Axes (line plot)

|
|
|
|
|
|
| |
| |
| |
| |
| |
‘ | 1
0 T T i T T T i T T T i T T T
0 0.2% 2.75 1 1:25:1.50 ) 2 2.25 2.50 2.75 3 3.25 3.50 3.75 4
’ = s label

Minor tick label Made with http://matplotlib.org
X axis label
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Matplotlib - OCHOBHbIE 35fIEMEHThI

rpacduka

3aronosok (title)

/

Fpadhnkn 3asucHMmocTen: yl=4%, y2=x"2

f
A

lNereHpa (legend)

e NTuHenHbIn
rpachuk (plot)

Moanuck ock y 1
(y label) = OcHoBHan ceTka

\ : w/(major grid)

[ononuutensHan | _QC. -
X e L
cerka (minor grid) | _ o \ :
0= s & S ToueuHsin
= s rpachuk (scatter)
. "
D =t
®urypa (Figure) o T AR R TR Taaa s
/ X '\
AononxutensHbie T OCHOBHbIE THKH
TVKK (minor ticks) Moanuce ocwu X (major ticks)
(x label)
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Matplotlib HekoTopble dyHKLUU

OTPUCOBKW

*plt.scatter(x, y, params) — HapucoBaTb TOYKM C
KoopaAnHataMum U3 x nNo ropu3oHTaribHOn oCn U U3 y No
BEPTUKAJIbHOU OCU;

eplt.plot(x, y, params) — HapucoBaTb rpaduK no
TOYKaM C KoopamHaTtamMu U3 x NO ropus3oHTanNbLHOU OCU N N3
y NO BEPTMKAIIbHOMN OCU. TOYKK DyayT COEAUHATCS B TOM
nopsigke, B KOTOPOM OHU YKa3aHbl B 9TUX MaccuBax;

*plt.fill between(x, yl, y2, params) —
3aKpacuTb NPOCTPAHCTBO MexAay y1 n y2 no koopgmHaTtam
N3 x;

plt.pcolormesh(xl, x1, y, params) —
3aKpacuTb NPOCTPaAHCTBO B COOTBETCTBUMN C
MHTEHCUBHOCTbIO y;

plt.contour(x1l, x1, y, lines) — HapucoBaTb

WHdopmaTuka. MporpammupoBaHue Ha Python 67
Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx



Matplotlib BcnomoraTtenbHble (DyHKLUU

° plt.
°* plt.
°* plt.
° plt.

figure (figsize=(x, y)) — co3gaTb rpadpuk pasmepa (x,y);
show () — nokasartb rpaduk;

subplot(...) — gobaBuTb nogrpaduk;

xlim(x min, x max) — YCTaHOBWUTb Npeaenbl rpaduka no

rOpuU3oHTarbHOM OCW;

° plt.

ylim(y min, y max) — YCTaHOBWTb Npeaenbl rpaduka no

BEepTUKaNbLHOM OCU;

* plt.
° plt.
°* plt.
°* plt.
° plt.
°* plt.

title (name) — yCTAaHOBWUTb UM4A rpadourka;

xlabel (name) — yCTaHOBUTb Ha3BaHWe ropu3oHTanbLHOW Ocu;
ylabel (name) — yCTaHOBUTb Ha3BaHWe BepPTUKaNbLHOU OCU;
legend (loc=...) — caenartbnereHgy B nosuuum loc;
grid() — pobaBuTb CeTKYy Ha rpadovk;

savefig(filename) — coxpaHuUTb rpadouk B dpaur.
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plt.plot(x, y, params) — HapucoBaTb rpaumk
No TOYKaM C KoopauHaTtamMun M3 x rno ropm3oHTasrIbHOW
OCU U U3 y MO BEPTUKANbHOWU OCH.

« Toukn OyagyT coeanHATCS B TOM NOpsiAKe, B KOTOPOM
OHM YKa3aHbl B 3TUX MaccuBax;
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Matplotlib - 'padouk nnHnm

 MeToAa noCcTpOEHUA NMUHNUN OYEHb NPOCT:
* 2CTb MaccuB abcuunc (x);
* 2CTb MaccuB opauHar (y);

*3J1IEMEHTbI C O QUMHAKOBbIM MHOEKCOM B 3TUX
MaCCMBax - 3TO KOOPANHATbl TOYHEK Ha MNMITOCKOCTW,

* mocregoBaTeribHble TOYKU COEAUNHSAOTCA NMUHUNEN.

*[log maccuBamy, Nnoapa3dyMmeBarOTCA CIMMUCKN, KOPTEXKU
nnn maccmBbl NumpPy.
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Matplotlib - 'padouk nnHnm

import matplotlib.pyplot as plt

plt.plot((O0, 1, 2, 3, 4, 5, 6, 7),
(0, 3, 1, 2, 1, 5, 4, 0))

plt.show ()
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Matplotlib - 'padouk nnHnm

 Metog plt.plot (), B npocTenwemM cnydae, npUHUMaET OaNH aprymMeHT -
nocrenoBaTeNnbHOCTb YMcern, KoTopaa COOTBETCTBYET OCU opauHaT (y), OCb
abcumc (x) cTtponuTca aBToMaTnU4Yeckn ot 0 4o n, rae n - 3To0 AfNMMHHA MaccuBa
opaOuvHar.

import matplotlib.pyplot as plt
plt.plot((0, 3, 1, 2. 1. 5., 4. 0))
plt.show ()

4 -
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Matplotlib - 'padouk nnHnm

zmatplotlib inline
import matplotlib.pyplot as plt
plt.plot((-4, -3, -2, -1, 0, 1, 2, 3),
(0, 3, 1, 2, 1, 5, 4, 0))
plt.show () 5 |
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Matplotlib - 'padouk nnHnm

smatplotlib inline

import matplotlib.pyplot as plt

plt.plot((-0.4, -0.3, -0.2, -0.1, 0., 0.1, 0.2, 0.3),
(0, 3, 1, 2, 1, 5, 4, 0))

plt.show () el
4 -
3 4
2
1 -
0 4
-0.4 -0.3 -0.2 -0.1 0.0 01 02 03
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Matplotlib - Pucyem courypbi nTMHUAMIN

smatplotlib inline
import matplotlib.pyplot as plt
plt.plot((0, O, 1, 1, 0),
(0, 1, 1, 0, 0))
plt.plot((0.1, 0.5, 0.9, 0.1),
(0.1, 0.9, 0.1, 0.1))
plt.show () o

0.8 1

0.6 1

0.4 1

0.2 1

0.0 1

0.0 0.2 0.4 0.6 0.8 10
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Matplotlib — 'padouk MHOXecTBa To4eK

* EAMHCTBEHHOE OTNMYKne rpadpmka MHOXeCTBa TOYEK OT
rpadouka JIMHUU - TOYKN HE COeaUHAKTCA NMUMHNEN.
import matplotlib.pyplot as plt
plt.scatter ([0, 1, 2, 3, 4 , 5],
[0, 1, 2, 3, 4 , 5])
plt.show () 5 -
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Matplotlib — TOYKU U NTUHUKN

import matplotlib.pyplot as plt

# rpadmk Touex

plt.scatter ([0, 1, 2, 3, 4 , 5],
[0, 1, 2, 3, 4 , 5])

# rpadmx mmHMT

plt.plot((0, 1, 2, 3, 4 , 5),

5.

(OI 1’ 2’ 3’ 4 14 5))
# orobpaxenme rpadmka 4
plt.show () 3 -
2.
1<
0.
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Matplotlib — N'paduk ¢ mapKupoBKOU

import matplotlib.pyplot as plt
x = [1, 2, 3, 4, 5, 6, 7]

y = [7, 6, 5, 4, 5, 6, 7]
plt.plot(x, y, marker='o', c='g'")

7.0 1

6.5 1

6.0 1

257

5.0 1

45 A1

4.0 A1
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Matplotlib — JInHenHbIN rpadunk

import matplotlib.pyplot as plt
import numpy as np

# HemaBucuMasa (x) m 3aBucuMadg (y) I[IepeMeHHHEe
x = np.linspace (0, 10, 50)

y = X

# [ocTpoeHme rpadmka

# 3aroJIOBOK

plt.title('Jinuernnass 3aBUCHMMOCTEB y = X')

# ocb abcumcc

plt.xlabel ('x’)

# ocb opIOMHAT 8
plt.ylabel('y"')

# BKJIOUEeHME OTOOpaXeHVsS CeTKU
plt.grid() -
# nocTpoeHMe rpaduka

plt.plot(x, y) 21

NIMHEeNHas 3aBUCMMOCTBL Y = X

10 A
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Matplotlib — JInHenHbIN rpadunk

import matplotlib.pyplot as plt

import numpy as np

# HemaBucuMasa (x) m 3aBucuMadg (y) I[IepeMeHHHEe

x = np.linspace (0, 10, 50)

y = X

# [ocTpoeHme rpadmka

# 3aroJIOBOK

plt.title('Jinuernnass 3aBUCHMMOCTEB y = X') fIMHEMHAR 33BUCMOCT Y = X

# ocp abcumucc 10 1 —
plt.xlabel ('x’) vl
# ocb opaOMHAT 8 - ’//’
plt.ylabel('y"') //’
# BIIOUEeHME OTOOPAXEHUS CETKU °] |
plt.grid() - N
# mocTpoenue Tpadmka 3
plt.plot(x, y, 'r—-") 2 1 //’

O
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LiBeT n ctunb rpacdoukoB

CTunun nMHUM nUHenHoro rpacduka

3Ha4yeHue NapameTpa OnucaHue
"-'nnn 'solid’ HenpepbiBHasa NuUHUSA.
"--' unu 'dashed’ LWTpuxoBasa nuHMS.
'-." unu 'dashdot’ LWITpUXNYHKTUPHAA NIUHUA.
"' unu "dotted’ [MyHKTUPHAaA NUHUA.
‘None' unn " 'wunm "' He oTtobpaxaTb NUHUI.

* LiBeT nuHuu rpacmka 3agaetca yepes napametp color (Mnn c, ecnn UCnornb3oBaTh
COKpPALLUEHHbIM BapuaHT). 3Ha4YeHMe MOXeT OblTb npeactaBneHo B OOHOM U3
crnenyrowmx gopmaToB:

. RGE)% nnn RGBA: KOpTeXx 3HadeHUW C nnasarolen To4kou B AnanasoHe [0, 1] (npumep: (0.1, 0.2,
0.3);
* RGB nnn RGBA: 3HayeHue B hex dpopmarte (npumep: '#0a0a0la');

* CTPOKOBOE NpeacTaBreHne Yncrna ¢ niasarLlen To4Kon B AmanasoHe [0, 1] (onpegenseT uBeT B
LLKane ceporo) (npumep: '0.7');

* cumBon u3 Habopa: {'b', 'g', 'r', 'c', 'm", 'y', 'k', 'w'};

* UM$ UBeTa 13 nanuTpbl X11/CSS4;

* uBeT n3 nanuTpbl xked (https://xkcd.com/color/rgb/), AomkeH Ha4YnMHaTLCA ¢ npedumkca 'xked:';

* UBeT 13 Habopa Tableau Color (nanuTpa T10), 4OMKEH HAaYMHAaTLCS ¢ Nnpedukca 'tab:’.
« Ecnu uBeT 3agaéTtcs ¢ NnoMoLbio cumBoria ns Habopa {'b', 'g', 'r’, 'c', 'm', 'y', 'k’, 'w'}, TO

OH MOXET OblTb COBMELLEH CO CTUMNEM NIMHUK B pamMKax napametrpa fmt q)yHKu,MM
plot(). Hanpumep: LUTPUXOBASA KpacHas nuHUSA OyneTr 3agaBaTbcA Tak: --r', a

m’m I/IH$opM§w<a. por;aMMMpoaaHEe Ha Python g 81

Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx




Matplotlib - CTUnNun NnMHMU NUHENHOro

rpacpuka

import matplotlib.pyplot as plt

import numpy as np

x = [1, 5, 10, 15, 20]

vli=1[1, 7, 3, 5, 11]

[1i*1.2 + 1 for i1 in yl]

[1*1.2 + 1 for i1 in y2]

y4d = [1i*1.2 + 1 for i in y3]

plt.plot(x, y1, '-', x, y2, '--', x, y3, '-.'", x, y4, ':")

K
w N
o

plt.plot(x, y1, '-'")
plt.plot(x, y3, '-.") o
plt.plot(x, y4, ':'") 15 - W A

10 -

5 -

0 T

25 5.0 75 100 125 150 175 20.0
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Matplotlib — 'padouk MHOXecTBa To4eK

smatplotlib inline

import matplotlib.pyplot as plt

plt.scatter([O, 1, 2, 3, 4 , 5], [O, 1, 2, 3, 4 , 5])

plt.scatter([1, 2, 3, 1, 2 , 1], [2, 3, 4, 3, 4 , 4])

plt.scatter([2, 3, 4, 3, 4 , 4], [1, 2, 3, 1, 2 , 11])

plt.show () 5 e
4 > @ o °

Ecnn y Bac HecKomnbKo

3 > < @ 4
MHOXECTB, TO BCE UX TakK
X€ MOXHO MNOCTPOUTb Ha , . & o °
OAHOM rpadouke:

1 @ L) > @
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Matplotlib — JlereHga Ha rpadouke

import matplotlib.pyplot as plt

x = [1, 5, 10, 15, 20]

vyli=1[1, 7, 3, 5, 11]

y2 [4, 3, 1, 8, 12]

plt.plot(x, yl, 'o-r', label='line 1')
plt.plot(x, y2, 'o-.g', label='line 1')
plt.legend()

12 1 —e~ linel ¥ o
-8~ linel e
10 1
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Matplotlib — JlereHga Ha rpadouke

import matplotlib.pyplot as plt

x = [1, 5, 10, 15, 20]

vyli=1[1, 7, 3, 5, 11]

y2 = [4, 3, 1, 8, 12]

linel, = plt.plot(x, yl, 'o-b')

line2, = plt.plot(x, y2, 'o-.m')
plt.legend((line2, linel), ['L2', 'L1'])

12 1

10 A
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Matplotlib - Heckonbko rpacdhukoB Ha OgHOM

nore

import matplotlib.pyplot as plt

import numpy as np

X = np.linspace (0, 2, 100)
plt.figure()

plt.plot(x, x, x, x**2, x, x**3)
plt.show ()

HecKkonbKko KpnBbIX HA O4HOM rpaduke.
Kaxxpgas 3agaétca napon MacCuBOB — X Uy
KoopAauHaTel. 1o ymonyaHumio, um
npuceamBaloTCs LiBETA N3 HEKOTOPOWU
nocrie4oBaTenbHOCTU LIBETOB; pa3yMeeTcs,
NX MOXHO U3MEHUTb.

o HON W s Y N @

000 025 050 075 100 125 150 175 200
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Matplotlib - Heckonbko rpacdhnkoB Ha OAHOM

nore

import matplotlib.pyplot as plt
import numpy as np

# JluHelrHasi 3aBMCHUMOCTL

x = np.linspace (0, 10, 50)

vyl = x
# KBagpaTuuHasi 3aBMCHMMOCTB
y2 = [i**2 for i in x]

# HNocrTpoenme rpadmka
# 3aroJIOBOK
plt.title('BaBucumocTn: yl

X, y2 = x"2')

3aBucuMocTn: y1 = x, y2 = x"2

# ocbp abcuwmcc 100 |

plt.xlabel ('x"') o

# ocb opaMHAT

plt.ylabel('yl, y2') o ]

# BKJIOUEHME OTOOpPaXEHMSA CEeTKN 2 0l

plt.grid()

# nocTpoeHmne rpadukxa o A
plt.plot(x, yl, x, y2) 0 f--f,’"",’/"’,’/'
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Matplotlib - sin(x), cos(x)

import matplotlib.pyplot as plt

import numpy as np

X np.linspace(0, 4 * np.pi, 100)
plt. figure ()

plt.plot(x, np.sin(x), 'r-"')
plt.plot(x, np.cos(x), 'b--")

plt.show ()

100 -
0.75 A

0.50 1

[na npocTton perynimpoBKM LBETOB U TUMOB ;|
NMUHUMA  1ocre napbl X Wy KoopAuHat 0.00
BCTaBnNsieTca gpopmaTHaa ctpoka. [NepBasa bykBa 025
onpenenseT uBeT ('r' — KpacHbIn, 'b' — CMHUU 1 %7
T.0.), Oanbwe 3agaétcd Tvan nuHum (- — 7
cnnowHaga, '--' — nyHKTupHagqa, '-.' — WTpux- _1‘00‘5 z = T 3 LT .
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Matplotlib

import matplotlib.pyplot as plt

import numpy as np

X np.linspace(0, 1, 11)

plt. figure ()
plt.plot(x, x ** 2, 'ro')

10 B ¢
plt.plot(x, 1 - x, 'gs') "

0.8 1 2 %
Plt.ShOW() - ] ; "
Ecnn B KayectBe "Tuna nuHUK" yKasaHo o -
'0', TO 3TO O3HayaeT pucoBaTb TOYKU 04 g
KPY>XO4YKaMmn N He COeQUNHATb UX NIMHUAMU; . o
aHanornyHo, 's' o3Havaet kBagpaTuku. 227 % -
KoHe4HO, Takne rpadouku MMerT CMbICH | — . . .
TONbLKO TOrda, Korga TO4YeK He O4eHb T 2 - e - 4

MHOTIO.
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Matplotlib - sin(x), cos(x)

import matplotlib.pyplot as plt
import numpy as np

X = np.linspace(0, 2 * np.pi, 100)

plt.figure(figsize=(10, 5))
plt.plot(x, np.sin(x), linewidth=2, color='g', dashes=[8, 4], label=r'S$\sin x$'")
};.plot(x, np.cos (x), linewidth=2, color='r', dashes=[8, 4, 2, 4], label=r'S$\cos x

plt.axis ([0, 2 * np.pi, -1, 1])

plt.xticks (np.linspace (0, 2 * np.pi, 9), # T'me cmejaThb OTMETKMU
('0'",r'S\frac{1}{4}\pisS',r'S\frac{1l}{2}\pis$', # Kak nomnmcarThb
r'$\frac{3}{4}\pis$',r'$\pis',r'$\frac{5}{4}\pis',
r'sS\frac{3}{2}\pis',r'S\frac{7}{4}\pis',r'$2\pis"),
fontsize=20)

plt.yticks (fontsize=12)

plt.xlabel (r'$xS$S', fontsize=20)

plt.ylabel (r'SyS', fontsize=20)

plt.title(r'$\sin x$, S\cos x$', fontsize=20)

plt.legend(fontsize=20, loc=0)

plt.show()
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Matplotlib - sin(x), cos(x)

SINX, COSX
1.00 T—— — —-
o S ; ¥ .
0.75 \ k. /
L » p " .
0.50 - / \ \
/ : \
0251 \‘ \
>, 000 Y \‘ \\ ‘ /
\ /
=254 , \
\ 1
—0.50 - e :
i | SINX \ \\'/
0751 | e o o COSX n, /\ /
~ >
—1000 ll 1! 3l — 51 3_1—' 71 2
L e > It 2 > s It
4” 2" 4" 4'T 2” 4
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Matplotlib - N'pacdunk ¢ 60NbLINM KONTNYECTBOM

MapKkepoB

import matplotlib.pyplot as plt
import numpy as np

X = np.arange (0.0, 5, 0.01)

Yy = np.cos(x*np.pil)

plt.plot(x, y, marker='o', c="'g'")

100 -
0.75 1
0.50 -
0.25 A
0.00
-0.25 1
-0.50 1
-0.75 -

-1.00 1
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Pa3nuyHble BapnaHTbl MAapKUPOBKM

import matplotlib.pyplot as plt
import numpy as np

X = np.arange (0.0, 5, 0.01)
% np.cos (x*np.pi)

m ev case = [None, 10, (100, 30) slice(100,400,15),

[, 100, 200, 300]1,([10, 50, lOO]i
fig, ax = plt.subplots (2, 3, figsize= (10, 7))
axs = [ax[1, J] for 1 in range(2) for J 1n range(3) ]
for 1, case 1n enumerate(m ev case):

axs[i].set title(str(case))

axs[i].plot(x, y, 'o', 1ls='-', ms=7/, markevery=case)
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Pa3nuyHble BapnaHTbl MAapKUPOBKM

None 10 (100, 30)
10 10 10
05 05 05
0.0 0.0 - 0.0
-0.5 -0.5 -0.5
-1.0 -1.0 1 -1.0
0 2 B 0 2 < 0 2 -
slice(100, 400, 15) [0, 100, 200, 300] [10, 50, 100]
10 - 10 1 10 -
0.5 A 05 - 0.5 A
0.0 - 0.0 1 0.0 -
-0.5 -0.5 -0.5
-1.0 -1.0 1 -1.0
0 2 4 0 2 4 0 2 4
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MyHKTUPHBLIN rpaduK dYHKLUM y=x>

import matplotlib.pyplot as plt
import numpy as np
X = np.linspace (-2, 2, 100)

plt.figure(figsize=(8, 8))

plt.plot (x, x**3, linestyle='—-', lw=2,
label="Sy=x"3$")

plt.xlabel ('x"'"), plt.ylabel ('y")
plt.legend ()

plt.title ('T'paduk xKyOUUeCcKOM QYHKLMUNM')
plt.grid(ls=":")

plt.show ()
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MyHKTUPHBLIN rpaduK dYHKLUM y=x>

Mpachuk Kybuyeckon GyHKUUN

——— -
——— —
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import numpy as np

import matplotlib.pyplot as plt

np.linspace(0,4*np.pi,100)

plt.plot(x,np.sin(x))
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import
import

X = np

matplotlib.pyplot as plt

numpy as np

.arange (0,4*np.pi-1,0.1)# start,stop, step

y = np.
z = np.

sin (x)

cos (X)

plt.plot(x,v,X,2z)

# string must be enclosed with quotes ' '

plt.xlabel ('x values from 0 to 4pi')

plt.ylabel ('sin(x) and cos(x)"'")

plt.title('Plot of sin and cos from 0 to 4pi')

plt.legend(['sin(x)"', 'cos(x)'])# legend
entries as seperate strings 1n a list

plt.show ()
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Plot of sin and cos from 0 to 4pi

100 -
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x
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2 000 -
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Matplotlib — Noanucu oceu rpacduka

import matplotlib.pyplot as plt
x = [1 for 1 1n range (10)]
y = [1*2 for 1 in range (10)]

plt.plot (x, V)
plt.xlabel ('Ocer X\nHesaBucumas BeauumHa', fontsize=14,
fontweight="bold")

plt.ylabel ('Oce Y\n3aBucumas BeauumHa', fontsize=14,
fontweight="bold")

Ocb Y
3aBuCcHMMan BesIMYMHa

0 2 4 6 8
Ocb X
He3aBuCMMan Be/MYMUHA
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Matplotlib — TekcToBbIN OFIOK

import matplotlib.pyplot as plt
x = [1 for 1 in range (10)]
y = [1*2 for 1 in range (10)]

plt.text (0, 7, 'HELLO!', fontsize=15)
plt.plot(range(0,10), range(0,10))

8 -
HELLO!

6 -

4

2 -

0 -
0 2 - 6 8
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CtonbyaTtble n KpyroBble

avnarpamMmmbli




CtonbuaTtble guarpamMmmbi

« [1Nna BU3yanusauymm KateropmarbHbIX 4aHHbIX XOPOLLO
noaxoasaT cTorioyaTblie AnarpamMmmbil.

 [1Nna nX NOCTPOEHUA UCNOSb3YHTCA PYHKUNN:
*bar () — BepTUKanbHasa ctond4yarasa gnarpamMmma;

ebarh () — ropmsoHTanbHasi ctond4yaras
anarpamma.
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[[ucrorpammbli

import matplotlib.pyplot as plt

plt.bar([6,
[10,

plt.show ()

81,
15, 21])

20.0
17.5 1
15.0
12.5 -
10.0 -
7.5 1
5.0 1
25 1

0.0 -




[[ucrorpammbli

import matplotlib.pyplot as plt

plt.barh([6,
[10,

plt.show ()

81,
15, 21])

8.5

8.0

7.5

7.0

6.5

6.0

5.5 4
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'McTOorpamMmbl C HECKONMbKMMU Habopamu

AaHHbIX

import matplotlib.pyplot as plt
plt.bar([6, 7, 8], [10, 15, 21])
plt.bar([6, 7, 8], [6, 12, 21])
plt.show () 20,0 |

17.5
15.0 -
12.5 A
10.0 -
7.5 1
5.0 -
25 1

0.0 -
5.5
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'McTOorpamMmbl C HECKONMbKMMU Habopamu

AaHHbIX

import matplotlib.pyplot as plt

plt.bar([5.9, 6.9, 7.9], [10, 15, 21], width = 0.2)
plt.bar([6.1, 7.1, 8.1], [6, 12, 28], width = 0.2)
plt.show ()

25 -

20 -

10 A
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'McTOorpamMmbl C HECKONMbKMMU Habopamu

AaHHbIX

import matplotlib.pyplot as plt

plt.bar([5.9, 6.9, 7.9], [10, 15, 21], width = 0.8)
plt.bar([6.1, 7.1, 8.1], [6, 12, 28], width = 0.1)
plt.show ()

25 1

20

10 -
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KpyroBblie agnarpaMmmbl

* Kpyrosble gnarpaMmmbl — 3TO HarnsigHbI Ccrnocob
nokasaTb OSfIM KOMIMOHEHTOB B Habope.

* OHM ngeanbHO NOAXOAOAT AOJ151 OTYETOB, NPe3eHTaLnn
nT.N.

* [1NA NOCTpPOEHNA KpYroBbIX gnarpamMmm B Matplotlib
ncnonb3yetcda PyHKUMA pie ().
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KpyroBasa agnarpamma

import matplotlib.pyplot as plt

vals = [24, 17, 53, 21, 35]

labels = ['Ford', 'Toyota', 'BMW', "'AUDI', 'Jaguar']
fig, ax = plt.subplots()

ax.pie(vals, labels=labels)

ax.axis ('equal') byota

BMW
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MoaouduunpoBaHHasa KpyroBas

auarpamma

import matplotlib.pyplot as plt

vals = [24, 17, 53, 21, 35]

labels = ['Ford', 'Toyota', 'BMW', 'AUDI', 'Jaguar']

explode = (0.1, 0, 0.15, 0, 0)

fig, ax = plt.subplots|()

ax.pie(vals, labels=labels, autopct='%1.1f%%', shadow=True,

explode=explode, wedgeprops={'lw':1, 'ls':'--','edgecolor':'k
.

rotatelabels=True)
ax.axis('equal')
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KpyroBasa gnarpamMmma c oTBepCcTuem

import matplotlib.pyplot as plt

vals = [24, 17, 53, 21, 35]

labels = ['Ford', 'Toyota', 'BMV', 'AUDI', 'Jaguar']
fig, ax = plt.subplots/()

ax.ple(vals, labels=labels, wedgeprops=dict (width=0.5))

Toyota

BMV
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Busyanusauus

ABYMEPHbLIX MaCCUBOB




BM3yan Nn3aund AByMEpPHbIX MaCCUBOB

import matplotlib.pyplot as plt
import numpy as np

plt.pcolor (a)
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BM3yan Nn3aund AByMEpPHbIX MaCCUBOB

import matplotlib.pyplot as plt
import numpy as np
a = [[0, 1, 27,

[0, 1, 21,

[0, 1, 21]

plt.pcolormesh (a, edgecolors="'black")

30
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0.5

0.0 ;
25 30
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LiBeTOBOe pacnpeaeneHue

import numpy as np
np.random.seed (123)
vals = np.random.randint (10, size=(7, 7))

plt.pcolor (vals)
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LiBeToBas nonoca and 3agaHHOro LBeToBOro

pacnpeneneHus

import numpy as np

np.random.seed (123)

vals = np.random.randint (10, size= (7, 7))
plt.pcolor(vals)
plt.colorbar () 7
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Busyanunsauunsi AByMmepHOro Habopa AaHHbIX

C ncnonb3oBaHuem pcolormesh()

import matplotlib.pyplot as plt

import numpy as np

np.random.seed (123)

data = np.random.rand (5, 7)

plt.pcolormesh (data, cmap='plasma', edgecolors='k'’,
shading="flat"'")
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[lobaBneHue TeKkcTa

import matplotlib.pyplot as plt
from matplotlib.colors import ListedColormap
import numpy as np

a = [[O/ 1/ 2]/
(o, 1, 27,
[0, 1, 2]]
b = [[O/ OI O]I
(1, 1, 11,
(2, 2, 2]]
colours = (["blue", "green", "red"])

cmap = ListedColormap (colours)
plt.pcolormesh (a, edgecolors= 'black', cmap=cmap)

plt.pcolormesh (b, edgecolors= 'black', cmap=cmap)
plt.text (1.5, 1.5, '"X', color='white', fontsize='20"', ha='center', wva='center')
plt.text (0.5, 2.5, 'O', color='white', fontsize='30"', ha='center', wva='center')
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TennoBble KapThbl

import numpy as np
import matplotlib
import matplotlib.pyplot as plt

"Cornylee Corp."]

Harvest of local farmers (in tons/year)

caucumber

) tomato
lettuce

asparagus

potato

vegetables = ["cucumber", "tomato", "lettuce", "asparagus",
"potato", "wheat", "barley"]
farmers = ["Farmer Joe", "Upland Bros.", "Smith Gardening",
"Agrifun", "Organiculture", "BioGoods Ltd.",

harvest = np.array([[0.8, 2.4, 2.5, 3.9, 0.0, 4.0, 0.07,
[2.4, 0.0, 4.0, 1.0, 2.7, 0.0, 0.01,
[t.1, 2.4, 0.8, 4.3, 1.9, 4.4, 0.01],
(0.6, 0.0, 0.3, 0.0, 3.1, 0.0, 0.01,
(0.7, 1.7, 0.6, 2.6, 2.2, 6.2, 0.01,
[.3, 1.2, 0.0, 0.0, 0.0, 3.2, 5.11,
0.1, 2.0, 0.0, 1.4, 0.0, 1.9, 6.311

fig, ax = plt.subplots()

im = ax.imshow (harvest)

# We want to show all ticks...

ax.set xticks(np.arange (len (farmers)))

ax.set yticks(np.arange (len(vegetables)))

# and label them with the respective list entries

ax.set xticklabels (farmers)

ax.set yticklabels (vegetables)

# Rotate the tick labels and set their alignment.
plt.setp(ax.get xticklabels(), rotation=45, ha="right",
rotation mode="anchor")

# Loop over data dimensions and create text annotations.
for i in range (len(vegetables)):
for j in range(len(farmers)):
text ax.text(j, i, harvestl[i,
ha="center",

31,
va="center",

ax.set title("Harvest of local farmers

fig.tight layout ()
plt.show ()

(in tons/year)")
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KoMnoHOBKa

HeCKOJIbKUX rpacomkoB
BMeCTe




KoMnoHoBKa HECKOJNIbKUX rpadonkos

BMeCTe

BapuaHT noakno4veHus

import matplotlib
import matplotlib.pyplot as plt
import matplotlib.gridspec as gridspec

[Mpumepsbl
https://matplotlib.org/stable/tutorials/intermediate/gridspec.html
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matplotlib - gridspec

 Moaoynb gridspec OUONMMOTEKM matplotlib OTKpbIBaET
pacLUMPEHHbIE BO3MOXHOCTWU AN HACTPOUKM OOBLEKTOB
nopg rpadpmkom. subplot2grid() oTNMYHO B3aUMOOENCTBYET
C 9TUM MOAYNEM W NO3BOMAET co3gaBaTb Hanpumep

Takue Bap o
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0.5 - axz2

00 A | | |
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axl

| |
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I | 0.0 ~ i
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I I
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matplotlib - gridspec

import matplotlib.pyplot as plt

gridsize = (3, 2)

fig = plt.figure(figsize=(12, 8))

axl = plt.subplot2grid(gridsize, (0, 0), colspan=2, rowspan=2)
ax2 = plt.subplot2grid(gridsize, (2, 0))

ax3 = plt.subplot2grid(gridsize, (2, 1))

10

plt.show () o8

0.6

0.4

subplot2grid() — aTO (pAA, CTPOKa) ”
nokauusa oobekTa Axes co o0
crieqyrouien CETKon: e

08 08

06 06
04 04

02 0.2

0.0 T T T T 0.0 T T T T
0.0 02 04 0.6 08 10 0.0 0.2 0.4 06 0.8 10
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Matplotlib — Pasnu4yHble BapuaHThbI

pacnonoXxeHus nereHAabl Ha rpadpuke

import matplotlib.pyplot as plt

locs = ['best', 'upper right', 'upper left', 'lower left',
'"lower right', 'right', 'center left', 'center right',
'lower center', 'upper center', 'center’]

plt.figure(figsize= (12, 12))

for 1 in range(3) :
for jJ in range(4) :

if i*4+9 < 11:
plt.subplot (3, 4, i*4+j+1)
plt.title(locs[1*4+]])
plt.plot(x, yl, 'o-r', label="'line 1"')
plt.plot(x, y2, 'o-.g', label='line 2")
plt.legend(loc=locs[1*4+7])

else:
break
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Matplotlib — Pasnu4yHble BapuaHThbI

pacnonoXxeHus nereHAabl Ha rpadpuke

best upper right upper left lower left
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Matplotlib —- CBO60OAgHass KOMNOHOBKA

import matplotlib.pyplot as plt

X = [1, 2, 3, 4/ 5]
vl = [9, 4, 2, 4, 9]
y2 == [1, 7, 6, 3/ 5]

y3 = [-7, -4, 2, -4, -T]

#llocTpouM TpadmUKM B HOBOM KOMIIOHOBKE:
fg = plt.figure(figsize=(9, 4), constrained layout=True)
gs = fg.add gridspec (2, 2)

fig ax 1 = fg.add subplot(gs[0, :])
plt.plot(x, y2)
fig ax 2 = fg.add subplot(gs[l, 0])
plt.plot(x, yl)
fig ax 3 = fg.add subplot(gs[l, 1])
plt.plot(x, y3)
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Matplotlib —- CBO60OAgHass KOMNOHOBKA
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Matplotlib —- CBO60OAgHass KOMNOHOBKA

import matplotlib.pyplot as plt

fg = plt.figure(figsize=(9, 9), constrained layout=True)
gs = fg.add gridspec (5, 5)

fig ax 1 = fg.add subplot(gs[0, :3])
fig ax 1l.set title('gs[0, :3]")

fig ax 2 = fg.add subplot(gs[0, 3:])
fig ax 2.set title('gs[0, 3:]")

fig ax 3 = fg.add subplot(gs[l:, 0])
fig ax 3.set title('gs[l:, 0]")

fig ax 4 = fg.add subplot(gs[l:, 1])
fig ax 4.set title('gs[l:, 1]")

fig ax 5 = fg.add subplot(gs[l, 2:])
fig ax bS.set title('gs[l, 2:]")

fig ax 6 = fg.add subplot(gs[2:4, 2])
fig ax 6.set title('gs[2:4, 2]")

fig ax 7 = fg.add subplot(gs[2:4, 3:])
fig ax 7.set title('gs[2:4, 3:]")
fig ax 8 = fg.add subplot(gs[4, 3:])

fig ax 8.set title('gs[4, 3:1")
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Matplotlib —- CBO60OAgHass KOMNOHOBKA
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Matplotlib —- CBO60OAgHass KOMNOHOBKA

import matplotlib.pyplot as plt

fg = plt.figure(figsize=(5, 5),constrained layout=True)
widths = [1, 3]

heights = [2, 0.7]

gs = fg.add gridspec(ncols=2, nrows=2, width ratios=widths,
height ratios=heights)

fig ax 1 = fg.add subplot(gs[0, 0])
fig ax l.set title('w:1l, h:2")

fig ax 2 = fg.add subplot(gs[0, 1])
fig ax 2.set title('w:3, h:2")

fig ax 3 = fg.add subplot(gs
fig ax 3.set title('w:1, h:0.

fig ax 4 = fg.add subplot(gs
fig ax 4.set title('w:3, h:0.

=1 WHdbopmaTuka. NporpammupoBaHue Ha Python
(] Jt 131
Tema: Python. OcHoBbI. Budyanu3aums gaHHbIx



Matplotlib —- CBO60OAgHass KOMNOHOBKA
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Matplotlib - CTunmn coegnHUTENbHOU NTINHUN

aHHOTauuu

import matplotlib.pyplot as plt
import math

fig, axs = plt.subplots @, 3, figsize=(12, 7))
conn style=]|
'angle,angleA=90,angleB=0,rad=0.0",
'angle3,angleA=90,angleB=0",
'arc,angleA=0,angleB=0,armA=0,armB=40, rad=0.0",
'arc3,rad=-1.0",

'bar,armA=0.0,armB=0.0, fraction=0.1,angle=70",
'bar, fraction=-0.5,angle=180",

]

for i in range(2):
for 7 in range(3):
axs[i, j].text(.1, 0.5, "\n'.join(conn style[i*3+j].split(',")))
axs[i, j].annotate('text', xy=(0.2, 0.2), xycoords='data’,
xytext=(0.7, 0.8), textcoords='data', arrowprops=dict (arrowstyle=->",
connectionstyle=conn style[i1*3+]]))
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Matplotlib - CTunmn coegnHUTENbHOU NTINHUN
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Cnncok ncnonb3oBaHHbIX NCTOYHUKOB

1. Python
https://www.python.org/

2.  Google Colaboratory
https://colab.research.google.com/

3.  Matplotlib: Visualization with Python
https://matplotlib.org/

4.  Matplotlib User's Guide
https://matplotlib.org/stable/Matplotlib.pdf

5. bubnunoteka matplotlib
https://mipt-stats.gitlab.io/courses/python/06 matplotlib.html

6. Matplotlib A HoBM4YOK. MOXXHO nonpotue? | NumPy
https://pyprog.pro/mpl/mpl_types of graphs.html

7. Matplotlib Gallery
https://matplotlib.org/stable/gallery/index.html

8.  Python B Hay4YHbIX BbIYNCNEHMSAX
https://inp.nsk.su/~grozin/python/

9. matplotlib: nakeT ona nocTpoeHus rpadoMKoB
https://inp.nsk.su/~grozin/python/b22 _matplotlib.html
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Cnncok ncnonb3oBaHHbIX NCTOYHUKOB

10. A6gpaxmaHoB M.U. Python. Buayanusauunsa gaHHblx. Matplotlib. - Devpractice Team, 2020 — 413 c.
https://by1lib.org/book/7229033/21176f?id=7229033&secret=21176f

11.  Plotting sine and cosine with Matplotlib and Python
https://pythonforundergradengineers.com/plotting-sin-cos-with-matplotlib.html

12.  matplotlib / cheatsheets
https://github.com/matplotlib/cheatsheetsticheatsheets

13. PykoBoacTtBo nonb3oBatend Matplotlib
https://matplotlib.org/stable/contents.html

14.  Tpunmepsbl rpacmkos Matplotlib
https://matplotlib.org/stable/gallery/index.html

15.  Wnapranku no Matplotlib
https://github.com/matplotlib/cheatsheets#cheatsheets

16. CkauvaTb BCe NpuMepsbI - Python nCXogHUKM nporpamm: gallery _python.zip
https://matplotlib.org/stable/ downloads/63b34a63fc35d506739b9835d7e98958/gallery_python.zip

17.  CkauvaTb BCce npuMepsbl - Jupyter notebooks: gallery_jupyter.zip
https://matplotlib.org/stable/ downloads/a70483fff7b46b03f4d5c358b003188f/gallery jupyter.zip

18.  [locTpoeHue rpadumkoB B Python npu nomoLly Matplotlib
https://python-scripts.com/matplotlib

19. 50 oTTeHKOoB matplotlib — The Master Plots (C NOMHbLIM KOAOM Ha Python)
https://habr.com/ru/post/468295/
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Cnncok ncnonb3oBaHHbIX NCTOYHUKOB

20. MHoromepHble rpadukm B Python — oT TpPEXMEPHbIX U 10 LUECTUMEPHbIX
https://habr.com/ru/post/456282/

21. Wnapranka no Bu3yanusaumu gaHHbIX B Python ¢ nomoLbto Plotly
https://habr.com/ru/post/502958/

22. he 954 most common RGB monitor colors, as defined by several hundred thousand participants in the xkcd color
name survey.
https://xkcd.com/color/rgb/
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