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Matplotlib

 Matplotlib — 6ubnmnoTteKka Ha A3biKe nporpammuposBaHus Python
ANA BU3yanm3auumn AaHHbIX ABymepHoU rpaduKkon (3D rpadumka
TaK)Xe noaaepxunBaerca).

[akeT noaaepKMBaeT MHOrMe BUApbl rpaduUKoB U AMarpamm:

* [paduku (line plot)

* [lnarpammbl pasbpoca (scatter plot)

e Cronbuatblie auarpammbl (bar chart) u ructorpammsl (histogram)
 KpyroBsble anarpammsl (pie chart)

e CrtBOn-nuct anarpammsl (stem plot)

* KoHTypHble rpadukm (contour plot)

* [lona rpagneHToB (quiver) y
* CneKkTpanbHble agnarpammsbl (spectrogram) k
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HecnoxKHble TpEXxmepHble TpadUKM MOXKHO
CTpouTb ¢ nomoubio mplot3d.

MOoHO co34aBaTb NPOCTble aHMMaLUN.

YcTaBHOKa:
pip install matplotlib

MmnopT
import matplotlib.pyplot as plt
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* matplotlib moxket ctpontb rpadpukn n3
06bIYHbIX CMUCKOB NI MaCCUBOB:

Import numpy as np
x = np.linspace(0, 5, 11)
y =x**2
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O O T O O

ba3oBble KOMaHAbI

t.plot(x, y, 'r') # r - 3HauuT red

t.xlabel('Ocb X')
t.ylabel('Ocb Y')

t.title('3aronoBok rpaduka’)

t.show();
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O O 0O O

HecKonbKo rpadpuKos
Ha OQHOM PUCYHKE

t.subplot(1, 2, 1)
t.plot(x, y, 'r--')

t.subplot(1, 2, 2)
t.plot(y, x, 'g*-');
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Ob6BbEKTHO-OPUEHTUPOBAHHBLIN CTUNb

# Co3gagmm nycrtoe NOAOTHO
figure = plt.figure()

# Ocu 3a4at0TCA Yepes CNUCoK U3 4-x yucen:

# KooOpANHaTbI 1€BOT0 HUXKHErO yrna, WMPUHA U BbicOTa.
axesl = figure.add_axes([0.1, 0.1, 0.8, 0.8])

axes2 = figure.add_axes([0.2, 0.5, 0.4, 0.3])

axesl.plot(x, vy, 'b")

axesl.set_xlabel('Moanucb ocn X 6onbluoro rpadpumka’)
axesl.set_ylabel('Moanuck ocn Y 6onbluoro rpadpumka’)
axesl.set_title('3aronosok 6onbworo rpadpuka’)

axes2.plot(y, x, 'r'")

axes2.set_xlabel('Moanuck ocn X\nmanoro rpadpumka’) \
axes2.set_ylabel('Mognuncb ocn Y\nmanoro rpadpumka’)

. cs.petrsu.ru
axes2.set_title('3aronosok manoro rpapuka'); =
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Co3aaHne HeCKO/IbKUX rpadUKoB
subplots()

# Bo3BpallaeT KopTex ¢ GUrypom n ocamm
# MNpumep co3aaHMA ABYX NYCTbIX rPaPUKOB
fig, axes = plt.subplots(nrows=1, ncols=2)

# MpKn NOCTPOEHUU HECKONBKO rPpadpMKOB OCK
# yacTo HaK/aabIBAOTCA APYr Ha Apyra. [ns

# ycTpaHeHuA aTon npobaembl NCNONb3YUTE
plt.tight_layout()
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CoxpaHeHue rpadpuKos

* MOXHO cOXpaHATb rpaduKkm B popmatax PNG,
JPG, EPS, SVG, PGF n PDF.

e 1nA coxpaHeHua rpadurKa HaZ0 UCMNOb30BaTb
meTopn, savefig knacca Figure.

fig.savefig("filename.png", dpi=200)
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JlereHAabl, NOANNCU OCEWN, 3aro/10BKU

e 3aros10BKu rpadunkoB (c noaaeprKKkon TeX-
Pa3MeTKK)

ax.set_title("3aronosok");
ax.set_title('Plot: Sy=x"2$")

* [Moanucu ocen

ax.set_xlabel("x")
ax.set_vylabel("y");
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e JlereHAapl - PN NOCTPOEHUU TPAadUKOB MOXKHO
VKa3biBaTb aprymeHT label="label text",

VKa3aHHble B HEM nognucu byayt oTobparKatbea

KaK Noanucu nereHa npu ncnosib3oBaHMM MeToa
legend:

fig = plt.figure()

ax = fig.add_axes([0,0,1,1])
ax.plot(x, x**2, label="x**2")
ax.plot(x, x**3, label="x**3")
ax.legend();
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* YnpaBaeHue pacnonoKeHNem nereHabl:

ax.legend(loc=1) # Bepx npaBo
ax.legend(loc=2) # Bepx neso
ax.legend(loc=3) # HK3 neBoO
ax.legend(loc=4) # H13 npaBo

ax.legend(loc=0) # onTMmanbHOE MECTONONOXKEHUE
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YCTaHOBKa UBeTa, TONLWMHbI U TUNA
JINHUW

e Ctunb MatLab

ax.plot(x, x**2, 'b.-') # CHAA NMHAA, TOYKA NYHKTUP

ax.plot(x, x**3, 'g--'); # 3enéHa NyHKTUPHAA IMHUA

* YKa3zaHue uBeToB B napameTpe color=u alpha

ax.plot(x, x+1, color="blue", alpha=0.5) # Monynpo3payHaa AnHua
ax.plot(x, x+2, color="#8B008B") # RGB
ax.plot(x, x+3, color="#FF8C00") # RGB K
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* CTuan "(MHUM U mapKepos
— TONLWMHA NNHUM - linewidth nam lw

— CTUNb ANHUU - linestyle naun |s
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ax.plot(x, x+1, color="red", linewidth=0.25)

ax.plot(x, x+2, color="red", linewidth=0.50) 0.0
ax.plot(x, x+3, color="red", linewidth=1.00)

ax.plot(x, x+4, color="red", linewidth=2.00) 175 -
# Bo3morKHble BapuaHTbl -, ‘=, -/ 7, ‘steps’ 1504
ax.plot(x, x+5, color=' green" lw= 3 Imestyle— -

ax.plot(x, x+6, color="green", lw=3, Is='-.")

ax.plot(x, x+7, color="green", lw=3, Is=":") 12:57
# KacTomHaA NyHKTUPHAA IMHUA 1007
line, = ax.plot(x, x+8, color="black", lw=1.50)

line.set_dashes([5, 10, 15, 10]) # dopmaT: AAMHA NHMA, ANNHA NPONYCKi 731
# Bo3amoXKHble mapKepsbl: marker ='+', 'o', '*', 's', "', ', "1, 120, 130, 4, L. 307
ax.plot(x, x+ 9, color="blue", lw=3, Is='-', marker="'+')

ax.plot(x, x+10, color="blue", Iw=3, Is="'--', marker='o0") 2.5 1
ax.plot(x, x+11, color="blue", Iw=3, Is="-', marker='s')

ax.plot(x, x+12, color="blue", lw=3, Is='--', marker='1") 0.0

# Pazmep n uBeT MmapKepos
ax.plot(x, x+13, color="purple", lw=1, Is='-', marker='o', markersize=2)
ax.plot(x, x+14, color="purple", lw=1, Is='-', marker='o', markersize=4)

ax.plot(x, x+15, color="purple", lw=1, Is='-', marker='o', markersize=8, markerfacecolor="red")

ax.plot(x, x+16, color="purple", lw=1, Is='-', marker='s', markersize=8,

markerfacecolor="yellow", markeredgewidth=3, markeredgecolor="green");
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[1nana3oH 3HayeHunmn rpaduka - metoabl set_ylim, set_xlim u
axis(['off'|'equal'|'scaled’| 'tight'|'image'|'auto'|'normal’|'squ

are']):

fig, axes = plt.subplots(1, 3, figsize=(12, 4))

axes
axes

axes
axes
axes

axes
axes
axes

0]
0

plot(x, x**2, x, x**3)
.set_title("CrangapTHbI grnana3oH ocen”)

plot(x, x**2, x, x**3)
.axis('tight')
set_title("«TecHble» ocun")

plot(x, x**2, x, x**3)
.set_ylim([0, 60])
set_xlim([2, 5])

.set_title("3agaHHblI TOYHBIMK 3HaYEeHUAMM\NAMaNas(
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3afaHHbIA TOYHLIMW 3HAYEHUSAMW

CTaHOapTHbLIA Anana3oH ocewn «TecHble» ocKn o AnanasoH ocen
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[pyrne Tnnbl rpaPuUKoB

plt.scatter(x,y)
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from random import
sample data = sample(range(1, 1000), 100)
plt.hist(data);
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data = [np.random.normal(0, std, 100) for std in range(1, 4)]

# rectangular box plot
plt.boxplot(data,vert=True,patch_artist=True);
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* [ly3blpbKoBaA Anarpamma — metos encircle()

Bubble Plot with Encircling

- (-
2323

En3ZZETiEE
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import matplotlib.pyplot as plt

types = 'Group 1', 'Group 2', 'Group 3'
types_data = [8,22,2]
colors =['y','r','b']

plt.pie(types_data, labels = types, colors=colors ,shadow =
True, explode = (0.05, 0.05, 0.05), autopct = '%1.1f%%')

plt.axis('equal’)

plt.show() K
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* Kpyrosaa amarpamma

# Import

df _raw = pd.read_csv("https://github.com/selva86/datasets/raw/master/

# Prepare Data
df = df_raw.groupby('class').size()

# Make the plot with pandas

df.plot(kind="pie', subplots=True, figsize=(8, 8), dpi= 80)
plt.title("Pie Chart of Vehicle Class - Bad")

plt.ylabel("")

plt.show()

mpg_ggplot2.csv")

Pie Chart of Vehicle Class - Bad

midsize

compact

minivan

2seater

pickup

subcompact



* [lonAapHble KOOPAUHATDI:
Import numpy as np
import matplotlib.pyplot as plt

90°

t = np.arange(0,2*np.pi, 0.02)
plt.polar(t, t)

180°

plt.show()

270°




* [loBepXHOCTHU:
import numpy as np
import matplotlib.pyplot as plt
from mpl_toolkits.mplot3d import Axes3D

def fun(x, y):
return x**2 +vy

fig = plt.figure()
ax = fig.add_subplot(projection='3d’)

x =y = np.arange(-3.0, 3.0, 0.05) 10.0

X, Y = np.meshgrid(x, y) |

zs = np.array(fun(np.ravel(X), np.ravel(Y))) '

Z = zs.reshape(X.shape) 3.0
2.5

surf = ax.plot_surface(X, Y, Z, cmap="'winter') 0.0
-2.5

fig.colorbar(surf, shrink=0.5, aspect=5)

plt.show()




* [NoapobHee B AOKYMEHTALUUN:
https://matplotlib.org/2.0.2/users/index.html

* Mpumepbl OT pa3paboTUYNKOB:
https://matplotlib.org/2.0.2/examples/index.html|

* OnncaHune anarpamm Ha xabpe:
https://habr.com/ru/post/468295/ k
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https://matplotlib.org/2.0.2/users/index.html
https://matplotlib.org/2.0.2/examples/index.html
https://habr.com/ru/post/468295/

 HacTpouTb Ha CBOEN MALLUHE.

* Mcnonb3osaTtb cepBep kappa / paboumne cTtaHUMU
B KOMM.Knaccax (guix).

* Online cepBuceil:
— https://colab.research.google.com/

— https://www.tutorialspoint.com/execute matplotlib
online.php

— https://www.codabrainy.com/en/python-compiler/

— Opyrue .... \
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https://www.tutorialspoint.com/execute_matplotlib_online.php
https://www.codabrainy.com/en/python-compiler/

Plotly

e HecnsiaTHada bubnmorteka
— HO MOXXHO UCMNOJZIb30BAdTb B KOMMEPYECKNX Lenax

e pabotaer offline

* No3BosAdeT CTPOUTb MUHTEPAKTUBHDbIE
BU3Yad/IU3aLUN
— MOHO M3y4yaTb AaHHble «Ha neTy» ( He Hago

nepectpamnBatb rpaduk B matplotlib, uasmeHaTsb
MacLuTab, BKAoYaTb/BbIK/HOYATb KaKMe-To AaHHble)

— MOXHO NOCTPOUTb NOJIHOUEHHbIN UHTEPAKTUBHbIL—
OoTYeT k
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* YCTaHOBKa:
pip install plotly
+ 3aBucmmoctn Pandas n Numpy

* BHayvane pabotbl HEOHXOAMMO MMMOPTUPOBATD:
import plotly
import plotly.graph_objs as go
import plotly.express as px
from plotly.subplots import make_subplots

iImport numpy as np
import pandas as pd
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JINHENHbIN TpaPUK

* PaccmoTpmm NocTpoeHue NpocToro rpadurka no

TOYKaAM:
f(x)=x?

* BapuaHT 1:

— Co3paTtb rpadmK ¢ nomoLbio PyHKUMM scatter ns
noamoayns plotly.express (nepenasan 2 cnMcka TOYEK:
KoopanHaTbl X 1Y)

— [loKa3aTb ero c nomolubto metoaa show()

N.C.: rpaduUK MHTEPAKTMUBHDIN, €C/TN HABECTU HA HEro Kypcop, To
MOXHO ero npnbamnKaTtb 1 yaanaTb, BblAeNATb Y4aCTKK, NO

A
HaBeJEeHUIO Kypcopa Ha TOYKY nosiy4yaTb NoapobHyo nHpopmanio, |1
BO3BpPALLLATb KAPTUHKY B UCXOAHOE MONOXKEHME, COXPAHATL KakK Ppai
(Bce 31O peanunsyeTca Ha js B bpay3epe). | cs.petrsu.ru




 Koa ana co3paHuA rpaduka:
X = np.arange(0, 5, 0.1)
def f(x):
return x**2

px.scatter(x=x, y=f(x)).show()

* Ho nyyuwe TakK:
figure = px.scatter(x=x, y=f(x))
figure.show()
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n.c.: B otanumne ot Matplotlib otaenbHble
06BbEKTbI OCEN HE CO3aat0TCA.

Jcs.pet

rsu.ru




* Y BapuaHTa express mano rubKocTn, nosTomy
PAacCMOTPUM BTOPOI BapUaHT:

— co34aanm GUrypy v HAaHEeCEM Ha Heé 0H6BbEKTbI

— BbiBegem GUrypy A4/1 NOKa3a C NOMOLLbIO MeToaa
show()

figure = go.Figure()
figure.add_trace(go.Scatter(x=x, y=f(x))) '
figure.show() K
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* OCHOBHbIE OT/IMYMNA B pe3y/bTaTe
— NOZIYy4nnacCb rMmagkaad KpuBad

— MOXHO CTPOUTb HECKO/IbKO KPUBbIX HA OAWNH
rpadpuK

figure = go.Figure()
figure.add trace(go.Scatter(x=x, y=f(x)))
figure.add_trace(go.Scatter(x=x, y=x))

figure.show() K
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HacTponKa oTtobparkeHus

* Plotly nognepxusaet LATEX B noanucax (Kak
n matplotlib yepes ncnonbsosaHue SS c obeunx
CTOPOH).
— MUHYC B TOM YTO NOACKA3KUM B CbIPOM BUNAE

— MOXHO ncnonb3oBatb Term HTML
f(x)=x<sup>2</sup>
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update layout

N3meHeHne pacnosioxKeHne nereHapl, OTCTynos, NOANNCEN
K ocam U rpaduky yepes update layout:

— napametpsbl legend, legend_orientation
— napameTp margin
— napamertpel title, xaxis_title, yaxis_title

figure = go.Figure()
figure.add_trace(go.Scatter(x=x, y=f(x), name="f(x)=x<sup>2</sup>'))
figure.add_trace(go.Scatter(x=x, y=x, name='55g(x)=x5S"))
figure.update_layout(legend_orientation="h",

legend=dict(x=.5, xanchor="center"),

title="Plot Title",

xaxis_title="x Axis Title",

yaxis_title="y Axis Title",

margin=dict(l=0, r=0, t=30, b=0)) K

figure.show() | cs.petrsu.ru
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add trace

* HacTpoliKa BapuaHTa oTobpaxKeHums Yyepes:

— JIMHUA U TOYKMU:
figure.add_trace(go.Scatter(x=x, y=f(x),
mode='lines+markers',
name="f(x)=x<sup>2</sup>'))
— TO/IbKO TOYKMU:
figure.add_trace(go.Scatter(x=x, y=x,
mode="markers', name='$5g(x)=x5$$"))
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add trace

* MOHO HAaCTPOUTb MapKepbl ANA KOHKPETHOMU
KPUBOMW:
figure.add_trace(go.Scatter(x=x, y=x,
mode='markers', name="'g(x)=x,
marker=dict(color='LightSkyBlue', size=20,
line=dict(color="MediumPurple’, width=3))))

\
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update traces

M3ameHeHMe NnapameTpoB oTobparkeHuMsa Yepes update_traces:

BbiBOoA, MHPOpMaLMKM M POPMATUPOBAHHDIN WABNOH BbIBOAA
(mnapameTpbl hoverinfo+hovertemplate):

figure.update_traces(hoverinfo="all",
hovertemplate="AprymeHnT: %{x}<br>®ynKkumna: %{y}")

[1nA CUHXPOHHOTO BbIBOJA HECKONIbKUX KPUBBIX B OAHOWN TOYKE
MOKHO HaCTPOUTb PeXMM NoKasa NoACKa30K (napameTp
hovermode):

figure.update_layout(legend_orientation="h",
legend=dict(x=.5, xanchor="center"),
hovermode="x",
margin=dict(l=0, r=0, t=0, b=0))
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update yaxes, update xaxes

* I3MmeHeHMne MHTepBasioB OTODpaXKeHna A1 OCen:
figure.update yaxes(range=[-0.5, 1.5])
figure.update xaxes(range=[-0.5, 1.5])

s.petrsu.ru




update yaxes, update xaxes

 HaHecem oceBble TNHUWU:

— zeroline — BbIBOAUTb UM HET OCEBYHO TIMHULO

— zerolinewidth — 3apaét TonwmnHy ocesow (B
MUKCENAX) NMHUU

— zerolinecolor — 3apaét uBeT oceBon NMHUU

figure.update yaxes(range=[-0.5, 1.5], zeroline=True,
zerolinewidth=2, zerolinecolor='"LightPink’)

figure.update xaxes(range=[-0.5, 1.5], zeroline=True,
zerolinewidth=2, zerolinecolor="#008000") K
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CKkpbiTne rpadunKos: visible
def h(x):

return np.sin(x)

def k(x):
return np.cos(x)

def m(x):
return np.tan(x)

figure = go.Figure()
figure.update_yaxes(range=[-0.5, 1.5], zeroline=True, zerolinewidth=2, zerolinecolor='LightPink’)
figure.update_xaxes(range=[-0.5, 1.5], zeroline=True, zerolinewidth=2, zerolinecolor="#008000')
figure.add_trace(go.Scatter(visible='legendonly’, x=x, y=h(x), name="'h(x)=sin(x)'))
figure.add_trace(go.Scatter(visible='legendonly’, x=x, y=k(x), name="k(x)=cos(x)'))
figure.add_trace(go.Scatter(visible='legendonly’, x=x, y=m(x), name="'m(x)=tg(x)"))
figure.add_trace(go.Scatter(x=x, y=f(x), mode='lines+markers', name="'f(x)=x<sup>2</sup>'))
figure.add_trace(go.Scatter(x=x, y=x, mode='markers',name="g(x)=x',

marker=dict(color="'LightSkyBlue', size=20, line=dict(color="MediumPurple', width=3))))
figure.update_layout(legend_orientation="h",

legend=dict(x=.5, xanchor="center"),

hovermode="x",

margin=dict(l=0, r=0, t=0, b=0))
figure.update_traces(hoverinfo="all", hovertemplate="AprymeHT: %{x}<br>®yHkumna: %{y}")
figure.show()
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make subplots

Moaynb Ana co3gaHna GUryp ¢ HECKONbKMMU rpapukamum
— HeO6XO,CI,MMO YKa3aTb KO/IMYECTBO: rOW — CTPOK, col — CTOJ'I6LI,OB.

Mpu nocTpoeHun rpadpuKka nepeaaTtb «KOOPAUHATLI» rpaduKa B 3TOM
«maTtpuue» (cnepsa CTPOKa, NOTOM cTonbed,)

figure = make_subplots(rows=1, cols=2,
specs=[[{'type':'domain'}, {'type':'domain'}]])

Mo3KHO 3a4aTb 3aronoBKku rpadpuKos Yepes arpymeHT subplot_titles
KOpTeX/CNMCOK C Ha3BaHUAMM.

figure = make_subplots(rows=1, cols=2,
subplot_titles=("Plot 1", "Plot 2"))

MOHO M3MeHATb pa3mepbl rPadUKOB Yepes COOTHOoLWeHUe 2:1
(column_widths — 3apaéT oTHOWeEHMA WUPUHbI TPadUKOB,
row_heights — BbicoT rpadmkos)

figure = make_subplots(rows=1, cols=2, column_widths=[2, 1])
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figure = make_subplots(rows=1, cols=2)

figure.update_yaxes(range=[-0.5, 1.5], zeroline=True, zerolinewidth=2, zerolinecolor="'LightPink’)
figure.update_xaxes(range=[-0.5, 1.5], zeroline=True, zerolinewidth=2, zerolinecolor='#008000")

figure.add_trace(go.Scatter(x=x, y=h(x), name="'h(x)=sin(x)"), 1, 1)
figure.add_trace(go.Scatter(x=x, y=k(x), name="'k(x)=cos(x)'), 1, 1)
figure.add_trace(go.Scatter(visible='legendonly', x=x, y=m(x), name='m(x)=tg(x)'), 1, 1)

figure.add_trace(go.Scatter(x=x, y=f(x), mode='lines+markers', name="'f(x)=x<sup>2</sup>'), 1, 2)
figure.add_trace(go.Scatter(x=x, y=x, mode='markers',name="g(x)=x',

marker=dict(color='LightSkyBlue', size=20, line=dict(color="MediumPurple', width=3))), 1, 2)
figure.update_layout(legend_orientation="h",

legend=dict(x=.5, xanchor="center"),

hovermode="x",

margin=dict(I=0, r=0, t=0, b=0))

figure.update_traces(hoverinfo="all", hovertemplate="AprymeHT: %{x}<br>®yHKumna: %{y}") K

figure.show()
| cs.petrsu.ru
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update xaxes/update yaxes

* MOHO M3MEHUTb OCb TO/IbKO HA KOHKPETHOM
rpaduke:

figure.update yaxes(range=[-0.5, 1.5],
zeroline=True, zerolinewidth=2,
zerolinecolor='LightPink', col=2)

figure.update_xaxes(range=[-0.5, 1.5],
zeroline=True, zerolinewidth=2, .
zerolinecolor="#008000', col=2) \
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update xaxes/update yaxes

* [lepeonpeaenm noanucu ocem Ana PasHbIxX
noarpadpuKos vepes title/row/col

figure.update xaxes(title='Ocb X rpaduka 1', col=1, row=1)
figure.update xaxes(title='Ocb X rpaduka 2', col=2, row=1)
figure.update_yaxes(title='Ocb Y rpadpuka 1', col=1, row=1)
figure.update_yaxes(title='Ocb Y rpaduka 2', col=2, row=1)

| cs.petrsu.ru




Plot Title
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[MTpnmepobl subplots

* Bosnblue Nnpumepos ¢ noarpadmkamm B
NOKYMEHTaLUN:
https://plotly.com/python/subplots/
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https://plotly.com/python/subplots/

TennoBaAa KapTa

Moagndunumpyem nepsbin rpadPuK, HO YBEANYUM KONNYECTBO
oTobparkaemon MHPOPMaLUN, UCMONb3YA LLIBETOBYHO KOAMPOBKY.

— WCMOoJIb3yA TENJIOBYIO KAapTy — YeM Bbllle 3HaYeHNEe HEKOWN BEIUUYMHDI,
TeEM «Tensee» LUBeT.

[ns satoro y obbekTa go.Scatter ncnonbayem atpmbyt marker,
nepegaém cneayouwme aTpnbyTbl B C10Bapb:

— color — cn1CoK 3Ha4YeHn No KOTopbIM ByayT BbibMpPaTLCA LBETA.
INeMEeHTOB CMUCKA A0MKHO ObITb CTONbKO ¥KE, CKOMIbKO U TOYEK.

— colorbar — cnoBapb, ONUCbLIBAIOLWLNIA MHAUKALMOHHYIO NONOCY LBETOB
cnpasa oT rpaduka. MpMHMMaEeT Ha BXo, choBapb. Mcnonb3yem title —
3aron0BOK NOJOCHI.

figure.add_trace(go.Scatter(x=x, y=f(x), mode='lines+markers’,
name="f(x)=x<sup>2</sup>', Y

marker=dict(color=h(x), K
colorbar=dict(title="h(x)=sin{x}'Detrsu.ru
colorscale='Inferno')))




fig = go.Figure()
fig.add_trace(go.Scatter(x=x, y=f(x), mode='lines+markers’,
name="f(x)=x<sup>2</sup>',
marker=dict(color=h(x),
colorbar=dict(title="h(x)=sin(x)"),
colorscale='Inferno')))

fig.add_trace(go.Scatter(visible='legendonly’, x=x, y=h(x),
name="h(x)=sin(x)"))

fig.add_trace(go.Scatter(visible='legendonly', x=x, y=k(x),
name="k(x)=cos(x)'))

fig.update_layout(legend_orientation="h",
legend=dict(x=.5, xanchor="center"),
margin=dict(l=0, r=0, t=0, b=0)) Y

fig.update_traces(hoverinfo="all", K
hovertemplate="AprymeHT: %{x}<br>®yHKuna: %{y}" ).cs-petrsu.ru

fig.show()
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AHMMaUNA

CO34aeTca U3 CNMCKa Kaapos - ppenmos
dpenm - rotoBbln rpaPuK

co3aaetcs yepes go.Frame() c akrymeHTom data

KHonKku (pobasnstorca yepes update_layout):

"updatemenus": [{"type": "buttons”,
"buttons": [{"label": "Your Label",

"method": "animate’

"args": [See Below]}]

1
’

j]

Jcs.pet
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* PaccmoTpum npumep cos3gaHms
nocaenoBaTe/IbHOCTHU:

frames=([]
foriinrange(1, len(x)):
frames.append(go.Frame(data=[go.Scatter(x=x]:i],

y=f(x[:i]))]))

* [Nanee ppenmbl HeobXxooMMO NepesaTb B GUrypy
(aTpnbyT frames):
figure.frames = frames k

| cs.petrsu.ru |




AHMMaUNA

* BTOpoOW BapuaHT - 334aTb Ha4Ya/IbHOE COCTOAHUE, COM (C KHONKamu) n Bce
dpenmbl nepenatb B 06beKT go.Figure:
frames=[]
foriin range(1, len(x)):
frames.append(go.Frame(data=[go.Scatter(x=x[:i+1], y=f(x[:i+1]))]))

figure = go.Figure(data=go.Scatter(x=[x[0]], y=[f(x[0])], mode='lines+markers’,
name="f(x)=x<sup>2</sup>'),
frames=frames,
layout=dict(legend_orientation="h",
legend=dict(x=.5, xanchor="center"),
updatemenus=[dict(type="buttons",
buttons=[dict(label="Play",
method="animate", args=[None])])],
margin=dict(I=0, r=0, t=0, b=0))) "

figure.update_traces(hoverinfo="all", cs.petrsu.ri
hovertemplate="AprymeHt: %{x}<br>®yHkuma: %{y}") |

figure.show() .



Cnangep

* NOXOX HAa aHMMaUHNIO

* 3TO 3/1EMEHT HaBUrauum — N0NA0CKa No
KOTOPOW CKOJIb3UT NON3YHOK, KOTOPbIU

yrpassseT COCTOAHUEM rpaduKoB Ha purype

 Bce rpadmKm cpasy ecTb, CKPbIBAOTCS/MNOKa3bIBAIOTCA B
3aBUCUMOCTU OT NOJIOXKEHUSA MON3YHKA.

* [lpumepbl TYT:
https://plotly.com/python/animations/ _

| cs.petrsu.ru



https://plotly.com/python/animations/

[Toka3s plotly rpadpmnkoB Ha canTte

* Plotly — 31O He TonbKo 6ubanoTeKka ana
Python, HO ewWwé n JS, 3To 3Ha4YuT, YTO NtoObLIE
roadpuKKn, KOTOpble Bbl CTPOUTE B jupyter
notebook, Bbl MoXeTe noka3biBaTb U Ha canTe
(ecnn oH Ha Python, nnbo ecnun Bbl 3apaHee
BbIrpy3mTe BCE Heobxoanmoe).

| cs.petrsu.ru




[Tonumep:

import json
#co3pnaém cBom rpadumk B purype figure u Bbirpyr*kaem ero B popmart json
graphJSON = json.dumps(figure, cls=plotly.utils.PlotlyJSONEncoder)

#BbIrPy3mm json B pann
with open(‘example.JSON', 'w') as file:
file.write('var graphs = {};,'.format(graphJSON))

[Nanee co3paem ¢pann html... \
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<IDOCTYPE html>

<html>
<head>

</head>
<body>

</body>
</html>

<meta charset="utf-8">
<title>MNpumep paboTbl Plotly Ha calTe</title>

<script src="https://cdn.plot.ly/plotly-latest.min.js"></script>
<script src="https://cdnjs.cloudflare.com/ajax/libs/d3/3.5.6/d3.min.js"></script>

<h1>MNpumep paboTbl Plotly Ha caiTe</h1>
<div class="chart" id="plotly_graph"></div>

<script src="example.JSON"></script>
<script>Plotly.plot('plotly_graph',graphs,{});</script>
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4YTo MOXXHO eLle

Kpyrosble gnarpammsil

[Ty3bIpbKOBbIE AMArpaMmmbl

[ucTorpammsl

KOHTYpPHble rpadunKu

[TonAapHble KapThbl

Awmkm c ycamm (Box Plots)

[eorpaduyeckme Kaptbl(Scattermapbox)
[ToBepXHOCTH

Busyanunsauyum

n MHoroe gpyroe... https://plotly.com/python/
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https://plotly.com/python/

Bua ucnbitanuit
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Manim

— 3TO CpeACcTBO ANA CO34aHMA TOYHbIX aHUMaLUN,
C MOMOLLLbIO KOTOPbIX NOSACHAOTCA pa3Hble
MaTemaTuyeckme onepauum

* BU3yanusauma ana Data Science

* UANOCTPUPOBATb CBOU UAEUN N PACCYKAEHUS O
MaTeEMaATUKeE

* VIyYlWIEHNE NOHMMAaHNA MaTEMATUYECKUX
KoHUenuum (Hanp. anropuTmMmbl MaLLMHHOTO

obyyeHusn) k

| cs.petrsu.ru




YCTaHOBKAa

e https://docs.manim.community/en/stable/ins

tallation.html

* [locne ycTaHOBKM 3aBUCMMOCTEN BBeAUTE
KomMmaHay:

pip install manim

Jcs.pet
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https://docs.manim.community/en/stable/installation.html

Koa ana co3pgaHua aHMmauum onpeaensaeTca BHYyTPU MeToaa
construct nony4yaemoro n3 Scene Knacca:

from manim import *
config.background_color = DARK_GRAY

class PointMovingOnShapes(Scene):
def construct(self):
square = Square(color=BLUE) # Create a square
square.flip(RIGHT) # Flip the square to the right
square.rotate(-3 * TAU / 8) # Rotate the square -3/8 * 2*P|

# Play the animation of a square growing from the center
self.play(GrowFromCenter(square))

Jcs.pet

rsu.ru




* CoxpaHuTe 3TOT CKpUNT C UMeHem start.py.
3anycTuTe KOMaHAay HUXKe, YToObI
creHepumpoBaTb BNAEO U3 CKpUNTA.

manim -p -ql start.py PointMovingOnShapes
# bynet coxpaHeHo Bnaeo PointMovingOnShapes.mp4
manim -p -qgl -i start.py PointMovingOnShapes

# -i creHepupoBsaTb GIF-aHMMauUmMto K

| cs.petrsu.ru




* bonee noapobHo:

https://docs.manim.community/en/stable/ref

erence/manim.mobject.eceometry.html

Jcs.pet
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https://docs.manim.community/en/stable/reference/manim.mobject.geometry.html

YpaBHEHMA C NOABUKHOU PaMKOU

* TaK¥e MOXXHO c031aBaTb aHMMALNN,
BbIBOAALLME MaTEMATUYECKME YPABHEHUA C
NOABUKHOW PAMKOW, HaNnpumep Takue:

Jcs.pet

rsu




class MovingFrame(Scene):
def construct(self):
# Write equations
equation = MathTex("2x"2-5x+2", "=", "(x-2)(2x-1)")

# Create animation
self.play(Write(equation))

# Add moving frames
framebox1 = SurroundingRectangle(equation[0], buff=.1)
framebox2 = SurroundingRectangle(equation[2], buff=.1)

# Create animations
self.play(Create(framebox1)) # creating the frame

self.wait()
# replace frame 1 with frame 2
self.play(ReplacementTransform(framebox1, framebox2))

self.wait() k
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* Inn 3anumcbiBaTh LLArv peLleHus ypaBHeHuUA:




class MathematicalEquation(Scene):
def construct(self):

# Write equations

equationl = MathTex("2x"2-5x+2")
eq_sign_1 = MathTex("="

equation2 = MathTex("2x"2-4x-x+2")
eq_sign_2 = MathTex("="
equation3 = MathTex("(x-2)(2x-1)")

# Put each equation or sign in the appropriate positions
equationl.next_to(eq_sign_1, LEFT)
equation2.next_to(eq_sign_1, RIGHT)

eq_sign_2.shift(DOWN)
equation3.shift(DOWN)

# Align bottom equations with the top equations
eq_sign_2.align_to(eq_sign_1, LEFT)
equation3.align_to(equation2, LEFT)

# Group equations and sign
eq_group = VGroup(equationl, eq_sign_1, equation2, eq_sign_2, equation3)

# Create animation

self.play(Write(eq_group)) \
self.wait()

| cs.petrsu.ru




[epemelleHne U NaHOPaMMUPOBaHME

TaK*e MOXHO C NOMOLLbIO 0O6BbEKTa
MovingCameraScene:

— HanpPaBNATb 'Kamepy' Ha OTAe/IbHble YaCTU
YPaBHEHUA

— yBe/IMYMBATb MacLLUTabbl OTOOpaXKeHMA TaKNX MmecT

\
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— dx
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class MovingAndZoomingCamera(MovingCameraScene):
def construct(self):
# Write equations
equation = MathTex("2x"2-5x+2", "=", "(x-2)(2x-1)")

self.add(equation)
self.play(self.camera.frame.animate.move_to(
equation[0]).set(width=equation[0].width*2)
self.wait(0.3)
self.play(self.camera.frame.animate.move_to(

)

*2)

cs.pet
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[locTpoeHune rpapuUKos

* [lakeT manim TaKXe MO*HO MCNO0/1b30BaTb

NNA co30aHMA aHHOTUPOBAHHbIX FPAPUKOB:

Jcs.pet
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class Graph(GraphScene):
def __init__ (self, **kwargs):
GraphScene. _init__(

self,
X_min=-3.5,
X_max=3.5,
y_min=-5,
y_max=5,
graph_origin=0RIGIN,
axes_color=BLUE,
x_labeled_nums=range(-4, 4, 2), # x tickers
y_labeled_nums=range(-5, 5, 2), #y tickers
**kwargs

)

def construct(self):
self.setup_axes(animate=False)
# Draw graphs
func_graph_cube = self.get_graph(lambda x: x**3, RED)
func_graph_ncube = self.get_graph(lambda x: -x**3, GREEN)
# Create labels
graph_lab = self.get_graph_label(func_graph_cube, label="x"3")
graph_lab2 = self.get_graph_label(func_graph_ncube, label="-x"3", x_val=-3)
# Create a vertical line
vert_line = self.get_vertical_line_to_graph(1.5, func_graph_cube, color=YELLOW)
label _coord = self.input_to_graph_point(1.5, func_graph_cube)

text = MathTex(r"x=1.5")

text.next_to(label_coord)

self.add(func_graph_cube, func_graph_ncube, graph_lab, graph_lab2, vert_line, text) cs.petrsu.ru
self.wait() ]




* EC/AM HYXXHO NOAY4YUTb N30bparkeHumne
nocneaHero Kagpa cueHbl, 4obaBbTe K
KOMaHAe onuuio -S:

manim -p -gh -s more.py Graph




* TaK¥e MOXHO aHMMMPOBATb NpoLecc
nobaBneHmnsa ocen: AnA 3TOro Hy»KHO
YCTaHOBUTb NapameTp animate=True.

def construct(self):
self.setup axes(animate=True)

Co3gaem aHMMaUuto:
manim -p —gh -i more.py Graph

Jcs.pet
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CoBMmecTHOe nepemelleHne obbeKTos

e [1nA rpynnuUpoOBKKU PA3NNYHbIX OOBEKTOB
Manim n nx COBMeCTHOro nepemeLlleHuns
MOXHO BOcnoab3oBaTbca VGroup:

“o

\
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OTcneXmnBaHue nepemelleHUA

e [1na oTobparkeHnA cnena ABUKyLLerocs

0bbeKTa MOXHO Bocnosib3oBaTbca TracedPath:

cs.pet
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NToru

MakeT manim paboTaeT c Tpema BUAaMn 06beKTOB:

— Mobjects: 06bEKTbI, KOTOPbIE MOTYT BbIBOAUTLCA Ha 3KpaH, Hanpumep Circle (OKpy*KHOCTb),
Square (KBaagpar), Matrix (MaTpuua), Angle (Yron) v np.
— CueHbl: "xonctbl" gna co3gaHma aHumaummn, Hanpumep Scene, MovingCameraScene u np.

— AHMMaUMKU: aHUMaALKUK, NTPpUMeHAeMble K 06bekTam Mobjects, Hanpumep Write (3anucatb),
Create (Co3patb), GrowFromCenter (YBennuutb ot ueHTpa), Transform (MpeobpasosaTtb) u np.

O3HAaKOMMUTbLCA C PYKOBOACTBOM MO UCMNONAb30BaHUIO Manim MOMKHO TyT
https://docs.manim.community/en/stable/tutorials.html

https://notebooks.gesis.org/binder/jupyter/user/manimcommunity-
jupyter examples-5qle6fbb/lab/workspaces/auto-
k/tree/basic example scenes.ipynb

Mpu nomoLLmM manim KpacoTa MaTeMaTUKN NpMOBpeTaeT BeWecTBeHHoe

BblpaXeEHUE. \
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https://docs.manim.community/en/stable/tutorials.html
https://notebooks.gesis.org/binder/jupyter/user/manimcommunity-jupyter_examples-5qle6fbb/lab/workspaces/auto-k/tree/basic_example_scenes.ipynb

Lpyrue...

* py-gnuplot
https://pypi.org/project/py-gnuplot/
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https://pypi.org/project/py-gnuplot/

