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YacTtb |. Bubnunorteka Matplotlib

BBeneHue

bubnunoteka Matplotlib siBnseTca ogHMM M3 cCaMbIX MOMYNsSPHbIX CPeacTB
BU3yanusaummn gaHHbiX Ha Python. OHa OTNNMYHO NOAXOAUT Kak ansl co3gaHus
CTaTU4YHbIX UM300paxXeHun, Tak WM aHUMUPOBAHHBLIX, U WHTEPAKTMUBHbIX

peLueHnn.

Matplotlib siBnsetcsa vactbto Scientific Python — Habopa 6ubnuotek and
Hay4YHbIX BbIYMCIIEHWI 1 BU3yanusaummn aaHHbIX, Kyaa Takke Bxoast NumPy',

SciPy?, Pandas®, SymPy* v elué psag apyrux MHCTPYMEHTOB.

B otonm kHure OyayT paccMOTpeHbl BOMPOCHI Bu3yanu3aumm [OaHHbIX, a
WMEHHO MNOCTPOEHME JIMHEWHbLIX W CTyneHyaTbiX rpadukos, aAuarpamm
paccesHus, ctondyaTtbiX N KPYroBbiX guarpamm, ructorpamm n 3D rpadumkos.
Bornbwoe BHUMaHWE yOeneHoO HacTpOWKe BHELIHero BuAaa rpadukos, WX

anemMeHTamMm 1 KOMIMOHOBKeE.

Mpn onncaHnn napameTpoB (yHKUMK OyaeT MCnosib3oBaTbCA Ccrenyowunmn
doopmar:
* umaA_aprymeHTa: Ttun(bl)
© onucaHue
Ecnn B onucaHuM Tuna AaHHbIX eCTb CroBO optional, 3TO 3HAYUT, YTO
OAHHbIA NapamMeTp UMEET 3HavyeHue Mo YMOM4YaHu, N ero He obasaTenbHO

ABHO YKa3blBaTb.

https://numpy.org/

https://scipy.org/
https://pandas.pydata.org/
https://www.sympy.org/en/index.html

AOWON -



https://www.sympy.org/en/index.html
https://pandas.pydata.org/
https://scipy.org/
https://numpy.org/

maBa 1. BbicTpbIN cTapT

1.1 YcTaHOBKa

1.1.1 BapunaHTtbl yctaHoBku Matplotlib

CyLiecTByeT ABa OCHOBHbIX BapuaHTa ycTtaHoBkn Matplotlib: nepBbii — 3TO
pa3BépTbiBaHMEe naketa Anaconda, B COCTaB KOTOPOro BXoauT
UHTepecywas Hac 6ubnunoteka, BTOpon — YycTtaHoBka Matplotlib c
noMoLWbi0 MeHemkepa nakeToB. [1po wHcTannauuio Anaconda MoxeTe

npounTaTh Ha devpractice.ru®.

1.1.2 YctaHoBKa Maiplotlib c nomoLb0 MeHeaxepa pip

[Ona yctaHoBkun Matplotlib ¢ nomowblo MeHemkepa MakeToB pip BBeAUTE B

KOMaHAOHOM CTpOoKe Balleun onepaumMoHHON CUCTEMbI Crneayowmne KoMmaHab!:
python -m pip install -U pip
python -m pip install -U matplotlib

MepBass n3 HMx oBbHOBWUT Baw pip, BTOpaa ycTaHoBuT Matplotlib co Bcemm

HGOGXOD,VIMI:IMI/I 3aBUCUMOCTAMN.

1.1.3 NpoBepKa ycTaHOBKMU

[Ana npoBepkM TOro, YTO BCE YCTAHOBWUMNOCb MpPaBUIbHO, 3anycTute

nHTepnpeTatop Python n BBeAUTE B HEM KOMaHAy umnopTa:

import matplotlib

Ecnn coobuweHnnn o6 owmbke He BbINO, TO 3HaA4UNT OGubnuoteka Matplotlib

yCTaHOBJ1EHA U €€ MOXHO UCNOoMnb30BaTh.

5 https://devpractice.ru/python-lesson-1-install/



https://devpractice.ru/python-lesson-1-install/
https://devpractice.ru/python-lesson-1-install/

[MpoBepum Bepcuto GUBNMOTEKN, OHA, CKOopee Bcero, OyaeT oTnu4atbCs OT

NPUBEOEHHOWN HUNXeE:

>>> matplotlib. version__
'3.0.3"

1.2 BbICTpbIN CTApPT

Mepen Tem Kak yrnyoutbcsa B getanun Matplotlib, pacCMOTPUM HECKOSbKO
NPUMEpPOB, M3Y4MB KOTOpPblE, Bbl CMOXETe MCNonb3oBaTb OMBnMoTeky ans
pelleHnss CBOMX CODCTBEHHbLIX 3aday M NosydYnTe UHTYUTUBHOE MOHUMaHue

MPUHUMNOB paboThbl C 3TUM MHCTPYMEHTOM.

Ecnn Bbl ncnonbsyete Jupyter Notebook, To gna Toro, 4TOoObI nonyyatb
rpadoukm psaom Cc a4enKammn ¢ Kogom, HEOBXOANMMO BbINOSTHUTL CreunanbHyr

magic komaHngy nocne nmnopta Matplotlib:

import matplotlib.pyplot as plt
%matplotlib inline

Pesynbrat paboTtbl 6yaeT BbIrmMsAeTb Tak, Kak Noka3aHo Ha pucyHke 1.1.

In [1]: import matplotlib.pwplot as plt
#matplotlib inline

In [2]: plt.plot([i1, 2, 3, 4, 5], [1, 2, 3, 4, 5]}

Cut[2]: [<matplotlib.lines.LineZD at @xiladfidadd3as]
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PucyHok 1.1 — lNpumep paboTtbl ¢ Matplotlib B Jupyter Notebook



Ecnun Bbl nuweTte Kog B py hanne, a NoToM 3anyckaeTte ero 4Yyepes Bbl30B
nHTepnpetatopa Python, 1o cTtpoka %matplotlib inline Bam He HyXxHa,
NCNonb3ymnTe TONbKO UMMOPT Gubnuotekn. MNpumep, aHanormMYHbIn TOMY, YTO
npeactaeBneH Ha pucyHke 1.1, gna otgenbHoro Python-hanna 6yaet

BbIMMAOETb Tak:

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

B pesynsrate nony4dnte rpamk B M301IMpoOBaHHOM OKHE (CM. PUCYHOK 1.2).
. Figure 1 - O X

A €S> $Q =¥

5.0 1

4.5 4

4.0

3.5

3.0 A

2.5 1

2.0

1.5

1.0

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

x=4.33065  w=1.00193

PucyHok 1.2 — U3obpaxeHue rpacmka B U301 IMpOBaHHOM OKHe

[anee Mbl He 6yaem ocTaHaBnNMBaATbCA Ha OCOBEHHOCTAX MCMOfb30BaHMS
magic-KkoMmaHabl, NPOCTO 3arnoMHWUTE, 4YTO ecnu Bbl ucnosnb3yete Jupyter
notebook npun pabote ¢ Matplotlib, To Bam 06a3aTENIbHO HY>XHO BbINONMHUTD

KomaHgy %»matplotlib inline.



Tenepb nepengemM HenocpenctBeHHo k Matplotlib. 3apaya ypoka “bbicmpsbit
cmapm’” — NOCTPOUTb pasHble TUMbl rPadUKoB, HACTPOUTb UX BHELLHWUA BUA

N OCBOUTbLCA B pa60Te C 3TUM UHCTPYMEHTOM.

1.3 NMNocTpoeHue rpacdpuka

[na Havyana NOCTPOUM TMPOCTYHIO HMHeVIHny 3aBMCUMOCTb, 3aaagnmMm Ha3BaHUe

rpadouky, NoAnuLIEM OCU U OTOBPAa3NM CETKY:

# HezaBucumasa (x) wn 3aBucumad (y) nepemeHHsie

X

np.linspace(9, 10, 50)
y =X

# [MocTpoeHne rpaguka

plt.title('/iuHeitHas 3aBucumocTb y = X') # 3arosnoBok
plt.xlabel('x") # ocb abcuywncc

plt.ylabel('y"') # ocb opauHaTt

plt.grid() # BK/IOYEHME OTObBpaxeHnsa CeTKu

plt.plot(x, y) # nocrpoenne rpaguka

B pesynbrate nonyymm rpadouk, npeacraBneHHbI Ha pucyHke 1.3.

NuHenHan 3aenCcUMOCTE Y = X

10

PucyHok 1.3 — JIuHenHbIN rpaduk
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N3meHnM Tun nuHumn n eé uBeT, Anga atoro B pyHKumo plot(), B kayecTtBe
TPeTbero napameTpa, nepegagnum CTpoky, COOPMUPOBAHHYIO onpeneneHHbIM
obpas3om, B HaweMm criydae 310 'r--', rge 'r' 0O3Ha4yaeT KpacHbIM LBET, a
'--' — TUN NUHUN — NYHKTUPHaA NNHUSA:

# llocTpoeHne rpaguka

plt.title('/iuHeiiHaa 3aBucumocTb y = X') # 3arosoBok

plt.xlabel('x") # ocb abcuymncc
plt.ylabel('y") # ocb opanHat
plt.grid() # BKJ/IWHEHNE OTObpaxeHWa CEeTKu

plt.plot(x, y, 'r--') # nocrpoenne rpaguka

NuHeRHaA 3aBUCMMOCTE Y = X
10 —

X

PucyHok 1.4 — N3MeHEHHbIN NNUHEeNHbIN rpaduk

bonee I'IO,EI,pO6HO O TOM, KaK 3agaBaTtb UBET N TUMN NTNHUN 6y,u,eT pacCka3aHoO B

pasgene "2.3 Paboma ¢ nuHelUHbIM gpaghukom".

1.4 HeckonbKo rpachukoB Ha O4HOM norne

nOCTpOVIM HECKOJ1bKO FpaCbI/IKOB Ha ogHoM none, Ans aTtoro AobaBum

KBagpaTnU4HytO 3aBNCUMOCTb.

# JIuHerHaa 3aBUCUMOCTb

x = np.linspace(9, 10, 50)

11



# KBagpaTtu4yHada 3aBUCUMOCTb

y2 = [i**2 for 1 in Xx]

# [locTpoeHne rpaguka

plt.title('3aBucumocTn: yl = x, y2 = x*2') # 3arosoBok
plt.xlabel('x") # ocb abcuymncc

plt.ylabel('yl, y2') # ocb opamHaT

plt.grid() # BK/IWHEHNE OTObpaxeHna CeTKu

plt.plot(x, yl1, x, y2) # nocrtpoeHne rpaguka

JaBwcumocTi: y1 = x, y2 = x"~2

100 4

¥l w2

20 1

X

PucyHok 1.5 — Heckonbko rpachmkoB Ha ogHOM nore

B npuBegéHHom npumepe B yHKkumio plot() nocneposaTtenbHO
nepegaroTcs ABa MaccumBa OnNsi NMOCTPOEHUA nepBoro rpadpmka n gsa gns
NOCTPOEHUS BTOPOro, Mpu 3TOM, KaK Bbl MOXeETe 3aMeTuTb, Ana obowux

rpadpMkoB MaccuB 3HAYEHUN HE3ABMCMMOW NEPEMEHHON X OOUH U TO Xe.

1.5 MNpeacraBneHue rpauKoB Ha pasHbIX MNONAX

TpeTbs, AOBOMBHO YacTo BCTpeYalollasacs 3agadya — 970 oTobpakeHue AByX
unn Gonee pasnuYHbIX MONel, Ha KOTOPbIX MOXET ObiTb NpeacTaBneHo

HEeCKOJIbKO rpacdmkos.

12



nOCTpOVIM YK€ n3BeCTHble HaM 3aBUCUMOCTU Ha pPa3HbIX MOJIAX:

X =

yl
y2

np.linspace(9, 10, 50)
X

[i**2 for 1 in X]

# [locTpoeHne rpagukos

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

plt.
plt.
plt.
plt.
plt.

figure(figsize=(9, 9))
subplot(2, 1, 1)

plot(x, yl)
title('3aBucumoctu: yl = Xx,
ylabel('yl', fontsize=14)
grid(True)

subplot(2, 1, 2)

plot(x, y2)

xlabel('x"', fontsize=14)
ylabel('y2', fontsize=14)
grid(True)

# JIuHerHada 3aBUCHUMOCTbh

# KBagpaTu4yHada 3aBUCUMOCTb

#

MoOCTpoOeHne rpaguka

y2 = x"2') # 3arosnoBok

#
#

HOH W W

OCb OpAMHAT

BKJ/IHeHne OTO6,D&])I(€HM€' ceTtku

MOCTPOEHNE rpaguka
ocb abcuymcc
OCb OpAMHAT

BKJ/IW4eHne oro6pa)/(eHMe CeTKku

JaBmcumocTi: y1 = x, y2 = x"2

yl

=
(5]

20 1

=
(]

x

PucyHok 1.6 — PaspenéHHble nons ¢ rpachmkamm



34ecb Mbl BOCMNOMNb30Banncb ABYMSI HOBbIMU (OYHKLIMAMM:
 figure() — dyHKUMS AOnNa 3agaHus  mMobanbHbiX  NapamMeTpoB
oTobpaxeHusa rpacumkoB. B Heé yepes napameTp figsize nepenaércs
KOpPTEX U3 ABYyX 91EMEHTOB, Onpeaensowmin odLwmin pasmep gurypesbi.
 subplot() — dyHKUMa AN 3a4aHUs MecTOMOSIOXKEeHUs nons
rpadukom. CyLLecTBYET HECKOMbKO cnocoboB 3agaHunda obnacten gngd
BblBOga rpadukoB. B npuvmepe Mbl BOCNOSMb30BanNUCb BapuaHTOM,

KOTOpbIN npegnonaraeT nepefadvy TpéX apryMeHTOB: MepBbi apryMmeHT

— KOJSINYEeCTBO CTPOK, BTOpPOW — cCTONOLOB B (bopmMmpyemom rore,
TPeTUn — WHOEKC (HOMep nonsd, cyuMTaemM CBepxy BHU3, cresa
Hanpago).

OcTanbHble (YHKUUM BaM 3HAKOMbl, OOMOMHUTENBHO Mbl MCMONb30Bau
napameTp fontsize pyHkumn xlabel() n ylabel() ansa 3agaHus pasmepa

lpudTa.

1.6 TllocTpoeHMe Aaunarpammbl AONA  KaTeropmanbHbIX
AaHHbIX

D,O 9TOro Mbl CTPOUITIN rpad3|/||<|/| no YncneHHbIM gaHHbIM, TO €eCTb 3aBUCMasd
n HezaBUCUMasa nepemMeHHble nMmernm yucnosown Tun. Ha NnpakTnke OoBOJIbHO
4acCcTo npunxoguTcs pa6OTaTb C AAHHbIMU He 4yncriosou npupogbl — MMeHa
nogen, HaseaHus ropodoB U T.n. [locTpoum gmarpammy, Ha KOTopown Byaet
OTO6pa>KaTbCFI KOJTIN4eCTBO (bpyKTOB B Mara3mHe:

fruits = ['apple', 'peach', 'orange', 'bannana', 'melon']

counts = [34, 25, 43, 31, 17]

plt.bar(fruits, counts)

plt.title( 'Fruits!")

plt.xlabel( 'Fruit")

plt.ylabel('Count")
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Fruits!

apple peach arange bannana melon
Fruit

PucyHok 1.7 — Ctonb4aTtasa gnarpamma
[ns BbiBOga gMarpaMmbl Mbl UCNONb3oBanu yHKUnio bar ().

K aToMy MOMEHTY, ecnu Bbl CaMOCTOATENbHO nonpoboBanu 3anycTuTb
NpUBEAEHHbIE BbIlLE NPUMEpPbLI, Y Bac YXe AO0MKHO CHOpPMUPOBATLCA
HEKOTOpPOE MOHUMAaHME TOro, Kak ocyllecTBnsgeTcs pabota ¢ dubnuortekon
Matplotlib.

1.7 OcHOBHbIe aneMeHTbI rpacuka

PaccMoTpuM OCHOBHbIE TEPMWHbI U MOHATUS, Kacallimecss n3obpaxeHus
rpaduka, ¢ KOTOpbiMM BaM Heobxoaumo OyaeT MO3HaKOMUTbCHA ANt TOro
4YTOObI B AanbHeNLWeM He ObINo TPYAHOCTEN NPU U3YYEHWUM FNaB 3TOW KHUTU U

AoKymeHTauumn no 6ubnmnoteke Matplotlib.

Hanee mbl 6yaem ucnonb3oBaTb TepMUH "rpadpuk” ans obosHavyeHns Bcero
n3obpaxeHuna, kotopoe dopmupyet Matplotlib (cm. pucyHok 1.8), n nuHUNn,

NMOCTPOEHHOW MO 3aJaHHOMY Habopy AaHHbIX.
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Saronosok (title)

e

pathurmn 3aBUCHMOCTeR: yl=4%x, y2=x"2

1 e ™ INerenga (legend)
1 — NMHEAHBIA

rpaduk (plot)
Mognuck ocK y
(y label) e OcHoeHan ceTka
\ o ] (major grid)
HNonanuuTeneHan ___;_ . s
ceTka (minor grid) | _ 1 -‘O s I 1 \ -
=i . ToueqHeR

f}. * _ rpachue (scatter)

®urypa (Figure) g g 5 / SR -
-~ X ‘L\\
D-U”D“H‘I"Te”'?"'b'e I OCHOBHLIE THKK
Thkk (minor ticks) Mognmcs ocK x (major ticks)

(% label)

PucyHok 1.8 — OCHOBHbIle 3rieMeHTbI rpadmka

KopHeBbIM 3neMeHTOM, Ha kotopoMm Matplotlib cTtpout wn3obpaxeHue,
asnsetca durypa (Figure). Bcé, 4T0o nepeyncrnieHo Ha pucyHke 1.8 — aT1o0

anemeHTbl puUrypbl. PaccmoTtpum eé coctaensiolime 6onee noapo6Ho.

Mpacuk

Ha pucyHke 1.8 npencraeneHbl gBa rpadomvka — JFMHEWHbIA U TOYEYHbIN.
Matplotlib npepocTtaBnsieT OrPOMHOE KONMUYECTBO Pa3fINYHbLIX HACTPOEK,
KOTOpble MOXHO WUCMNoNb3oBaTb And Toro, 4ToObl npuaatb rpaduky

Tpebyemblli BUA: UBET, TOMWWHA, TUM, CTUIb JIMHUN 1 MHOToe OpYroe.

Ocum
BTopbiM MO BaXXHOCTU 3aneMeHTOM purypbl ABRdOTCA ocu. [na kaxgon ocu
MOXHO 3afaTb MeTKy (MoAnnMCb), OCHOBHble (major) n [ONOSHUTESbHbIE

(minor) Tukn, Ux noanucu, pasmep, TOMLWUHY U AnanasoHbl.
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CeTtka v nereHga

CeTka u nereHpa sBNAOTCA dneMeHTamMn uUrypbl, KOTOpble 3HAYUTENBHO
NOBbILIAT WH(OPMATUBHOCTE rpadumka. CeTka MOXeT OblTb OCHOBHOWN
(major) n pononHutenbHon (minor). Kaxgomy Tuny CETKU MOXHO 3ajaBaTb
LUBET, TOMWWHY nuvHMM u Tun. [Ona oTobpaeHus CceTkn u  nereHgpl

UCMOJ1b3YHTCA COOTBETCTBYOLLNE KOMaHObI.

Hwxe npeactaBneH KoA, C MOMOLLBD KOTOPOro Oblfl MOCTPOEH rpaduk,

N300paKEHHbIN Ha pPUCYHKe 1.8:

import matplotlib.pyplot as plt
from matplotlib.ticker import (MultiplelLocator, FormatStrFormatter,
AutoMinorLocator)

import numpy as np

x = np.linspace(9, 10, 10)
yl = 4*x
y2 [i**2 for 1 in X]

fig, ax = plt.subplots(figsize=(8, 6))

ax.set_title('lFpa¢pukmn 3aBucumocTei: yl=4%*x, y2=x"2', fontsize=16)
ax.set xlabel('x', fontsize=14)

ax.set_ylabel('yl, y2', fontsize=14)

ax.grid(which="major"', linewidth=1.2)

ax.grid(which="minor', linestyle='--', color='gray', linewidth=0.5)
ax.scatter(x, yl, c="red', label="yl = 4*x')

ax.plot(x, y2, label="y2 = x*2")

ax.legend()

ax.xaxis.set_minor_locator(AutoMinorLocator())
ax.yaxis.set_minor_locator(AutoMinorLocator())
ax.tick_params(which="major', length=10, width=2)

ax.tick_params(which="minor', length=5, width=1)

plt.show()
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[anee mbl pa3depém nogpobHO 0COBEHHOCTM HACTPOMKM U MUCMNOSIb30BaHUA

BCEX 3rNeMeHTOB, rnpeactaBiieHHbIX Ha PUCYHKE 1.8.
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maBa 2. OcHoBbI paboTbl ¢ moaynem pyplot

[MpakTnyeckn Bce 3agayun, CBA3aHHbIE C MOCTPOEHWEM rpadouKoB, MOXHO
peLwnTb, NCMNOMb3ys BO3MOXHOCTU, KOTOpble NpefocTasnseT Moaynb pyplot.
[nsa Toro, 4tobbl 3anycTnTb NbON N3 NPUMEPOB, NPOAEMOHCTPUPOBAHHBLIX B
nepBoOW rmase, Bam npeaBapuUTeribHO HY>XHO 6bINo nmnopTuposatb pyplot ns
6ubnnotekn Matplolib. B HacTosiwee BpeMa cpean nosib3oBatenen NpUHATO

MMNopT Moaynsa pyplot nponsBoanTh criegyowmnm obpasom:

import matplotlib.pyplot as plt

Cospatenu Matplolib noctapanucb caenatb €ro rnoxoXum B MCMonb3oBaHUN
Ha MATLAB, Tak 4TO ecnu Bbl 3HAaKOMbl C MOCMeAHMM, TO pa3obpaTtbCsi C

Matplolib 6ypet npolue.

2.1 NMocTpoeHune rpachukoB

OCHOBHbLIM 31IEMEHTOM U306paXkeHUs, KoTopoe CTpouT pyplot, sBnsetca
dwurypa (Figure), Ha He€ HaknagblBaeTcsd opgHo wunu 6onee none c
rpacpmkamum, OCM KOOPAWMHAT, TEeKCTOoBble Haanucu n T.4. [Ons nocTpoeHus
rpadpuka mncnosnbdyetrca pyHkumna plot(). B camoM MMHMMaNbHOM BapuaHTte

€€ MOXHO ucnonb3oBaTb 6e3 napamMeTpoB:

import matplotlib.pyplot as plt
Zmatplotlib inline
plt.plot()

B pesynbraTe OygeT BbiBeAEHO NycToe nosne (CM. pucyHok 2.1).

004

0.0z

0.00

-0.02

-0.04

—Dfﬂd —DTDZ D.E]O 0.62 0.64

PucyHok 2.1 — lNycToe none
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[anee komaHga vMmnopTta U magic-komaHga ona Jupyter (nepsas n Bropas

CTPOKU, NpUBEOEHHON Bbile NporpamMmMbl) NPUBOAUTLCS He ByayT.

Ecnn B kayectBe napameTtpa dyHkuun plot() nepedatb CAUCOK, TO
3Ha4YeHnst U3 3Toro cnucka OyayT OTNoXeHbl Mo OcK opaAnHAaT (OCb ), a No ocu

abcumcc (ocb x) OyayT OTNOXEHbl MHAEKCHI 3rIEMEHTOB MaccuBa:
plt.plot([1, 7, 3, 5, 11, 1])

10 1

0 1 2 3 a 5
PucyHok 2.2 — JIuHenHbIN rpadpukK, NOCTPOEHHbLIN MO 3HA4YeHUAM ANSA
ocmY

Ona Toro 4tobbl 3agaTth 3Ha4veHust no ocam X u Y, Heobxogmmo B plot()
nepenartb ABa crivcka:
plt.plot([1, 5, 1@, 15, 20], [1, 7, 3, 5, 11])

10 1

25 50 75 100 125 150 175 200

PucyHok 2.3 — JInHenHbIN rpacpuk, NOCTPOEHHbIN MO 3HAYEHUAM AN
ocem YunxX
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2.2 TekcTOoBble HagnNUcu Ha rpadgpuke

Hanbonee yacto ncnonb3yemMmble TEKCTOBbIE HAANUCK Ha rpaduke 3TO:
* HaMMeHOBaHUS OCeWn;
* HanMeHOBaHWe camoro rpaduka;
* TEKCTOBbIE NMPUMEYaHMs Ha norne ¢ rpadukom;

e nereHpga.

[anee npeactaesneH 00630p, MNEPEYMCNEHHbLIX Bbllle 3anemMeHToB. bonee
noapoObHbIN paccka3d o Hux Oyaet B pasgene “3.3 Tekcmosbie 3riemMeHmbl

epagpuka’.

2.2.1 HammeHoBaHue oceun

[Ans 3agaHua nognucm ocu X ucnonbadyetca oyHkuus xlabel(), ocn y —
ylabel(). Pasbepémca c aprymeHTamu AaHHbIX GYyHKUMn. OCHOBHbLIMU
napameTpamn pyHKUnM xlabel() n ylabel() asnatoTcs:
 xlabel (unnylabel): str
o TeKCT noanucu.
» labelpad: yncneHHoe 3HayeHue fiMbo None; 3Ha4YEeHUE NO YMOSTHAHUIO:
None
o PaccTtosiHne wmexay obnactbio rpaduka, BKNHOYaKWUM OCKU, U

TEKCTOM NoAnuncu.

®PyHKumMn xlabel() wu ylabel() AONOMHUTENLHO MNPUHMMAOT B KavecTse
aprymMeHToB napameTpbl KOHCTpykTOpa knacca matplotlib.text.Text
(oanee Text), BOT HEKOTOPbLIE N3 HUX:
 fontsize vnu size: yncno nnbo 3HaveHne n3 cnmcka: {'xx-small',
'X-small', ‘small', ‘'medium', 'large', 'x-large', 'xx-
large'}
o Pasmep wpudra.
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« fontstyle: 3HayeHne w3 cnucka: {'normal’, 'italic',
'oblique'}
o Ctunb wpudra.

 fontweight: ynucno B gmanasoHe ot 0 go 1000 nubo 3Ha4veHue u3
cnucka: {'ultralight’, "light', 'normal’, 'regular’,
"book ", "medium’, 'roman’, 'semibold’, ‘demibold’,
"demi', 'bold', 'heavy', 'extra bold', 'black’'}
o TonwwuHa wpudra.

« color: ogMH 13 [OCTYMHbIX CNocoboB 3agaHusa uBeTa (CM. pasgen
“2.3.2 L{eem nuHuu’”).

° Ll,BeT TEeKCTa noarimcu.

Mpumep ncnosnb3oBaHUS:
plt.xlabel('Day', fontsize=15, color='blue')

Hamy Obinu paccMoTpeHbl TOMbKO HEKOTOPblE W3 apryMeHTOB (OYHKLNN
xlabel() wu ylabel(), Gonee noapobHas uHdopmauUus O Hux Oyaet

npeacraeneHa B pasgene “3.1.2 Nodnucu ocel epaghukos’.

2.2.2 3aronoBok rpacduka

[nsa 3apgaHna 3aronoBka rpadouka ncnonb3yetcs pyHkuma title():

plt.title('Chart price', fontsize=17)

N3 eé napameTpoB OTMETUM crefytoLne:
 label: str
o TekcT 3aroroBka.
* loc: 3HadyeHue n3 Habopa: {'center', 'left', 'right'}

o BblpaBHMBaHWE 3aronoskKa.
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Ona dyHkummn title() Takke OOCTYMNHbLI NapamMeTpbl KOHCTPYKTOpa Kracca
Text, HeKkoTOpble M3 HWUX MpUBEOEHbl B OMUCaHUN aprymMeHTOB (YHKLNN
xlabel() nylabel().

2.2.3 TekcToBOE NpUMe4YaHue
3a pasmelleHne TekcTa Ha none rpadpuka oreBevaeT yHKuMs text().
[MepBbIN N BTOPON €€ apryMeHTbl — 3TO KOOPAWHATbl MO3nuuu, TpeTum —

TEKCT Haanucu, npumMep MUCrorib3oBaHNA:
plt.text(1, 1, 'type: Steel')

[Ona Gonee TOHKOM HACTPOWKM BHELUHEro Buaa TEKCTOBOMO MpUMeYaHus

ncrnonb3ynTe napameTpbl KOHCTPYKTOpa knacca Text.

2.2.4 JlereHpa

Jlerenga 6ynet pasmelleHa Ha rpaduke, ecnu BbidBaTtb OyHKUMIO legend(),
B pamKax OaHHOro pasfernia Mbl He Byaem paccmatpuBaTb apryMeHTbl 9TOM
dyHKkunKn. [logpobHaa wHGoOpMauna O e€ HacTpoMKe npeacraeneHa B

pasgene “3.1 Paboma ¢ nezeHdou”.

PasmecTM Ha yxe 3HaKkoMOM Ham rpaduke pPacCMOTPEHHbIE BbllLe

TEeKCTOBblE 3JI1IEMEHTbI.

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

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

plt.plot(x, y, label='steel price')
plt.title('Chart price', fontsize=15)
plt.xlabel('Day', fontsize=12, color="'blue')
plt.ylabel('Price', fontsize=12, color="blue")
plt.legend()

plt.grid(True)

plt.text(15, 4, 'grow up!"')
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PucyHok 2.4 — TekcToBble HagnNucu Ha rpaduke

K nepevyncrieHHbiMm onunamMm Mbl nobasunun CEeTKY, KOTOpasa BKIIHO4HaeTcAa C

noMoLbio pyHKUMM grid(True).

2.3 PaboTta ¢ nuHenHbIM rpadoukom

B atom naparpade GyayT paccMOTpeHbl OCHOBHblE MapameTpbl, KOTopble

MO>XHO MCMNOSib30BaTb AN UBMEHEHNA BHELLHENO BMaa NMIMHENHOIO rpanMKa.

JInHenHbIN rpadouK CTPOUTCSA C NOMOLLBLIO PYHKUMK plot (), ero BHeLWHU BUA
MOXHO HaCTpPOUTb HENOCPenCTBEHHO Yepes3 apryMeHTbl YkasaHHOW (OYHKLUUK,
Hanpumenp:

plt.plot(x, y, color="red")

JInbo MoxHO BOoCMNoONb3oBaTbCA PyHKUMen setp():

plt.setp(color="red', linewidth=1)

2.3.1 Ctnb nuHuM rpadmka

Ctunb nuHum rpaduka 3apaétca yepe3 napametrp linestyle, KoOTOpbIN

MOXeT NpnHMMaTb 3Ha4YeHUA 13 Tabnuupl 2.1.
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Tabnuua 2.1 — CTUNK NUHUM NMHENHOrO rpacduka

3HayeHue napameTpa

OnucaHue

unm 'solid’

HenpepbiBHas NMHUS.

-'" nnm 'dashed’

LUTpMXOBaFI JIMHNA.

. nnun 'dashdot’

LUTpMXI'IyHKTI/lpHaFI JIMHNA.

' nnn 'dotted’

rlyHKTI/IpHaFI JIMHNA.

"None' wnu nnn

He otobpaxaTb NuHWMIO.

CTunb NMMHUM MOXHO NepedaTb cpasdy Mocrne CNUcKoB ¢ koopauHaTamu 6es

yKasaHu4, 4YTo 370 napameTp linestyle:

X

y

plt

[1, 5, 10, 15, 20]
[1, 7, 3, 5, 11]
.plot(x, Y, "'l)

10 4

25

5.0

75

100

125

150

175

0.0

PucyHok 2.5 — JIuHuA ¢ npyMeHeHHbIM CTUJIEM

[pyron BapnaHT — 3TO BOCMOMb30BaTbCA PYHKUMEN setp():
x = [1, 5, 10, 15, 20]

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

line = plt.plot(x, y)

plt.setp(line, linestyle="--")
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PesynbraTt OyaeT TOT e, YTO Ha pUCYHKe 2.5.

[ns Toro, 4Tobbl BLIBECTU HECKOMBKO rpacdukoB Ha 0HOM Morne, HeoOXoaANMO

nepeaaTb COOTBETCTBYIOLIME HAGOPbI 3HAYEHMI B PYHKLMIO plot ().

nOCTpOI/IM HEeCKOJ1bKO Ha60pOB JaHHbIX WU BblBeAeM WX, 3adaB pa3iinyHble

CTUINN NMNHNAM:
x = [1, 5, 10, 15, 20]

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

y2 = [i*1.2 + 1 for 1 in y1]
y3 = [i*1.2 + 1 for i in y2]
y4 = [i*¥1.2 + 1 for i in y3]

plt.plot(x, yl) ' - » X, y2, ==, X, y3: “e 5 X, y4: l:l)

20 1

15 A

10 4

75 50 75 100 125 150 175 200

PucyHok 2.6 — Heckonbko rpadoukoB, NOCTPOEHHbIX OAHOWU (hyHKLMEN
plot()

ToT e pesynbraT MOXHO MOMyYuTb, Bbi3BaB plot() OTAENbHO AN Kaxaoro
Habopa gaHHbIX. Ecnu Bbl XOTUTE NpeacTaBuUTb rpadmkn M3onmpoBaHHO Apyr
OT Apyra (Kaxnblh Ha CBOEM Mosie), TO UCNOoNb3ynte Ona 3TOoro oyHKLUUIO

subplot() (cm. “2.4.1 Paboma c ¢pyHKkyueu subplot()”):

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

20 1

15

10 4

25 50 75 100 125 150 175 200

PucyHok 2.7 — HeckonbKo rpadouMkoB, MOCTPOEHHbLIX pa3HbIMU
dyHkunamm plot()

2.3.2 LiBeT nuHnn

LiBeT nuHum rpadmka 3aga€tca 4Yepes napameTp color (unn ¢, ecnu

MCNONb30BaTb  COKPAWEHHbIN  BapuaHT). 3HadeHne  MOXeT  ObITb

npeacTaBneHo B OAHOM U3 crieayoLmx dopmMaToB:

RGB vinn RGBA: kopTex 3Ha4YeHUn C nnaBaroLen TO4KON B AnanasoHe
[0, 1] (npnmep: (0.1, 0.2, 0.3);

RGB vnn RGBA: 3Ha4yeHune B hex cbopmarte (npumep: '#0abala’);
CTPOKOBOE NpeAcTaBfieHNe 4yucra c nnasatowen TOMKOM B AuanasoHe
[0, 1] (onpeaensieT UBET B WKane ceporo) (npumep: '0.7");

cumeon uad Habopa: {'b', 'g', 'r', 'c', 'm', 'y', 'k', 'w'};
nma useta ua nanutpel X711/CSS4;

usetr wn3 nammtpbl  xkcd  (https://xkcd.com/color/rgb/),  AosmxeH

HayMHaTbCA € npedwukca ‘xkcd:’';
uBeT n3 Habopa Tableau Color (nanutpa T710), 4OMKEH HAa4YMHATLCA C

npedwukca 'tab:".
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Ecnun uBet 3agaétca ¢ nomouwbio cuMmBona u3 Habopa {'b', 'g', 'r'

>
'c', 'm', 'y', 'k', 'w'}, TO OH MOXeT OblTb COBMELLEH CO CTUNEM
NMUHUM B pamkax napametpa fmt yHkumn plot (). Hanpumep: wrpuxosad
KpacHasa nuHuna byoeTt 3agaBaTtbCd Tak: '--r', a WTPUXNYHKTUPHAsS 3enéHas
Tak '-.g":

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

y =[1, 7, 3, 5, 11]
plt.plot(x, y, '--r'")

10 - P

25 50 75 100 125 150 175 200

PucyHok 2.8 — Npaduk, npeactaBneHHbIN B BUAE LWUTPUXOBOMN KpacHOM

JINHUN

2.3.3 Tun rpadmka

[10 3TOro MoMeHTa Mbl paboTanu TONbKO C MMHENHBbIMU FpadukamMm, PyHKLMS
plot() nossonder 3agaTb TUN rpaduka: NUHENHbLIA NMOO ToYeudHbIn. [Ons

TOYEYHOro rpadmka AOMNONHUTENBHO MOXHO 3afdaTb Mapkep, o6o3HavaroLWwmin
MONOXeHMe TOYEK.
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[MpuBeném napy npumepos:
plt.plot(x, y, 'ro')

10 4

25 50 75 100 125 150 175 200

PucyHok 2.9 — N'padpmk, COCTOSILLMMN U3 KPYITbIX KPAaCHbIX TOYEK

plt.plot(x, y, 'bx")

10 4

25 50 75 100 125 150 175 200

PucyHok 2.10 — Npadmk, coCTOSAILLMU U3 CUHUX X-CUMBOJSIOB
Bonee noapobHy MHGOPMaLUUIO MO HACTPOMKE BHELIHEro BuMaa TOYEYHOro

rpadomka MoxeTte HanTu B pasgene "4.2.4 ToyeuyHbll epagpuk (Huazpamma
paccesiHusi)".
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2.4 Pa3melieHue rpacpumkoB oOTAeNbHO AOpyr OT
Apyra

CyLecTBYOT TP OCHOBHbIX NMoAXo4a K pasMeLLeHuo rpadmuKkoB Ha pasHbiX
nonax:
* ucnomnb3oBaHne  QyHKuuM  subplot() Ona  ykasaHna  MecTa
pasMeLLeHnst Noss ¢ rpadoMKoMm;
* uncnonb3oBaHue OyHKUUKM subplots() Ans npeaBapuUTenbHOro 3agaHnd
CeTKu, B KOTOpyto ByayT yKknaabiBaTbCs Noss;
« ucnonb3oBaHuve GridSpec, ana 6onee rmbkoro 3agaHWa reoMeTpum

pa3sMeLLeHus rnonen ¢ rpacomkaMmmn Ha ceTke.

B aToi rmaBe OyaoyT paccMOTPeHbI NepBble ABa noaxoaa.

2.4.1 Pabota c dpyHkumen subplot()

Cambln npocton cnocob BbIBECTM rpadoukm Ha OTAenbHbIX MNONSAX — 3TO
ncnosnb3oBatb PyHKUUO subplot () Ang 3agaHus mMecT ux pasmeweHuns. 1o
9TOro MOMeHTa Mbl He paboTanun ¢ dPurypon (Figure) Hanpsimyto, 3Ha4YEHNA ee
napamMeTpoB, 3aiaBaeMble MO YMOSiYaHuIo, Hac ycTpaveanu. [na peleHnd
TeKywen 3agadm npuagetca OAMH U3 NapaMeTpoB — pasMep MNOANOXKM,
3agaTb BPYYHY. 3a 3TO oTBeYaeT aprymeHT figsize doyHkumm figure(),
KOTOpOMY  npucBamBaeTcsl  KopTexX un3  aByx  float-anemeHTOB,

onpegendrwmx BbiCOTY U LULMPUHY NOOJTOXKKN.

NMocne 3apaHusa pa3dMepa YyKa3blBaeTCda MeCTOlMNOoSoXeHne. Kyaa 6y,u,eT

YCTaHOBIEHO rnore ¢ rpadpukoM € NOMOLLbIO OYHKUMK subplot ().
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[ocTynHbl cnegyowme BapnaHTbl BbidoBa subplot():
subplot(nrows, ncols, index)
 nrows: int
o KonuyecTtBo CTPOK.
 ncols: int
o KonnyecTtso CToNOLOB.
e index: int

o MecTononoXxeHne anemeHTa.

subplot(pos)
* pos:int
o [losnumns. 3agaéTcsa B BuOE TPEX3HAYHOrO 4ucna, copepallero
MHJOPMaLNIO O KONMYECTBE CTPOK, CTONBLOB 1 MHAEKce, Hanpumep,
yucro 212 o3Ha4vaet: NoAroToBUTb pPa3MeTKy C ABYMA CTpOKaMun U
OOQHUM CTON6LOM, 9reMEHT BbIBECTU B MNEPBYH MO3NLUID BTOPOU

CTPOKMW.

BTopo BapnaHT MOXXHO MCMONb30BaTb, €CNM KOMNYECTBO CTPOK M CTONOLIOB

ceTkn He Bonee 10, B HOM crydae nyyie obpaTtnTbCa K NepBOMY BapuaHTYy.

PaccmoTpum Ha npumepe paboTy ¢ AaHHbIMU PYHKUMAMM:
# UcxogHbii HAbop AaHHbIX

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

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

y2 = [i*1.2 + 1 for 1 in y1]
y3 = [i*1.2 + 1 for i in y2]
y4 = [i*¥1.2 + 1 for i in y3]

# HacTpovika pa3mepoB MOAMTOXKH
plt.figure(figsize=(12, 7))

# BbiBO4 rpagukos
plt.subplot(2, 2, 1)
plt.plot(x, y1, '-")
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plt.subplot(2, 2, 2)
plt.plot(x, y2, "--")
plt.subplot(2, 2, 3)
plt.plot(x, y3, '-.")
plt.subplot(2, 2, 4)
plt.plot(x, y4, ":")
14 ’
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PucyHok 2.11 — Pa3smelweHue rpadduMkKoB Ha OoTAENbHbIX MOMAX
(npnmep 1)

Pelwnm 3Ty e 3agady, ncnornb3ysd BTOPOW BapuaHT Bbi3oBa subplot():

plt

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

.subplot(221)
plot(x, y1, '-")
subplot(222)
plot(x, y2,
subplot(223)
plot(x, y3,
subplot(224)
plot(x, y4,

--0)

SN

N

B pesynsrate 6yget nonyyeH rpadyvk, aHanormyHbli NpuBegéHHoOMY Ha

pucyHke 2.11.
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2.4.2 Pa6ora c doyHkumen subplots()

HeynobcTBO  MCNonb3oBaHUMS  MOCMEOOBATENbHOMO  Bbl3oBa  (OYHKLUMM
subplot() 3aknw4yaetTca B TOM, YTO KaxAblh pa3 NpUXOAUTCA yKasbiBaTb
KONMMYEeCTBO CTPOK M cTonbuoB ceTkn. [Ona Toro, 4tobbl 3TOro M3bexarsb,
MOXHO BOCHMOSb30BaTbCA (PyHKUMen subplots(), n3 Bcex ee napameTpoB
Hac WHTEPECYIT TOMbKO NepBble OBa, Yepe3 HUX nependaeTcs KOnM4yecTBo
CTPOK U cTtondbuoB ceTkn. OyHKUMA subplots() Bo3BpallaeT ABa 0ObLEKTa,
nepBbln — 3TO Figure, noanoxka, Ha KOTOpon OyayT pasmMelleHbl Nons C
rpadumkamu, BTOpon — 00bEKT (MM Maccue 06bEKTOB) Axes, Yepes KOTOpPbIN
MOXHO MNOSMyYMTb MOMHbIX OOCTYN K HaACTpoMKe BHELUHEro Buaa

oTOOpakaeMbiX SNEMEHTOB.

Pelwunm 3apady BbiBOAa YeTbIpEX rpaddMKOB C NOMOLLbIO subplots():
fig, axs = plt.subplots(2, 2, figsize=(12, 7))

axs[@, 0].plot(x, yl1, '-")

axs[@, 1].plot(x, y2, '--")

axs[1, @].plot(x, y3, '-.")

axs[1, 1].plot(x, y4, ":")

14 p

10 !

1z #
#
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~
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PucyHok 2.12 — Pa3smelueHune rpachmkoB Ha oTAeNbHbIX MONSX
(npumep 2)
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maBa 3. HacTtpounka anemeHTOB rpacduka

3.1 Pabota c nereHgou

B naHHoOM naparpade byayT pacCMOTpeHb! criegyowme TeMbl: 0TobpaxeHue
nereHabl, HACTpoMKa €€ pacrnonoXeHus Ha rpaduke, HacTporKa BHELLUHEro

BMOa nereHabl.

3.1.1 OToGpaxeHue nereHAbl

[na otobpaxeHus nerengbl Ha rpaduke ncnosnbadyetcs pyHkuna legend().

BO3MOXHbI cnegywwine BapumaHTbl €€ Bbl30Ba:

legend()
legend(labels)
legend(handles, labels)

B nepBsoM BapunaHTe B Ka4eCTBe€ METOK A4 nereHibl 6y,EI,yT NCMNoJ1b30BaTbCA

METKW, yKa3aHHble B PYHKLMUAX NOCTPOEeHUs rpadukos (napameTp label):
x = [1, 5, 10, 15, 20]

yl = [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()

121 - linel ~
8- linel c 4
10 1 :
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PucyHok 3.1 — JlereHaa Ha rpaduke (npumep 1)
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BTOpOIZ BapUaHT MNMo3BOJIAET CaMOCTOATESIbHO YKa3aTb TEKCTOBYHO METKY AJ1A
OTO6pa>KaeMbIX OaHHbIX:

plt.plot(x, y1, 'o-r")

plt.plot(x, y2, 'o-.g")

plt.legend(['L1", 'L2'])

12 A

10 A

25 50 75 100 125 150 175 200

PucyHok 3.2 — JlereHaa Ha rpacuke (npumep 2)

B TpeTbemM BapmaHTe MOXHO BPYYHYIO YKasaTb COOTBETCTBUE JIMHUN U
TEKCTOBbIX METOK:

linel, = plt.plot(x, yl1, 'o-b")

line2, = plt.plot(x, y2, 'o-.m")

plt.legend((line2, linel), ['L2", 'L1'])

12 1 —g- 2 L ]

10 A
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PucyHok 3.3 — JlereHpa Ha rpacuke (npumep 3)
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3.1.2 PacnonoxeHune nereHabl Ha rpaduke

MecTo pacrnonoxeHust riereHabl onpeaensieTcs napameTpom loc, KOTOPbIN

MOXeT NnpnHnMMmaTb 04HO N3 3Ha4YeHUN, YKa3aHHbIX B Tabnuue 3.1.

Tabnuua 3.1 — MNapameTpbl pacnonoXxeHus nereHabl Ha rpacdpuke

CTpokoBoe onucaHue Kop

'best'

(@)

"upper right'

"upper left'

'lower left'

"lower right'

'right’

'center left'

'center right'

'lower center'

"upper center'

'center'

2Ol N OO bW DN~

Hwke npenctaBneH npumep, AEMOHCTPUPYIOWUKA pasfnuyHbie

pacrnonoXxeHus nerexapl Yepes napametp loc:

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 i in range(3):
for j in range(4):
if i*4+j < 11:
plt.subplot(3, 4, i*4+j+1)
plt.title(locs[i*4+j])
plt.plot(x, yl, 'o-r', label="line 1")

BapuaHThbI
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plt.plot(x, y2, 'o-.g', label="line 2')
plt.legend(loc=locs[i*4+j])

else:
break
bast upper right upper left lower |eft
21— line1 A1 —o linel'| 1271 —e= line1 Al
-8~ line 2 ra -8~ line2’! —8- line 2 /
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PucyHok 3.4 — PasnunyHble BapuaHTbl pacnosioXXeHUs nereHabl Ha
rpachuke

Ona ©Gonee rmnbkoro yrnpaslieHnAa pacnosioxkeHmnem nereHgbl MOXHO

BOCMOMb30BaTbCA napameTpom bbox_to _anchor dyHkummn legend().
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OToMy napameTpy NpucBanBaeTCs KOPTEX, COCTOSILLMNIA N3 YETLIPEX UMK OBYX

OI1EMEHTOB:
bbox_to_anchor = (x, y, width, height)
(X, y)

rae X, y — 370 KoopAnHaTbl pacnornoXeHnsa nereHbl,

bbox_to_anchor

width — wupwuHa;

height — BbICOTAa.

Mpumep ncnonb3oBaHUs NapamMmeTpa bbox_to anchor:
plt.plot(x, yl, 'o-r', label="line 1')

plt.plot(x, y2, 'o-.g', label='line 1')
plt.legend(bbox_to_anchor=(1, 0.6))

12 A

10 A

—8— line 1
—#- linel
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PucyHok 3.5 — PacnonoxeHue nereHabl BHe nons rpacdpuka

3.1.3 JononHuTtenbHbIe NapamMeTpbl HACTPOUKM NereHabl

B Ttabnuue 3.2 npencrtaBneHbl OOMNOSMHUTESbHbIE NapaMeTpbl,

MOXXHO MCMNOMb30BaTh A8 bonee TOHKOM HaCTpOIZKI/I nereHibl.

KOTopble
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Tabnuua 3.2 — NMapameTpbl HACTPOUKU OTOOpPaXKeHUs nereHabl

MapameTp Tvn OnucaHune
int, float nnun Pasmep wpundpta Hagnucu
{"xx-small', "x-small', |nereHabl.
fontsize "small', "'medium’',
"large’, 'x-large', 'xx-
large'}
frameon bool OTobpaxeHne pamku.
framealpha None unu float [Mpo3pavyHoCTb nereHabl.
facecolor None unu str LiBeT 3anuBku.
edgecolor None unu str LiBeT pamku.
title None unu str TeKcT 3aronoska.

title fontsize

None nnu str

Pa3smep wpudrTa.

Mprmep paboTbl C NnapameTpamu nereHabi:

plt.plot(x, y1,
plt.plot(x, y2,

'o-r', label="line 1')

'o-.g', label="line 1")

plt.legend(fontsize=14, shadow=True, framealpha=1, facecolor='y",

edgecolor="r', title='JlereHpa')

12 A
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PucyHok 3.6 — lNpumep HaCTpOMKKN BHELLHEro Buaa nereHabl
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3.2 KomnoHoBKa rpaukoB

Camble npocTble N Hanbonee 4YacTto UCMONb3yeMble BapuaHTbl KOMMNOHOBKMU
rpacmkoB 6binM paccmoTpeHbl B “Mnase 2. OcHoebl pabombl ¢ MOOyrem
pyplot”. B atom pasgene mMbl n3ydnmMm MHCTPYMEHT GridSpec, NO3BONAKOLLMN

Bonee TOHKO HAaCTPOUTb KOMMOHOBKY.

3.2.1 Uucmpymenm GridSpec

Knacc GridSpec no3BonsieT 3agaBaTb reOMETPUI0 CETKMU U PaCrofioXeHne Ha
HerW nonen c rpadpukamm. MoxeT nokasarbcsi, 4YTo pabota ¢ GridSpec
OOBONbHO HeygobHa u TpebyeT HanucaHus nUWHEro Koga, HO, ecnu
TpebyeTcs pacnonoxuTb nonga ¢ rpacukammn HeTpmBmanbHbIM CNOCOBOM, TO
9TOT MHCTPYMEHT CTaHOBUTCA He3aMeHuMbIM. [lepen Tem kKak pabotatb C
GridSpec, uMnopTupymnTe ero:

import matplotlib.gridspec as gridspec

[ns Hayana pelwmm NpocTylo 3agady oTtobpaxkeHust ABYX Nonen ¢ rpadpukamm
C ucnonb3oBaHueMm GridSpec:

x = [1, 2, 3, 4, 5]
yl = [9: 4, 2, 4, 9]

y2 = [1, 7, 6, 3, 5]
fg = plt.figure(figsize=(7, 3), constrained_layout=True)
gs = gridspec.GridSpec(ncols=2, nrows=1, figure=fg)

fig ax_1 = fg.add_subplot(gs[9, 9])
plt.plot(x, yl1)
fig ax 2 = fg.add_subplot(gs[0, 1])
plt.plot(x, y2)
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PucyHok 3.7 — [1Ba nons ¢ rpacpmkamu

OOGbekT knacca GridSpec co3naértcsa B CTPOKeE:

gridspec.GridSpec(ncols=2, nrows=1, figure=fg)

B KOHCTpYKTOp Knacca nepegaéTrcs KonmyecTBo cTonbuos, CTPOK U durypa,

Ha KoTopown Bce ByaeT oTobpakeHo.

AnbTepHaTUBHbLIN BapuaHT co3aaHus obbekTa GridSpec BbIrMSAWT Tak:

gs = fg.add_gridspec(1l, 2)

3pecb fg — 970 00bekT Figure, y KoToporo ectb Metoq add gridspec(),
nossonsowmn gobaBnTb Ha HEro CeTKy C 3adaHHbIMM napameTpamun (B

HalleM crnyyae oHa CTpoka u aBa ctonbua).

[Ona 3apaHns anemMeHTOB CETKU, Ha KOTOPbIX OydeT pacnonoXeHo norne c
rpacdmkom, GridSpec NO3BOMSET UCMONb30BaTb CMHTAKCUMC NOAOGHbLIN TOMY,

YTO NPUMEHSETCA N9 NOCTPOeHus criancos B Numpy.

NoGaBuM elLlé oauH Habop AaHHbIX K Y)XXe CYLLECTBYIOLLEMY:
x =[1, 2, 3, 4, 5]

yl = [9, 4, 2, 4, 9]

y2 = [1, 7, 6, 3, 5]

y3 = [-7, -4, 2, -4, -7]
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MocTponm rpadmkn B HOBOM KOMMOHOBKE:

g
gs
fig ax_1 = fg.add_subplot(gs[0, :])
plt.plot(x, y2)
fig ax 2 = fg.add_subplot(gs[1, 0])
plt.plot(x, yl)
fig ax_3 = fg.add_subplot(gs[1l, 1])
plt.plot(x, y3)

fg.add_gridspec(2, 2)

plt.figure(figsize=(9, 4), constrained_layout=True)

10 15 20 25

10 15 20 25 30 35 40 45 50

15 40 45 5.0

10 15 20 25 30 35 40 45 50

PucyHok 3.8 — CBob6oaHas komnoHoBKa (npumep 1)

Hwke npencTtaeneH ewé oauH npumep 6e3 AaHHbIX (C MYCTbIMU MOMSAMM),

KOTOPbIA UNMOCTPUPYET BO3MOXHOCTM GridSpec:

fg
gs
fig ax_1 = fg.add_subplot(gs[9, :3])
fig ax_1l.set_title('gs[0, :3]")
fig ax 2 = fg.add_subplot(gs[9, 3:])
fig ax_2.set title('gs[@, 3:]")
fig ax_3 = fg.add_subplot(gs[1:, 9])
fig ax_3.set_title('gs[1:, 0]")

fg.add_gridspec(5, 5)

plt.figure(figsize=(9, 9), constrained_layout=True)
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fig ax 4 = fg.add _subplot(gs[1:, 1])

fig ax 4.

set_title('gs[1:, 1]")

fig ax 5 = fg.add_subplot(gs[1l, 2:])

fig ax 5.

set_title('gs[1, 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:]")
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Lo gsl ] gsl ] 10 gsl ]
054
0.0 T T T T
0.0 02 04 0.6 08 14
0.8 4 0.8
s[2:4, 2 s[2:4, 3:
109 [ ] 1o gsl ]
0.8 08 4
0.6 0.6
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PucyHok 3.9 — CBob6oaHas KOMnoHoBKa (npumep 2)
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MoxHO 3apaHee 3agaTb pasmepbl obnactem u nepegartb UX B KayecTBe

napamMmeTpoB B BUOE MaCCUBOB:

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, 9])

fig ax_1.set_title('w:1, 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[1, 0])

fig ax_3.set_title('w:1, h:0.7")

fig ax 4 = fg.add_subplot(gs[1, 1])

fig ax_4.set_title('w:3, h:0.7")

w:1, h:2 w:3, h:2
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PucyHok 3.10 — CBo6oaHasa komnoHoBKa (npumep 3)
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WNHpopmaumn n3s gaHHoro pasgena wn w3 “fnaebl 2. OcHoebl pabomebl €
moldyriem pyplot” gormkHO ObITb OOCTaATOYHO, AN TOro 4YToObl co3gaBaTb

KOMMOHOBKU MPaKTU4E€CKN nobor CNOXHOCTW.

3.3 TekcTOBbI€e 3rileMeHTbl rpaduka

B 4yactm TekcToBOro HanosiHEHUSI MpU MNOCTPOEHUM rpadmka BblAENsoT
crnegymoLmne coctaBnsaoLme:

« 3aronosok nons (title);

* 3aronoBok durypsbl (suptitle);

* nognucu ocen (xlabel, ylabel);

* TEKCTOBbIN BroK Ha none rpaduka (text), nmbo Ha urype (figtext);

aHHoTauus (annotate) — TEKCT C ykasaTenem.

Y Kaxpgoro anemeHTa, KOTOpPbIM COOEPXWUT TEKCT, MOMUMO creumdunyeckmnx
napaMeTpoB, OTBEYAIOLLNX 3@ €ro HacCTPOWMKY, eCcTb NapaMeTpbl knacca Text,
KOTOpbl€ OTKPbIBAOT AOCTYN K 60MbLLIOMY YMCy HAacTPOeK BHELLHEro Buaa u
pacrnonoXeHnst TEKCTOBOro anemeHTta. bonee nogpobHo onucaHue
napamMeTpoB, AOCTYMHbIX M3 Knacca Text, Oyaer gaHo B pasgene “3.4
Ceolicmea knacca Text”. Hwxke npeactaBneH kod, oTobOpaxawwumn Bce

YKa3aHHbl€ BbllLle TEKCTOBbIE 3JIEMEHTbI.
plt.figure(figsize=(10,4))

plt.figtext(0.5, -0.1, 'figtext')
plt.suptitle('suptitle")

plt.subplot(121)
plt.title('title")
plt.xlabel('xlabel")
plt.ylabel('ylabel")
plt.text(0.2, 0.2, "text')
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plt.annotate('annotate', xy=(0.2, 0.4), xytext=(0.6, 0.7),

arrowprops=dict(facecolor="black', shrink=0.05))

plt.subplot(122)
plt.title( title")
plt.xlabel('xlabel")
plt.ylabel('ylabel")
plt.text(0.5, 0.5, 'text')

_ suptitle _
title title
10 10
0.8 - 0.8 -
annotate
06 - 06 -
& & text
= =
] ]
04 04
02 Ext 02
0.0 T T T T 0.0 T T T T
0.0 02 0.4 06 0.8 10 00 02 04 06 0.8 10
xlabel xlabel
figtext

PucyHok 3.11 — TekcToBble aneMeHTbI rpaduka

HekoTopble ©3 npeacTtaBreHHblX TEKCTOBbIX  3MEMEHTOB  Mbl  YXe
paccmoTtpenu B “ftase 2. OcHoebl pabombl ¢ mMoOyrnem pyplot”, B 9TOM
ypoke nsyumm ux 6onee nogpobHo. dnemeHThl rpadumka, KoTopble cogepxat
TEKCT, UMEKT PS4 HaCTPOEYHbIX MapamMeTpoB, KOTOpble B OduumnarbHOM
OOKYMeHTauun onpegensoTcsa  Kak **kwargs. OTO CBOWCTBa Kracca
matplotlib.text.Text, ncnonbdyemole ona ynpasneHns BHELUHUM BUOOM

TEeKCTa.
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3.3.1 3aronoBokK ¢hurypbl n nons rpacgpuka

HayHém c 3aronoBka nonga rpaduka. TekcT 3arornoBka ycTaHaBNMBAETCHA C
nomMoLbo  QyHKunm title(), KoTopass uMeeT creaylwmne OCHOBHbIE
apryMeHTbl:
 label: str
o TeKcT 3aronoska.

e fontdict: dict

o Crnoeapb ANa YynpaeneHus OTODpaXXeHWeM Haanucu CopepXuT
cnefyroLme KImoum:
= ‘'fontsize': pasmep wpudrTa;
= 'fontweight': HauepTaHue;
= 'verticalalignment': BepTukanbHoe BblpaBHMBAHME,
= 'horizontalalignment': ropnaoHTanbHoe BbipaBHMUBaAHUE.

* loc:{'center', 'left', 'right'}, str, optional
© BblpaBHUBaHME.

* pad: float

o 3asop Mexay 3arofioBKOM M BEPXHEN YacTbio nonga rpaduka.

dyHKkuma title() Takke nogaepXkuBaeT B KayeCcTBe aprymMeHTOB CBOMCTBA
knacca Text:
weight=["'light', 'regular', 'bold']
plt.figure(figsize=(12, 4))
for i, 1lc in enumerate(['left’, ‘center', 'right']):
plt.subplot(1, 3, i+1)

plt.title(label=1lc, loc=1lc, fontsize=12+i*5, fontweight=weight[i],
pad=10+i*15)
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PucyHok 3.12 — 3aronoBok rpaduka

3aronoBoK purypbl 3afaeTcs ¢ NOMOLLBI PyHKUMN suptitle(), aprymeHThbl
9TON (PYHKUMW aHanormyHbl Tem, 4Tto ObilM paccMoTpeHbl anda title().

bornee TOHKY HACTPOWKY MOXHO caenaTb Yepes CBOMCTBA Kracca Text.

3.3.2 Noanucun oceu rpadumka

Mpn pabote c pyplot, Ans ycTaHOBKM noanucen ocen rpacduka,
ncnonb3ytca yHkuumM labelx() u labely(), npun pabote c obObekTom

Axes — dyHKumn set xlabel() n set_ylabel().

OcHOBHbIE aprymeHTbl (OYHKLMIA MOYTM MOSIHOCTBLIO COBMAfalT C TEMU, YTO
ObIn gaHbl 4nga pyHkumm title():
e label: str
o TeKCT rnoanucu.
« fontdict:dict
o Cnoeapb [Ans ynpaBneHus OToOpaXeHMeM Hagnucu, CoaepXuT
cnefyroLme KImouu:
= ‘fontsize': pasmep wpugrTa;
= 'fontweight': HayepTaHue,
= 'verticalalignment': BepTuKarnbHOe BblpaBHUBaHWE,

= 'horizontalalignment': ropmsoHTanbHOE BblipaBHMBaHUE.
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 labelpad: float

o 3asop Mexay NoAnuUcb N OCblo.

B camom npocTom crny4ae A0CTaToyYHO nepefaTh TOMbKO TEKCT MOAMUCU B

Bunae CTpOKU:
X
y
plt.plot(x, y)

plt.xlabel('Ocb X")
plt.ylabel('Ocb Y")

[i for i in range(10)]

[i*2 for i in range(10)]

17.5 A

15.0 A

125

10.0 A

L

75 4

5.0 4

25 1

0.0 A

0 2 4 6 8
Oce X

PucyHok 3.13 — Noanucu ocewn rpachuka (npumep 1)
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Ncnonb3yem HekoTopble W3 OOMONHUTENbHbIX CBOWCTB [ANsi HACTPOWKM

BHELLHEero Bmaa rnoarnmcen ocen:
plt.plot(x, y)

plt.xlabel('Ocb X\nHe3aBucumaa BenuymHa', fontsize=14, fontweight="bold")

plt.ylabel('Ocb Y\n3aBucumasa BenuymHa', fontsize=14, fontweight="bold")

17.5

15.0 4

12.5 1

10.0 4

Ocb Y
3aBMCcHMan BENUHYMHA

7.5 1

5.0 4

254

0.0 4

0 2 3 6 B
Ocb X
HesaBMCUMaR BeMYUHA

PucyHok 3.14 — lNoanucu oceu rpachuka (npumep 2)

3.3.3 TekcTOBbIN ONOK

3a ycTaHOBKYy TeKCTOBbIXx ONokoB Ha none rpaduka otBeyaeT yHKUumA
text(). Yepe3s OCHOBHble napamMeTpbl 3TONM YHKUMM MOXHO 3agaTb
pacrnonoXxeHne, coaep>xaHne n HacTPOMKKN WwpudrTa:
e x:float
o 3HaveHue KoopauHaTbl X Hagnucu.
 y: float
o 3HayeHue KoopanHaTbl y HaaMNUCHK.
e s:str

o TeKkcT Hagnucwu.
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B npoctenwem BapnaHTe ucnonb3oBaHue text () byget BbirmsageTb Tak:

plt.text(@, 7, 'HELLO!', fontsize=15)
plt.plot(range(0,10), range(9,10))

HELLO!

0 2 4 6 B

PucyHok 3.15 — TekctoBbIN 650K (Nnpumep 1)

V|CI'IOJ'Ib3yeM CBOMCTBa Knacca Text ansd MOJJ,VICbVIKaLI,VIVI TOro

npencraBsreHnA:

bbox_properties=dict(boxstyle="darrow, pad=0.3', ec="'k', fc='y', ls='-",
1w=3)

plt.text(2, 7, 'HELLO!', fontsize=15, bbox=bbox_properties)

plt.plot(range(0,10), range(9,10))

:

0 2 4 6 B

PucyHok 3.16 — TekcTtoBbIN 650K (Npumep 2)
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3.3.4 AHHOoTauusA

NHCTpYMEHT AHHOTaLMs NO3BOMSIET YCTAHOBUTb TEKCTOBbIN BNOK C 3a4aHHbLIM
CoAEPXXaHUEM U CTPENKOM AN yKasaHUs Ha KOHKPETHOE MECTO Ha rpadumke.
[na cosgaHus aHHOTauum ucnosb3yeTtca oyHKUMA annotate(), OCHOBHbIMU
€€ apryMeHTamu aBnsoTcs:
* text: str
o TeKCT aHHOoTauuMw.
 xy: (float, float)
o KoopguHaTtbl MecTa, Ha KoTopoe byaeT ykasbiBaTb CTpPenka.
 xytext: (float, float), optional
o KoopAauHaTtbl pacrnonoXeHus TEKCTOBOM HaaANUCH.
e Xxycoords: str
o Cuctema KoopauHaT, B KOTOPOW oOnpefensercs pacnosiokeHune
yKasarens.
 textcoords: str
o CuctemMa KoopauHaT, B KOTOPOM ornpenenserca pacrnonoxeHue
TEeKCTOBOro Groka.
* arrowprops:. dict, optional
o [lapameTpbl OTOBpaxeHust cTpenkn. WMmeHa 3TUX napameTpoB
(kN4 cnosapsi) ABMAKOTCA NapamMeTpamMu KOHCTpPyKTopa ObbekTa

knacca FancyArrowPatch.

Hwke npeactaBneH npumep Koda, KOTOPbIM OeMOHCTpupyeT paboTy C

dyHKUMen annotation():
import math

x = list(range(-5, 6))

y [i**2 for 1 in X]
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plt.annotate('min', xy=(0, ©), xycoords='data', xytext=(0, 10),

textcoords="data’', arrowprops=dict(facecolor="g"))

plt.plot(x, y)

25 1

20 4

15 4

10 4

min

B 2 T

PucyHok 3.17 — [emoHcTpauusa pabotbl ¢ ¢pyHKUMen annotation()

MapameTpam xycoords u textcoords MOXeT BbITb MPUCBOEHO 3HAYEHME U3

Tabnuubl 3.3.

Tabnuua 3.3 — 3HauyeHus napameTpoB xycoords U textcoords

3HavyeHue

OnucaHue

'figure points’

Hayano koopguMHat — HWXHUA NeBbIN yrosl urypel
(0, 0). KoopauHaTtbl 3agatoTcsa B TOUKaXx.

'figure pixels'’

Hayano koopanHat — HWXHUIM NeBbInu yron urypsol
(0, 0). KoopauHatbl 3agatoTcst B MUKCENSIX.

'figure fraction'

Hayano koopanHat — HWXHUIM NeBbInu yron urypsol
(0, 0) npu 3aTOM BEPXHUWN MpaBbI Yron — 3TO TOYKa
(1, 1). KoopauHatbl 3agatotca B 4ONAX OT €4UHULbI.

'axes points'

Hayano koopauHat — HWXKHWA NeBbIM Yrosi nons
rpacuka (0, 0). KoopanHatbl 3agatoTcs B TOYKaX.
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'axes pixels' Hayano koopauHaT — HWXHUM NeBbI yron nons
rpadoumka (0, 0). KoopanHatbl 3aatoTcs B MUKCENSX.

'axes fraction' Hayano koopauHat — HWXKHWA NeBbIM Yrosi nons
rpadgouka (0, 0) npyn aTOM BEPXHUIM NpaBbIN Yros Nons
— 3710 TouKa (1, 1). KoopauHatel 3agatotcsa B SONAX
OT eANHULbI.

'data’ Tvn KoopaMHaATHOM cuUCTeMbl: AekapTtoBas. Pabota
BeOETCs B NPOCTPaHCTBE nong rpaduka.

'polar’ Tun KoopAuHATHOM cuUcTembl: nonsipHas. Pabota
BEETCA B NPOCTPaHCTBE Nosis rpaduka.

Ona moondukaumm BHeLWHEro BuMaa Haanucu BOCMOSb3YyWTECh CBOMCTBAMM

Krnacca Text.

PaccMOTpMM  HacTpOWKy BHELIHero Buaa CTPenku aHHoTauun. 3a
KOHUIypupoBaHMe OTODpaXKeHUs CTPEnk/M OTBEYaeT NnapaMeTp arrowprops,
KOTOPbIA MPUHMMAET B KayecTBe 3Ha4YeHMs1 CroBapb, Kno4amu KOTOPOro
SIBNSIOTCA NapamMeTpbl KOHCTpyKTOpa knacca FancyArrowPatch, n3 Hux
Bblgenum  aBa: arrowstyle (oTBeyaeT 3a CTURb  CTPEnku) w

connectionstyle (oTBeYaEeT 3a CTUMb COEOUHUTESNTBHOW INHWUN).
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Ctunb cTpenku

MapameTp: arrowstyle

Tun: str, ArrowStyle, optional

[ocTynHble CTUNKU CTPENoK npeacTasneHbl B Tabnuue 3.4 n Ha pucyHke 3.18.

Tabnuua 3.4 — CTunu cTpenok aHHoTauum

Knacc Uma ATpnGyThHI

Curve - None

CurveB -> head_length=0.4, head _width=0.2

BracketB - widthB=1.0, lengthB=0.2,
angleB=None

CurveFilledB - > head length=0.4, head width=0.2

CurveA <- head_length=0.4, head_width=0.2

CurveAB <-> head_length=0.4, head_width=0.2

CurveFilledA |<|- head_length=0.4, head width=0.2

CurveFilledAB |<]|-|> head length=0.4, head width=0.2

BracketA ]- widthA=1.0, lengthA=0.2,
angleA=None

BracketAB 1-1 widthA=1.0, lengthA=0.2,
angleA=None, widthB=1.0,
lengthB=0.2, angleB=None

Fancy fancy head length=0.4, head width=0.4,
tail width=0.4

Simple simple head length=0.5, head width=0.5,
tail width=0.2

Wedge wedge tail width=0.3, shrink_factor=0.5
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PucyHok 3.18 — CTtunu cTpenok aHHoTauum

[MporpamMmMHbIN KOO, ANst MOCTPOEHUS M30OpaKeHus, NPeacTaBfEHHOro Ha
pucyHke 3.18:

plt.figure(figsize=(7,5))

arrows = ['-"', "=>", "-[', '|-|", t->t, <=ty >ty <=t <=t

"fancy', 'simple', 'wedge']

bbox_properties=dict(

boxstyle="'round,pad=0.2",

ec="k'",
fc="w',
ls="-",
lw=1

)

ofs_x =

ofs_y =
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for i, ar in enumerate(arrows):
if 1 == 6: ofs_x = 0.5

plt.annotate(ar, xy=(@.4+ofs_x, 0.92-ofs_y), xycoords='data’,
xytext=(0.05+0fs_x, 0.9-ofs_y), textcoords='data', fontsize=17,

bbox=bbox_properties,
arrowprops=dict(arrowstyle=ar)
)

if ofs_y == 0.75: ofs_y = ©

else: ofs_y += 0.15

Ctunb coeAUHUTENbLHOWU NMUHUU

[MapameTp: connectionstyle

Tun: str, ConnectionStyle, None, optional

[aHHbIN napameTp 3a4aéT CTUMb NUHUN, KOTOopad COoeUNHAET TOYKUN Xy W«

xycoords. B kayecTBe 3HauyeHMs MOXET nMNpUHMMaTb OOBLEKT knacca

ConnectionStyle nin CTpoOKY, B KOTOpOIZ YKa3blBaeTcA CTUlb JIMHUN

COeQVHEHMS C MapaMeTpaMun, NePEYNCIIEHHbIMU Yepes 3ansATyio.

Tabnuua 3.5 — Ctunu coeanHuTenbLHOM NUHUMN aHHOTaALUU

Knacc Uma ATpuoyThbI

Angle angle angleA=90, angleB=0, rad=0.0

Angle3 angle3 angleA=90, angleB=0

Arc arc angleA=0, angleB=0, armA=None,
armB=None, rad=0.0

Arc3 arc3 rad=0.0

Bar bar armA=0.0, armB=0.0, fraction=0.3,
angle=None
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Hwke npeactasneH npumep, LEMOHCTPUPYHOLLNA BO3MOXHOCTM paboTbl C
napamMeTpomM connectionstyle:

import math

fig, axs = plt.subplots(2, 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 j in range(3):
axs[i, j].text(0.1, 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[i*3+j]))
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PucyHok 3.19 — Ctunu coeagUHNTENbHOMN IMHUN aHHOTaLUU
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3.4 CBoucrtBa knacca Text

Paccmotpm  cBouctBa  knacca  matplotlib.text.Text, KoTopble
NpenocTaBNAT JOCTYN K TOHKMM HAacTPONKaM TEKCTOBbIX aneMeHToB. Mbl He
Oyoem paccmatpuBaTb BCe CBOMCTBA knacca Text, cgenaem o63op

Hanboree 4acTo NCNOosib3yeMbIX.

3.4.1 NapameTpbl, OTBeYarLiMe 3a OTOOpaXxeHMe TeKcTa

[MapameTpbl, oTBeYawWmMe 3a OToOOpakeHne TEeKCTa, NO3BONSAT HAaCTPOUTb
NpPO3pavyHOCTb, LBET, LWPUJT 1 T.M.:
* alpha: float
o YpOBeHb Mpo3payvyHOCTM Hagnucu. [MapameTp 3agaé€tcsl YMCriomMm B
avanasoHe ot 0 go 1. 0 — nonHasa npo3padHocTb, 1 — nosnHas
Henpo3paYHoCTb.
* color: oOuH M3 OOCTYMNHbLIX CNOCOOOB 3afjaHuWsa uUBeTa (CM. pasgen
“2.3.2 Lleem nuHuu’)
o LlBeT Tekcta. 3HadyeHMe napameTpa UMEEeT TOXe TuMn, 4YTo W
napameTp pyHKuum plot, oTBevatowmm 3a UBeT rpadumka.
 fontfamily (unu family): str
o |UpudT TekcTa, 3agaetcss B BUMAE CTPOKM M3 Habopa: {'serif’,
'sans-serif', ‘'cursive', ‘'fantasy', 'monospace’'}. MoXHO
NCnonb3oBaTb CBOW LLUPUPT.
 fontsize (unu size): str, int

o Pasmep wpudta, MOXHO BblbpaTb M3 psaga: {'xx-small', 'x-

small', ‘'small', ‘'medium', 'large', ‘'x-large', XX -

large'}, nubo 3agaTb B BUAE YMCIIEHHOIO 3HAYEHUS.
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« fontstyle (unn style): str
o Ctunb wpugTta, 3agaétca u3 Habopa: {'normal', ‘'italic’,
'oblique'}.
« fontvariant (unu variant): str
o HauyepTtaHnue wpudta, 3agaétca u3 Habopa: {'normal', 'small-
caps'}.
 fontweight (Mnn weight): str
o HacbllWeHHOCTb WwpudTta, 3agaétcsa M3 Habopa: {'ultralight’,
"light', "normal’, 'regular’, "book "', "medium’,
'roman’, 'semibold’, "demibold’, ‘demi’, 'bold’,
'heavy', 'extra bold', 'black'} nnbo YMCneHHbIM 3HAYEHNEM

B AnanasoHe 0-1000.

PaCCMOTpVIM npmuMmep, lEl,eMOHCTpI/IpyI-OLI.I,l/Il‘/'I ncnosib3oBaHMe nepevHYncrieHHbIX

BblLLIE NapaMeTpPOB:

plt.title('Title', alpha=0.5, color='r', fontsize=18, fontstyle='italic',
fontweight="bold', linespacing=10)

plt.plot(range(0,10), range(9,10))

0 2 4 B 8

PucyHok 3.20 — Npumep ncnonb3oBaHUA CBOUCTB Knacca Text
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[Ons rpynnoBoro 3agaHusi CBOWCTB MOXHO WCMONb30BaTb MapamMeTp
fontproperties unu font_properties, KOTOpOMy B KayecTBe 3Ha4YeHUS

nepenaétcs obbekT kracca font_manager.FontProperties.

KoHcTpykTOp Knacca FontProperties BbImMgauT Tak:
FontProperties(family=None, style=None, variant=None, weight=None,

stretch=None, size=None, fname=None)

[MapameTpbl KOHCTPYKTOpPA:

e family: str

o Nma wpundrTa.
e style str

o CTunb wpudrTa.
 variant str

o HaudepTtaHue.
e stretchstr

o |UunpuHa wpudra.
e weight str

© HacbIWweHHOCTb WpudTa.
e sizestr

o Pasmep wpugra.

Mepen Tem kKak wucnonb3oBaTb FontProperties He 3abygbte ero

MMMNOPTUPOBATDb.

from matplotlib.font_manager import FontProperties
plt.title('Title', fontproperties=FontProperties(family="monospace’,
style="italic', weight="heavy', size=15))

plt.plot(range(0,10), range(0,10))
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Title

0 2 4 B 8

PucyHok 3.21 — lNpumep pabdoTtbl ¢ napameTpom fontproperties

3.4.2 NapameTpbl, OTBEYarKoLWMe 3a pacrnonoxeHue Hagnucu

[na Hagnucm MOXHO 3adaTthb BblpaBHMBaHWE, Mo3NLnNO, BpaleHne n 2z-

NnopsiAoK:

horizontalalignment (unu ha): str

o [Opun3oHTanbHoOe BblpaBHMBaHWE. 3afjaeTcs u3 Habopa: {'center’,
'right', 'left'}.

verticalalignment (unn va): str

o BepTukanbHoe BblpaBHMBaHWe. 3agaértca u3 Habopa {'center’',
"top', 'bottom', 'baseline', 'center_baseline'}.

position: (float, float)

o Mosunuma Hagnucu. OnpepenseTca OBYMsS KOOpAuHaTamu X U Y,
KOTOpble nepeparTca B napameTp position B BuOe KopTexa M3
ABYX 3/1€MEHTOB.

rotation: float wnm str

o BpaweHue. OpmeHTaumio Hagnucum MOXHO 3afaTb B BMAE TeKCTa
{'vertical', 'horizontal'} nmbo 4ucneHHo — 3Ha4YeHneM B

rpagycax.
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* rotation_mode: str
o Pexum BpaweHunda. [JaHHbln napameTp onpenensieT o4YepenHoOCTb
BpawleHns wn BblpaBHMBaHUA. Ecnn oH paBeH ‘'default', TO
BHa4yane npomMsBoauTCA BpalleHue, a NoTOM BblpaBHMBaHWe. Ecnu
paBeH 'anchor', To HAOOOPOT.
* zorder: float
o [lopsgok pacnonoxeHusa. 3HadeHue napameTpa onpegensiet
OYEepEOHOCTb BbIBOAA ONEMEHTOB. JfEMEHT C  MUWUHMMAarbHbIM

3Ha4yeHneM zorder BbIBOAUTCA nepBbIM.

PaCCMOTpI/IM Ha rnpuMmepe 3aroyioBka UCrosib3oBaHME NnapamMmeTpoB 3agaHusdA

pacnonoXxeHuns:
plt.title('Title', fontsize=17, position=(0.7, 0.2), rotation='vertical')
plt.plot(range(0,10), range(0,10))

0 2 4 6 8
PucyHok 3.22 — lNpumep ncnonb3oBaHUA NapamMeTpoB, 3aaloLmx
pacnornoxeHue
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3.4.3 lMapameTpbl, oTBe4YawLMe 3a HAaCTPOMKY 3aaHero (poHa

Haanumucu

3a HacTpolKy 3aaHero ooHa HaanMcK oTBeYaeT napameTp:

* backgroundcolor: color

o LlBeT 3agHero gooHa.

Ecnn Ttpebyetca 6ornee TOHKaa HACTpoOWMKa C yKasaHMeEM LBeTa, TOSNWMHbI,

TMNa pamKu, LBEeTa OCHOBHOM 3anuBKW U T.N., TO WUCMNONb3ynTe napameTp

bbox, ero 3HayeHne — 3TO CriIoBapb, KMNO4YaMmM KOTOPOro SBMNSKTCSA cBOMCTBA

knacca patches.FancyBboxPatch (cm. Tabnuuy 3.6).

Tabnuua 3.6 — CBoncTBa Knacca patches.FancyBboxPatch

CBouncrteo Tun 3Ha4yeHuA OnucaHue
boxstyle str vnu Ctunb pamku. Cwm.
matplotlib.patches. Tabnuuy 3.7.
BoxStyle
alpha float unm None [Mpo3payvyHocCTb.
color color LiBeT.

edgecolor nnu ec

Color, None unun 'auto’

LiBeT rpaHuLbl pamKu.

facecolor unum fc

color unu None

LiBeT 3anunBku.

fill bool True — ncnonb3oBaTb
3anumeky, False — HeT.
hatch LLTpuxoBka.

{'/I) '\IJ II'J I": '+':
1 1 1 1 l*l}

linestyle nnu 1s

{'_lJ "") l'°') ':')
"', (offset, on-off-seq),
i

CTunb NNHUK pPaMKu.

linewidth vnun 1w

float unu None

TonwmHa nuHUN.
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Tabnuua 3.7 — MNMapameTpbl boxstyle

Title

Knacc NUma ATpuOoyTbI BHewHnun BUAQ
Circle circle pad=0.3 >
o
DArrow darrow pad=0.3 6@
LArrow larrow pad=0.3 <
Title
RArrow rarrow pad=0.3 -
Title >
Round round pad=0.3, m
rounding size=None T
Round4 round4 pad=0. 3, ﬁ_’EFn
rounding size=None I
Roundtooth |roundtooth |pad=0.3,
tooth_size=None
Sawtooth sawtooth pad=0.3,
tooth_size=None W
Square square pad=0.3

Mpumep odhopmneHnsa 3agHero gpoHa HaanuUCHK:

from matplotlib.patches import FancyBboxPatch

bbox_properties=dict(

boxstyle="'rarrow, pad=0.3',

ec="g', fc="r',

ls="-",
1w=3
)

plt.title('Title', fontsize=17, bbox=bbox_properties, position=(0.5,

0.85))

plt.plot(range(0,10), range(0,10))
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4 & 8

PucyHok 3.23— lNpumep HacTponku 3agHero ¢poHa Hagnucu

3.5 LiBeTtoBas nonoca — colorbar

Ecnn Bbl  cTpouTe UBeTOBOEe pacnpegerieHMe ¢ UCMonb30BaHUEM
colormesh(), pcolor(), imshow() wn T.n., TO AnNsa oTobpaxeHus
COOTBETCTBMS LBETA M YUCMEHHOrO 3HA4YeHUs BaM MOXET noHagobutcs
aHanor nereHgbl, kKotopbln B Matplotlib HasbiBaetcs colorbar. Cosgagnm
CrnyyYanHoe pacnpegeneHue ¢ nomoubto np.random.rand() n otobpasum

ero yepes pcolor():

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

plt.pcolor(vals)

0 1 2 3 4 5 & 7

PucyHok 3.24 — LiBeToBO€ pacnpegeneHue
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[ns aaHHoro Habopa noctpoum colorbar:
np.random.seed(123)

vals = np.random.randint(10, size=(7, 7))

E i!
0
0 1 2 3 4 5 G 7

PucyHok 3.25 — LiBeToBasi nonoca Ans 3afaHHoOro UBeToBoro
pacnpeaeneHus

plt.pcolor(vals)
plt.colorbar()
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,D,J'IFl OWUCKPETHOINo pasgeryieHnda uUBeToB Ha LI,BGTOBOVI noJjioce HyXHO npu
nocTpoeHnn wnsobpaxeHunss nepegatb Tpebyemyto LBETOBYKD CXeMy 4epes
napameTp cmap B COOTBETCTBYHOLLYIO (PyHKLMIO (B HawweM crnyydae pcolor()):
np.random.seed(123)

vals = np.random.randint (10, size=(7, 7))

plt.pcolor(vals, cmap=plt.get_cmap('viridis', 11) )
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PucyHok 3.26 — LiBeToBas nonoca ¢ AUCKPETHbIM pa3gerieHueM LBeTOB

plt.colorbar()
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[
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3.5.1 OGwan HacTpomnKa ¢ ucnonb3oBaHmem inset_locator()

OavH n3 BapuaHTOoB 60ree TOHKOW HACTPOMKWM LIBETOBOM MOMOCbI — 3TO

co3gartb Ha base poOnTENbCKOro Axes arnemMeHTa CBOM U MOJJ,VICbMLI,VIpOBaTb

4acTb €ro napameTpoB.

YoobHo cgenatb 9TO C  MNOMOLUBIO  GOYHKLUK

inset_axes() u3 mpl_toolkits.axes_gridl.inset_locator. OCHOBHblE

ee aprymMeHTbl nepeyvncneHbl B Tabnuue 3.7.

Tabnuua 3.7 — NapameTpbl hyHKUUN inset_axes()

MapameTp

Tun

OnucaHume

parent_axes

Axes

PoguTtenbcknin Axes oObekT.

width

float vnu str

LLnpnHa obbekTa. 3agaérca B
npoueHTax OT POAUTENbCKOro
obbekTa Nnbo abCcontoTHLIM
3Ha4YeHneMm B Buae 4Yucna.

height

float vnu str

BbicoTa obbekTa. 3agaércs B
NpoLeHTax OT POAUTENBbCKOrO
obbekTa Nnbo abcontTHbLIM
3Ha4YeHneM B BUAE YMCna.

loc

int unn string,
optional,
3Ha4yeHue no
ymMmon4yaHuio: 1

PacnonoxeHne obbekTa.
MpnHMMaeT 3HavYeHne n3 Habopa:
"upper right': 1,
"upper left': 2,
'lower left': 3,
"lower right': 4,
'right': 5,

'center left': 6,
'center right': 7,
'lower center': 8,
"upper center': 9,
‘center' : 10
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bbox_to anchor

tuple nnu
matplotlib.trans
forms.BboxBase
nnu optional

PacnonoxeHne n cooTHOLLEHWE
CTOPOH 0ObekTa. 3agaéTtcs B
doopmarte (f1eBbIN Yrosi, HUXHUI
yron, WwupuHa, BbicoTta), nmdo
(neBbIN yron, HWXHUIA yron).

bbox_transform

matplotlib.trans
forms.Transform
unn optional

TpaHcdopmauusa obbekTa.

borderpad

float unu
optional

3asop mexay bbox_to_anchor u
0ObEKTOM.

MpooemoHcTpupyem paboTy ¢ inset_axes() Ha npumepe:

from mpl toolkits.axes gridl.inset_locator import inset_axes

np.random.seed(123)
vals =

fig, ax =

gr = ax.pcolor(vals)

axins =

inset_axes(ax, width="7%", height="50%",

np.random.randint (11, size=(7, 7))
plt.subplots()

loc="lower left’',

bbox_to_anchor=(1.05, 0., 1, 1), bbox_transform=ax.transAxes,

borderpad=0)

plt.colorbar(gr, cax=axins)

?’_

&

5

1 2 3 4

-:-M-bmms

5 G 7

PucyHok 3.27 — LiBeToBas nonoca, NOCTPOeHHas C UCMOSfIb30BaHUEM
inset_axes()
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Mpn HeoBXxo4MMOCTU MOXHO MOAMMUUMPOBATL LIKANy LBETOBOMW MOMOCHI C

nomoLlblo odobekTa knacca Tick.

3.5.2 3apaHue WwKanbl U yCTaHOBKa Haanucu

Onsa 3apaHna cobCcTBeHHOW wWKanbl HeobxoguMmo nepedaTb CHAUCOK CO
3HaYeHNsAMU 9NEMEHTOB LWKanbl B PyHKUMIO colorbar() 4yepe3 napameTp
ticks. Hagnucbh Ha wkane yctaHaBnvMBaeTCcHa C NOMOLLbLIO napameTpa label

doyHKUMKM colorbar().

Moaudvumpyem nocrnenHow CTPoKy M3 NpeabiayLlero npuMepa cneayowmum

obpasowm:
plt.colorbar(gr, cax=axins, ticks=[@, 5, 10], label='Value')

10

Walue

o
o 1 2 3 4 5 & 7

PucyHok 3.28 — LiBeToBasi nonioca ¢ CO6CTBEHHOM LUKarion
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Ecnn ectb HeobxogMmMoOCTb B YCTAHOBKE TEKCTOBbIX Hagnucen, TO
BOCnonb3yntecb pyHkumnen set_yticklabels():

cbar = plt.colorbar(gr, cax=axins, ticks=[@, 5, 10], label='Value')
cbar.ax.set_yticklabels([ "Low', "Medium', 'High'])

High

Medium

Low

H 1 2 3 4 5 B 7

PucyHok 3.29 — LiBeToBasi nonoca ¢ TeKCTOBbIMU HaANMUCAMMU

3.5.3 [ononHuTenbHble MNapamMeTpbl HACTPOMKM LBETOBOW

nonochbl

PaccmoTpum psig napamMeTpoB Ons HAaCTPOWMKWM BHELLUHEro Buaa LIBETOBOW

NMosocCkl, KOTOPble JOCTYMHbI KaK apryMeHTbl yHKUuM colorbar().

Ta6bnuua 3.8 — NapameTpbl hyHKUUN colorbar()

CBonucrteo Tuvn OnucaHue
orientation |vertical unun OpwueHTauums.
horizontal
shrink float MacltabupoBaHne LIBETOBOM
Nnonocsl.
extend [ 'neither' | 'both' [MonoxeHne ykasarens
| 'min' | 'max' ] NpOoANEeHUs LWKanbI.
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extendfrac [ None | 'auto' | Pa3smep ykasatensa npoaneHus
length | lengths ] LuKanbl.

drawedges bool OT1obpaxeHue
pasgennTenbHOn CETKU Ha

LIBETOBOW Nonoce.

import numpy as np
np.random.seed(123)
vals = np.random.randint(10, size=(7, 7))
plt.pcolor(vals, cmap=plt.get cmap('viridis', 11))
plt.colorbar(orientation="horizontal"’,

shrink=0.9, extend='max', extendfrac=0.2,

extendrect=False, drawedges=False)

L= e o = |

PucyHok 3.30 — LiBeToBasi nonoca ¢ A4ONOSIHUTENIbHLIMMX NapamMmeTpamMm
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NmaBa 4. Busyanunsaumsi AaHHbIX

4.1 JInHenHbIN rpacdpmk

JInHenHbIN rpadmk — 3TO oauH M3 Hamboree 4acto UCMONb3yeMbIX BUOOB
rpacpmkoB AOns Bu3yanu3aumm pJaHHbiX. OH  uncnonb3oBancss Hamu Ans
OeMOHCTpauumn Bo3MoXxHocTen Matplotlib B npenblaylinx ypokax, B 3TOM
ypoke Mbl 6onee nogpobHO pPaccMOTPMM BO3MOXHOCTU HaCTPOMKU €ero

BHELUHEro Bnaa.

4.1.1 NMocTpoeHune rpadmka

[ns nocTtpoeHust NMHEnHoro rpaduka ucnonbadyetca yHkumna plot() co

cnegyowen CUrHaTypomn:

plot([x], y, [fmt], *, data=None, **kwargs)
plot([x], vy, [fmt], [x2], y2, [fmt2], ..., **kwargs)

Ecnn BbizBaTb yHKUMO plot() C ogHUM aprymeHTOM Takum obpasoMm:
plot(y), TO Mbl nony4nm rpaduk, y KOTOPOro rno ocu opamHat (ocb y) dyayT
OTNOXEHbl 3HAYeHUs M3 nepefaHHOro cnmcka, no ocu abcumcc (ocb x) —

MHOEKCHI 3J1IEMEHTOB MacCCKMBa.

PaccmoTtpum aprymeHTbl pyHKumMn plot():
* X, X2, ....MaccuB
o Habopbl AaHHbIX Ans ocu abcumncce (ocb x) Ana Nepsoro, BTOPOro U
T.4. rpacduka.
* vy, y2, ....MaccuB
o Habopbl gaHHbIX Ona ocu opauHaT (ocb y) ANs NepBOro, BTOPOro u

T.4. rpaduka.
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e fmt: str

o ®dopmar rpaduka. 3agaétca B BUOE CTPOKMU:

[color]".

e **kwargs

"[marker][line]

{I_I, l__l, l_.l,
"', "', (offset,
on-off-seq), ...}

o cBOWMCTBa knacca Line2D, KoTOpble MpenoCcTaBnsalT [OCTyn K
BbonblWOMY KONMMYECTBY HACTpPOeK BHeLWHero Buga rpaduka,
Hanbonee nonesHble U3 HUX NpeacTaeneHbl B Tabnuue 4.1.

Ta6bnuua 4.1 — CBouncTtBa Knacca Line2D
CBonctBO Tvn OnucaHue
alpha float [Mpo3pavyHoOCTb.
color unu c color LiBeT.
fillstyle {'full', 'left', CTunb 3anuBkKu.
'right', 'bottom',
"top', 'none'}
label object TekcToBaga meTka.
linestyle nnu ls CTunb nNnHUN.

linewidth vnum 1w

float

TornwuHa nMHnN.

marker matplotlib.markers | Ctunb mapkepa.
markeredgecolor unn | color LiBeT rpaHuubl
mec Mapkepa.
markeredgewidth unn | float TonuwmHa rpaHnubl
mew Mapkepa.
markerfacecolor unn | color LiBeT 3anuBku

mfc Mapkepa.
markersize nnu ms float Pa3smep mapkepa.
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4.1.1.1 NapameTpbl aprymeHTa fmt

AprymeHT fmt nmeet cnegyrowmnn popmar: ' [marker][line][color]’

e marker: str

© Onpe,u,enﬂeT TUN Mapkepa, MoXeT NnpuHnmMaTb 0gHO N3 3Ha4YeHUH,

npeactaBneHHbIX B Tabnuue 4.2.

Tabnuua 4.2 — Tun mapkepa

Cumson OnucaHue

"L Touka (point marker).

Y, Mukcensb (pixel marker).

‘o' OkpyxHocTb (circle marker).

" TpeyronbHWK, HanpaeneHHbI BHU3 (triangle_down
marker).

At TpeyronbHUK, HanpasBneHHbIn BBepPX (triangle_up marker).

<! TpeyronbHUK, HanpaeneHHbln BneBo (triangle _left marker).

" TpeyronbHUK, HanpasBneHHbIn BnNpaeo (friangle_right
marker).

1 TpeyronbHWK, HanpaeneHHbIn BHU3 (tri_down marker).

2! TpeyronbHUK, HanpasneHHbI BBepX (tri_up marker).

'3 TpeyronbHWK, HanpaBneHHbIn BneBo (iri_left marker).

'4' TpeyronbHUK, HanpaBneHHbIN Brnpaeo (iri_right marker).

's' KBagpart (square marker).

'p' MatunyronbHUK (pentagon marker).

PR 3Bespaa (star marker).

'h' LLlecTtnyronebHuk (hexagon1 marker).

'H' LlecTtnyroneHuk (hexagon2 marker)

"+! Mntoc (plus marker).

"x' X-06pasHblni Mapkep (x marker).

‘D' Pomb6 (diamond marker).
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Pomb (thin_diamond marker).

BepTukanbHas nuuus (vline marker).

lopusoHTanbHasa nuHna (hline marker).

line: str

o CTunb NUHUN.

Tab6nuua 4.3 — CTunb NUHUN

CumBon OnucaHue
b CnnowHas nuHna (solid line style).
f-- LUTpuxosaga nuHna (dashed line style).
" - LUTpuxnyHkTUpHasa nuHus (dash-dot line style).
tet LUTpuxosaa nuHuna (dotted line style).
e color

o LlBeT rpacuka.

Tabnuua 4.4 — LiBeT rpacuka

CumBon OnucaHue
'b’ CuHun.
‘g’ 3enéHbin.
‘r' KpacHbin.
‘c' bupto3oBbin.
‘m' duroneToBbIN (NYPrypHLIN).
'y! YKenTtbin.
k' UEpHbIN.
'w' Benbin.
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[MpooemMoHCcTpupyem Bo3MOXHOCTU plot () Ha npumepe:

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

yl =11, 7, 3, 5, 11]

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

plt.figure(figsize=(12, 7))

plt.plot(x, yl, 'o-r', alpha=0.7, label='first', 1lw=5, mec='b', mew=2,
ms=10)

plt.plot(x, y2, 'v-.g', label='second', mec='r', lw=2, mew=2, ms=12)
plt.legend()

plt.grid(True)

12 | =@ first ,
N s=cond

10

25 50 75 100 125 150 175 200

PucyHok 4.1 — Npacdumkn, noctpoeHHble ¢ nomMmoLbio plot()

PaccMoTpuM pasnuyHble BapuaHTbl paboTbl C TIMHEHBIM rpadUKOM.

4.1.2 3anuBka obnactu mexay rpamKkomMm M ocbro

[nsa 3anuBku obnacten ncnonbdyetcsa oyHkums fill between(). CurHatypa

YHKUNN:
fill between(x, yl, y2=0, where=None, interpolate=False, step=None, *,

data=None, **kwargs)
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OcHOBHble napameTpbl PyHKLMK:

X : MaccuB asivHbl N

o Habop gaHHbIX ansa ocu abecumcce (ocb X).

y1 : maccus gnvHbl N nnu ckansipHoe 3HayeHue

o Habop gaHHbIX Ans ocu opanHaT (OCb y) — nepsBas Kpusasi.

y2 : MmaccuB gnvHbl N nnu ckansipHoe 3HadeHue

o Habop gaHHbIX Ans ocy opanHaT (0Cb y) — BTOpas KpuBasi.

where: maccuB bool anemeHTtoB (OnuHbl N), optional, 3HayeHue no

ymon4aHuto: None

o 3agaeT 3anvMBaeMbli LIBETOM pPErMOH, KOTOpbIN onpedensietcs
KoopauHaTamun x[where]: nHTepBan OyadeT 3anuT mexay Xx[i] w
x[i+1], ecnu where[i] nwhere[i+1] paBHbl True.

step: {'pre', 'post', 'mid'}, optional

o Onpegensier war, ecnu uUcnomnb3dyeTcsa  Step-pyHKuna  ong
oTobpaxeHunsa rpaduka (byoer paccmoTpeHa B OOHOM U3
cnegyrowmx pasaenos).

**kwargs

o CaovicTBa knacca Polygon.

Cosgagmm Habop AaHHbIX ANa SKCnepumMmeHTa:

import numpy as np

X

y

np.arange(0.0, 5, 0.01)

np.cos(x*np.pi)

OT1obpasnm rpauk c 3anmBKON:

plt.plot(x, y, ¢ = 'r")
plt.fill_between(x, y)
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PucyHok 4.2 — 'pacpuk ¢ 3anuBkon (npumep 1)

N3ameHnm npasusia 3arinBKku:
plt.plot(x, y, ¢ = 'r")
plt.fill between(x, y, where = (y > 0.75) | (y < -0.75))

100 1
075 4
050 4
025 4
000 4

—0.25

—0.50
—0.75 A
=1.00

PucyHok 4.3 — INpachuk ¢ 3anuBkon (npumep 2)
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Ncnonb3ya napameTtpbl yl M y2, MOXHO dopmupoBatb Oonee CroXHble

pelleHns. 3anuneka obnactn mexay 0 n y npu ycnoeuu, 4to y >= 0:

plt.plot(x, y, c = 'r")
plt.fill between(x, y, where = (y > 0))
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PucyHok 4.4 — N'pachuk ¢ 3anmBkoun (npumep 3)

3anuneka obnactn mexay 0.5 n y npu ycnosum, 4to y >= 0.5:
plt.plot(x, y, c = 'r")

plt.grid()

plt.fill between(x, 0.5, y, where=y»=0.5)
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PucyHok 4.5 — N'pachuk ¢ 3anmBkon (npumep 4)
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3anuneka obnactn mexagy y u 1:
plt.plot(x, y, ¢ = 'r")
plt.grid()

plt.fill between(x, y, 1)
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PucyHok 4.6 — N'pachuk ¢ 3anmBkon (npmumep 5)

BapnaHT oBYyXUBETHOM 3aNNBKM:

plt.plot(x, y, c = 'r")

plt.grid()

plt.fill between(x, y, where=y>=0, color='g', alpha=0.3)
plt.fill between(x, y, where=y<=0, color='r', alpha=0.3)

100 1
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PucyHok 4.7 — Npacpuk ¢ 3anmBkon (npmumep 6)
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4.1.3 Hactponka mapkupoBKu rpacukoB

B Hauane atoro pasgena Mbl NpuBOauAM nNpumep paboTbl C Mapkepamun npu
oTobpaxeHun rpadgpukoB. Caenaem 310 ewé pas, HO yXe B YNPOLLEHHOM
BUae:

x = [1, 2, 3, 4, 5, 6, 7]

y =[7, 6,5, 4, 5, 6, 7]

plt.plot(x, y, marker='0"', c='g")

1.0

65

6.0

55

5.0

45

40

1 2 3 H 5 6 7

PucyHok 4.8 — Npachuk ¢ MapKnpoBKOW

Cospgagnm Habop AaHHbIX:
import numpy as np
np.arange(0.0, 5, 0.01)

np.cos(x*np.pi)

X

y

KonunyectBo To4ek B Hem paBHO 500, noatoMmy npencraBrfieHHbIA Bbille

noaxod He NPUMEHMM: NPOM30ONAET HANOXEHNE TOYEK:

plt.plot(x, y, marker="'0", c="g")
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PucyHok 4.9 — Npachuk ¢ 60nbLLNM KONTMYECTBOM MapKepoB

B atom cny4yae HyXHO 3aJaTb UHTepBan OTO6pa)KeHl/IFI MapkKepoB, Ond 3Toro

ncnonb3yeTcsl napaMeTp markevery, KOTOPbIA MOXET MPUHUMATb OA4HO U3

criefytoLLMX 3HAYEHWI:

None — oToGpaxaTbcs OyaeT Kaxaasi ToUKa;

N — oTobpaxaTbcsa bynet kaxaas N-a Touka;

(start, N) — otobpaxaetcs kaxpas N-a Toyka, Ha4YnMHasi C TOYKM
start,
slice(start, end, N) — oTobOpaxaetrca kaxpaa N-a Touka B

WHTepBane ot start 0o end,

[i, j, m, n] — 6yayT oToBpa)keHbl TONbKO TOYKM i, j, M, N.
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Hwxe npegcrasneH npumep, AEMOHCTPUPYOLWNN paboTy ¢ markevery:

X
y
m_ev_case = [None, 10, (100, 30), slice(100,400,15), [0, 100, 200, 300],
[10, 50, 100]]

np.arange(0.0, 5, 0.01)

np.cos(x*np.pi)

fig, ax = plt.subplots(2, 3, figsize=(10, 7))
axs = [ax[i, j] for i in range(2) for j in range(3)]
for i, case in enumerate(m_ev_case):

axs[i].set_title(str(case))

axs[i].plot(x, y, ‘o', 1ls='-', ms=7, markevery=case)
None 10 {100, 30}
10 - 10 10
0.5 05 05 -
0.0 - 0.0 4 0.0 -
-0.5 -0.5 0.5
-1.0 1 -1.0 1 -1.0
0 2 4 0 2 4 0 2 4
slice(100, 400, 15) [0, 100, 200, 300] [10, 50, 100]
10 10 10
05 - 05 05
0.0 1 0.0 4 0.0
-05 -0.5 05
-1.0 1 -1.0 ~1.0 1
0 2 4 0 2 4 0 2 4

PucyHok 4.10 — PasnunyHblie BapuaHTbl MapKUPOBKMU
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4.1.4 O6pe3ka rpacuka

Ons Toro, 4Tobbl OTOOpPa3NTb TONMbKO YacTb rpadmka, koTopasi oTBevaeT
onpenenéHHoMy YCroBUI, UCMONb3yhTe nNpeaBapuTenbHOE MackupoBaHue

AaHHbIX C NOMOLLBLIO PpyHKUMM masked where() W3 nakeTta numpy:

X
y
y_masked = np.ma.masked_where(y < -90.5, y)
plt.ylim(-1, 1)

plt.plot(x, y_masked, linewidth=3)

np.arange(9.0, 5, 0.01)

np.cos(x*np.pi)
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PucyHok 4.11 — lNMpumep o6pe3kun rpachuka
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4.2 CTtyneH4YaTbi, CTEKOBbIA, TOYe4YHbIU WU Apyrue
rpacpukun

4.2.1 CtyneH4aTbIn rpacpuk

CTyneH4atbIt rpadouK CTPOUTCS C NOMOLLBIO OYHKUMK step():

step(x, y, [fmt], *, data=None, where='pre', **kwargs)

[MapameTpbl PyHKUMN:
* X: MaccuB
o Habop gaHHbIX ans ocu abeumnce (ocb X).
* y: MaccuB
o Habop gaHHbIX Ans ocn opgmHart (ocb y).
e« fmt: str, optional
o @opmart nMHUK (cM. oyHKUmto plot()).
» data: uHgekcmpyembin 06bekT, optional
o MeTkn.
 where: {'pre', 'post’, 'mid'}, optional; 3HavyeHue no
ymosnyaHuio: 'pre'
o OnpenendaeTt MecTo, rae 6yaeT ycTaHOBMEH Luar:
= 'pre': 3HayeHue y CTaBUTCHA CneBa OT 3HAYEeHUd X, T.e. 3Ha4YeHue
y[i] onpegendaetca ana uHtepBana (x[i-1]; x[1i]);
= 'post': 3HayeHMe y CTaBMTCA cCnpaBa OT 3HayeHus X, T.e.
3HayeHue y[i] onpegensaetca ona uHtepBana (x[i]; x[i+1]);

= 'mid': 3HayeHue y cTaBUTCA B cepeanHe uHTepaana.
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np.arange(9, 7)
y =X

X
Il

where_set = ['pre', 'post', 'mid']
fig, axs = plt.subplots(l, 3, figsize=(15, 4))

for i, ax in enumerate(axs):

ax.step(x, y, 'g-o', where=where_set[i])

ax.grid()

i —¢ ] I &
5 5 1 5

1 J 1 1
D[ 01— o

0o 1 2 3 4 5 & o 1 2 3 4 5 & 0 1 2 3 4 5 &

PucyHok 4.12 — CtyneHuYaTtbI rpacuk

4.2.2 CtekoBbIN rpachmk

[ns nocTpoeHusi cTekoBoro rpaduka mncnonbdyetrcs pyHkuma stackplot().
CyTb ero B ToM, 4YTO rpadumkm otobpaxalTcs Apyr Hag APYrom, U Kaxabin

CJ'IeLI,yI-OLLI,VIVI ABINAETCAH CyMMOVI npeabiaywero n 3agaHHoro.

X = np.arange(9, 11, 1)

yl = np.array([(-0.2)*i**2+2*i for i in x])
y2 = np.array([(-0.4)*i**2+4*i for i in x])
y3 = np.array([2*i for i in x])

labels = ['y1l', 'y2', 'y3']

fig, ax = plt.subplots()

ax.stackplot(x, yl1, y2, y3, labels=labels)
ax.legend(loc="upper left')
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PucyHok 4.13 — CtekoBbI# rpadouk

BepxHuin kpan obnactu y2 onpegensieTcs kak cymma 3HavyeHuin u3 Habopos

y1 1 y2, y3 — cooTBeTCTBEHHO cymma y1, y2 u y3.

4.2.3 Stem-rpacuk

BuayanbHo stem-rpacdvk BbImMSAUT  Kak Habop NWMHUM  OT  TOYKM C
KkoopauvHatamu (X, y) 4o 6a30BOM NIMHUKM, B BEPXHEN TOYKE KOTOPOW CTaBUTCS
Mapkep:

X = np.arange(9, 10.5, 0.5)

y = np.array([(-0.2)*i**24+2*1 for i in x])

plt.stem(x, y)

PucyHok 4.14 — Stem-rpacdumk
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[ononHutensHble napamMmeTpbl pyHKUmMN stem():

e linefmt: str, optional

o CTuNb BEPTUKaNbHOM NNHUN.

Ta6nuua 4.5 — Ctunb BepTUKanbLHOW NIMHUN

CumBon

CTuUnb NUHUN

CnnowHas nuHng (solid line style).

LUTpuxoBaa nuHna (dashed line style).

LWUTpuxnyHkTnpHas nuHus (dash-dot line style).

LTpuxosaa nuHua (dotted line style).

* markerfmt: str, optional

o dopmar Mapkepa.

Tabnuua 4.6 — ®opmaTt mapkepa

3Ha4yeHue OnucaHue
‘o' Kpyr (Circle).
"+ 3Hak nntoc (Plus sign).
PRI 3Bes3nouyka (Asterisk).
"L Touka (Point).
"x' KpecT (Cross).

‘square' unun 's'

KBapgpat (Square).

"diamond' nnn 'd’

Pom6 (Diamond).

Al

TpeyronbHUK, HanpasneHHbIn BHU3 (triangle _down).

v TpeyronbHUK, HanpasneHHbI BBepX (triangle _up).
<! TpeyronbHUK, HanpaeneHHbI BNeBo (triangle left).
! TpeyronbHUK, HanpaeneHHbI BNpaeo (triangle_right).

"pentagram’ nnn

MatnyroneHuk (Five-pointed star (pentagram)).
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"hexagram' unm 'h'

LlecTtnyronbHuk (Six-pointed star (hexagram)).

"none’

HeTt mapkepa (No markers).

* basefmt: str, optional

o dopmat 6a30BOM NNHUMN.

* bottom: float, optional; 3Ha4yeHue no ymonyauuio. 0

o y-koopguHaTta 6a3o0Bon NNHUN.

Mpumep, AEMOHCTPUPYIOLLNIA paboTy ¢ AOMONHUTENBHBIMU NapaMeTpaMu:

plt.stem(x, y, linefmt="r--', markerfmt="""', bottom=1)

5 - aha
St
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| I D I N I DR N B |
F O T T T T T T T T
| I D I D D N DN DN BN B |
2 T A A R R Y
| I D R D D DN N D RN DN DN B |
PO T T A T T A Y
| I N IR DN D N D N RN DN N AN B N |
2 EEEEEEEEEEEEEE
+IIIIIIIIIIIIIII+
| I D D DR D D D D D D D D D R D R |
| I D D DR D N D D D D D D D D D R |
1_:‘IIIIIIIIIIIIIIIII‘I:
0{ A i
0 2 a 6 8 10
PucyHok 4.15 — MogucgmumpoBaHHbin Stem-rpacpuk
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4.2.4 Touye4yHbin rpacuk (dQuarpamma paccessHuA)

[ns noCcTpoeHus agnarpamMmbl paccedaHns ncnonb3yetca PyHKUums scatter().
B npoctenwem Buae e€ MOXHO nony4ntb, nepenaB pyHKumm scatter()
KoopauHaTbl X 1 y:

X

y
plt.scatter(x, y)

np.arange(9, 10.5, 0.5)

np.cos(x)

100 ® -
0.75 - - .
0.50 -

0.25 - b
0.00

-0.25 - -

—0.50

-0.75 -

-1.00 - . ®

0 2 3 6 B 10

PucyHok 4.16 — [lnarpamma pacnpegeneHusi (npumep 1)

[Onsa  ©Oonee  pgeTanbHOM  HACTPOMKM  M300paxeHuss  Heobxoammo

BOCIMOMb30BaTbCA AOMOMNHUTENBbHLIMKY NapamMeTpamu pyHkumn scatter().

CurHaTypa Bbi3oBa QYHKLMK:

scatter(x, y, s=None, c=None, marker=None, cmap=None, norm=None,
vmin=None, vmax=None, alpha=None, linewidths=None, verts=None,

edgecolors=None, *, plotnonfinite=False, data=None, **kwargs)

PaccmoTpum HekoTopble N3 e€ NapaMeTpPoB:
e X:Maccus, shape(n, )

o Habop gaHHbIX Ans ocu abeumnce (ocb X).
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« y: Maccus, shape(n, )

(@]

Habop gaHHbIX ons ocu opamHar (ocb y).

* S! CKandpHas BenuymMHa unu maccus, shape(n, ), optional

(@]

MacwwTtab Touex.

 c: uBeT® unun Habop LIBETOBLIX 3NeMeHToB, optional
o LlgeT.

« marker: MarkerStyle, optional
o CTWUNb TOYKM.

+ cmap: str, Colormap’, optional, 3Ha4eHue No ymonyaHuio: None
o LlBeTtoBas kapta (cMm. “4.4.1 L{semoenie kapmbi (colormaps)”).

« norm: Normalize® optional, 3HayeHue no ymonyaHuto: None
°© Hopmanusaumsa OaHHbIX.

 alpha: ckangpHasa BenuyuHa, optional, 3HayeHue MO YMOMYAHUIO:
None
o [1po3payHOCTb.

 linewidths: ckanapHaa BenuynHa unm maccuB, optional, 3Ha4vyeHue
no ymon4yaHuio: None
o lupnHa rpaHuubl Mapkepa.

e edgecolors: {'face', 'none', None}, UBET’ UMK HaGoOp LIBETOBbIX
anemeHToB, optional.

o LlBeT rpaHunubl.

6 OpuH 13 JoCTynHbIX cnocoboB 3agaHus uBeTa (cM. pasgen “2.3.2 Ligem nuHuu’)

7 https://matplotlib.org/api/_as_gen/matplotlib.colors.Colormap.html
8 https://matplotlib.org/api/_as_gen/matplotlib.colors.Normalize.html
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Mprmep paboTbl ¢ napameTpammn yHKUMN scatter():

X = np.arange(0, 10.5, 0.5)
y = np.cos(x)

plt.scatter(x, y, s=80, c='r', marker='D

10{ 4 re S
* o ¢
05 - L 2
L 2
0.0 4
* L 2
-05 "‘} . .
-1.0 - {V" "‘:.
0 2 4 § 8 10

PucyHok 4.17 — [Aunarpamma pacnpegerneHus (npumep 2)

Mpumep, AeMOHCTpUpYOLWNA paboTy C LBETOM U pa3MepPOM:

import matplotlib.colors as mcolors
bc = mcolors.BASE_COLORS

X

y

np.arange(9, 10.5, 0.25)

np.cos(x)

num_set = np.random.randint(1, len(mcolors.BASE_COLORS), len(x))

sizes = num_set * 35

colors = [list(bc.keys())[i] for i in num_set]

plt.scatter(x, y, s=sizes, alpha=0.4, c=colors, linewidths=2,

edgecolors="face")
plt.plot(x, y, 'g--', alpha=0.4)

» linewidths=2, edgecolors="g")
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PucyHok 4.18 — MoaucgpumumpoBaHHbIN TOYeYHbIU rpacuk (npumep 3)

0
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4.3 CtonbuyaTble U KpyroBble AaMarpaMmmbl

4.3.1 Ctonbuatble guarpamMmmbol

,D,J'Iﬂ BM3yarnmn3aunn KateropmaribHbliX OaHHbIX XOPOLWO NoaxoaAaTt ctonbyarble

anarpamMmmbl. [Jng nx nocTtpoeHns NCnonb3yTcs yHKLMN:
* bar() — BepTuKanbHas cTondyartas gunarpamma;

* barh() — ropusoHTanbHas ctonéyatas guarpamma.

[MocTpouM NpocTyto anarpammy:
np.random.seed(123)

[f'P{i}" for i in range(7)]
np.random.randint(3, 10, len(groups))

groups
counts

plt.bar(groups, counts)

o

PO Pl P2 P3 P4 P5 P&

PucyHok 4.19 — BepTtukanbHas cronbyaras guarpamma
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Ecnun 3ameHnm bar () Ha barh(), TO NoNy4YMm ropmsoHTasnbHy0 gnarpammy:

plt.barh(groups, counts)

o 2 4 & i)

PucyHok 4.20 — NopusoHTanbHasa ctonb4yartasa guarpamma

Paccmotpum 6onee nogpobHo napameTpbl yHKUMK bar():

OCHo8HbIe napamempsi:

* X: MaccuB
o X-koopAauHaTbl CToN6UoB.

* height: ckanapHag BenvynHa unu maccums
o BbicoTbl CTONOLOB.

* width: ckangapHaqa BenndnHa, maccus Unu optional
o LlunpuHa cton6buos.

* bottom: ckanapHasa BenndnHa, maccuB unun optional
o y-koopauHaTta 6asbl.

« align: {'center', 'edge'}, optional; 3HayeHMe MO YMOSHAHUIO:!
'center’

o BblpaBHMBaHME MO KOOPAMHATE X.

LononHumerbHbIe napamempsi:

« color: uset®, Habop LBETOBbLIX 3NeMeHTOB Unun optional

o LlBeT cTonbuoB AnarpaMmmbl.

9 OpuH 13 JocTynHbIX cnocoboB 3agaHus uBeTa (cM. pasgen “2.3.2 Ligem nuHuu”)
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« edgecolor: uBeT'®, Habop LBETOBLIX 3NIEMEHTOB UM optional
o LlBeT rpaHuubl cTonbuoB.
 linewidth: ckanapHasa BenunynHa, maccuse unu optional
o unpnHa rpaHnubl.
 tick_label: str, maccuB unu optional
o MeTkn ana ctonbua.
* Xerr, yerr: cKandpHas BenuyMHa, mMaccuB pasmepa shape(N,),
shape(2, N) unu optional
o BenuunHa owunbkn Ona  rpaduka. BbICTaBrneHHoe 3HadeHue
npubaensetca/ygansercds K  BepxHen  (nmpaBon —  Ons
OPU3OHTaNbHOrO  rpaduka)  rpaHuue. MoxeT  npuHUMaTb
crneayoLwne 3Ha4yeHus:
= cKansip: CUMMETPUYHO +/- Ans Bcex 6apos.;
= shape(N, ): cMMMETpUYHO +/- Ans Kaxgoro 6apa;
= shape(2, N): Bbibopo4vHOro - n + gna kaxgoro Gapa. lNepsas
CTPOKa COOEPXUT HWXKHME 3HA4YeHUs1 OLIMOOK, BTOpasi CTpoka —
BEPXHUE;
= None: He oOTobpaxaTb 3Ha4YeHus OWMnBOK. ITO 3Ha4YeHue
MCMONb3yeTCcsl MO YMOMYaHMUIO.
« ecolor: uBet', Habop LIBETOBbLIX 3NEMEHTOB UKW optional; 3HaYeHue
no ymonyaHuio: '‘black’
o LlBeT NnUHUM owmnbKM.
 log: bool, optional; 3HayeHue no ymon4yaHuio: False
o BknroyeHue norapmgmmyeckoro maclutaba ans ocu y.
 orientation: {'vertical', 'horizontal'}, optional

© OpVIeHTaLI,VIFII BepTUKaribHaaA Unm ropn3oHTaribHasa.

10 OpuH 13 gocTynHbIX cnocoboB 3agaHnsa uBeTa (cM. pasgen “2.3.2 Lisem nuHuu”)
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Mpumep, AeMOHCTpUpYOLWMn paboTy ¢ napameTpamu bar():

import matplotlib.colors as mcolors
bc = mcolors.BASE_COLORS

np.random.seed(123)

groups = [f'P{i}"' for i in range(7)]

counts = np.random.randint(@, len(bc), len(groups))

width = counts*0.1

colors = [['r', 'b", "g'][int(np.random.randint(@, 3, 1))] for _ in

counts]

plt.bar(groups, counts, width=width, alpha=0.6, bottom=2, color=colors,
edgecolor="k"', linewidth=2)
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PucyHok 4.21 — MogucdpumumpoBaHHaa ctonb4yartasa gumarpamma

4.3.1.1 'pynnoBble cTonbyarbie agnarpaMmmol

|/|CI'IOJ'Ib3y$I onpeaeneHHbIM o6pa30M noaroToBJfiEHHbIE OaHHbIE, MOXXHO

CTpOUTb rpynnoBble anarpamMmmbl.
cat_par = [f'P{i}" for i in range(5)]
gl = [10, 21, 34, 12, 27]

g2 = [17, 15, 25, 21, 26]

width = 0.3

x = np.arange(len(cat_par))
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fig, ax = plt.subplots()
ax.bar(x - width/2, gl, width, label="gl")
ax.bar(x + width/2, g2, width, label="g2")

ax.set_title('Mpumep rpynnosBoin guarpammsl’ )

rectsl

rects2

ax.set_xticks(x)
ax.set_xticklabels(cat_par)

ax.legend()

MpuMep rpynnoeEol oUarpaMmel

35
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PucyHok 4.22 — N'pynnoBas cton6é4yaTtasa gmarpamma

4.3.1.2 lnarpamma c errorbar-aneMeHTOM

Errorbar anemMeHT MNO3BOMSIET 3adaTb BENUYMHY OLWIMOKM ONs  Kakooro
anemMeHTa rpadmka. [ns 3Toro MCnonb3ylTcs napamMeTpbl xerr, yerr U

ecolor, nepBble ABa onpenensioT BENMUYNHY ONOKKX, NOCNeaHUAn — LBET:

np.random.seed(123)

rnd = np.random.randint
cat_par = [f'P{i}" for i in range(5)]

gl = [10, 21, 34, 12, 27]
error = np.array([[rnd(2,7),rnd(2,7)] for _ in range(len(cat_par))]).T
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fig, axs = plt.subplots(1l, 2, figsize=(10, 5))

axs[@].bar(cat_par, gl, yerr=5, ecolor='r', alpha=0.5, edgecolor='b",
linewidth=2)

axs[1].bar(cat_par, gl, yerr=error, ecolor='r', alpha=0.5, edgecolor='b",
linewidth=2)

40 4
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0 | | 30 |

|
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PucyHok 4.23 — CtonbyaTtas guarpamma c errorbar 3a5ieMeHTOM

4.3.2 KpyroBble gnarpamMmmbl

4.3.2.1 Knaccuyeckas KpyroBasa guarpamMmma

KpyroBble pguarpammbl — 3TO HamsgHbln  cnocob nokasaTb  [onuv
KOMNoHeHTOB B Habope. OHM wngeanbHO NOAXOOAT ANS  OTYETOB,
npeseHTaumnm u T.N. Ona nocTpoeHna Kpyrosbix guarpamm B Matplotlib

ncnonbayetcs pyHKUnA pie().

I'Ipwmep anarpamMmmbl.

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

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

ax.pie(vals, labels=labels)

ax.axis('equal’)
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Toyota

Ford
BMY

Jaguar

AUDI

PucyHok 4.24 — KpyroBas guarpamma

PaccmoTtpum napametpbl yHKUnM pie():
* X MaccuB
o Maccus ¢ pasmepamu Joneu.
* explode: maccus, optional; 3Ha4yeHuMe No ymonyaHuto: None
o Ecnn napameTp He paBeH None, TO 4YacTb [Onen, KoTopble
nepeyncrneHbl B nepegjaBaeMoM 3HadyeHun, OyayT BbIHECEHbl U3

AvarpaMmmbl Ha 3agaHHoe paccTosiHue. Mpumep Takow avarpaMmei:

Toyota

Ford

Jaguar

AUDI

PucyHok 4.25 — Kpyrosasi agnarpamMmma c oTAesNIeHHbIM CEKTOPOM

 labels: 1list, optional; 3HayeHune no ymon4aHuio: None

o TeKcToBble METKU OONEeWn.
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colors: mMaccuB LBeTOBbIX anemeHToB', optional; 3HayeHue no

ymon4yaHuio: None

o LlBeta gonen.

autopct: str, pyHKUMSA, optional; 3Ha4eHMe NO ymosnyaHuo: None

o @dopmMaTr TEKCTOBOM METKW BHYTPWU J0MN, TEKCT — 3TO YMCIIEHHOE
3HayeHue nokasarerssi, CBA3aHHOIO C KOHKPETHOW JoNnewn.

pctdistance: float, optional; 3Ha4yeHue no ymonyanuio: 0.6

o PaccTosiHne mMexay LEeHTPOM Kax[ow OonM M HadarioM TeKCTOBOW
METKM, KOoTopasa onpenenaercsa napameTpom autopct.

shadow: bool, optional, 3Ha4eHne no ymonyaHuio: False

o OTobBpaxeHue TeHU Ans agnarpamMmmel.

labeldistance: float, None, optional; 3HayeHune no ymonyaHuio: 1.1

o PaccTtosiHue, Ha KoTopoM 6yayT oToOpaKeHbl TEKCTOBblE METKU
ponen. Ecnu napamerp paBeH None, TO MeTKM He 6yayT
OTOOpaXKeHbl.

startangle: float, optional; 3HayeHue no ymon4yaHuio: None

© Yros, Ha KOTOPbIA HYXHO MOBEPHYTb Auarpammy MpoTUB YaCcOBOW
CTPESIKN OTHOCUTENBHO OCU X.

radius: float, optional; 3Ha4yeHne no ymon4yaHuo: None

o BenuuunHa paguyca guarpammsbl.

counterclock: bool, optional; 3Ha4eHne No ymon4yaHuo. True

© HanpasneHue BpalleHus: No 4acoBOW UITM NPOTUB HaCOBOW CTPESIKMU.

wedgeprops: dict, optional; 3Ha4eHne No ymonyaHuo: None

o CnoBapb nNapamMeTpoB, onpeaensawumx BHEWHUA Bug Aonen (cm.
knacc matplotlib.patches.Wedge).

textprops: dict, optional; 3Ha4yeHune no ymonyaHuio: None

11

OpuH 13 gocTynHbIX cnocoboB 3agaHus uBeTa (cM. pasgen “2.3.2 Ligem nuHuu”)
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o Cnoeapb MapamMeTpoB, onpenensarmx BHELHUA BWUL TEKCTOBbIX
MeToK (CM. knacc matplotlib.text.Text).
e center: CNUCOK 3Ha4yeHun float, optional; 3HaYeHWe NO yMOMNYaHUIO:
(0, 0)
o LleHTp gnarpaMmmbi.
* frame: bool, optional; 3HayeHne no ymon4yaHuio: False
o Ecnn napameTp paBeH True, TO BOKpPyr Auarpammbl 6yaet
oTobpaxeHa pamka.
* rotatelabels: bool, optional; 3Ha4eHne Nno ymon4yaHuio: False
o Ecnu napameTp paBeH True, TO TEKCTOBblE METKM OyayT NOBEPHYTHI

Ha 3ajaHHbIN yros.

[Mpymep, AeMOHCTpUpyoLWMn paboTy ¢ napameTpamu PyHKuumn pie():
vals = [24, 17, 53, 21, 35]

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

(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"'},

explode

rotatelabels=True)

ax.axis('equal')

Tﬂkata

o

%

e

PucyHok 4.26 — MoauduumpoBaHHas Kpyrosas gmarpamMmma
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4.3.2.2 BnoxeHHble KpyroBble anarpamMmmbl

BnoxeHHasa kpyroBad Aauarpamma COCTOUT M3 [BYX KOMMOHEHTOB:
BHYTPEHHSS €€ YacTb ABMseTca AeTanbHbIiM NpeacTaBneHnem nHdopmauum,
a BHEWHAAa — CyMMapHoOM MO 3ajaHHbIM obnactam. Kaxpgas obnacTb
npeacrtasnseT cobor CNUCOK YMCIEHHbIX 3HAYEHU, BMECTe OHW obpasytoT

oOLwnin Habop AaHHbIX.

Mpumep:

fig, ax = plt.subplots()

offset=0.4

data = np.array([[5, 10, 7], [8, 15, 5], [11, 9, 7]1])

cmap = plt.get_cmap('tab2eb")

b _colors = cmap(np.array([9, 8, 12]))

sm_colors = cmap(np.array([1, 2, 3, 9, 10, 11, 13, 14, 15]))
ax.pie(data.sum(axis=1), radius=1, colors=b_colors,
wedgeprops=dict(width=offset, edgecolor="w"))
ax.pie(data.flatten(), radius=1-offset, colors=sm_colors,

wedgeprops=dict(width=offset, edgecolor="w"))

PucyHok 4.27 — BnoxeHHasi Kpyrosasi guarpamma
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4.3.2.3 KpyroBasi amarpamma ¢ oTBepCTUEM

[ns Toro 4Tobbl NOCTPOUTL KPYrOBYIO AnarpamMmy ¢ OTBEPCTUEM, HEOOXOANUMO

napamMmeTpy wedgeprops, OTBeYyalwLWEeMy 3a BHEWHWA BWUL A0Nen, 3agartb

3HaveHune dict(width=0.5):

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

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

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

Toyota

Ford
B MW

Jaguar

AUDI

PucyHok 4.28 — KpyroBasi auarpamma ¢ otBepCcTuem
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4.4 LIBeTOoBas ceTKa

LiBeToBasi ceTka npeacrtaBnsieT cobon none, 3anofiHeEHHOE LIBETOM, KOTOPbIN
onpegensieTca LBETOBOW KapTOM U YUCNEHHBbIMU 3HAYEHUSIMU INIEMEHTOB

nepenaHHoro AByMepHOro Maccuea.

4.4.1 LiBeTOoBbIe KapTbl (colormaps)

LiBeToBasi kapta — 3TO MOArOTOBMNEHHbIN Habop LBETOB, KOTOPbIA MOXHO
ncnonb3oBaTb ANS  BuU3yanu3aummM  HabopoB  AaHHbIX.  [MogpobHoe

PYKOBOACTBO MO LIBETOBbIM KapTaM Bbl MOXETe HalTum Ha oduumanbHOM

cavite Matplotlib’®. Takyo KapTy MOXXHO co34aTb CaMOCTOSATENBHO, ECNU Cpeau

CyLLEeCTBYHOLLMX HEeT noaxoasiien. Ha pucyHke 4.29 npencrasneHbl NpuMepsl

HEKOTOpbIX LBETOBbIX KapT n3 bubnunotekn Matplotlib.

o I
Pastell
= L ‘B AN N

PucyHok 4.29 — LiBeToBble KapTbl

12 https://matplotlib.org/3.1.0/tutorials/colors/colormaps.html
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4.4.2 NocTpoeHne UBETOBON CETKMU

[Ans nocTpoeHuss LBEeTOBOWM CETKM MOXHO BOCMOMb30BaTbCA (OYHKUMEN

imshow() vnu pcolormesh().

imshow()

OcHoBHOe HasHayeHune dyHKUMM imshow() cocTouT B npeactasneHun 2D
pacTpoB. OTO MOryT ObITb KAPTUHKN, ABYMEPHbIE MacCuBbl AaHHbIX, MaTPULIbI

nT M.

Hanuwem npocTyto nporpammy, Kotopasi 3arpyaeT KapTUHKY U3 UHTEepHeTa
no 3agaHHomy URL wn otobpaxaeT ee C ucnonb3oBaHuem 6ubnmnoteku
Matplotlib:

from PIL import Image

import requests

from io import BytesIO

response = requests.get('https://matplotlib.org/_static/logo2.png')
img = Image.open(BytesIO(response.content))

plt.imshow(img)

Pesyneratom eé pabotbl byaet nsobpaxxeHue norotuna Matplotlib.

0

T e
50 - -l: @
m a |l \ -;*l;.\\. t l
] A
100 200 300 400 500

100

0

PucyHok 4.30 — U3ob6paxeHune norotuna Matplotlib
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CosgagMm  gByMepHbIi Habop [OaHHbIX M OTOGpasMm €ero C MOMOLLbIO
imshow():
np.random.seed(19680801)

data = np.random.randn(25, 25)
plt.imshow(data)

o

PucyHok 4.31 — Busyanusauus gBymepHoro Habopa AaHHbIX C
ucnonb3oBaHuem imshow()

PaccmoTpum HekoTopble 13 napameTpoB PYHKUMKM imshow():
* X: MaccuB unun PIL-n3obpaxeHue
o [loppepxuBaroTcs cnegyowime pasmMepHOCT MacCUBOB:
= (M, N):ZABYMEpHbIN MaccuB CO CKansipHbIMU JaHHbBIMMU.
= (M, N, 3): maccuB ¢ RGB 3HaveHuamu (0-1 float unm 0-255
int).
= (M, N, 4): maccuB ¢ RGBA 3Ha4dyeHnamu (0-1 float unm 0-255
int).
« cmap: str unun Colormap, optional
o LlBeToBas kapTa Ana usobpaxeHus (cMm. "4.4.1 Lisemosbie Kapmebl

(colormaps)")

« norm: Normalize, optional
o Hopmanusauma — npuBegeHue cKanspHbiX AaHHbIX K AnanasoHy
[0,1] nepen HanoxeHwem LBETOBOM KapTbl. JTOT napameTp

nrHopupyetcs ana RGB(A) AaHHbIX.
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aspect: {'equal’, 'auto'} unu float, optional

o 'equal': obecneunBaeT COOTHOLIEHME CTOPOH paBHoe 1;

o "auto': COOTHOLIEHME He N3MEHSETCA.

interpolation: str, optional

o Anroputm  uHTepnondauun. [ocTynHbl  cregylowine  3Ha4YeHus:
'none', ‘'nearest', 'bilinear', ‘'bicubic', ‘'splinel6',
'spline36', 'hanning', 'hamming', ‘'hermite', 'kaiser’,
'quadric', ‘'catrom', 'gaussian', 'bessel', 'mitchell’,
'sinc', 'lanczos'.

alpha: yncneHHoe 3HayeHune, optional

o [MpospavHocTb. 3agaétca B amanasoHe ot 0 go 1. [Mapametp
urHopupyetca ona RGBA.

vmin, vmax: YncrieHHoe 3HayeHune, optional

o YucneHHble 3Ha4YeHns vmin U vmax (ecnv napamMeTp norm He 3afaH
SIBHO) oOnpenenalT guanasoH AaHHbIX, KOTOpbli OydeT nokKpbIT
LBETOBOM KapToW. 1o ymonyaHuio LIBETOBAA KapTa oxBaTbiBaeT BECb
ananasoH 3HavyeHun otobpaxaeMblx AaHHbIX. Ecnv ucnonb3yetcs
napamMmeTp norm, TO vmin 1 vmax UrHOPUPYOTCA.

origin: {'upper', 'lower'}, optional

o PacnonoxeHuve Hadana koopauHaTt (Toukm [0,0]): ‘'upper' —
BEPXHUW neBbin, 'lower' — HWXHUA JIEBbIN Yron KOOpAWHATHOW
NSTIOCKOCTMN.

extent: (left, right, bottom, top), optional

o WameHeHne pa3mepoB n3obpaxkeHusi BOOMb OCEN X, V.

filterrad: float > 0, optional; 3Ha4eHne no ymonyaHuio: 4.0

o [Mapametp filter radius pAgna QuUNLTPOB, KOTOpble €ro

ncnonbayloT, Hanpumep: 'sinc’, 'lanczos’' wunu 'blackman’.
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[Mpumep, cnonbayLwun NnapaMmeTpbl U3 NPUBELEHHOIO BbilLe CnuckKa:

fig, axs = plt.subplots(1, 2, figsize=(10,3), constrained_layout=True)
pl = axs[0@].imshow(data, cmap="winter', aspect='equal', vmin=-1, vmax=1,
origin="lower")

fig.colorbar(pl, ax=axs[0])

p2 = axs[1l].imshow(data, cmap='plasma', aspect='equal',
interpolation="'gaussian', origin="lower', extent=(@, 30, 0, 30))

fig.colorbar(p2, ax=axs[1])
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PucyHok 4.32 — BapuaHTbl BU3yanusauum AByMepHOro Habopa gaHHbIX

pcolormesh()

Cneayowasn yHkumna onsa suayanusaumm 2D-HabopoB AaHHbIX, KOTOPYHO Mbl
paccmoTpum, byaet pcolormesh(). B 6ubnunoteke Matplotlib ectb ewé oguH
WHCTPYMEHT C aHanorn4HbiM pyHKUMoHanom — pcolor(), B OTNIMYMNE OT HEE,
paccmaTtpuBaemasa Hamu pcolormesh () 6onee ObiCcTpas n ABASETCS NyYLINM
BapvaHToM B GonblMHCTBE criydyaeB. PyHKums pcolormesh() noxoxa no

CBOWM BO3MOXHOCTSAIM Ha imshow( ), HO €CTb 1 OTNINYKS.

PaccmoTtpum napameTtpbl pyHKUMKM pcolormesh():
* (C: MaccuB
o 2D-maccumB ckanspHbIX 3HA4YEHUM.
e cmap: str unm Colormap, optional

o CM. cmap B imshow().

110



norm: Normalize, optional
o CM. norm B imshow().
vmin, vmax: YJuUCneHHoe 3HayeHue, optional; 3HavyeHne no
yMosniyaHuio: None
o CM. vmin, vmax B imshow().
edgecolors: {'none', None, 'face', uUBET"”, MacCuB LIBETOBbIX
anemMeHToB}, optional; 3Ha4YeHMe No ymonyaHuio: '‘none'
o LiBeT rpaHuubl. Bo3aMoOXHbI cnegyroline BapuaHThl:
= 'none' unu '':0e3 oTobpaxeHust rpaHnLbI;
= None: YEPHbIN LBET;
= 'face': UCNONb3yeTCH LUBET A4YENKU;

= OguH 13 JOCTYMHbIX cnocoboB 3agaHus useta (cMm. pasgen “2.3.2
Lisem nuHuu™).

alpha: yncrneHHoe 3HadeHune, optional; 3HadeHWe MO YMOMNYaHUIO:!

None
o CM. alpha B imshow().
shading: {'flat', 'gouraud'}, optional
o CTunb 3anmeBkn. [JOCTYNHbIE 3HAYEHNS:
= ‘flat':cnnowHou UBET 3anunMBKN AN KaXXO0ro Keagpara;

= 'gouraud': gonga kaxgoro keagpata 6yger mMcnonb3oBaH MeToA

3ateHeHus Gouraud.
snap: bool, optional; 3HayeHue no ymon4yaHuio: False

o [lpMBSA3Ka CETKU K rpaHnL,am nukcesnemn.

13 OpuH 13 gocTynHbix cnocoboB 3agaHvsa uBeTa (cM. pasgen “2.3.2 Lisem nuHuu”)
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Mpumep ncnonb3oBaHus PyHKUMN pcolormesh():

np.random.seed(123)
data = np.random.rand(5, 7)
plt.pcolormesh(data, cmap='plasma', edgecolors='k', shading='flat')

H
0 1 2 3 4 5 G 7

PucyHok 4.33 — Busyanusaumsa aBymepHoro Habopa gaHHbIX C
ucnonb3oBaHuem pcolormesh()
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maBa 5. lNoctpoeHne 3D-rpachmkoB. Paborta c
mplot3d Toolkit

[1o aTOro MOmMeHTa Bce rpadouku, KOTopble Mbl CTPOUIK, BblNn ABYMEpPHbIE, a
Matplotlib  nosBonser cTpoutb Takke 3D-rpacdukn. Mmnoptupyem

HeobxoamMble Mmoaynu Ans paboTsl ¢ 3D:

import matplotlib.pyplot as plt
from mpl toolkits.mplot3d import Axes3D

PaccMoTpuM HEKOTOpble U3 MHCTPYMEHTOB AN NOCTPoeHUs 3D-rpacmkoB.

5.1 llnHenHbIn rpachumk

[Ona noctpoeHna nUHeEWHoro rpaduka umcnonbdyetcs yHkums plot() wus
Axes3D:
Axes3D.plot(self, xs, ys, *args, zdir='z', **kwargs)
MapameTpbl pyHKUuMn Axes3D.plot:
* Xs,ys: 1D-maccuBbl
o KoopAauHaTtbl TOYEK MO OCAM X U Y.
s zs:yucno nnu 1D-maccus
o z KoopauHatbl. Ecnu nepegaHo ckanspHoe 3HaveHue, To OHO byaet
NPUCBOEHO BCEM TOYKaM rpadoumka.
e zdir:{'x"', 'y', 'z'};3HayeHue no ymon4yaHuto: 'z"
o QOcb, kOTOpada byaeT NpUHNATa 3a Z HanpaBrieHne.
e **kwargs

© ﬂ,OI'IOJ'IHVITeJ'IbeIe apryMmeHTbl, aHanornyHble Tem, 4To UCMNoJib3yrTCA

B doyHKUMM plot () AN nocTpoeHus AByMEpPHbIX rpadduKoB.
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np.linspace(-np.pi, np.pi, 50)
y =X
np.cos(x)

X
Il

N
]

fig = plt.figure()
ax = fig.add subplot(111, projection="3d")
ax.plot(x, y, z, label='parametric curve')

PucyHok 5.1 — [lemoHcTpauus pabotbl cpyHKUMU Axes3D.plot()

5.2 Touye4yHbIU rpaduk (Auarpamma paccesiHuA)

[lns nocTpoeHus anarpaMmbl paccesiHnsa ucnonb3yetca yHKums scatter()

n3 Axes3D:
Axes3D.scatter(self, xs, ys, zs=0, zdir='z', s=20, c=None,

depthshade=True, *args, **kwargs)

MapameTpbl pyHKUMN Axes3D.scatter():
* Xxs,ys: 1D-maccuB
o KoopauHaTtbl TOYEK MO OCSAM X U Y.
« zs:yucno unu 1D-maccuB, optional; 3HadyeHne no ymonyaHuio: 0
o KoopAauHaTtbl TOYeK No ocu z. Ecnn nepegaHo ckandpHoOe 3HadYeHue,

TO OHO OyAEeT NPUCBOEHO BCEM TOYKaM rpaduka.
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e zdir: {'x', 'y', 'z', '-x', '-y', '-z'}, optional; 3Ha4deHue

Nno ymonyaHuio 'z’
o Qcb, kKOTOpada byaeT NpUHATA 3a Z HanpasBrieHue.
¢ S:y4uCno unn maccue, optional; 3HayeHMe nNo ymonyanuio 20

o Pa3smep mapkepa.

« C:UuBeT", MaccuB YMces, MaccuB LIBETOBbIX 3NIeMeHTOB, optional

(@]

LiBeT mapkepa. Bo3amoxHble 3HaYeHus:
= CTPOKOBOE 3Ha4YeHue LiBeTa Ans BCEX MapPKepOB;

® MacCuB CTPOKOBbIX 3Ha4YeHnn UBeTa;

= MacCUB 4YMCer, KOTopble MOryT BbITb OTOOpaXeHbl B LiIBETA Yepes

JOYHKLUMN cmap U horm;

= 2D-maccuB, anemeHTamm kotoporo sensTcsad RGB vnn RGBA,;

depthshade: bool, optional

o 3aTeHeHue MapKepoB Ans npuaaHus adodekTa rnyouHbl.

**kwargs

© ,D,OI'IOJ'IHI/ITGJ'IbeIe apryMmeHTbl, aHanornyHble Tem, 410 UCMNoJib3yrTCA

B (pbyHKUMN scatter() Ans NOCTpoeHNA ABYMEPHbIX rpacunKos.

np.random.seed(123)
X = np.random.randint(-5, 5, 40)
np.random.randint(0, 10, 40)

<
]

z = np.random.randint(-5, 5, 40)
s = np.random.randint(10, 100, 20)

fig = plt.figure()
ax = fig.add_subplot(111l, projection="3d")
ax.scatter(x, y, z, s=s)

14 OpuH 13 goCcTynHbIX cnocoboB 3agaHusa uBeTa (cM. pasgen “2.3.2 Lisem nuHuu”)
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PucyHok 5.2 — [lemoHcTpauus pabotbl ¢pyHKUMMU Axes3D.scatter()

5.3 KapkacHasi nOBepXHOCTb

[na

NOCTPOEHNA KapKaCHOVI NOoBEpPXHOCTNU  UCIMOJIb3yEeTCA (byHKLI,MFI

plot _wireframe() ns Axes3D:

Axes3D.plot_wireframe(self, X, Y, Z, *args, **kwargs)

[MapameTpbl pyHKUMKN Axes3D.plot_wireframe():

X, Y, Z:2D-maccuBbl

o [laHHble Afsi NOCTPOEHUSI MOBEPXHOCTM.

rcount, ccount: int, 3Ha4yeHune no ymonyanHuto: 50

o MakcnmanbHOe KONMMYecTBO 3NEMEHTOB Kapkaca, KOoTopoe Oyaet
MCNOMNb30BaHO B K&XXO0OM M3 HanpasBieHUN.

rstride, cstride: int

o [lapameTpbl, onpegendarwme BefMYMHY Lara, C KOTopbiM OyayT
OpaTbCa anemeHTbl CTpoku/cTonbua M3 nepedaHHbIX MacCUBOB.
MapameTpbl rstride, cstride w©n rcount, ccount saBnawTCH
B3aMMOWCKNIOYaoLWNMU.

**kwargs

o [lononHuTenbHble aprymMeHTbl, KOTOopble SBAAKTCA MapameTpamu

KOHCTpYKTOpa knacca Line3DCollection.
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u, v = np.mgrid[0:2*np.pi:20j, O:np.pi:107j]
X = np.cos(u)*np.sin(v)
y = np.sin(u)*np.sin(v)

z = np.cos(v)

fig = plt.figure()
ax = fig.add_subplot(111l, projection='3d")
ax.plot_wireframe(x, y, z)

ax.legend()

PucyHok 5.3 — [leMmoHcTpauunsa pabotbl pyHKLUM
Axes3D.plot_wireframe()

5.4 NoBepXHOCTb

[na nocTpoeHns noBepxHOCTM mucnosnbdyetrcsa oyHKkuma plot _surface() us

Axes3D:

Axes3D.plot_surface(self, X, Y, Z, *args, norm=None, vmin=None,

vmax=None, lightsource=None, **kwargs)

MapameTpbl pyHKUMKM Axes3D.plot_surface():
* X, Y, Z:2D-maccuBbl
o [laHHble ANs NOCTPOEHUS NOBEPXHOCTH.

* rcount, ccount: int
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u,

o cM. rcount, ccount 13 “5.3 KapkacHasi noeepxHocme”.

rstride, cstride : int

o cMm.rstride, cstride u3 “5.3 KapkacHasi noeepxHocme”.

color: oAMH M3 OOCTYMHbIX cnocoboB 3agaHus uBeta (CM. pasgen

“2.3.2 Lisem nuHuu’”).

o LlBeT onsa anemMeHToB NOBEPXHOCTH.

cmap: str nnmn Colormap, optional

o LiBeTtoBas kapta gna noBepxHocTu (cM. "4.4.1 Lleemoebie Kapmbi
(colormaps)")

facecolors: MaccmB LIBETOBbIX 311IEMEHTOB

o NHamBuayanbHbIA LBET ONA KaXO0ro afieMeHTa NoBepXHOCTMU.

norm: Normalize

o Hopmanusauus ansa colormap.

vmin, vmax: float

o [paHnubl HopManuaauuu.

shade: bool; 3Ha4eHne No ymonyaHuio: True

o Wcnonb3oBaHue TeHn ansa facecolors.

lightsource: LightSource

o OObekT knacca LightSource onpegensieT WCTOMHUK CBETa,
ncnonb3yeTcs, ToNbKo ecnn shade=True.

**kwargs

o [lononHuTesrnbHble aprymeHTbl, KOTOpble HABMNAKTCA MNapameTrpamMmu

KOHCTpYKTOpa Krnacca Poly3DCollection.

V = np.mgrid[0:2*np.pi:20j, O:np.pi:107j]

np.cos(u)*np.sin(v)
np.sin(u)*np.sin(v)
np.cos(v)

= plt.figure()

118



ax = fig.add_subplot(111l, projection="3d")
ax.plot_surface(x, y, z, cmap="inferno")

ax.legend()

PucyHok 5.4 — [lemoHcTpauunsa pabotbl pyHKLUM
Axes3D.plot_surface()

119



YacTtb Il. Buobnmuorteka Seaborn

BBeaeHue

Seaborn — 9310 OuWbnuoTeka OnNa peweHMsa 3agdad  Bu3yanusaumm C

opueHTaumen Ha paboty B obnactu ctatuctuku. bason seaborn asnsetcsa

ounbnunoteka Matplotlib, o koTopon noapobHo 6bINO pacckaszaHo B NepBoOu

4YacCTUn KHUIN.

Seaborn npegocTaBnserT:

yaoOHbIn APl ona nsyvyeHuns cessen B Habopax JaHHbIX;
aBTOMaTUYECKMA pacyéT wn oTobpaxeHne Modenenm NUHENHOM
perpeccuu;

WHCTPYMEHTbI A1 UCCneaoBaHUs BHYTPEHHEW CTPYKTYPbl AaHHbIX;
WHCTPYMEHTbLI AN ynpaBneHns pacronioXXeHnemM rpadomMKoB pasHbIX
TUNOB Ha O4HOM rone;

TeMbl 0popMNeHNsa rpadouKoB.

NHCTpyMeHTbI 4nsi BU3yanu3auun AaHHbIX, KOTopble NpedocTaBnseT seaborn

MOXXHO pa3fesninTb Ha NMATb rpynn.

BU3yanumsaumsa OTHOWEHNN B AaHHbIX;
BU3yanusaums KkateropuasbHbIX JaHHbIX;
BU3yanusauma pacrnpeneneHun;
BU3yanusaumsa NMHENHON perpeccuu;

BM3yanu3aumnsa MaTpuyHbiX HAO0POB AaHHbIX.

OusanH API-oyHKUMW BU3yanu3auuum AaHHbIX B Seaborn CnpoeKTUpoBaH

TakMM 00pas3omMm, YTO aprymMeHTbl pPasnuuHbiX  QYHKUWUA, MMetoLme

OAMNHaKoOBOE Ha3Ha4yeHune, MMeroT OanHaKoBblE MMEHA. nOTOMy npn N3y4eHnmn
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pasnuUYHbIX WHCTPYMEHTOB BM3yanmsauuuM Mbl 3apaHee 6Oygem fgasaTtb
onucaHne obLnX aprymeHToB, 4YTOObl He BO3BpaLlaTbCs K 3TOMY BOMNPOCY
Npn paccMoTpeHnn camux PyHKUMW. [1py nepBOM MPOYTEHUU 3TU pasgensl
MO>XHO MpornyckaTb U obpallaTtbCa K HAM B npoLuecce u3yvyeHns pyHkunoHana
TOr0 UMW MHOTO UHCTPYMEHTA.
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maBa 6. bbicTpbIN cTapT

6.1 YcTaHOBKa

6.1.1 BapuaHTbl ycTaHOBKM seaborn

bubnnoteka seaborn BxoguT B cocTaB naketa Anaconda, ecrnn oHa y Bac
YCTaHOBSIEHA, TO MOXeTe MnponycTuTb 3TOT pasgen. PykoBogcTBO MO

ycTaHoBke Anaconda ecTb Ha devpractice.ru™.

6.1.2 YcTtaHOBKa seaborn yepe3 meHenXxepbl pip n conda

Onsa  ycTtaHoBKM  OGUONMOTEKM  MOXEeTe  BOCMOSb30BaTbCs  NaKETHbIM
MEHePKepoM pip:

pip install seaborn

unu conda:

conda install seaborn

B obounx nepevncrieHHblX BapuaHTax Bbl MofyyvynTe nocrnegHnn ctabunbHbIN
penns. Ecnn Bac MHTEpeCyeT CaMaa CBeXad, Ha TeKyLLI,l/I171 MOMEHT, BEPCUA

(development version), TO MOXHO YCTaHOBWUTb Seaborn Hanpsmyto ns github:

pip install git+https://github.com/mwaskom/seaborn.git#egg=seaborn

[ns cBoen paboTbl seaborn TpebyeT Hannuus cregyowmx Moaynen:
* Python 3.6+
* numpy
> Scipy
* pandas
* matplotlib

e statsmodels

15 https://devpractice.ru/python-lesson-1-install/
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Ecnn kakve-To M3 HUX He YCTaHOBMNEHbl, TO OHW OyayT 3arpyxeHbl W

pa3BépHyTbI aBTOMaTU4eCKHN.

6.1.3 NMpoBepKa KOPPEKTHOCTM YCTAaHOBKU

na NPOBEPKN KOPPEKTHOCTUN YCTAHOBKU seaborn 3anycTtute nHtepripeTatop

Python B KOMaHOHOM peXxume u BBeguTe criegyowme KomaHabl:
>>> import seaborn

>>> seaborn.__version__

'0.9.0'

Ecnu B pesynbraTe otobpasutca Homep Bepcum (B npumepe Bbiwe 310 0.9.0),

TO MOXHO cuyMTaTh, YTO BubnunoTeka yYCTaHOBJ1EHA U e MOXHO NOoS1b30BaTbCH.

6.2 bbiCcTpbIN cTApT

Mepen Havanom paboTbl HeOBXOOMMO MMMNOPTUPOBATL HABOP HYXHbIX

bubnunorek:
import pandas as pd
import numpy as np

import seaborn as sns

Mpn wmnopte seaborn en 3agaeTcss NCEBAOHMM SNS, OH SBMHAETCS
oOLLEeNPUHATLIM Cpean nonb3oBatenen aTon GubnnoTekn, pekomeHayem Bam

NPUAEPXKMBATLCS 3TOr0 BapuaHTa.

[Onsa akcnepumeHToB ©Oygem wucnonb3oBaTb [JaHHble, 3arpyxaemble C
nomMowbo  pyHKUMM load dataset(). B kadectBe aprymeHta oOHa

NMPUHUMAaET UMA HY>KHOIO Ha6opa OaHHbIX.
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6.2.1 NMNocTpoeHune ToyeyHoro rpacpuka

3arpyaum Habop gaHHbIX Mpg:
mpg = sns.load_dataset("mpg")

®yHKkumA load _dataset() dpopmupyeT Habop AaHHbIX U BO3BpallaeT ero B

Bnae obbekTta pandas.DataFrame. B Habope mpg coaepxutca nHgpopmaums

0 XapaKkTepucTukax psaa asTomobunei. bonee nogpobHyo nHdopmaLumo 06

HEM MOXeTe npouynTaTh B autompg-dataset’®.

[ns BM3yanbHOW OLIEHKN COAEPXMMOro Habopa [OaHHbIX BOCMONb3yeMcs

meTogom head() obbekTta knacca DataFrame:

mpg.head()

mpg cylinders displacement horsepower weight acceleration model_year origin

0 18.0
1 150
2 18.0
3 16.0

4 17.0

MocTponm

8

8

8

307.0

350.0

318.0

304.0

302.0

130.0

165.0

150.0

150.0

140.0

3aBMCUMOCTb

2204

3693

3436

3433

3449

YCKOPEHMS

12.0

12.0

10.5

70

70

70

70

70

usa

usa

usa

usa

usa

(acceleration)

name

chevrolet chevelle malibu
buick skylark 320
plymouth satellite

amc rebel sst

ford torino

oT KOnn4yecTBa

nowaauHelx cun (horsepower), Npu 3ToM pasmMep ToukM OyaeT onpeaensaTbes

KOJiIn4eCTBOM UUITMHOPOB:

sns.relplot(x="horsepower", y="acceleration", size="cylinders", data=mpg)

16 _https://www.kaggle.com/uciml/autompg-dataset
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PucyHok 6.1 — [lemoHcTpauusa pabotbl pyHkuum relplot (), BapmaHT:
Avarpamma paccesiHus

6.2.2 NMNocTpoeHne NMHeNHOro rpaduka

Ona gemoHcTpauum paboTbl YHKLUMM MNOCTPOEHUS JIMHEMHOrO rpaduka
3arpysum Habop paHHbix flights, cogepxawum nHpoOpMaumo O KonmyecTse

nacca>Knpos, KOTOPblE BOCMOJIb30OBarinCb aBNaTpaHCNOPTOM.
flights = sns.load dataset("flights")
flights.head()

yeaar month passengers
0 1248  January 12
1 1843 February 118
2 1948 March 132
3 1948 April 129
4 15449 Pl 3y 121
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MocTpom  3aBMCMMOCTb

(passengers) ot roga (year):

KonmyectBa  NepeBe3EHHbIX

Maccaxunpos

sns.relplot(x="year", y="passengers", kind="1line", legend="full",

data=flights);

500 1

450 1

400 4

pRssEngers

250 A

200 1

150

100

350 1

300 4

1950 1952 1954 1956

year

1958

1960

PucyHok 6.2 — [lemoHcTpauusa pabotbl pyHKUuM relplot (), BapuaHT:

JINHEeUHbIN rpaduk

6.2.3 PaboTa ¢ KaTeropvanbHbIMN aHHbIMU

PaccmoTpum paboTy ¢ kaTeropuanbHbIMU AaHHbIMU Ha npuMepe Habopa iris

(Mpucel duwepa):

iris = sns.load dataset("iris"

iris.head()

sepal length

0 8.1
1 448
2 4.7
3 48
4 2.0

sepal width petal length petal width

3.5

3.0

3.2

3.1

3.6

1.4

1.4

1.3

1.5

1.4

0.2

0.2

0.2

0.2

0.2

species
setosa
setosa
setosa
setosa

setosa
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3arpyXeHHbln HaboOp [AaHHbIX SBMSETCSA JTanOHHbIM  ANS  U3Y4YeHus
anropMTMOB Krnaccudukaummn, oH npeacrtasnsaetr cobon mHgopmauuto o 150
aksemnngpax vpuca no 50 Ha Kaxabl oTaenbHbi BUA: Vpuc LWEeTUHUCTLIN
(setosa), Npuc BupruHckun (virginica) n punc pasHouBeTHbIN (versicolor).
[ns Kaxgoro ak3emnnigpa onpeaeneHsl crnegyowme napaMmeTpsbl:

« [InvHa Hapy>XHOW LONKN oKoroLuBeTHUKa (sepal_length);

LLinpuHa Hapy>XHOM 0onn okornouBeTHUKa (sepal_width);

« [InvHa BHYTPEHHEN Jonu okonouseTHUKa (petal length);

LLInpnHa BHyTpeHHeN Jonu okonouBeTHUKA (petal _width).

[nsa Buayanusauum atoro Habopa Bocnonb3yemcs pyHkumnen catplot():

sns.catplot(x="species", y="sepal length", kind="swarm", data=iris);
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PucyHok 6.3 — [lemoHcTpauus paboTbl ¢pyHKUMM catplot()
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Mpn paboTte ¢ kaTeropuanbHbIMW JAHHLIMW YaCcTO UCMOMb3YeTCa anarpamMmma
“ALINK C ycamMun”, OHa CTPOUTCA C MOMOLLIbIO PyHKLUMK boxplot():

sns.boxplot(x="species™, y="sepal_length", data=iris)

8.0 4

751

55- -

on
=]

sepal length

T
setosa wversicolor virginica
species

PucyHok 6.4 — [lemoHcTpauma paboTbl dyHKUMKM boxplot()

Ha atom 3akoHuMMm KpaTkum o03op Oubnuotekn seaborn. KnioyeBas eé
OCOBEHHOCTb COCTOUT B TOM, YTO, MCMNOMb3ys MUHMMYM HACTPOEK, MOXHO
nonyyYntb rpadomku WM guarpamMmbl C  MPEKPACHbIM  BU3yalnbHbIM
odopmneHuem. [anee Mbl nogpobHO paccMOTPUM MHCTPYMEHTbl  Ons
BU3yanusaumm OaHHbIX WU HACTPOMKW BHELUHEro BuAa rpadukosB, KOTOpble

npenocrtaBndeTr seaborn.
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maBa 7. Hactpounka BHewHero Buaa rpadumkoB

Bubnuoteka seaborn npegocTaBnseT MHCTPYMEHTbI A4S paboTbl C LIBETOBbLIM
0POpPMIIEHMEM, HACTPOWKN CTUNEN, CEeTKM U Ocen rpadoukKoB, KOMMOHOBKU

rpadukoB, paboTbl C ereHaon n wpudTamu.

7.1 Ctunu seaborn

OcobeHHOCTbIO seaborn ABNsSieTCs TO, YTO rpadukn 1 guarpaMmmbl, KOTOpble C
MOMOLLBD HEE MOXHO MOCTPOUTb, WMMEKT KpacuMBbI BHELUHUWA BUA.
PaspabotumMkm noctapanucb caenatb Tak, 4ToObl  Nonb3oBaTesito
TpeboBanocb MMHUMYM YCUNUKA ONS HACTPOMKM OdopMIIEHUNA pesynbraTta
cBoen pabotbl. Cambin NPoCTon K BbICTPbIN cnocod 3aaaTtb opopmneHne —
9TO MCMONb30BaTb OAVH U3 3apaHee MOAroTOBIIEHHbLIX CTUNEn. Takke ecCTb
BO3MOXHOCTb CO34aBaTb M MCMNOSb30BaTb CBOM CTUMM C MHAWBUAYANbHbIM

ohopmneHnem.

Ona 3apaHna ctunsg ucnonb3yetca PyHKuus set style(), koTopas umeer

CreaytoLLyro curHaTypy:

set_style(style=None, rc=None)

[MapameTpbl PyHKUNK:
« style: dict, None wunu 3HayeHne wu3 Habopa {'darkgrid',
'whitegrid', 'dark', 'white', 'ticks'}
o CnoBapb C napamMeTpamu UMM UMs CTUNS U3 MOAroTOBIIEHHOIO
Habopa.
e rc: dict, optional
o OTBeYaeT 3a nepeonpeneneHne napamMeTpoBs B NnepefaHHOM 4vepes

aprymeHT style ctune.
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[MonyynTb CnNMCOK napamMeTpoB, OTBevawwux 3a odopmrieHne rpaduka

MOXHO C NMOMOLLIbI0 PYHKUNKM axes_style():

axes_style(style=None, rc=None)

Cnncok Kn  yHKUMOHaANbHOE HasHayeHue aprymMmeHToB 3TOM  (QYHKLUK

coBnagaeT c npuBeaEHHbIM ans set _style().

[ns Hayana no3HaKoOMUMCS C OOCTYMHbIM HabopoM CTUNEN, KOTOPbIA MOXHO
ncnone3osatb. [Na AeMOHCTpaumm Bocnonb3yemMmcsa HabopoM aaHHbIX flights.

3arpysunm ero:
flights = sns.load dataset("flights")

Byoem cTpouTb 3aBMCMMOCTb KONMMYECTBa Maccaxupos, BblOpaBLUMX
aBMaTpaHCnopT [Ans  NepeaBwkeHust OT roga C  MNOMOLWb  OYHKUUK

lineplot().

Seaborn npepoctaBnsieT cnegyrowmn Habop ctunen: darkgrid, whitegrid,

dark, white, ticks.

Ctunb darkgrid:
sns.set_style("darkgrid")

sns.lineplot(x="year', y="'passengers', data=flights)

500
450
400
350

300

passengers

250
200
150

100
1950 1952 1554 1856 1858 1960

year
PucyHok 7.1 — Ctunb ocgopmneHus darkgrid
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Ctunb whitegrid:
sns.set_style("whitegrid")

sns.lineplot(x="year', y='passengers', data=flights)
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PucyHok 7.2 — Ctunb ocpopmneHunsa whitegrid

Ctunb dark:
sns.set_style("dark™)

sns.lineplot(x="year', y='passengers', data=flights)
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PucyHok 7.3 — Ctunb ocopmneHus dark
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Ctunb white:

sns.set_style("white")

sns.lineplot(x="year', y='passengers', data=flights)

Ctunb ticks:
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PucyHok 7.4 — Ctunb ocopmrneHuns white

sns.set_style("ticks")

sns.lineplot(x="year', y='passengers', data=flights)
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PucyHok 7.5 — Ctunb ocopmneHus ticks
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CnMcoK OOCTYMNHbIX ANsi M3MEHEHUS NapameTpoB

NOMOLLILIO PYHKUMK axes_style():

>>> sns.axes_style()

{'axes.axisbelow': True,
'axes.edgecolor': 'white',
'axes.facecolor': '#EAEAF2',
‘axes.grid': True,
'axes.labelcolor': '.15',
'axes.spines.bottom’': True,
'axes.spines.left': True,
'axes.spines.right': True,
'axes.spines.top': True,
'figure.facecolor': 'white’,
"font.family': ['sans-serif'],
"font.sans-serif': ['Arial’,
'DejaVu Sans',
'Liberation Sans',
'Bitstream Vera Sans',
'sans-serif'],
‘grid.color’': 'white’,
‘grid.linestyle': '-',
‘image.cmap': 'rocket’,

'lines.solid_capstyle': 'round',

'patch.edgecolor': 'w',

'patch.force_edgecolor': True,

"text.color': '.15',
'xtick.bottom': False, 'xtick.color': '.15',
'xtick.direction': 'out', 'xtick.top': False,

'ytick.color': '.15', 'ytick.direction': 'out',

'ytick.left': False, 'ytick.right': False}

MOXXHO nNOJ1Iy4nTb C
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Bce napameTpbl MMeKT MMeHa, yKasblBalwwume Ha UX QYHKUMOHaNbHOe

HasHadeHue. Moanduumpyem pag napameTpos cTung whitegrid:
sns.set_style("whitegrid", {'axes.labelcolor':"b", 'axes.edgecolor':'r’',
"xtick.color':'g'})

sns.lineplot(x="year', y='passengers', data=flights)
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PucyHok 7.6 — MoaucpunumpoBaHHbIin cTunb odpopmneHuna whitegrid

7.2 KOHTeKkcTbl seaborn

KoHTekcTbl B seaborn uWCMonb3yloTcst ANs  ynpaBneHust maclitadbom
n3obpaxeHus. B 3aBncumocTn oT TOro, rae Gyget ucnonb3oBaTbcs rpaduk:
CTAHET OH 4YacTbl CTaTbM WNW MNpe3eHTauuun, BblOMpaeTcs TOT UMW UHOW

MacLuTad ero anemMeHToB.

[ns 3agaHna KOHTeKcTa ucnonbayetcs pyHKuma set context():

set_context(context=None, font_scale=1, rc=None)

PaccmoTpum napameTtpbl yHKLMN:
 context: dict, napamerp wun3 Habopa: {'paper', ‘'notebook',
‘talk', 'poster'}, None

© Cnosapb C napamMmeTpamMmm NMBo CUMBOSMNBLHOE UMS KOHTEKCTA.
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« font_scale: float, optional
o MacLwTabHbIn KO3(PUUNEHT ANA N3MEHEHMA pa3mepa wpudTa.
* rc:dict, optional
o CnoBapb C napamMeTpamm Angd nepeonpeneneHns CBOWCTB,

3agaHHoro 4yepes3 aprymeHT context, KOHTEKCTa.

[Ona nony4yeHuss cnucka napamMeTpoB KOHTEKCTa Wcnonb3yeTcs QyHKUnUN
plotting context():

plotting context(context=None, font scale=1, rc=None)

HasHaueHne napamMmeTpoB (byHKLI,MI/I coBnagaetr ¢ TeM, YTo npuBegeHo A4

set_context().

Onsa gemoHcTpauun paboTbl C  KOHTEKCTaMW BOCMOSb3yeMcsli Habopom
JaHHbIX IfiS:

iris = sns.load_dataset("iris"

KoHTekcT paper:

sns.set context("paper™)

sns.scatterplot(x="sepal_length', y="petal_length', data=iris)

petal length

T T T T T T T T
45 50 55 a0 ] 70 75 B0

sepal_length

PucyHok 7.7 — KoHTeKcT paper
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KoHTekcT notebook:

sns.set context("notebook™)

sns.scatterplot(x="sepal_length', y='petal_length', data=iris)
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PucyHok 7.8 — KoHTekcT notebook

KoHTekcT talk:
sns.set_context("talk")

sns.scatterplot(x="sepal_length', y="petal_length', data=iris)
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PucyHok 7.9 — KoHTekcT talk
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KoHTeKkCT poster:

sns.set_context("poster™)

sns.scatterplot(x="sepal_length', y='petal_length', data=iris)
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PucyHok 7.10 — KoHTeKcT poster

nOCMOTpI/IM Ha CMNMNCOK MNapaMeTpoB KOHTEKCTA, KOTOPblE MOXHO N3MEHATb.

Ecnn HY>KHO Y3HaTb HaCTpOVIKM KOHKPETHOINo KOHTEKCTa, TO €ero Ha3BaHune

HY>XHO nepefartb B Ka4ecTBe aprymeHTa:
>>> sns.plotting_context("notebook™)
{'axes.labelsize': 12,
'axes.linewidth': 1.25,
'axes.titlesize': 12,
"font.size': 12,
‘grid.linewidth': 1,
'legend.fontsize': 11,
'lines.linewidth': 1.5,
'lines.markersize': 6,
"patch.linewidth': 1,
"xtick.labelsize': 11,
'xtick.major.size': 6,

"xtick.major.width': 1.25,
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'xtick.minor.size': 4,
'xtick.minor.width': 1,
'ytick.labelsize': 11,
'ytick.major.size': 6,
'ytick.major.width': 1.25,
'ytick.minor.size': 4,

'ytick.minor.width': 1}

NameHnm HEKOTOpPblE U3 NapaMeTPOB:

sns.set_context("notebook™, font_scale=1.5, rc={'lines.markersize':15,
"xtick.labelsize': 15.0, 'ytick.labelsize': 15.0})

sns.scatterplot(x="sepal_length', y="petal_length', data=iris)
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PucyHok 7.11 — KoHTekcT notebook ¢ moandmumpoBaHHbIMU
napameTpamm
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7.3 HacTtpounka ceTkun n oceun

Kak Bbl MOrnn BUAETb B NpUMepax, 4EMOHCTPUpYyLWMX paboTy co CTUNSMU U
KOHTEKCTamMu: Bu3yasribHOe npenCTaBrieHMe CeTKM Ha nosne rpaduka n ocen,
namMeHsieTcs C BblbopoMm cTuns (KoHTekcTa). B atom pasgene Oyayt

paccMOTpeHbl BapnaHThbl 6onee TOHKOW HaCTPOMKM 3TUX aTpubyToB rpaduka.
7.3.1 CeTKa

3a HaCTpOVIKy CETKM O0oTBeYvaloT napamMeTpbl CTUINA, npeacrtaBrieHHble B

Tabnuue 7.1 n napamMeTpbl KOHTEKCTa 13 Tabnuupbl 7.2.

Tabnuua 7.1 — NapameTpbl CTUNSA ONA HACTPOUKU CETKU

MapameTp OnucaHue
axes. grid OTBeyvaeT 3a oTobOpakeHne CeTkn Ha none rpaduka.
' True — oTOBPasuUTL ceTky, False — HeT.
grid.color LiBeT nuHUK ceTku.

grid.linestyle CTuUnb NUHUN CETKN.

Tabnuua 7.2 — NMapameTpbl KOHTEKCTa AN HACTPOMKU CETKMU

MapameTp OnucaHue

grid.linewidth | TonwwuHa nuHUM ceTku.

PaccmoTtpum paboTty ¢ ceTkom Ha npumepax. [1na Hadana yCTaHOBMM CTUIb
whitegrid n KOHTEKCT notebook:
sns.set_style("whitegrid")

sns.set_context("notebook")
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[MocTpoum guarpammy paccesHus ans Habopa iris:

sns.scatterplot(x="'sepal_length’, y="'petal length', data=iris)

petal_length
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PucyHok 7.12 — BHewHnn Bua rpacmka ¢ npuMeHeHHbIM CTUNeM
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whitegrid n koHTekcTtom notebook

Tenepb N3MeHNM napaMeTpbl CETKU:

sns.set_style("whitegrid”, rc={'grid.color': '#ff0000’, 'grid.linestyle': '--

sns.set_context("notebook", rc={"grid.linewidth': 3.0})

nOCMOTpI/IM, YTO NOJTYHUIIOCb:

sns.scatterplot(x="'sepal length’, y='petal length’, data=iris)
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PucyHok 7.13 — BHewHUn Bua rpachmka ¢ M\SMeHEHHbIMU NapameTpamMmm

CeTKMN
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7.3.2 None n ocu rpacduka

[MapameTpbl CTUNA N KOHTEKCTa, OTBeYalrliMe 3a HaCTPOWKYy nona m oceun

rpadomka, Ha4MHaKTCA € NpucTaBkM 'axes' (cMm. Tabnuubl 7.3 n 7.4).

Tabnuua 7.3 — NapameTpbl CTUNA ANA HACTPOMKU CETKU

MapameTp

OnucaHue

axes.axisbelow

Pa3smelueHne cetkm nog (True / 'line') nnu
Hag (False) guarpaMmmon.

axes.edgecolor

LiBeT rpaHuubl nonsa rpaduka.

axes.facecolor

LiBeT nonga rpadumka.

axes.labelcolor

LiBeT nognucen ocen.

axes.spines.bottom

Pa3meLlleHne ocu B HYXKHeW Yactu nongd (True).

axes.spines.left

Pa3mellieHne ocu B neBoit Yactu nons (True).

axes.spines.right

PasmelleHne ocu B npaBon YacTtu nons (True).

axes.spines.top

PasmelleHne ocun B BepxHen Yyactu nongd (True).

Tabnuua 7.4 — MNapameTpbl KOHTEKCTA AN HACTPOMKU CETKM

MapameTp

OnucaHwue

axes.linewidth

TonuwmHa oceun rpaduka.

axes.titlesize

Pasmep 3arosnoska.
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[MpuBegémM npmumep NCnonb30BaHUSA 3TUX NapaMeTpPOB:

sns.set_style("whitegrid”, rc={'axes.axisbelow":

'axes.edgecolor':
'axes.facecolor':

'axes.labelcolor’

'red’,
'lightgreen’,

'red’',

'axes.spines.bottom': True,

'axes.spines.left

: True,

'axes.spines.right': False,

'axes.spines.top': False})

'line’,

sns.set _context("notebook"”, rc={'axes.labelsize': 15.0,

'axes.linewidth': 2.5,

'axes.titlesize': 20.0})

sp = sns.scatterplot(x="sepal_length', y='petal_length', data=iris)

sp.set_title("Axes tune")
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PucyHok 7.14 — BHewHUn BuA rpachmka ¢ M\SMeHEHHbIMU NapameTpamMmm

nons u oceu rpacpuka
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Eweé ogHUM BaXHbIM 3NEMEHTOM SIBASAKOTCS TUKU — OTMETKN, KOTOpbIE

HaHOCATCA Ha OCU rpacbvn(a. nna pa6OTbI C HAMU UCNOJb3YHTCA NapaMeTpbl

c npuctaBkamn 'xtick' n 'ytick', cm. Tabnuubl 7.5 1 7.6.

Tabnuua 7.5 — MNMapameTpbl CTUNA ANA HACTPOMKU TUKOB

MapameTp

OnucaHue

xtick.bottom

Pa3melLeHne TUKOB Ha HWXHen ocu (True).

xtick.top

PasmelleHne TMKOB Ha BepxHen ocu (True).

xtick.direction

HanpasneHue nvHui TMKOB Hapyxy ('out ") nnu
BOBHYTPb ('in') Ha ocu Xx.

xtick.color

LiBeT NMMHUI TUKOB Ha OCM X.

ytick.left

Pa3melueHne TMKOB Ha neBon ocu (True).

ytick.right

PasmeLleHne TMKoOB Ha npasou ocu (True).

ytick.direction

HanpasneHue nuHuin TUKOB Hapyxy ("out ") nnu
BOBHYTpb ('in') Ha ocn .

ytick.color

LiBeT NnMHUI TUKOB Ha OCK .

Tabnuua 7.6 — NapameTpbl KOHTEKCTa AN HACTPOMKUN TUKOB

MapameTp

OnucaHue

xtick.labelsize

Pasmep MeToK TMKOB Ha OCU X.

xtick.major.size

l':',J'II/IHHa METOK OCHOBHbIX TUKOB Ha OCU X.

xtick.major.width

LUI/IpVIHa METOK OCHOBHbIX TUKOB Ha OCU X.

xtick.minor.size

,D,J'II/IHHa METOK AONONMTHUTEINbHbIX TUKOB Ha OCU X.
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xtick.minor.width LLInpuHa METOK JOMOMHUTESNBbHBIX TUKOB Ha OCH X.

ytick.labelsize Pa3mep MeToK TMKOB Ha Ocu .

ytick.major.size [fIMHHa METOK OCHOBHbIX TVKOB Ha OCM Y.

ytick.major.width LLInpuHa METOK OCHOBHbIX TUKOB Ha OCH Y.

ytick.minor.size [OrMHHa METOK AOMOMHUTESNBHBIX TUKOB Ha OCH Y.

ytick.minor.width LLIMp1Ha METOK JOMNOMHUTENbHbLIX TUKOB Ha OCU V.

Ona otobpaxeHna BcrnomoraTenbHOW JiMHenku (minor) Heobxoaumo
NOOKMIOYNTL JIOKaTop C nomolbld PyHKUMM set_minor_locator(). Takas
MaHMNynsaumna — 9TO  yXXe pabota Ha yposBHe Matplotlib (seaborn
peanusoBaHa noBepx He€), obbl4yHO, Npu paboTe ¢ seaborn, Takoro genatb

HEe NMpuxoanTcA.

[Ona pgemoHcTpaumn odpopMIieHMa BCnomoraTesribHOM JNMHEWKU MpUBEOEM
npumep:

sns.set_style("whitegrid"”, rc={'xtick.bottom': True,

'xtick.color': 'red', 'xtick.direction': 'in’,
"xtick.top': True,
'ytick.color': 'red', 'ytick.direction': 'in’,

'ytick.left': True,

'ytick.right': True})

sns.set_context("notebook", rc={'xtick.labelsize': 15.0,
'xtick.major.size': 6.0, 'xtick.major.width': 1.25,
'xtick.minor.size': 4.0, 'xtick.minor.width': 2.9,

'ytick.labelsize': 15.0,
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'ytick.major.size': 6.0, 'ytick.major.width': 1.25,
'ytick.minor.size': 4.0, 'ytick.minor.width': 1.0})

import matplotlib as mpl

sp = sns.scatterplot(x="sepal_length', y='petal_length', data=iris)
sp.get _xaxis().set_minor_locator(mpl.ticker.AutoMinorLocator())
sp.get_yaxis().set_minor_locator(mpl.ticker.AutoMinorLocator())

sp.grid(b=True, which="minor', color="'lightgreen', linewidth=0.5)
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PucyHok 7.15 — 'pachuk ¢ uasmeHeHHbIM opopMneHeM TUKOB

7.4 IlereHpaa

Jlerenga Ha rpaduke otobpakaeTcsi aBTOMaTUYECKU, eCNN Bbl UCMNOSb3YeTe
KaKOW-TO AONOMHUTESNbHbIN NapamMeTp AN rpynnupoBKN AaHHbIX MO TEM UNU
WHbIM npu3HakaMm. [Ons BblgeneHusa rpynn MOXHO WCNOoNb3oBaTb LBET

(mnapameTp hue) unun pasmep (napameTp size).
MpuBegém npumep rpaduka c nereHgon:

sns.scatterplot(x="sepal_length', y='petal_length', hue="species”,

data=iris)
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PucyHok 7.16 — 'pacpuk c nereHgon

HenocpeactBeHHo cama  6ubnmnoteka  seaborn  npakTUYeCKU  He
npeaocTaBnsieT UHCTPYMEHTOB AJS1Ii HACTPOWMKW BU3yaribHOrO OdOpMIIEHUS
nereHgbl. EAWHCTBEHHBIM nNapameTp — 310 1legend.fontsize pgna
N30IMPOBAHHOIO YyMNpaBfeHns pasMepoM LwpudTa nereHgbl M3 rpynnbl

napameTpoB HaCTPOMKN KOHTEKCTA:
sns.set_style("whitegrid")

sns.set_context("talk", rc={'legend.fontsize': 10.0})
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PucyHok 7.17 — JlereHaa ¢ U3BMeHEeHHbIM pa3mepom LwwpudTa
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Ecnn Tpebyetcsa 6Gonee TOHKash HaCTpoOWKa: pacnonoXeHwe nereHabl, eé
pasmMep 1 T.MN., TO ONA 3TOro cnegyet BOCMOoSfIb30BaATbCA UHCTPYMEHTAMMU,
KoTopble npeanaraeTt Matplotlib:

sns.set_style("whitegrid")

sns.set_context("notebook™)

sp = sns.scatterplot(x="sepal_length', y='petal length', hue="species",
data=iris)

sp.legend(loc="center right', bbox_to_anchor=(1.35, 0.5), ncol=1)
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PucyHok 7.18 — U3meHeHuMe pacrnonoxeHus nereHabl C NOMOLWbIO
MeToaa u3s oubnuorekn matplotlib

7.5 Wpudt

3a HacTpouKy wpudTa oTBevaloT napametpbl font.family (M3 ctung) wm
font_scale (U3 KOHTEKCTA):

sns.set_style("whitegrid"”, rc={ 'font.family': ['fantasy']})
sns.set_context("notebook", font scale=1.5)

sp = sns.scatterplot(x="'sepal_length', y='petal_length', hue="species",
data=iris)

sp.legend(loc="center right', bbox_to_anchor=(1.5, 0.5), ncol=1)

147



b cisa® 158
= e '*'E . :
e 0®928e. ! SPECIES
m L ]
W - SETOSA
i VERSICOLOR
e *  VIRGINICA
Ly
- b
5 6 7 8

SEPAL-LENGTH

PucyHok 7.19 — N3meHeHune wpudta Ha rpacuke

7.6 PaboTta c uBetom

Seaborn ncnonb3yet LBETOBble CXEMbl, KOTOpble npenoctasnset Matplolib,
npo 370 NoapobHO HanucaHo B pasgene "2.3.2 L{eem nuHuu". Onsa paboTtsbl €
LBeTOBbIM OchopmMneHnem 6ubnmnoteka npegoctaBnaeTr psag  yHKUMN,

KOTOpble I'IO,EI,pO6HO paCcCMOTpPEHbI garnee B 3TOM pa3aerse.

dyHKumMA color palette()

BosBpawiaeT cnncok LBeToB.

MpoToTnn pyHKUMN:

color palette(palette=None, n_colors=None, desat=None)

MapameTpbl PyHKUNK:
« palette: None, string, 1ist, optional
o Wmsa nanutpbel unn Habop upetoB. Ecnn 3HayeHne paBHO None, TO
OyaeT Bo3BpallieHa Tekylwas nanutpa.
* n_colors: int, optional

o Konu4yecTtBo LIBETOB B narnunTpe.
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* desat: float, optional

o KoappuumeHT ynpaBneHuUs HacbIWeHHOCTb, 1 — 3TO MCXogHoe

npencrtasreHne LBeTa.

PyHKUMA set _palette()
YcTaHaBnuBaeT LUBETOBYK ManuTpy B KayecTBe Tekywen. HasHadeHue

napameTpoB coBnagaeT C ykasaHHbIMU A58 PyHKUMM color palette().

MpoTtoTnn pyHKUNK:

set_palette(palette, n_colors=None, desat=None, color_codes=False)

[lononHuTenbHble NnapamMeTpbl:
* color_codes: bool
o Ecnu napameTp paBeH True, TO NpPOU3BOAUTCS MnepeonpeneneHne
LUBETOB, CBSI3aHHbIX C KOPOTKMMW uMeHamu ('r', 'g', ...) B

COOTBETCTBUM C 3a4jaBaeMoun NasimTpon.
[MocMOTprM BbIBOPOYHO Ha HEKOTOPbLIE HAbOpPbI LIBETOB.

TeKymaﬂ LiBETOBAA cXxema.

sns.palplot(sns.color_palette())

Manuntpa Accent:

sns.set_palette("Accent")

sns.palplot(sns.color_palette())
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N3 nanutpbl Accent BO3bMEM TONbLKO TPU LIBETA:

sns.set_palette("Accent”, n_colors=3)

sns.palplot(sns.color_palette())

Manntpa tabile:

sns.set_palette("tabl0", n_colors=3, desat=1)
sns.palplot(sns.color_palette())

N3ameHnm HACbIWEHHOCTb.
sns.set_palette("tab1e", n_colors=3, desat=0.5)

sns.palplot(sns.color_palette())

sns.set_palette("table", n_colors=3, desat=0.1)

sns.palplot(sns.color_palette())

PyHKuMA set _color_codes()
N3MeHsAeT 4pKOCTb WM HacCbIWEHHOCTb €ecnv  Ons  3ajaHus  uBeTa,
NCNonb3yTCA OAHOOYKBEHHbIE COKpPALLIEHWS.
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MpoTtoTnn pyHKUUK:

set_color_codes(palette="deep')

MapameTp pyHKUUK:

« palette: {'deep', 'muted', ‘'pastel', ‘'dark', ‘bright’,
‘colorblind'}

o Wma nanutpbl n3 6ubnunotekn seaborn.

MpuBeaEM HECKOIbKO NPUMEPOB.

[ManuTtpa deep:

sns.set_color_codes("deep")

sns.barplot(x="species', y='petal_length', data=iris, palette=['r"',

‘g,
'b'])

petal_length

setosa versicolor virginica
spECies

PucyHok 7.20 — lNanuTtpa deep
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ManunTtpa muted:
sns.set_color_codes("muted")

sns.barplot(x="species', y='petal length', data=iris, palette=['r", 'g’",

'b'])

o

L

petal_length

[ =]

setosa versicolor virginica
species

PucyHok 7.21 — lNanutpa muted

ManunTpa dark:

sns.set_color_codes("dark")

sns.barplot(x="species', y='petal_length', data=iris, palette=['r', 'g’,

b ])

petal_length

setosa versicolar virginica
species

PucyHok 7.22 — MNanuTpa dark
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maBa 8. Busyanunsauna oTHOWEHUN B AaHHbIX

Seaborn npepoctaBnseTr yHKumn (cm. Tabnuuy 8.1) ona Busyanusaumm

OTHOLLEHWN B JaHHbIX B BUAE NMUHENHbIX rpadpuKoB U AnarpamMm paccesaHus.

Tabnuua 8.1 — ®PyHKUMM seaborn pnsa Bulyanusaumum OTHOLUEHUA B
AaHHbIX
PyHKUUA OnucaHue
relplot O6wun nHTepdgenc ans smMsyanmsalmm OTHOLLEHUN C
napameTpamu A1t HACTPOMKN KOMMOHOBKMW.
lineplot IMHEHbIN rpacuK C ceMaHTUYECKON Py NNMPOBKOIA.

scatterplot | narpamma paccesiHus ¢ ceMaHTUUeCKO rpynMUPOBKOIA.

MpeactaBneHHbI Habop (YHKUUN YCIOBHO MOXHO pasgenuTb Ha [ABe
rpynnbl: nepBas — creunannanpoBaHHble QYHKUMA On9  NOCTPOEHUS
rpaPukoB ONpeaeneHHoro Tuna, K HWUM OTHocaTcsa lineplot() wm
scatterplot(); BTOpasa rpynna — yHKUMN ypOBHSA ouUrypbl (MOANOXKN? Ha
KoTopon oTobpaxatTcsa rpadwukn): relplot(), oHa obecneymBaeT
dyHKUMOHAN MHCTPYMEHTOB U3 MepBOM rpynnbl WU OOMNOSTHATENBHO
npegocTaBnseTr BO3MOXHOCTM MO  KOMIMOHOBKE rpadpmkoB: nossonder
BbIBOANTb rpacoukm B OTAENbHbLIX MONAX B 3aBUCMMOCTU OT 3HAYEHUS TOro
UM MHoro npusHaka. MoXHO ckasatb, 4TO0 relplot() 4aBnsetca 6onee

BbICOKOYPOBHEBbLIM UHTEpencom anga lineplot() u scatterplot().

8.1 O6wme napameTpbl (hyHKUNN

PaccmMoTpM napameTpbl, KOTOpble SIBNSATCSA OOWMMK  Ons  PYHKLUMNA

BU3yannmsauunmn OTHOLLUEHUN B AAHHbIX.
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8.1.1 ba3oBble aprymeHTbl

Ba3zoBbie apryMeHTbl (oyHKUUN:
* X, Y: UMeHa nepemMeHHbIX N3 Habopa data, optional
o CBA3bIBAlOT OCb X M y C KOHKPETHbIMW Mpu3Hakamu u3 Habopa
OaHHbIX, NepefaHHoro 4epe3 napameTp data. [aHHble OOMmKHbI
nMeTb yucrioson Tun. Anga pyHkumn lineplot() n scatterplot()
OONYyCTUMO  nepefaBaTb BeKTOpa C  AaHHbIMU - HanpsiMylo.
MapameTpbl MOryT MMeTb 3HadeHuMe None, B 3TOM crnyyae, byoer
BM3yanuampoBaH BeCcb Habop gaHHbIX U3 data.
 data: DataFrame, optional
o Habop gaHHbIX B bopmaTte pandas.DataFrame, B KOTOPOM CTONOLbI
— 3TO UMeHa NnepemMeHHbIX, CTPOKM — 3Ha4vyeHus. MimeHa cTonbuos,
OaHHble U3 KOTOPbIX HYXHO BU3yanunsnposaTb, MepefarwTcs B

napameTpbl X N y.

8.1.2 MapameTpbl ANA nNOBbLIWEHUA UHGPOPMATUBHOCTU

rpadmkoB

Onsa  npugaHus  Gonblien  MHOpMATUBHOCTM  rpadomvkaMm  OYHKUMK
BU3yanumsaumm OTHOLWEHWW B [daHHbIX NpefocTaBnsalT — crnegylouwme
napamMmeTpbl:
e ci:int, 'sd' unu None, optional
o Onpegendet pasMmep OoTobpakaemMoro JOBEPUTENBHOINO MHTEpBana.
Ecnu 3HayeHune paBHO 'sd’, TO BMECTO OOBEPUTESIBLHOIO MHTEPBana
OyneTt oTobpaxkeHo CTaHAapTHOE OTKMOHEHME.
* hue: M4 NnepemMeHHOM 13 Habopa data, optional
o 3apgaéT npusHak B Habope AaHHbIX, KOTOpbIn OygeT ucnonb3oBaH
AN LUBETOBOro pasfgerneHna nadHHbiX. BusyanbHo rpynnbel OyayT

npeacTaBneHbl B BUAE OTAENbHbLIX NUHWUIA (TOYEK), OTNUYaLLMXCA
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ugetom. OyHkumm lineplot() wu scatterplot() nossonswoT
nepefaBsatb BeKTOpa C AaHHbIMM B MapamMeTp Hanpsamyo, ans
relplot() aTo HegonycTUMO.

palette: uma nanutpsl, 1list, dict, optional

o [TanuTpa, koTOopasa dyaeT ncnonb3oBaHa 44 LBETOBOIO pasgerneHuns
Habopa [AaHHbIX MO 3HA4YeHUAMW npu3Haka, ykasaHHoro B hue.
Seaborn npepoctaBnaer Habop pasnU4YHbIX LBETOBbIX CXEM,
KOTOpble MOXHO MUCMOnb30oBaTh, bonee NoapobHO O HMX pacckasaHo
B pasgene "7.5 Paboma ¢ usemom". MOXHO yKa3aTb CBOI LIBETOBYHO
CXeMy 4epe3 CfoBapb, B KOTOPOM OMpeaensieTcs COOTBETCTBME
3HayYeHun npusHaka, nepenaHHoro B hue, n uBeta n3 GubnMoTekn
Matplotlib.

hue_order: 1ist, optional

o 3afaéT nopsaoK MpUMMEHeHus LUBETOB Ans [aHHbIX M3 Habopa,
nepenaHHoro Yyepea napametp hue.

hue_norm: tuple nnu obbekT knacca Normalize, optional

o Hopmanusauus AaHHbIX MOXET MPUMEHATCS, ecnn Habop AaHHbIX,
yKasaHHbIh B hue napameTpe, uMeeT 4ucnosou Tun. [Ans
KaTeropuanbHbIX AaHHbIX HOpManu3aunsa He UCNOoSb3YyeTCs.

size: nma nepemMeHHon n3 Habopa data, optional

o 3agaéT npu3Hak B Habope OaHHbIX, KOTOpbIn ByoeT MCnosnib3oBaH
ONs pasgeneHus gaHHbIX No pasmepy. BuayanbHo rpynnbl OyayT
npeacraeneHbl B BUAe OTAEMbHbIX JIMHUW (TOYEK), OTNUYaOLLNXCA
LWWMpUHOM (pasmepoM). PyHkumm lineplot() u scatterplot()
NO3BONAKT NepefaBaTb BEKTOPA C AaHHLIMKU B NapaMeTp Hanpsimyto,
anga relplot() aTo He gonycTUMO.

size_order: list, optional

155



o 3afaéT nopsagoK  pacnpedeneHus  TOMNWMHBL - IMHAKW  MexXay
anemMeHTaMun 13 Habopa gaHHbIX, 3a4aHHOro Yepes napameTp size.
* size norm: tuple, 06bekT knacca Normalize, optional
o OnpegensieT HOpManuaaumio Ans AaHHbiX Ans Habopa, 3agaHHOro
yepe3 napameTp size. MoxeT uCNonbL3oBaTbCsA TOMbKO AfS
YNCNEHHbIX 3HAYEHUN.
* style: uMA NnepemMeHHON U3 Habopa data, optional
o 3apgaéT npusHak B Habope AaHHbIX, KOTOpbIn OyaeT ucnonb3oBaH
ONs  pasgeneHns gaHHblXx no ctuno. BuayanbHo rpynnbl 6yayT
npeacTtaeneHbl B BUAe OTAENbHbIX JIMHUA (TOYEK), OTNNYaroLWMXCS
cTuneM JInvHuM u/vnn Buaom mapkepa. PyHkuum lineplot() w
scatterplot() nos3BonsAlwT nepegaBaTb BeKTOpa C AaHHbIMU B
napamMmeTp Hanpsamyto, ansa relplot () ato He gonycTUMO.
* markers: bool, list, dict, optional
o OnpegensieT TMn MapkepoB. Ecnn napametrp paBeH False, TO
MapKkepbl UcCnosnb3oBaTbCs He 0OyayT, ecnu True, TO 6yayT
MCNONb30BaHbl MapKepbl MO yMOM4YaHUIO. Tun Mapkepa MOXHO
3agaTtb 4Yepes3 CcroBapb, yCTaHaBNMBAOLLMW COOTBETCTBUE MeEXAY
3HaYeHMaMM Kn3 Habopa [OaHHbIX, NepedaHHoro 4vepes napameTp
style u kKogom mapkepa. Kogbl MapkepoB COOTBETCTBYHOT
ncnosne3yembiMm B Matplotlib.
e style order:1list, optional

o 3agaéT Nnopsigaok NPUMEHEHUS CTUNEN.
8.2 JInHenHbIn rpadouk. PyHKuMA lineplot()

[Ona Buayanusaumm OTHOLIEHMA B [JaHHbIX B BuOe JIMHEMHOro rpaduka
npumMmeHsietca yHKuMs lineplot(). Takom Tun rpaduka yawe BCero

Ucnosnb3yeTcd AnAa Bu3yann3aunm BpeMeHHbIX pAaoB 3aBUCUMOCTEMN mMexay
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NepeMeHHbIMW, UMEKLNMUN HEMpPEPbIBHbIV XapakTep, Hanpumep, TakKuMmn Kak

TeMneparypa, gasneHne, CToMMoCTb U T.A4.
8.2.1 3HakomcTBO ¢ (hyHKUMen lineplot()

HayHém ¢ nocTpoeHust NPpoCTON 3aBUCUMOCTU OOHOWN NepeMeHHOW OT ApPYromn.
[na Havyana nmnoptTnpyem Heobxoammele bGUBNMoTeku:

import seaborn as sns

import numpy as np

import pandas as pd

YcTaHOBUM CTUMNb opopmrieHns rpadumkos (cMm. pasgen 7.1 Cmunu

seaborn").
sns.set_style("darkgrid")

CreHepvpyeM Habop cny4alHblX [aHHbIX W BOCMNOnb3yemcsi yHKLUEN

lineplot () ons otobpaxeHus 3aBUCMMOCTU MeXOY HUMW:
np.random.seed(123)

X

[i for i in range(10)]

y = np.random.randint (10, size=len(x))

sns.lineplot(x, y)

B nepBoun cTpoke 3aga€eTcsa 3epHO reHepaTopa, 3TO HYXXHO caenartb Ans Toro,
YTOObI KaXabl pa3 nNpu 3anycke NporpamMmmMbl reHEPUPOBANUCh OOHU U Te Xe
AaHHble. [locne atoro co3gaém Habopbl AaHHbIX Ans ocu abeumce (ocb X) —
nocnegosaTenibHOCTbL OT 0 g0 9, ocu opaguHaT (oCb y) — cryyaunHble Yucna B
avanasoHe oT 0 Ao 9 B KonnyecTBe, paBHOM YUCNY 3IEMEHTOB B CMUCKE X.
Hanee Bbi3biBaeM ¢yHKUMO lineplot() Ans oTobpaxeHus 3aBUCMMOCTU
Mexay cosfgaHHbiMM Habopamu. B Hawem cnyyae, Mbl BOCMOMb30BanuChb
BapuvaHTOM, Korga AdaHHble nepedarTcss B OYHKUMIO HanpsiMyko, B Buae
BEKTOPOB. Pe3ynbraT paboThl NnporpamMmmel NpeacTaBined Ha pucyHke 8.1.
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0 2 4 & d

PucyHok 8.1 — Pe3ynbraT paboTbl ¢pyHKUMM 1ineplot()

Ha NnpakTukKe AaHHble OAnA aHalnn3a 4Yalle BCEero noarotaBriimMBaloTCA B BUAE
CTPYKTYp Series wunu DataFrame ©6ubnuotekn pandas. Cosgagum eweé
HeCcKorbko HabopoB AaHHbIX:

np.random.seed(123)

sample = [i for i in range(10)]

y = np.random.randint (10, size=len(sample))

z = np.random.randint(4, size=len(sample))

data = [sample, y, z]

O6beanHnm nx B ognH DataFrame, 3T0 MOXHO caenaTtb Tak:
df = pd.DataFrame(data).transpose()

df.columns = ['sample', 'y val', 'z_val']

nnobo cnegyowmm obpasom:
df = pd.DataFrame({'sample':sample, 'y val': vy, 'z _val': z})

MocMOTPMM Ha MONyYMBLUMIACA Habop AaHHbIX: COAEPXUMOE CTPYKTypbl df

npeacTtaeneHo B Tabnuue 8.2
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Tabnuua 8.2 — Copepxxumoe CTpPyKTypbl df

sample y_val z_val
0 2 2
1 2 3
2 6 1
3 1 0
4 3 2
5 9 0
6 6 3
7 1 1
8 0 3
9 1 2

OTtobpasnm 3aBucMMOCTb y_val oT sample m3 Habopa df C nomoubio
dyHKUMKM 1ineplot():
sns.lineplot(x="sample', y="'y val', data=df)

0 2 4 G B
sample

PucyHok 8.2 — Busyanusauua 3aBUCMMOCTU NpU3HaKa y_val ot sample
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Uepe3 nmapameTp x 3agaéTcs MMmsi npusHaka u3 Habopa OaHHbIX And ocu
abcumcc, yepe3 y — Ans ocu opaunHat, data — 3T1o DataFrame, U3 KOTOpOro

OaHHble OyayT N3BneYeHsbl.

Ecnn Heobxogumo oToOpasuTb Bce anemeHTbl 3 DataFrame Habopa, TO
MOXHO ero nepegaTtb B lineplot() 4epes3 napameTp data, npu 3TOM He

3apaBasi X U y:
sns.lineplot(data=df)

—— sample

] y_wal
z val

0 2 4 & 8

PucyHok 8.3 — OTtoGpaxxeHune Bcero Habopa gaHHbIX df

8.2.2 OTobOpaxeHue MaTeMaTu4yecKoro oXuaaHus n

AoBepuTtesibHbIX MHTepBaJioB

Ob6paTtuTe BHMMaHWe, YTo B NpeabiayLmx npumepax, 3HadyeHnsa n3 Habopa
OaHHbIX, KOTOPLIM Mbl YKa3blBanu B Ka4ecTBe napameTpa ans ocu abcumcce
(ocb Xx), He noBTOPANMUCL. [locTpomm rpaduk 3aBucuMocT val y oT val z.
[ns 3Tux AaHHbIX YKa3daHHOE Bbllle CBOMCTBO yXXe He ByaeT BbINOHATLCA:
OQHOMY M TOMY e 3Ha4yeHuto val z (Hanpumep, 0) bByoet cooTBETCTBOBATL

HECKOSbKO 3Ha4YeHur val y (B Hawem cnydyae — ato 1 1 9).
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[MocTponm NUHENHbIN rpaduk:

sns.lineplot(x='z_val', y='y val', data=df)

y_val

0.0 05 10 15 20 25 30
Z val

PucyHok 8.4 — 3aBucumocTtb napameTtpay_val oT z_val

B atom cnydae no ocu opguHat OyayT OTKMagblBaTbCs He 3HayYeHus
napameTpa y, a ero matemaTudeckoe oxuaaHue. Hanpumep gns z_val=e,
y val=(1+9)/2=5, 4TOo Mbl N BUOMM Ha rpadumke. bonee ceetnas obnacTtb
BOKPYr NMUHUKM — 310 95% [oBepuTeNnbHbIN UHTepBas, eCnu BMECTO Hero
HeobxoaMmo oTobpasnTb CTaHO4apPTHOE OTKIIOHEHWE, TO criegyeT NpUCBOUTL

napameTpy ci pyHKkumn lineplot() 3HayeHue 'sd':

sns.lineplot(x="z_val', y='y val', ci="sd', data=df)

10

y val

0o 0.5 10 15 20 25 30
Z val

PucyHok 8.5 — N'pachuk 3aBUCUMOCTU C OTOOpakeHMeM CTaHZapTHOro
OTKINOHEeHMUA
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OTobpaxeHne [OBEPUTENBHOIO MHTEpBana (MM CTaHOAPTHOrO OTKIIOHEHUS)

MOXHO OTKITIO4YUTb, Nnepeas B ci 3Ha4deHue None:

sns.lineplot(x='z_val', y='y val', ci=None, data=df)

y wval
L
(¥4 )

20

0.0 0.5 10 15 20 25 3.0
z val

PucyHok 8.6 — OTkniovyeHmne otobpaxeHns LOBEpUTENBLHOIO MHTepBana

B rmmase weckon "bbicmpbili cmapm", Mbl NpPUBOAUNN  NPUMED,
UNNIOCTPUPYIOLWLMA  3aBUCMMOCTb MacCcaXmpornotoka OT roga u3 Habopa
AaHHbIX flights, npuBeaém ero ewé pas:
flights = sns.load _dataset("flights")

sns.lineplot(x="year', y='passengers', data=flights)

500
450
400

350

passengers
Lt
[ ]
[}

1950 1952 1954 1956 1958 1960
year

PVICYHOK 8.7 — 3aBucumMocCTb naccaXxxnpomnoTtoka oT roga u3 Ha6opa
flights
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[Ona ynpaeBneHns BUMAOM OTOOpaXeHWs OOBEPUTENBHOrO MHTEpBana
(cnnowHasa 3anuBka, METKM) MUCNOMb3yeTca napameTp err_style, KOTOPbLIN
MOXET NMPUHUMAaTb 3Ha4deHust 'band', 'bars' unu None. 3HayeHne 'band’
onpenenser ChfoWHYO 3annBKy, Kak 3TO NpeacTaBneHO Ha PUCYHKe Bbille.

3HayeHue 'bars' oTobpaxkaeT OBepUTENbHbLIN MHTEPBAN B BUAE OTPE3KOB:

sns.lineplot(x="year', y='passengers', err_style="'bars', data=flights)

500
450
400
350

300

passengers

250
200
150

100
1850 1952 1954 1956 1958 1960

YEar

PucyHok 8.8 — OTobOpaxxeHne AOBepUTENbLHOro MHTEepBana B Buae
OTpPEe3KOB

Ecnn yctaHoBUTb pAOna  napameTrpa err_style 3HadyeHne None, TO

A0BEpPUTENBHBIN MHTEPBA OTOOpPaXEH He OyaeT:

450

passengers
s H &8 w8
[=] [=] =] [=] =]

=
(¥,
=]

1950 1952 1954 1956 1958 1960
yEar

PucyHok 8.9 — OTknroyeHune otobpaxxeHne JoBepuUTESIbLHOro MHTepBana
C nomMmoLuibio NnapameTpa err_style
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8.2.3 lNoBbiweHne nHdpopmaTUBHOCTU rpaduka

dyHKuMa lineplot() npegocTtaBnseT Tpu napameTpa, UCMONb3ys KOTopble
MOXHO MOBbLICUTb WH(OPMATUBHOCTL rpadmka, CBA3aB [OOMNOSHUTESbHbIE
Npu3HakM Habopa C TakuMn BU3yarnbHbIMM acnekTaMmn Kak LBET, CTUSMb NIUHUN
n pasmep. 3a 3TO OTBeYalT napameTpbl: hue (UBeT), style (CTUNb NNHUK) K

size (pa3mep). PaccmoTpum paboTy C HUMK Ha NpuUMepax.

3arpysnm Heobxoanmblin Habop BMBNMOTEK U HACTPOUM CTUSb:
import seaborn as sns
import pandas as pd

sns.set_style("darkgrid")

3arpysnm Habop gaHHbIX Ana paboTbl:
df = sns.load_dataset("mpg")

OTtobpasnm 3aBMCUMOCTb MOLLLHOCTU aBTOMOBMNSA OT roga Bbinycka:

sns.lineplot(x="model_year', y="horsepower', data=df)

1a0
140

120

horsepower

70 72 74 76 78 a0 LY.
model_year

PucyHok 8.10 — Npacpmk 3aBMCMMOCTM MOLLHOCTN aBTOMOOUNA OT ropa
BbiMyckKa
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8.2.3.1 HacTpouka uBeTOBOU CXeMbl

Ecnn ctount 3agava N3y4nTb 3aBUCUMOCTb MOLLUHOCTH aBTOMOOUNA OT roga
BbIlMyCKa OTAENIbHO AOJ1A CTpaH CLWA n AnoHun, To MOXXHO BOCMNOMb30BaTbCA
napamMeTpomMm hue [Ons BblaeneHusa cTpaH LBETOM:

sns.lineplot(x="model_year', y="horsepower', hue='origin',

data=df[df['origin'] != 'europe'])
180 arigin
— Ea
160 sl
w140
]
=
=]
2 120
4
2
100
B0
B0
70 72 74 76 78 80 82
model_year

PucyHok 8.11 — Ucnonb3oBaHne napameTpa hue ana pasgeneHuvs
AaHHbIX NO CTpaHam

[Ina  QononHUTENbLHOWM  HACTPOMKUM  LBETOBOIO  pasfderieHnst  MOXHO
ncnonb3oBatb cregywwue napametTpbl QyHkuum lineplot(): palette,

hue_order, hue_norm.

M3meHuM UBET 1 3a0aaMm NopsiaoK:
df _usa_jp = df[df['origin'] != "europe']
sns.lineplot(x="model_year', y="horsepower', hue='origin’,

palette={'usa':'r', "'japan':'b'}, hue_order=['japan', 'usa'],

data=df_usa_jp)
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PucyHok 8.12 — Npumep ncnonb3oBaHnsi napamMeTpoB palette u
hue_order

8.2.3.2 HacTpouka ctuns

,D,J'Iﬂ cermMmeHTauunm aaHHbIX C NOMOLbIO CTUIA JIMHUN UCMOJb3YyETCA NapamMeTp
style, yepes3 Hero 3agaérTca nNpu3Hak, No KOTOpomy OydeT NpPOM3BOAUTLCS
pasgeneHue:

sns.lineplot(x="model_year', y="horsepower', style='origin',

data=df_usa_jp)

180 arigin
— | EE
=== j@apan

horsepower
—
=
=

7 72 74 76 78 a0 82
model_year

PucyHok 8.13 — Ucnonb3oBaHue napameTtpa style ana pasgeneHus
AaHHbIX NO CTpaHam
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HacTponky CTung 5nuHMM MOXHO MNPOM3BECTM C MOMOLLBI CrnegyroLlmx

napameTpoB: dashes, markers, style order. OnucaHne pansa OByx

nocnegHux nepesegeHo B pasgene "8.1.2 [lapamempsbl Onisi roebilueHUs

UHopmamusHocmu epaghukos”, nHdpopmauma no dashes npeacrasreHa
HUXe:

* dashes: bool, 1list, dict, optional

o Onpegendetr Tun wWTpuxoBkn. Ecnu napametrp paBeH False, TO

OyoeT wucnonb3oBaHa CNMAOWHAas §WHUSA, ecnn True, TO TUMb

LUTPUXOBKM MO YMOSMYaHUK. TUn MPUMEHSEMON LUTPUXOBKN ASIS

KOHKPETHbIX 3Ha4YeHU N3 Habopa AaHHbIX, NepedaHHoro B napameTp

style, MOXHO onpefennTb CaMOCTOATESbHO, AS1 3TOro HYXHO

3agaTtb COOTBETCTBME 3HayeHuU napamMeTpa M KOLOB LUTPUXOBKM.

LTpnxoBka 3apaétca nubo tuple'amn cnegyrouwero suga: (AAnHa

cermMeHTa, pa3Mmep 3a3opa), MBO nNycToM CTPOKOW, YTO

onpeaender CriyioWwHY JIMHULO.

PaccmoTtpum paboty ¢ napameTpom dashes Ha npumepe:
sns.lineplot(x="model_year', y="horsepower', style='origin’,

dashes={'usa': (2, 2), 'japan': (5, 2)}, data=df _usa_jp)
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PucyHok 8.14 — [lemoHcTpauusa paboTbl ¢ napamMeTpom dashes
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[ob6asum mapkepbl:
sns.lineplot(x="model_year', y="'horsepower', style='origin',

dashes=False, markers={'usa': '~', "'japan': 'o0'}, data=df _usa_jp)
180 arigin
=i 53
160 5 —e— japan
h
w140 \\\ —
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PucyHok 8.15 — [lemoHcTpauus paboTbl ¢ napamMeTpom markers

8.2.3.3 HacTpouka ToNnwmnHbI IMHUN

Cnegytowmm cnocobom cermMeHTaumm OaHHbIX SBMASAETCA 3adaHue TOMLMUHbI
NUHUK, 3a 3TO OTBeYaeT napameTp size. Yepes Hero nepepaérca Habop
OAHHbIX, KOTOPbIN ByoeT ucnonb3oBaH AN pasgeneHusi OCHOBHOro Habopa

Ha NMNHNA pasnquoM TONLWNHbDI.

[ns gemMoHcTpaummn npomssegemM Mmoandukauuio Habopa mpg, ¢ KOTOPbIM Mbl
paboTanu B npeablayLmnx pasgenax:

fn_filter = lambda x: True if x in [4, 8] else False

fn_mod = lambda x: {4: 'four', 8: 'eight'}[x]

df modl = df[df[ 'cylinders'].map(fn_filter)].copy()

df modl[ ‘cylinders'] = df_modl[ 'cylinders'].map(fn_mod)

OT1obpasnm Ha rpadurke pasHoW TOMLINHOM IMHUKM aBTOMOBUAN C BOCEMBIO U

YeTbIPEXUMITNHAOPOBLIM ABUraTENSMM:
sns.lineplot(x="model year’, y="horsepower’, size="cylinders"',

data=df_mod1)

168



i cylinders

i — four
160
g
Z 140
(=5
i 120
E
100
a0 T ___“"m___/*‘ e =
70 72 [L; 76 78 80 82
model_year

PucyHok 8.16 — [lemoHcTpauua ucnonb3oBaHUA napameTpa size ans
pasgeneHust AaHHbIX MO KONMMMYECTBY LUINTMHAOPOB

[dononHutenbHO Ana paboTbl C TOSMWMHOM JIMHUM MOXHO WCMOMb30BaTb
napameTpbl size_order un size _norm (cM. pasgen "8.1.2 lNapamempsbi Orisi

rnosbIWeHUs1 UHhopmamueHocmu epagukos”).

M3mMeHnM nopsaaok 3agaHna TOMLWKUHBI SIMHUMKL
sns.lineplot(x="model_year', y="horsepower', size='cylinders',
size_order=('four', 'eight'), data=df_modl)
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PucyHok 8.17 — [lemoHcTpauus paboTbl C napamMeTpoM size_order
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8.2.4 Busyanunsauua BpeMeHHbIX psigoB

Bubnuoteka pandas npenocTaBnAeT MOLHbIE MHCTPYMEHTbI Anst paboTthl C

BpPEMEHHbIMN pgaamun. Bocnonb3yemcs umn ans Toro, 4Tobbl co3gatb Habop

OaHHbIX, Y KOTOPbIX B Ka4eCTBe NHOEKCOB ByayT BPEMEHHbLIE METKU C SHBapPS

2018 no sHBapb 2019 c¢ nepmogomM B OOAMH MECSL, a 3HaA4YeHUs Onst aTux

METOK CreHepupyem cry4yarHbiM o6pasom:

date_index = pd.date_range(start='2018', freq='M', periods=12)

print(date_index)

DatetimeIndex(['2018-01-31', '2018-02-28', '2018-03-31', '2018-04-30',
'2018-05-31", '2018-06-30', '2018-07-31', '2018-08-31',
'2018-09-30', '2018-10-31', '2018-11-30', '2018-12-31'],

dtype='datetime64[ns]’', freq="'M")

Habop gaHHbIX Ansa paboTol:
np.random.seed(123)

data_set = np.random.randint(5, size=len(date_index))

Moctpounm cTpykTypy DataFrame:

df = pd.DataFrame(data=data_set, index=date_index, columns=[ 'value'])

I'IepBble NATb AJIEMEHTOB CTPYKTYpPHbI.

df.head()
value
2018-01-31 2
2018-02-28 4
2018-03-31 2
2018-04-30 1
2018-05-31 3
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MpeactaBum gaHHble N3 df B BUAE NUHENHOro rpaduka ¢ noMoLbio seaborn:
sns.lineplot(data=df)

4.0 — alue
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PucyHok 8.18 — Busyanusauusa BpemeHHOro psaa

Ob6patute BHMMaHWE, 4YTO MHOEKCbl M3 Habopa df ObiNM Mcnonb3oBaHbl B

Ka4vecCcTBe AaHHbIX OJ1A OCU X.

8.3 lmarpamma paccessHua. PyHkumnsa scatterplot()

Huarpamma paccesHUs (scatterplot) SBNSAETCS HEOTbeMIEMbIM
WHCTPYMEHTOM aHanutuka npu paboTte C AaHHLIMU Hapsigay C JIMHENHBLIMU
rpadukamu, cronbyareiMM guarpammamm v T.4. [Ons nocTpoeHUa Takowm

avarpammbl seaborn npepoctaBndeTr PyHKumio scatterplot().
8.3.1 3HakomcTBO Cc (pyHKUMen scatterplot()

Mepen Hayanom paboTbl UMAOPTUPYNTE HABOP OMBNNOTEK, yKa3aHHbIN B
pasgene "6.2 beicmpeit cmapm". 3agagum ctunb darkgrid:

sns.set_style("darkgrid")

3arpy3nm Habop AaHHbIX Iris:

df = sns.load dataset("iris"
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OTtobpasnm 3aBucMmocTb napameTpa sepal length oT petal length B

BUAe TOYeYHOoro rpadmka:
sns.scatterplot(x="sepal_length', y="petal_length', data=df)
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PucyHok 8.19 — [lemoHcTpauusa pabotbl pyHKUMM scatterplot()

8.3.2 lNoBblweHUe MHpopmaTUBHOCTHU rpacuka scatterplot

Ong  nosbllWeHUs  MHAPOPMATMBHOCTM  TOYEYHOro rpadmvka  MOXHO
NCNonb3oBaTh NapameTpbl, aHaNoOrmMYHble TeM, YTO ObIfIM PacCMOTPEHbLI HAaMU
npu pabote ¢ lineplot() — 3710 hue Ansa 3agaHusa oTTeHka (uBeTa), size —

pasmepa Mmapkepa, style — ctuna mapkepa.

[na IKCMepnMeHTOB BOCIOJIb3yEMCA YXKe U3BECTHbIM HaM Ha60pOM OaHHbIX

mpg:
mpg = sns.load dataset("mpg")

MocTpomM  TOYe4yHbIn  rpadmk  3aBUCUMMOCTW  AdanbHOCTM  npobera
(displacement) aBToMobuUns oT pacxoga tonnuea (mpg):

sns.scatterplot(x="mpg', y='displacement', data=mpg )
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PucyHok 8.20 — 3aBucumocTtb napametpa displacement ot mpg

8.3.2.1 HacTpouka uBeTOBOMN CXeMbl

Bblgenum upeTtom CTpaHy Npon3BoanTeNAa:

sns.scatterplot(x="mpg', y='displacement',
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hue="origin', data=mpg )

origin
=)
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PucyHok 8.21 — Ucnonb3oBaHue napameTtpa hue gns pasgeneHus

AaHHbIX MO CTPpaHaM

3a OOMOJTHUTENTbHYHO HaCTPOVIKy LLBETOBOM CXEeMbl OTBeYalT napamMeTpbl

palette, hue_order n hue_norm, nx HasHa4dyeHue N NOPALOK UCMOSIb30BaAHUA

aHanornyeH ogHOMMEHHbLIM napameTpam yHkuum lineplot() (cm. pasgen
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"8.2.3.1 Hacmpouka usemogou cxembl JIUHeUHo20 epachuka”). [Onsa
OeMOHCTpaunun pa6OTbI C HUMU I'Ipl/IBeJJ,éM HECKOJ1bKO MNMpuMepOB. N3ameHnm
LUBETOBYIO NaJINTPY.

sns.scatterplot(x="mpg', y='displacement', hue='origin',

palette="plasma', data=mpg)
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PucyHok 8.22 — lNMpumep ncnonb3oBaHue LLBETOBOU NanuTpbl plasma

3apagum ceor Habop LBETOB:
cmap={'usa':'y', 'japan':'g', 'europe': 'r'}
sns.scatterplot(x="mpg', y='displacement', hue='origin', palette=cmap,

data=mpg)
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PucyHok 8.23 — lNpumep paboTbl ¢ npeaBapuUTesibHO NOArOTOBIEHHOMN
LBETOBOU CXEeMOW
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N3ameHnm nop4AaaoK npMMeHeHnA LUBETOB:
order=["'japan', 'europe', 'usa']
sns.scatterplot(x="mpg', y='displacement', hue='origin', hue_order=order,

data=mpg)
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PucyHok 8.24 — UameHeHUe nopsaaka NpUMMeHeHUs LBeTOB

OGpaTnTe BHUMaHWE Ha IereHay, B OTNMYME OT Npenbliaywux MpuMepoB
nepeyncrieHMe cTpaH Tenepb UAET B NOpPsiAKe, yka3aHHOM B NEpPeMEHHOMN

order.

8.3.2.2 HacTpouka cTunsa mapkepos

3a ctunb MapKepoB B HalleM rnpumepe 6y,u,eT oTBeYaTb NMpm3HaK Korin4ecTBo
unnnHgpos (cylinders):

sns.scatterplot(x="mpg', y='displacement', hue='origin',
style="cylinders', data=mpg)

plt.legend(bbox_to_anchor=(1.05, 1), loc=2, borderaxespad=0.)
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PucyHok 8.25 — [lemoHcTpauma paboTbl ¢ napamMeTpom style

[1oNONHUTENBbHO Ham NnPULWLJIOCb BbIHECTU JlereHay 3a norsie rpacpvn(a, T.K. OHa
CTalia 3aHMaTb yXXe 3Ha4YnUTeribHoe NnpoCTpaHCTBO.

[na cpaBHeHUs NpuBedEM MPUMEP MCMonb3oBaHUA napameTpa style gna
Habopa iris:
sns.scatterplot(x="sepal_length', y='petal_length', style='species"',

data=iris)
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PucyHok 8.26 — [lemoHcTpauusa paboTbl ¢ napameTpom style ansa
Habopa AaHHbIX iris
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Tak kak gaHHble B 3TOM Habope Bu3yarbHO pasdenumbl, To gaxe 6es
[OMNOMHUTENbHOW CEerMeHTauMuM no UBEeTY BWAHbI  Pasnuuua  Mexay

obObekTamMmu.

[Ona 0ononHUTENbHOW HACTPOMKN CTUSMS MapKeEPOB MOXHO BOCMOSfb30BaTbCA
napametpamu markers n style order, HasHa4yeHMe KOTOPbLIX COBMagaeT C
OQHOUMEHHbIMK ona yHKuMM lineplot (). Bocnonbayemca nmu ans 6onee
AetanbHOM HacTPOMKN N306paXeHusi: NI3SMEHNUM CTUITb MapKepoB U MOPSAOK
npeacTaBneHns NpPU3HaKoB:

mrks={"'virginica':'o', 'setosa':'D', 'versicolor':'X'}

order = ['virginica', 'setosa', 'versicolor']
sns.scatterplot(x="sepal_length', y='petal_length', style='species',

data=iris, style order=order, markers=mrks)
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PucyHok 8.27 — [lemoHcTpauusa pabotbl ¢ napameTpamu markers u
style_order

8.3.2.3 HacTpouka pa3mepa mapkepa

Ons pemoHcTpaumm paboTbl C napamMeTpoMm size BepHEMCA K Habopy
OaHHbIX Mpg, Byaem mcnonb3oBaTb BeCc aBTOMOOUNA (npusHak weigh) ans

ynpasneHusi pasMepoM MapKepoB:
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sns.scatterplot(x="mpg', y='displacement', hue=

data=mpg)
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PucyHok 8.28 — [leMoHcTpauus paboTbl C napamMeTpoMm size

MapameTpbl

size order wu

size_norm,

oTBe4aloT

3a

nopAaaokK

‘origin', size="weight',

7

HopManusauuio Npu 3agaHny pasmepa mMapkepa, sizes onpenenseT pasmep

MapKepoB:

sns.scatterplot(x="mpg', y='displacement', hue='origin', size="weight',

sizes=(10, 150), data=mpg)
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PucyHok 8.29 — [lemoHcTpauus paboTbl C NnapamMeTpoM sizes
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Bocnonb3yemca BcemMn TpemMsa WHCTpyMeHTamu: hue, size u style
OOHOBPEMEHHO:

sns.scatterplot(x="mpg', y='displacement', hue='origin', size='weight',
style="cylinders', data=mpg)

plt.legend(bbox_to_anchor=(1.05, 1), loc=2, borderaxespad=90.)
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PucyHok 8.30 — [leMoHCcTpauua ogHOBPEMEHHOIO NPUMEHEHUA
napameTpoB hue, size n style

8.4 HacTtpoumka BHewHero Buaa 3NeMEHTOB nMNons
rpacpuka

PaccmoTprM HECKOMbKO NonesHbiX MHCTPYMEHTOB A1 HACTPOMKN SIEMEHTOB
nons NUHEWHOro rpaduka, a MMeHHO: nereHabl U noanucen ocen. bonee
nogpobHO NpPO 3T U APYrMe WMHCTPYMEHTbI MOXETe npouuTaTb B rmase 7

"Hacmpolika HeuwHe20 suda epagukos”.
8.4.1 JlereHpa

3a oTobpaxeHue nereHabl oOTBe4yaeT napameTp legend, OH MOXeET

npuHUMaTL cregywwme 3HadeHus: 'brief' — 6yger wucnonb3oBaH
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COKpaLLEHHbIN Habop gaHHbIX, "full' — OyaeT ncnonb3oBaH NOMHbLIN HAabop

OaHHbIX, False — nereHga otobpaxaTbcs He Oyaer.

PaccmoTpum npumep: B Habope AaHHbIX mgp nNpusHak cylinders npuHumMaeT
3Ha4yeHuna n3 mHoxectea {3, 4, 5, 6, 8}:

df = sns.load_dataset("mpg")

set(df["cylinders"])

{3, 4, 5, 6, 8}

OT1obpasnm rpauk ¢ LBETOBbIM pasgeneHmem rno aToMy Npu3Haky ¢ cxatbim
BapnaHTOM npegctaBlieHnda nereHabl:
sns.lineplot(x="model_year', y="horsepower', hue='cylinders', data=df,
legend="brief")
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PucyHok 8.31 — lNpeactaBneHne cokpaweHHOro Habopa saHa4eHUn
npu3Haka B nereHge

Kak Bbl MOXeTe BUAEThb, B NlereHae oToOpaXKeH AuanasoH 3Ha4YeHUn ot 2-X Oo
8-mu. Tenepb NOCTPOMM TOT Xe rpaduk, Ho napameTpy legend MpPUCBOMM

3Ha4yeHue 'full':
sns.lineplot(x="model_year', y="'horsepower', hue='cylinders', data=df,

legend="full")
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PucyHok 8.32 — lNpeactaBneHne NofHOro Habopa 3Ha4eHU NpuU3HaKa B
nereHge

Tenepb B nerenge nepedncrieHbl Bce 3Ha4YeHnsa npusHaka cylinders. Yoepém
nereHgy ¢ nong rpaduka, ons aToro napameTpy legend nNpMcBOUM 3Ha4YeHUE

False:

sns.lineplot(x="model_year', y="'horsepower', hue='cylinders', data=df,

legend=False)
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PucyHok 8.33 — lNone rpaduka 6e3 nereHabl
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8.4.2 NMNognucwu ocen

Bubnuoteka seaborn noctpoeHa Ha 6a3ze Matplotlib, NnOSTOMYy YacTb HacCTpoekK
MOXHO NMPOM3BOAMTL Yepe3 He€. JTO KacaeTcsa 3agaHus nognucen ans ocemn

KoopauHaT rpaduka.

O6paTtumcs k npumepy mn3 pasgena "8.2.4 Busyanusayusi 8peMeHHbIx psidos™
np.random.seed(123)

date_index = pd.date_range(start='2018', freq='M', periods=12)
data_set = np.random.randint(5, size=len(date_index))

df = pd.DataFrame(data=data_set, index=date index, columns=[‘'value'])

[Ana 3agaHua nognucen Bocrnonb3dyemcs pyHKumamn xlabel() u ylabel()
n3 matplotlib.pyplot:

import matplotlib.pyplot as plt

sns.lineplot(data=df)

plt.xlabel("Event day", fontsize=14)

plt.ylabel("Count”, fontsize=14)

— value

20

Count

15
10
05
00

2018-03 2018-05 2018-07 2018-09 2018-11 2019-01
Event day

PucyHok 8.34 — 3apnaHue noanuceun ana ocen rpadumka
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8.4.3 CopTtnpoBka Habopa AaHHbIX

Mo ymonuyaHuio, nepeqn Tem Kak otobpasuTb rpaduk, seaborn npousBoauT
COPTUPOBKY Habopa [OaHHbIX, 3Ty ONuM0 MOXHO OTKM4YATb, 3a4aB

napameTpy sort 3HayeHue False.

nOCTpOI/IM 3aBNCUMOCTb MOLWHOCTHU ABUratesid OT roga BbllyCka aBTomMobuns:

sns.lineplot(x="model_year', y="horsepower', data=df)
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PucyHok 8.35 — Npachuk 3aBucuMocTu napametpa horsepower ot
model_year 0o nepemelwinBaHna Habopa AaHHbIX

[Mepemelwwaem Habop AaHHbIX MpPQ:
df = sns.load_dataset('mpg")
df = df.sample(frac=1)

CHoBa NocTpouM rpaduk 3aBUCMMOCTU BbIGPaHHbIX NapameTpoB:

sns.lineplot(x="model_year', y="horsepower', data=df)
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PucyHok 8.36 — Npachuk 3aBucuMocTu napametpa horsepower ot
model_year nocrne nepemMeluMBaHns Habopa AaHHbIX

Kak Bbl MOXXeTe BUAETb HUYETO HE NOMEHANOCH B CPABHEHUN C PE3YNbTaToOM,
KOTOpbIA Mbl nonyyYanun 6e3 nepemMelumBaHus (CM. pUCyHOK 8.36). OTKNYnM

Onuuio NpeaBapuUTENbHON COPTUPOBKMK:

sns.lineplot(x="model_year', y="horsepower', data=df, sort=False)
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PucyHok 8.37 — Npachuk 3aBucuMocTu napameTtpa horsepower ot
model_year ¢ OTKNHOYEHHOU ONLMEeN COPTUPOBKU

B atom cnyyae rpaduvk yxe OydeT oTnuyatbCcs OT NPUBEOEHHOMO Bbille
BapuaHTa.
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8.5 Bwusyanuszauma  OTHOWEHUN C  HACTPOMKOM

noanoXku. ®yHkuma relplot()

bubnunoteka seaborn npegocTaBnseT ewwe ogHy OyHKUMIO NS BU3yanusaumm
OTHOWEHUN B [AdaHHblX: relplot(). B otnnume ot lineplot() wu
scatterplot(), oHa npegocTaBnsdeT BO3MOXHOCTb HacTpamBaTb He TOSIbKO
BHELLUHUN B HENOCPEACTBEHHO CaMOro rpaduka, HO U PUrypy — nognoxky,

Ha KOTOPOW pacrnoraralTcsa Bce rpadpuyeckmne KOMMOHEHTHI.

[MapameTpbl, OTBevawlmne 3a HaACTPOWKY BHELUHEro BuAa, aHanornyHbl
npuBedeHHbIM Ana  yHkumn  lineplot() wu scatterplot(). Hwuxe

NPUCTaBIIEHbI apryMeHTbl, KOTOPblE MOXHO WCMNOSib30BaTb AS1I1 HACTPOUKMK
dourypbi:
* row, col: str
o KmeHa npusHakoB, N0 KOTOpbIM BydeT npons3BoauUTbLCA pasgeneHne
durypbl Ha CTPOKM K ctonbubl. MoryT mMcnonb3oBaTbCA TOMbLKO
KaTeropuarnbHble NPU3HaKN.
e col wrap:int, optional
o Konu4yectBO cTONOLOB ANst 06beanHeHus.
* row_order, col_order: CnMCOK CTOPOK, optional
o [lopagok CTPOK wu/mnu cTonbuoB COrMacHO MNepeYnUCriEHHbIM
3Ha4YeHsaAM npusHaka.
 kind: str, optional
o Twun oTobpaxaemoro rpadwuka: 'line' — ans BbiBOAA NIMHENHOIO
rpadpuka, 'scatter' — TO4YEYHOrO.
« height: int, float, optional
o BplcoTa nongd rpadvka B gronmMax.
e aspect:int, float, optional
o COOTHOLLUEHME CTOPOH Monsi C rpaPukom, WMPUHA paccHUTbIBAETCA
no goopmyne: aspect * height.
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 facet_kws: dict, optional
o Crnoeapb C [JONOSHUTENbHLIMW aprymeHtamn ans FacetGrid
(knacc gns ynpasneHna ourypon).

PaccmoTtpum paboty ¢ relplot() Ha npumepax. byaem ncnonb3oBatb CTUNMb
whitegrid:
sns.set_style('whitegrid")

[na Havana nopabotaem ¢ Habopowm iris:
iris = sns.load dataset('iris")
sns.relplot(x="sepal_length', y='petal_length', kind='scatter’,

data=iris)
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PucyHok 8.38 — lemoHcTpaumsa paboTbl ¢pyHKUMKM relplot()

Padhuk NpakTU4eckn He OTNMYaeTcs OT MOony4vYeHHoro Hamu B pasgene "8.3
LHuaepamma paccesHus. QyHKkyus scatterplot()”.
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Tenepb MOCTpoUM OunarpaMmmbl Ha TPEX OTAENbHbIX MOMSAX, B Ka4yecTBe
pasgenstowiero napameTpa byaem ncnonb3oBaTth TUMN npuca (species):
sns.relplot(x="sepal_length', y='petal_length', hue='species’,

kind="'scatter', data=iris, col='species"')

species = setosa species = versicolor species = virginica
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PucyHok 8.39 — [lemoHcTpauua paboTbl ¢ napameTpom col cyHKumun
relplot()

[Mpon3BenEmM pasgenieHne rno CTpoKam C MOMOLLBbIO napamMeTpa row WU
3agagum pasmepsbl nonen Yepes height u aspect:
sns.relplot(x="sepal_length', y='petal length', hue='species’,

kind="'scatter', data=iris, row='species', height=3, aspect=3)
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PucyHok 8.40 — lemoHcTpauua paboTbl ¢ napameTpamm row, height,
aspect dpyHKumumn relplot()
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MaBa 9. Busyanusauusa KkateropmanbHbIX AaHHbIX

[Mpn aHanuse AaHHbIX YacTo npuxoguTcsa paboTtaTtb C KaTeropumasibHbIMU
Npu3HaKamMmm, MX 0COBEHHOCTb COCTOUT B TOM, YTO OHU NMPUHMMAKOT 3HAYEHUS
N3 HeynopsigodYeHHoro MHoxectBa. K 3ToW rpynne MOXHO OTHECTU Takue
Npu3HakM Kak uBeT (aBTomobuns, dpykTa), dopma (KBagpaT, Kpyr,
TPEYrosfibHUK) 1 T.N. BaxHbIM ABNAETCA TO, YTO AN TaKOro Tuna gaHHbIX He
BBOOMTCA OTHOLLUEHWE Mopsiaka, T.e. Henb3sa MpUMeHUTb onepauuio bonblue

nin MeHblle and nx cpaBHeHUA.

Ectb 6onee yacTHbIN BUA KaTeropuanbHbIX NPU3HAKOB — 3TO MOPSAKOBLIE
npu3Hakn. OHWM NO CBOEWN NMPUPOAE He ABMASIOTCHA YUCaMu, HO ONS HUX YXKe
MOXHO OnpefenuTb onepauuio CpaBHEHUS, NpUMepaMu Takux MNPU3HaKOB
MoryT ObITb TUN aBTOMOOUNS (Nerkosow, rpy3oBon), obpasoBaHue (bakanasp,

MarucTp, kaHamaaT HayK, JOKTOp Hayk).

Seaborn npepoctaBndeT MHCTPYMEHTbl ANs  Budyanusaumm Habopos
KaTeropuanbHbIX OaHHbIX B BUAE TOYEYHbIX AMarpamM M UX OUEHKWU, WU
cpeacrtBa  NpeAcTaBreHUst  pacrnpedeneHnin  KateropmanbHblX — AaHHbIX.
PyHKuMa catplot() sBnserca obwum uHTEpdencom ana Bcex yHKUMn
paboTbl C KateropnanbHbIMU JaHHbIMU C BO3MOXHOCTbIO MogudunumpoBaTtb
dourypy (Noanoxky), maenmHo oHa nosTopsieT QyHKumMo relplot() w3
pasgena "8.6 Busyanusauyus omHoweHuUlU ¢ Hacmpoukou oorioxKuU.

@yHKyus relplot ()" Cnucok yHKUM NpuBenEH B Tabnuue 9.1.
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Tabnuua 9.1 — PyHKUMM ANA BU3yanusaumum KateropuanbHbl AaHHbIX

Uma pyHKuMNN OnucaHue
catplot() O6Lwmin nHTepdenc ans paboTbl C KaTeropnasnbHbIMM
P AaHHBbIMU C BO3MOXHOCTbIO MOANMUKAL MM NOLANOXKM.
stripplot() NHCTpYMEHTbI ANs BU3yanuaauumn KateropmanbHbIX
AAHHbIX B BUAE TOYEYHbIX gMarpamMmm.
swarmplot()
boxplot() NHCTpyMeHTbI ona Bu3yanusauuu pacrnpeneneHnn
. KaTeropuarnbHbIX JaHHbIX.
violinplot()
boxenplot()
pointplot() NHCTpYMeEHTbI AN BU3yanu3auumn oLeHKM
KaTeropuanbHbIX JaHHbIX.
barplot()
countplot()

9.1 OGwume napameTpbl PYHKLUN

[MepeuncneHHble B Tabnunue 9.1 yHKUMKM nmetoT obwun Habop napameTpoB
AOJ19 HACTPOWKU BHELLHEro BMaa anarpamm, nx onucaHue npuseneHo ganee B
3TOM pasgerne.

9.1.1 baszoBble napamMeTpbl

* X, Y: UMEHa nepemeHHbIX N3 Habopa data, optional
o CBA3bIBAOT OCb X M Yy C KOHKPETHbIMW Mpu3Hakamu u3 Habopa
OaHHbIX, nepedaHHoro 4epes napametrp data. Ona  dyHkumn
OTNMYHbIX OT catplot() ponycTMo nepefaBaTb BeKTopa C
AaHHbIMKU Hanpamyto, onga catplot() HeT. [NapamMeTpbl MOryT UMETb
3HayeHne None B cnyyae, ecnm HeobxoaMmo BU3yanum3npoBaTb BECb

Habop data.
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 data: DataFrame
o Habop paHHbIX TMna pandas.DataFrame, B KOTOpOM cTOn6Gubl —
3TO MMeHa NpU3HaKoB, CTPOKNM — 3HadeHusa. MimeHa cTonbuos,
OaHHbIE U3 KOTOpPbIX HeobxooMmo BU3yanu3npoBaTtb, MNepenarTcs
Yyepes napameTpbl X U y.

9.1.2 MapameTpbl ANA NOBbLIWEHUA UH(POPMATUBHOCTU
rpacpukoB

Ana nosblWeHna UHMOPMATUBHOCTU rpadpukoB MOTYT  MCMONb30BaHbI

napameTpbi:

* hue: Msa nepemMeHHon 13 Habopa data, optional
o 3agaéT npu3Hak B Habope OaHHbIX, KOTOpbIN OyaeT mMcnonb3oBaH
OS5 LUBETOBOro pasfgerneHna nadHHbiX. BusyanbHo rpynnbel OyayT
npeacTaBneHbl B BUAE OTAESbHbIX 3fIeMEHTOB, OTMNYaKOLLNXCSH
usetoM. Bce doyHKuMmM 3a ucknwodeHmem catplot() nossonsawoT
nepegaBaTb BEKTOpa C [daHHbIMM B MapaMmeTp Hanpamyro, Ansd
catplot() aTo HegonycTumo.
* order, hue_order: CNMCOK CTPOKOBbLIX 3HA4YEeHNN
o [Mopagok oTobpaxxeHns anemeHToB (UK 3agaHus LBETA).
e orient:'v' | 'h', optional
o OpueHTauuss rpaduka, 'v' - BepTMKanbHas, 'h' -
ropu3oHTarnbHas.
« color: Matplotlib-uset", optional
o LiBeT ona Bcex oTobpaXaemblX ONeMeHTOB WM 3epHO Ans
rpagueHTa nanuTpbl.
 palette: uma nanutpsbl, 1list nnun dict
o [ManuTtpa, KoTopas 6ygeTr wucnonb3oBaTtbCA AN LUBETOBOrO
pasgeneHnsa gaHHbIX Mo 3Ha4YeHUAMKU npuaHaka, ykasaHHoro B hue.

17 OpwH 13 goCcTynHbIX cnocoboB 3agaHnsa uBeTa (cM. pasgen “2.3.2 Lisem nuHuu”)
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9.2 Busyanusauus KateropuanbHbIX AaHHbIX B Buae

TOYEe4YHbIX AnarpamMmm

K nepBow rpynne MHCTPYMEHTOB Afsl BU3yanusaumm kaTteropnarnbHbIX AaHHbIX

oTHOCATCA PyHKUMM stripplot() v swarmplot().

[aHHble QyHKUMKM MMmeloT Oonee LWMPOKUKM Habop obwmx napameTpoB Mo
CpaBHEHUIO C NPUBEAEHHbIM B Hadane mmasebl. Paccmotpum umx 6Gonee
noapobHo:
e size:float, optional
o [nameTp mapkepoB.
« edgecolor: Matplotlib-ugeT'®, 'gray', optional
o LlBeT rpaHuubl MapkepoB. [Ons 3HayeHus 'gray' dpKocTb Oyaer
onpenendaTbCa B 3aBUCMMOCTU OT UCMONb3YEMOW LIBETOBOW CXEMBI.
e linewidth: float, optional
o |lUnpuHa rpaHUYHON NUHUN.
e dodge : bool, optional
o Ecnu napameTp paBeH True 1 ncnornb3yetrcs hue, To Ha guarpamme

OaHHble 6y,El,yT npeacrtaeneHbl B BUAE BU3yalJibHO pasgesimMbiX

rpynnm.

9.2.1 dyHKuma stripplot()

HayHéM Haw o0630p ¢ dyHKunn stripplot(). 3Ta QyHKUMS cTpouT
ToyeuHyto guarpammy. C  MNOXOXKMM  MHCTPYMEHTOM —  (pyHKUMen
scatterplot(), Mbl nosdHakomunuce B rmaee "8.3 [uaspamma paccesiHusl.

QyHKkUus scatterplot()".

18 OpuH 13 gocTynHbIX cnocoboB 3agaHnsa uBeTa (cM. pasgen “2.3.2 Lisem nuHuu”)
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3arpyaum Habop gaHHbIX iris:

iris = sns.load_dataset("iris"

[MocTpoum NpocTyto AuarpaMmmy pacnpeneneHus:
sns.stripplot(x="species', y='sepal_length', data=iris)
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PucyHok 9.1 — [Inarpamma, nocTpoeHHasa ¢ NOMOLbI PYyHKLUN
stripplot()

Ecnn HeobxoguMmo NOCTPOUTL TOYEYHYK auarpammy Ans Habopa LaHHbIX,
9NEMEHTblI KOTOPOro NpeacrtaBnsioT cobon camMoCTOATENbHbIE MacCUBbl, TO
MOXHO MX nepedaTb HanpsMyr 4Yepes napameTpbl X, y, He dopmMmupys
npeaBaputenbHO DataFrame:

np.random.seed(321)

x_vals = np.random.randint(3, size=200)

y_vals np.random.randn(1l, len(x _vals))[0]

sns.stripplot(x=x_vals, y=y vals)
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PucyHok 9.2 — [lnarpamma, noctpoeHHasi C NOMOoLbIo (pyHKLUMU
stripplot() no gaHHbIM, NepeAaHHbIM HaNPAMYHO
yepes napamMeTpbl X U y

[Ons noBblWeHNs MHOPMATMBHOCTN OuarpaMmmbl

MOXHO MCMNOJ1Ib30BaATb

napamMeTpbl AN HacTPOMKM LIBETOBOW CXeMbl, pasMepa W LBeTa 06BOAKU

MapKepoB.

3arpy3nm Habop gaHHbIX tips:

tips = sns.load dataset("tips")

BoiBegem nATb nepBbiXx CTPOK € MNomMowb Metoda head(), pesynbrar

BbINONHEHNA PYHKUNKN NpBEeaEH B Tabnuue 9.2:

tips.head()

Tabnuua 9.2 — lNepBble NATbL CTPOK Habopa AaHHbIX tips

total _bill | tip sex smoker | day time size
16.99 | 1.01 | Female No | Sun Dinner 2
10.34 | 1.66 Male No | Sun Dinner 3
21.01 | 3.50 Male No | Sun Dinner 3
23.68 | 3.31 Male No | Sun Dinner 2
2459 | 3.61 | Female No | Sun Dinner 4

194



B atom Habope cogepxatcsi AaHHble O pa3mMepax OCTaBMEHHbIX YaeBblX,
pasgenéHHble no cregywwum npusHakam: total bill — obwmn cyét (B
ponnapax CLA), tip — pa3smep 4vaeBbix (B gonnapax CLUA), sex — non,
Smoker — KypWUT KINWEHT unu Het, time — Bpem4a: oben unu naHdy, size —

pa3mMmep KoMnaHun.

[MocTpouM TOYEYHbLIW rpaduk 3aBUCUMOCTU pasMepa 4aeBbix (fipsS) oT

KonmyecTBa YenoBekK B OTAbIxaloLlen KoMmnaHum (size):

sns.stripplot(x="size", y="tip', data=tips)
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PucyHok 9.3 — 3aBMcMMOCTb pa3mepa YaeBbIX (tips) oT konu4yecTBa
YyesioBeK B OTAbIXalLWen KOMnaHum (size)

Kak Bbl MoxeTe BMAETb, rpynnbl MapkepoB AN pasHbiX 3HAYeHUh size
BblO€NEeHbl  pasHbiMM  LBETaMu, ecnM  Heobxogmmo, 4ToObl  UBET

MCMosib30BariCA O4uH U TOT Xe, TO ero MOXXHO 3a4aTthb Yepe3 napameTp color:

sns.stripplot(x="size", y="tip', color="g", data=tips)
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PucyHok 9.4 — [lemoHcTpauusa paboTbl ¢ napameTpom color

Tenepb BblAenvMM LBETOM MO NtoAen, Ans 3Toro NPUCBoMM napameTpy hue
3Ha4yeHue sex:

sns.stripplot(x="size", y="tip"', hue="sex", data=tips)
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PucyHok 9.5 — [lemoHCcTpauua ncnonb3oBaHus napameTtpa hue
(npumep 1)

Tak Kak 'size' — 3TO BeLWEeCTBEHHbIW NPU3HaK, TO KOPPEKTUPOBATb A1 HEro
nopsigok 6eccmblicneHHo. Ecnu 661 Mbl NoCTpounu anarpammy 3aBUCUMOCTU
YaeBblX OT Mofna KNueHTa, Torda MOXHO Obino 6bl 3agaTb Xenaemoe

npencrtasrieHne.
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Mo ymon4yaHuio Mbl NOMy4YMM criegyloLwnin pesynesrar:

sns.stripplot(x="time", y="tip"', hue="sex', data=tips)

10
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PucyHok 9.6 — [leMoHcTpauua ncnonb3oBaHus napameTtpa hue

M3meHM nopsifok 3agaHns LBeTa:

sns.stripplot(x="time", y="tip', hue='sex', hue_order=['Female’,

data=tips)
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PucyHok 9.7 — [lemoHcTpauusa paboTbl ¢ napameTpomMm hue_order
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M3meHnMm LBeTOBYIO NanuTpy Yepes napameTp palette:

color_palette = {"Male":"r", "Female":"g"}
sns.stripplot(x="size", y="tip', hue="sex", palette=color_palette,

data=tips)
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PucyHok 9.8 — lNpumep nameHeHUs1 LBETOBOM CXeMbl Yepe3 napameTp
palette

Yeenuynum pa3Mep Mmapkepos, 3agaamm UM UBET U LLMPUHY TPaHULbI.
sns.stripplot(x="time", y="tip', size=10, edgecolor="gray", linewidth=1,

data=tips.sample(frac=1, random_state=123)[:30])
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PucyHok 9.9 — HacTtpo#uka BHelwHero Buaa MapKepoB 4epes napamMeTpbl
size, edgecolor un linewidth
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MNMopaboTtaem ¢ napamerpamu, KOTOpble OTBEYalOT 3a 3afaHue OpUeHTaLmK
avarpammbl, MOPSAOOK OTODpaXKeHUs 3Ha4YeHU MpusHaka, paclienneHue

OCHOBHOro Habopa gaHHbIX MO 3HAaYEeHWNIO OONONMHUTENbHOrO NPU3Haka.
M3meHMM nopaaok BbiBoga NPM3HaKOB: noMmeHseM Dinner n Lunch mectamu:

sns.stripplot(x="time", y="tip', hue_order=["Dinner", "Lunch"],

data=tips)
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PucyHok 9.10 — [lemoHcTpauusa paboTbl ¢ napameTpom hue_order

OpwueHTauns guarpaMMbl 3aaaéTcsa Yepes napameTp orient:

sns.stripplot(x="tip", y="time', orient="h', data=tips)
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PucyHok 9.11 — 3agaHue ropM3oHTanbHOM OpUeHTaLmM amarpamMmmbil
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O6paTnTe BHUMaHMEe, 4YTO MMEHa MNPU3HAKoB ANA X M y Toxe Obinu
nepectaBreHbl MecTamu. [na ynydlweHus HarmsgHoCcTM AvarpamMmbl, B
KOTOPOW UCMOMb3yeTcs LIBETOBOE pasdereHne yepes napameTp hue, MOXHO
npeacTaBuTb MonyYeHHble Habopbl B BUAE BU3yarnbHO PasnuUyYMMbIX TPynn C

NnoMoLLbIO NapameTpa dodge:

sns.stripplot(x="time", y="tip', hue="sex", dodge=True, data=tips)
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PucyHok 9.12 — [lemoHcTpaumsa paboTbl ¢ napameTpom dodge

Ky4yHoCTb npenctaBnsieMbix HaboOpoB perynupyetcs napameTpom jitter.
OT1a onuusa MoxeT ObiTb MonesHa, ecrnivm HeobxoauMO YCTPaHUTb NepPeEKpbITUE

Mexnay Ha60paMM OaHHbIX. I'Ipmmep C HaCTpOVIKaMVI no yMOJn4aHuIO:

sns.stripplot(x="size", y="tip"', data=tips)
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PucyHok 9.13 — [lnarpamma co 3Ha4eHMeM no ymorsrnyaHuio ans
napameTpa jitter

N3meHum 3HaveHune jitter Ha 0.03:
sns.stripplot(x="size", y="tip', size=5, jitter=0.03, data=tips)

10 -
[ ]
B
.
I' [ ]
o © .
= . T 2 =
N |
4 i‘ *
s .
. i .
- L ]

[
%]
[¥1)
=
Ln
o

size

PucyHok 9.14 — [Inarpamma co 3HayeHuem jitter paBHbIiM 0.03

Ecnn jitter npucBoutb True, TO Oyaer asTOMaTudeckn nopobpaHo

Hanbonee onTUMarnbHOE 3Ha4YeHMe.
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9.2.2 ®dyHKuMA swarmplot()

PyHKuMa swarmplot() no ceBoemy dyHKUMOHanNy W napameTpamMm Ons
HacTpoOnKn oTobpaxkeHna nogobHa pyHkummn stripplot(), 3a UCKNIOYEHNEM
napameTpa jitter, koTopbln y HeE oTcyTcTBYET. oea swarmplot() B TOM,
4YTO OTOBpakaeMble TOYKM Ha guarpaMMme He rnepekpbIBatoTCs, 3TO NO3BOSMSAET
aenatb BbiBOAbl O npeobnagaHuM Tex WU WHbIX 3HayeHurM B Habopax

AaHHbIX MO UX BU3yalibHOMY pachnpeneneHunio.

PaccmMoTpuM  HeCcKonbKO  NPUMEpPOB,  AEMOHCTpupylowmnx paboty cC
swarmplot():

sns.swarmplot(x="time", y="tip', data=tips)
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PucyHok 9.15 — [Anarpamma, noctpoeHHas cpyHKumen swarmplot()

N3 npenctaBneHHoOM AuarpaMMmbl MOXHO CAenaTb BbIBOA, YTO 3a faH4eM
Yallle BCEro OCTaBMSAT [Ba Jofinapa B KayecTBe YaeBblX, a 3a obeaom ot

ABYX 00 YETbIPEX O01apoB.

[ns 3agaHns UBETOBOM CXeMbl OyaemM Uchonb3oBaTh NPU3HaK, OTBEYaoLLNN
3a TO, Kypunu rnpu 9TOM KITMEHTbI UMW HET:

sns.swarmplot(x="time", y="tip', hue="smoker", data=tips)
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PucyHok 9.16 — [leMOHCTpauua LBEeTOBOIro pasferieHnst no npusHaky
smoker

Bo3bMém noasbibopky M3 Habopa B konudectse 50 WTYK U OONONHUTENBbHO
HaCTpouM pa3mMmep MapKkeposB, UX UBET N LULMPUHY rpaHULbI:

df = tips.sample(frac=1, random_state=123)[:50]

sns.swarmplot(x="time", y="tip', size=10, edgecolor="gray", linewidth=2,

data=df)
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PucyHok 9.17 — [narpamma ¢ uamepeHHbLIMA pa3Mepom, LiBETOM U
LUMPUHOM rpaH1Lbl MapKepoB
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3agagvm camoCTOATENBbHOIO LBETOBYO NAnUTRYy:
color _palette = {"Male":"g", "Female":"y"}
sns.swarmplot(x="time", y="tip', hue="sex", size=10, edgecolor="gray",

palette=color_palette, linewidth=2, data=df)
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PucyHok 9.18 — [lnarpamma ¢ N”3AMEeHEHHOU LIBETOBOU NannTpou

3a opueHTauuio guarpammbl OTBeYaeT napameTp orient, 3a nopsgok —
order, napameTp dodge ynpaBnsieT Bu3yanbHbIM pas3deneHNeM AaHHbIX.
MpounntocTpupyemM Ha NpuMepax Ux Ucnonb3oBaHue. VIaMeHnm opueHTaumto

N NOPSAOK OTOBpaXeHUs 3Ha4YeHUn npusHaka time:
sns.swarmplot(x="tip", y="time', order=['Dinner', 'Lunch'], orient='h',

hue="sex", data=tips)
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PucyHok 9.19 — [lemoHcTpauma paboTbl ¢ napameTpamm order u orient
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Pasgennm ¢ nomoLblo napamerpa dodge BbIGoOpy Ha rpynnbi:

sns.swarmplot(x="time", y="tip', hue="smoker", dodge=True, data=tips)
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PucyHok 9.20 — [lemoHcTpaumsa paboTbl ¢ napameTpom dodge

9.3 Busyanusauum pacnpegerieHUn KaTeropuvanbHbIX

AOaHHbIX

Ha npakTtuke, npu peweHnmn 3agay CTaTUCTUKK, Yalle NPUXOANTCS CTPOUTb He
avarpamMMbl paccesiHusi, a guarpammbl pacnpegenenHui. Mo HUM MOXHO
nonyyYnTb npeactaBneHne o6 wu3yvyaeMblx Habopax [AdaHHbIX MO  psagy
YMCNOBLIX XapaKTEPUCTUK, 3HAYEHMST KOTOPLIX OTODpaXkaloTcs Ha Takoro Tuna

avarpammax.

Seaborn npepoctasnseT Tpu (yHKUMW ONS BM3yanusaumm pacnpegeneHum
KaTeropmanbHbIX JaHHbIX:

« boxplot() — cTpout guarpammy Tmna "AWMK C ycamu", nHorga eé
Ha3blBalOT 4epes3 TpaHcKpunumio: GOKCHNOT, Ha Hen oTobpaxkaroTcs
MeanaHHOE 3Ha4YeHne, KBapTUnn 1 Bblbpochl;

 violinplot() — cTpouT guMarpammy MOXOXYK Ha "AWMK C ycamun" c

OLIEHKOW NNOTHOCTU A4pa;
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* boxenplot() — cTpouT guarpammy K3 MPSMOYrOflbHUKOB, XOPOLLO

noaxoauT AN BU3yanusaummn 60onbLUMX HabopoB AaHHbIX.

[nsa HacTpoMKM BHELWHero Buaa pguarpamm MCMNonb3yrTcs napameTpbl,
NepeyYncneHHble B Hayane rnaebl. B gononHeHMe K HUM (PYHKUUM UMeEIoT
o6 Habop aprymMeHToB W WHOMBUAYAlbHbIE 3N1EMEHTbI HACTPOWKWN.
Paccmotpum obuwmun Habop [OMOMHUTENBHBLIX NapamMeTpoB AnA YHKLUMA
BM3yanusaumm pacnpeneneHunm kateropmanbHblX AaHHbIX:
e saturation: float, optional
o [Mponopumsi HAaCbILWEHHOCTU LiBETA.
 width: float, optional
o WunpuHa anemeHTa gnarpaMmmbl (HanpuMep SAwuKa ¢ ycamm).
* dodge: bool, optional
o Ecnu napameTp paBeH True M Ucnonb3yeTca napameTp hue, TO Ha
anarpamme daHHble 6yayT npeactaeneHbl B BUAE  BU3yaribHO
pasgenumblx rpynn.
 linewidth: float, optional

o lLnpunHa pamMKu 351ieMeHTOB.
9.3.1 ®dyHKuUuMA boxplot()

[na Havana pas3bepémMcs ¢ TeM, Kakyto MHOPMaUUIO Mbl MOXEM MONMYYUTb
oT anarpammbl boxplot. E€ BHewHMn BUA npencTasreH Ha pucyHke 9.21. Ha
anarpamme otobpaxeHa meauaHa (2-om KBapTunb), 1-bil U 3-Ml KBAPTUNW;
KoTopble (OOPMUPYIOT MEXKBAPTUSIbHbIN pa3Max; ecrin OTNOXUTb BBEPX WU
BHM3 MO MoOfTopa MEeXKBapTUIbHbIX pasmMaxa, TO MNOCfedHne 3Ha4vyeHus
Npu3HaKa Ha 3TUX NPOMeXyTKax (POPMUPYIOT rpaHuLbl YCOB, 3HAYEHUSA BHE
9TUX rpaHuy, ByayT onpenendatbCs Kak BblOpoCbl, OHW OTOBpaxarTcs

oTaelribHbIMU TOYKaAMN.
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Boibpocel

®/ > 1.5 MeXKBapPTUNBLHOMO pasmaxa

3-ui KBapTUNb

Makc. aHayeHuns
MepuaHa
13 JManasoHa: _
A (2-o1 kBapTUNL)

[-1.5, 1.5] MmexxKBapTUNBLHBIX pasMmaxa
1-bIA KBAPTUIb

PucyHok 9.21 — [lnarpamma boxplot

[MomMMmo napameTpoB oOWMX ANs Bcex (OYHKUMKA Bu3yanusaumm LaHHbIX
seaborn (cm. 8.1 Obwue napamempbl byHKUUU) N NHCTPYMEHTOB OS5
paboTbl C KaTeropuanbHbIMW OaHHbIMWU, (QyHKUMA boxplot() wnmeer psag
YHUKarbHbIX NapamMeTpoB:

* fliersize: float, optional

o Pasmep MapkepoB, C MOMOLLbIO KOTOPbIX 0603Ha4YaTCcsA BbIOPOCHI.

 whis: float, optional
o BenuumHa mMexkBapTUNbLHOrO pasmMaxa, 3ajarwouwero AJSIMHY YCOB

anarpamMmbil.

Mpoctpoum agmarpammy ans Habopa OaHHbIX mpg, OTobpasum
pacnpegeneHne Konmyectsa Musb, KOTOPOE aBTOMOOWUIb Mpoe3KaeT Ha

oaHoM ransnoHe tonnuea ansa CLUA v Eeponbi:
mpg = sns.load dataset("mpg")

mpg_mod = mpg[mpg[“origin"] != "japan"]

sns.boxplot(x="origin", y="mpg", data=mpg_mod)
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PucyHok 9.22 — [lemoHcTpauma paboTbl hyHKUMKM boxplot()

Coenaem LUBETOBYHO 3aJTUBKY MOHOTOHHOMW:

sns.boxplot(x="origin", y="mpg", color="g', data=mpg mod)
45 !
40

20

15
10

) europe
arigin

PucyHok 9.23 — [Ouarpamma boxplot ¢ 3anuBKon 3enéHOro uBeTta

HachblWweHHOCTb LUBeTa MOXHO M3MEHUTb 4Yepe3 napameTp saturation, no
yMOn4aHuio 3TO 3HavyeHue paBHO 0.75, T.e. n3oOpaxkeHne BbIBOAUTCS C
3aHMWKEHHOW HAaCbILWEHHOCTbIO, Kak MpaBuio, Takoe pelueHne Jaét Gonee
NpusTHOe BU3yarnbHoe oTobpaxeHue useta. CpaBHMM, Kak OyaeT BbIrMsaeTb

avarpamMmma npu pasHbix 3Ha4YeHUax napamMmeTpa saturation:

208



plt.figure(figsize=(15, 5))
sat_list = [1, ©0.75, 0.5, 0.25]
for i, s in enumerate(sat_list):

plt.subplot(1l, len(sat list), i+1)

sns.boxplot(x="origin", y="mpg", saturation=s, data=mpg_mod)

* ! ® 4 N ! ® $
1
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£ 30 £ 30
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Ex Ex Ex
) . ) - ) . ) -
15 e 5 e 15 - 5 e

10 10 10 10

mpg
o
[}

usa europe usa europe usa europe usa europe
arigin origin arigin origin

PucyHok 9.24 — [lemoHcTpauusa paboTbl ¢ napameTpom saturation

Eweé ogHMM MHCTpYyMEHTOM [Ond M3MEeHEHWs BU3yasribHOro O opMITEHUS
avarpammbl aensietTca napameTp linewidth, Yepes Hero 3agaértcs TonwuHa

NUHUA "amka ¢ ycammn'":

plt.figure(figsize=(15, 5))

lw_list = [6, 3, 1]

for i, 1w in enumerate(lw_list):
plt.subplot(1l, len(lw_list), i+1)

sns.boxplot(x="origin", y="mpg", linewidth=1w, data=mpg_mod)

] ] s
! ! :

sa europe sa europe sa europe
origin origin origin

PucyHok 9.25 — [lemoHcTpauua pabotbl ¢ napameTpom linewidth
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,D,O6aBVIM agononHuntenbHOE - UBeToBoe - pasgernieHne no - KOJIn4ecTtBy
unnmnHgpoB B ABuUrarterne aBTOMOOMNMSA C MOMOLLIbIO napamMeTpa hue:

sns.boxplot(x="origin", y="mpg", hue="cylinders", data=mpg_mod)

.

europe

45

35
30
&n
g 25
i +
) +
10

PucyHok 9.26 — [lemoHcTpauusa paboTbl ¢ napamMeTpom hue

cylinders

origin

3agagvm UBETOBYO CXeMy Yepes napameTp palette:
sns.boxplot(x="origin", y="mpg", hue="cylinders", palette='Pastell’,
data=mpg_mod)

45 ;
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a0 4
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PucyHok 9.27 — [lemoHcTpauusa paboTbl C napamMeTpom palette
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Mopsgok BbIBOO4A 3Ha4YeHWWM OCHOBHOIO Mpu3Haka onpegendercss depes
napameTtp order, npMMmeHeHue uBeta — 4epe3 hue_order. OpueHTaums
anarpammebl, Takke Kak y Bcex oyHKUUK seaborn, ynpaBnaeTcs C MOMOLLbIO
orient:

sns.boxplot(x="mpg", y="origin", orient='h"', data=mpg_mod)

LR

origin

H

europe

10 15 20 25 30 5 40 45

PucyHok 9.28 — [leMmoHcTpauusa paboTbl C napamMeTpom orient

WnpuHa (mnu BbICcOTa, ecnu orient="h") "dwwmka ¢ ycamn" 3agaercs yepes
napametp width. T[lpn 3HaYeHun paBHOM 1 SWMKKM 3aHUMAKOT BCe
npefocTaBfieHHOe MNPOCTPaAHCTBO, HanpuMmep, ecnv npu3Hak MpuHUMaeT
TONbKO [ABa 3HaYeHus1, TO BCe nore rpaduka byaet nogeneHo Mexay AByMs

AWMKaMun, yeesindieHmne nnm ymeHboleHmne width nameHser pa3mMep ALnKa.
plt.figure(figsize=(15, 5))
w_list = [1.25, 1, ©.75, ©.5]
for i, w in enumerate(w_list):
plt.subplot(1l, len(w_list), i+1)

sns.boxplot(x="origin", y="mpg", width=w, data=mpg_mod)

21



45 45 45 45
! ! ¢

35 35 35 5

mpg
=]

mpg
i =

mpg
=]

mpg
i =3

25 25

20 20 20 20

sa europe sa europe sa europe sa europe
origin origin origin origin

PucyHok 9.29 — [lemoHcTpauusa paboTbl ¢ napamMeTpom width

3a pasmep wmMapkepoB, oboO3HaudaloWMx BbIOPOCLI, OTBEYaeT napameTp
fliersize:

plt.figure(figsize=(10, 5))

plt.subplot(121)

sns.boxplot(x="origin", y="mpg", data=mpg_mod)

plt.subplot(122)

sns.boxplot(x="origin", y="mpg", fliersize=10, data=mpg_mod)
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PucyHok 9.30 — [lemoHcTpauma paboTbl ¢ napameTpom fliersize

212



Kak ©Obino ckasaHO B Hayane rnaBbl, BepTUKanbHbIA pa3mMep silwuka (ero

BbICOTa) paBeH unHTEpPBAlly MEeXay 1-M n 3-m KBaApTUNem, nomntopa TaKux

MHTepBana onpenensioT OfMHY YCOB, BCe 3HadyeHus U3 Habopa [aHHbIX,

KOTOpblIe bonblue 3TOoro MHTEepBasa obo3HavalTca  Kak Bbl6pOCbI.

3a

BEINMYNHY MEXKBaApPTUNbHOIO pasmaxa oTBeyaeT napameTp whis, nposepum,

YTO MO YMOIYaHUIo, 3TO 3Ha4YeHne paBHo 1.5:

plt.
plt.

sns

plt.

sns

figure(figsize=(10, 5))

subplot(121)

.boxplot(x="origin", y="mpg", data=mpg_mod)
subplot(122)

.boxplot(x="origin", y="mpg", whis=1.5, data=mpg_mod)
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40 t * 40 t *
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30 30
(=1 [=J]
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Usa europe 53 europe
origin origin

PucyHok 9.31 — [lemoHcTpauus paboTbl ¢ napameTpom whis=1.5
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Tenepb M3MEHUM 3TV BENWYMHY, NOCTPOUM AMarpammy, B KOTOPOW pasmax
paBeH OBYM:

sns.boxplot(x="origin", y="mpg", whis=2, data=mpg_mod)
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PucyHok 9.32 — [lemoHcTpauusa paboTbl ¢ napameTpom whis=2

9.3.2 dyHKuMA violin()

Cnegytowen dyHKUMen aOns Budyanusauum KaTeropumasibHbIX [OaHHbIX,
KOTOpPYIO Mbl paccMoTpuMm, bygeT violin(). Mo cBoemy dyHKUMOHANbLHOMY
Ha3HaA4YeHUI0O M BO3MOXHOCTAM OHa MNOXOXa Ha pacCMOTPEHHY paHee
boxplot(), AONONHUTENBHO Ha Hel oTobpaxaeTca OueHKa MOTHOCTM a4pa.
Bynem pabotatb ¢ TeM e HabopoM [aHHbIX, YTO Obll UCMOMbL30BaH HaMU

npun nsydeHumn boxplot():
mpg = sns.load dataset("mpg")

MocTtponm pguarpammbl boxplot v violine pspom gpyr € gpyrom  ans
CpaBHEHUS.

mpg_mod = mpg[mpg["origin"] != "japan"]

plt.figure(figsize=(10, 5))

plt.subplot(121)

sns.boxplot(x="origin", y="mpg", data=mpg_mod)
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plt.subplot(122)

sns.violinplot(x="origin", y="mpg", data=mpg_mod)
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PucyHok 9.33 — CpaBHeHue aunarpamm boxplot v violinplot

[MoMUMO yxe 3HaKoMbIX HaM napamMeTpoB AN paboTbl C LBETOBOWM CXEMOW U
npencrasneHnemMm violineplot() wumeeT pan YHUKaNbHbIX aprymMeHTOB,
HEKOTOpble N3 HNX NpUBELEHbI HUXE:
e bw:{'scott', 'silverman', float}, optional
o LupuHa sgpa (kernel bandwidth).
« scale:{'area', 'count', 'width'}, optional
o MeTog MacluTabmpoBaHus LLUMPYHBI AnarpaMmmbl.
e split:bool, optional
o Ecnu pasgeneHve Habopa daHHbIX 4epe3 napametrp hue
npon3BoANTCA Ha [ABe rpynnbl, TO npu split=True O6yget

0To6pa>KeHa TOJbKO NnosioBnHa gnarpamMmmsol.
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LIsemoesoe oghopmeHue duazpamMmbl
EovHas uBetoBasd ramma 3agaétca Yepes napameTp color:

sns.violinplot(x="origin", y="mpg", color="yellow', data=mpg mod)

10

usa europe
origin

PucyHok 9.34 — [lemoHcTpauusa paboTbl ¢ napameTpom color ¢pyHKUMMK
violinplot()

Boigenum 13 Habopa gaHHbIX mpg aBToMobunun, npounssenéHHole B CLLUA un

AnoHnn, y KOTOPbIX KONMNYECTBO LUUMNHOPOB paBHO 4 nnu 6:

fn_filter = lambda x: True if x in [4, 6] else False

fn_mod = lambda x: {4: 'four', 6: 'six', 8: 'eight'}[x]

mpg_country = mpg[mpg[“origin"] != "europe"]

mpg_demo = mpg _country[mpg_country[ 'cylinders'].map(fn_filter)].copy()
mpg_demo[ ‘cylinders'] = mpg_demo[ 'cylinders'].map(fn_mod)

nOCTpOVIM anarpammy C OOMOJfMHUTESIbHbIM LBETOBLIM pa3gernieHnemM Mo

KonmyecTtsy UMIMNMHOPOB:

sns.violinplot(x="origin", y="mpg", hue="cylinders", data=mpg_demo)
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PucyHok 9.35 — [lemoHcTpauus paboTbl ¢ napameTpom hue ¢pyHKUMMU
violinplot()

Onpe,u,enMM LUBETOBYHO CXeMy 1N nopAaaokK rnpncBoeHnd UBeToB OJ14 cylinders:
color_scheme = {"four": "y", "six":"violet"}

color_order = ["six", "four"]

sns.violinplot(x="origin", y="mpg", hue="cylinders",

hue_order=color_order, palette=color_scheme, data=mpg_demo)
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PucyHok 9.36 — [lemoHcTpauusa paboTbl ¢ napameTpamu hue_order wu
palette doyHKkumm violinplot()
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HacblweHHOCTb LuBeTa 3agaéeTca Yepes napameTp saturation:

plt.figure(figsize=(15,

s _list

5))

= [0.25, 0.5, 0.75, 1]

for i, s in enumerate(s_list):

plt.subplot(1l, len(s_list), i+1)

sns.violinplot(x="origin", y="mpg", hue="cylinders", saturation=s,

data=mpg_demo)
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PucyHok 9.37 — [lemoHcTpauus paboTbl ¢ napameTpom saturation

c¢pyHkumm violinplot()

3ameTum, 4YTO 3T AMarpaMmbl UMEKT CUMMETPUYHYIO hOpMY, NOSTOMY Ans

TOro, YTOOblI CYAMUTb O XapakTepe pacnpefeneHust OOCTaTOYHO TONbKo eé

NMONOBWUHbI, MOXXHO O6'beLI,VIHVITb X — NeByro 4acCTb B3ATb OT pacnpeneneHna

C KOJIn4eCTBOM UMNMHAOPOB paBHbIM LWEeCTU, npaBylwd — C KONMM4ECTBOM

paBHbIM YETbIPEM:

sns.violinplot(x="origin", y="mpg", hue="cylinders",

hue_order=color_order, palette=color_scheme, split=True, data=mpg_demo)
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PucyHok 9.38 — [lemoHcTpauusa paboTbl ¢ napamMeTpom split dpyHKUUN

violinplot()

TonwuHa NMHUM KoHTypa anarpamMmbl 3agaeTtcsa Yyepes linewidth:

plt.figure(figsize=(15, 5))

lw_list = [6, 3, 1]

for i, lw in enumerate(lw_list):

plt.subplot(1l, len(lw_list), i+1)

sns.violinplot(x="origin", y="mpg", linewidth=1w, data=mpg_demo)

japan usa japan usa japan usa
arigin arigin arigin

PucyHok 9.39 — [lemoHcTpauusa paboTbl ¢ napamMeTpom linewidth
c¢pyHKumm violinplot()
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LLnpunHa sagpa yctaHasnmMBaeTcs Yepes napameTp bw:
bw _values = ["scott", "silverman", 0.25, 1]
plt.figure(figsize=(15, 5))
for i, b in enumerate(bw_values):
plt.subplot(1, len(bw_values), i+l)
plt.title(str(b))

sns.violinplot(x="origin", y="mpg", bw=b, data=mpg_demo)
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PucyHok 9.40 — [lemoHcTpauusa paboTbl ¢ napamMeTpom bw ¢pyHKLMK
violinplot()

MacwTtab pguarpammbl MOXHO 3agaTb 4epe3 scale, 3TOT napameTp
NPMHUMAaeET OOHO U3 Tpex 3HayeHun: { 'area', 'count', 'width'}:
scale values = ["area", "count", "width"]
plt.figure(figsize=(15, 5))
for i, s in enumerate(scale_values):
plt.subplot(1l, len(scale_values), i+1)
plt.title(str(s))

sns.violinplot(x="origin", y="mpg", scale=s, data=mpg_demo)
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PucyHok 9.41 — [lemoHcTpauusa paboTbl ¢ napameTpoMm scale ¢pyHKUUMN
violinplot()

3a nopsaaoK U opueHTaumio OTBeYatoT napamMeTpbl order n orient:
SnS.ViOlinplOt(X="mpg", y:"origin", Orient='h',

order=["usa'", "japan"], data=mpg demo)
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japan

10 15 20 5 30 35 40 45 50
mpg

PucyHok 9.42 — [lemoHcTpauusa paboTbl ¢ napameTpamu order un
orient dyHkumm violinplot()

9.4 Busyanunsauumsa oueHOK KaTeropuaribHbIX AaHHbIX

B pgaHHyo rpynny BxogaT  yHKumMm  pointplot(), barplot() wu
countplot(), WX HasHayeHne — 3OTO BuU3yanu3aums  pPasnUYHbIX
0006LLEHHbIX XapakTepuCcTUK HabopoB AaHHbIX (Bygem wux HasbliBaTb
OLEeHKaMn), HanpuMep, KONMYEeCTBO AIEMEHTOB, OTHOCSALLMXCS K TOM U HOW
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rpynne, BENMYMHa CTaHAAPTHOIO OTKNOHEHUS U T.N. [pynnbl napaMeTpoB 3TUX
bYHKUMIA YacTUYHO nepecekalTca Mexay coboil, HO Mbl He Oyaem ux
paccMaTpuBaTh B BUAE OTAENbHOrO CrMCKa.

9.4.1 dyHKumA pointplot()

PyHKuMa pointplot() oToOpakaeT OLEHKY Kakoro-nmbo Habopa AaHHbIX
KaKk TOYKy Ha none rpaduka U OOBEPUTENbHLIN MHTEPBaAN B BUAE NUHUW,

LIEHTP KOTOPOW NEXUT Ha YKa3aHHOW TOYKeE.

[demoHcTpaumo byaem NnpoBoauTb Ha Habope AaHHbIX dots:
dots = sns.load dataset("dots")

Moctpoum amarpammy pointplot, B kayecTBe KaTeropvanbHOro npusHaka

BblbepeMm align, oueHKy byaem cuutaTb no firing _rate:

sns.pointplot(x="align', y='firing_rate', data=dots)

41.0

firing_rate

dots sacc
align

PucyHok 9.43 — [lnarpamma pointplot
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Kak Bbl MOXeTe BUAOETb U3 PUCYHKA: cpedHee 3HadeHue firing _rate, onsa
align=dots npnbnuantenbHo paBHo 40.25, ansa align=sacc coctasnsieT 39.1.
[Monyymm TOYHbIE 3HAYEHNA STUX BESTUYMH:
dots[dots["align"]=="dots"' ][ 'firing_rate'].mean()

40.23124948122005

dots[dots["align"]=="sacc'][ 'firing_rate’'].mean()

39.083297066051394

BepTukanbHbIMU NUHMAMN 0603HaYeH 95% [oBepUTENbHbIN UHTEpPBAar.

[obaBnm eLlé ogmH ypoBeEHb pasdenieHns — no NpusHaky choice, BblAeNnM

ero ¢ nomMoLLblo napametpa hue:

sns.pointplot(x="align', y="'firing_rate', hue='choice', data=dots)

choice
e Tl

8

firing rate

dots sacc
align

PucyHok 9.44 — [lemoHCTpauua pasgeneHms AaHHbIX C MOMOLbIO
napameTtpa hue dpyHKuumn pointplot()
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N3meHum uBeToBYIO ManuTpy:
sns.pointplot(x="align', y='firing_rate', hue='choice', palette='GnBu',

data=dots)
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PucyHok 9.45 — [leMOHCTpauusa U3MEeHeHUs LBEeTOBOW NasrimTpbl C
nomouwbio napametpa palette dyHkuum pointplot()

3a aliropuTMm BbIMUCIEHNA OLEeHKN OoTBeYaeT NnapameTp estimator, yepes
KOTOPbIN 3adaéTca (PyHKUMA pacyéTa CTaTUCTUKK, NMPUHUMaOLLAas BEKTOP U
BO3BpaLLaoLada ckandpHoe 3HaveHue. [ocTpoumM anarpaMmmbl C pasfUyHbIM
cnocobom onpeaneneHna oueHKn:
from numpy import mean, median, min, max
estimator = [mean, median, min, max]
plt.figure(figsize=(15, 5))
for i, es in enumerate(estimator):

plt.subplot(1, len(estimator), i+1)

plt.title(es. name_ )

sns.pointplot(x="align', y='firing_rate', estimator=es, data=dots)
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PucyHok 9.46 — [lemoHcTpauus paboTbl ¢ napameTpom estimator
pyHKUum pointplot()

[ns 3apgaHvs OOBEpUTESNIbHOIO MHTEpBana Ucnonb3yeTcd napameTp ci (cm.
pasgen "8.1.2 [lapamempbl 0Ons  noebIWEHUSS  UHGopmMamueHocmu
epacpukog"). [loMMMO YMCIOBOro 3HAYEHUs, SBHO ONpeaensioLwero Befim4mnHy
[0BepUTENBHOrO MHTEpPBAara, B Hero MOXHO nepefartb 'sd', ecnu Tpebyetca
oTOOpasnTb CTaH4apTHOe OTKNOHeHWe, wunM None — B 39TOM Crlyyae
BEpTUKamnbHbIE NIMHUN OTOOpaXkaTbCAa He OyayT:
cis = [None, 95, 'sd']
plt.figure(figsize=(15, 5))
for i, ¢ in enumerate(cis):

plt.subplot(1l, len(cis), i+1)

plt.title(f"ci = {c}")

sns.pointplot(x="align', y='firing rate', ci=c, data=dots)

ci = None ci =95 ci=sd
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PucyHok 9.47 — [lemoHcTpauus paboTbl ¢ napamMeTpomM ci ¢yHKUMK
pointplot()

225



CTunb MapKepoB M COeOUHSAOWEN NUHMM 3adaéTca 4yepes3 napameTpsbl
markers n linestyle:
* markers: CTpOKa U1 CANUCOK CTPOK, optional
o Mapkepbl, KOTOpble ByayT MCMNOMb30BaTLCA AN KaXO0ro 3Ha4YeHus
npu3Haka, nepegaHHoro 4Yepes hue.
« linestyles: cTpoKa unu CNMCoK CTPoK, optional
o CTUNU nuWHUNA, KOTopble OyayT WCNONb30BaHbl AN 3HAYEHUN
npu3Haka, nepegaHHoro 4yepes hue.
ms = ["s", "~"]
Is = ["--", "-."]
sns.pointplot(x="align', y='firing_rate', hue='choice', markers=ms,

linestyles=1s, data=dots)

choice

firing_rate
=

dots sacc
align

PucyHok 9.48 — [lemoHcTpauus paboTbl ¢ napameTpamn markers u
linestyles dyHKUMM pointplot()

[ononHnTenbHO ANs HAaCTPOWKM BHELWWHEro Buaa guarpammbl MoOryT ObiTb
nosiesHbl criegyoume napameTpbl pyHKUnM pointplot():
 scale: float, optional

o MHOXUTernb, onpenensowmnm pasmep dreMeHToB guarpaMmmb.
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* errwidth: float, optional

o TonuwmHa nuHUN, npegcrasnAarWnNX OOBEPUTENIbHbIE MHTEPBAllbl U

NX BbIHOCHbIE 3NIEMEHTLI.
e capsize: float, optional
o lWupnHa  BbIHOCHbIX

ANEMEHTOB NUHWUA,

[OOBEPUTENbHLIN UHTEPBAn

npeacrasnAaoWnx

[Mpumep ncnonb3oBaHUsa napamMeTpoB errwidth, capsize:

errwidthes = [1, 2, 4]

capsizes = [0, 0.5, 1]

plt.figure(figsize=(15, 5))
for i, p in enumerate(zip(errwidthes, capsizes)):
plt.subplot(1l, len(errwidthes), i+1)

plt.title(f"errwidth = {p[@]}, capsize =

{p[1]}")

sns.pointplot(x="align', y='firing_rate', errwidth=p[@],

capsize=p[1], data=dots)

errwidth = 1, capsize = 0 errwidth = 2, capsize = 0.5

41 a1, — 41

205 205 _ 405
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o
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errwidth = 4, capsize = 1

dots sacc
align

PucyHok 9.49 — [lemoHcTpauusa paboTbl ¢ napamMeTpamn errwidth un

capsize d¢yHKumm pointplot()
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NemoHcTpaums paboTbl C napaMeTpom scale:

scales = [0.5, 1, 2]

plt.figure(figsize=(15, 5))

for i, s in enumerate(scales):
plt.subplot(1, len(scales), i+1)
plt.title(f"scale = {s}")

sns.pointplot(x="align', y='firing_rate', scale=s, data=dots)

scale = 0.5 scale =1 scale =2
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PucyHok 9.50 — [lemoHcTpauus paboTbl C napamMeTpoM scale
¢pyHKUMKM pointplot()

9.4.2 dyHKuMA barplot()

®dyHKumMsa barplot() cTpout crTonbuyatyo Auarpammy: BbicoTa 6Hapa
(cTonbua) onpegenser  YUCMEHHOE  3HAJYeHWe  OUeHKM  MNpu3Haka
(MaTemaTuyeckoe oOxugaHue, MeguaHa M T.N.), NIUHUSA, Nepecekawowas B

BEPXHIOK rpaHuly 6apa — goBepuTenbHbI MHTepBarn.

3arpysnm Habop AaHHbIX MpPQg ANns uccnegoBaHUA BO3MOXHOCTEN (PYyHKLUMK
barplot():
mpg = sns.load_dataset("mpg")
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MocTpoum gmarpammy OLIEHKM MOLLHOCTM aBTOMOOWMen B 3aBMCMMOCTU OT

CTpaHbl NPOU3BOOUTENA:

sns.barplot(x="origin', y="horsepower', data=mpg)

120

100

e 80
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i ]
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40
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Ea japan europe
origin

PucyHok 9.51 — [lnarpamma barplot

[loBepuTenbHbI UHTEpPBaN un3obpaxaetcs B BMAE JIMHUMA TEMHO-CEPOro
LBeTa B BEpXHEN YacTu Kaxgoro Gapa. [na 3agaHus eguHOro uBeTa BCEM
BGapamMm MOXXHO BOCMNONb30BaTbCs NapameTpom color:

sns.barplot(x="origin', y="horsepower', color='orange', data=mpg)

usa

jap;n europe
origin

PucyHok 9.51 — [lemoHcTpauusa paboTbl ¢ napameTpomMm color

cpyHKUMM barplot()
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Uepes aprymeHT hue MOXHO 3a4aThb eLlé oauvH YPOBEHb pasaerneHnst aHHbIX,
BOCMOMb3yeMcs 3TUM Ans OOMONHUTENbHOW CerMeHTauum no KonuyecTBy
LUMNNOPOB B ABUraTene aBToMooOuMns:

sns.barplot(x="origin', y="horsepower', hue='cylinders', data=mpg)

japan europe
origin

160 - ovlinders

140

(== = I, [ Y]

horsepower
=
[=]

& B B

L=

PucyHok 9.52 — [lemoHcTpauua paboTbl ¢ napameTpoMm hue ¢yHKLUN
barplot()

N3meHM LBETOBYIO NanuTpy:

sns.barplot(x="origin', y="horsepower', hue='cylinders', palette='Set2’',

japan europe
origin

data=mpg)

160 - oylinders

140

[==R= W, [ Y]

horsepower
=
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L=

PucyHok 9.53 — [lemoHcTpauma paboTbl ¢ napamMeTpom palette
c¢pyHKumm barplot()
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3agagmm cBoM NOPSiAOK BblBOAA 3HAYEHUIN KaTeropuanbHOro npusHaka origin:
order=[ 'europe', 'usa', 'japan']
sns.barplot(x="origin', y="horsepower', hue='cylinders', palette='Set2’,

order=order, data=mpg)

150 - oylinders I
3
140 4
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% 100 g [ I
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40
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|:.
europe LEa japan
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PucyHok 9.54 — [lemoHcTpauus paboTbl ¢ napameTpom order
c¢pyHKuUumm barplot()

MocTponm gmMarpaMmbl C pa3nUYHbIMU cnocobaMm pacyéTa OLEHKU:

estimator = [mean, median, min, max]

plt.figure(figsize=(15, 5))

for i, es in enumerate(estimator):
plt.subplot(1l, len(estimator), i+1)
plt.title(es. name_ )

sns.barplot(x="origin', y="horsepower', estimator=es, data=mpg)
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PucyHok 9.55 — [lemoHcTpauus paboTbl ¢ napameTpom estimator
¢yHKuMM barplot()

3apjaHne [O0BepuTenbHOrO uHTEpBana (MNuM CTaHOApPTHOrO OTKITOHEHUS)
NpPoOun3BOANTCS Yepe3 napamMmeTp ci:
cis = [None, 80, 'sd']
plt.figure(figsize=(15, 5))
for i, c in enumerate(cis):
plt.subplot(1l, len(cis), i+1)
plt.title(f"ci = {c}")

sns.barplot(x="origin', y="horsepower', ci=c, data=mpg)

ci = None ci =80 ci =sd
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100 100
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japan europe
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PucyHok 9.56 — [lemoHcTpauua paboTbl ¢ napamMeTpoMm ci ¢yHKumun
barplot()
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MapameTpbl errwidth, capsize (cm. "9.4.1 @yHkyus pointplot()") m
errcolor oTBeYalOT 3a HACTPOWKY CBOWCTB NUHUKW. C nepBbiMU OBYMSA Mbl
y>Xe 3HaKOMbI, ornpegenumcs ¢ errcolor:

« errcolor: Matplotlib-useT

o UeT nuHmn, obosHavarowen 4oBepPUTENbHbLIN UHTEPBAn.

Hwuxe npeacrtasrieH npmmep pa6OTbI C 3TUMU NapaMeTpamMn:

errcolor = ['r', 'b", 'y']

errwidthes = [2, 3, 4]

capsizes = [0, 0.3, 0.7]

plt.figure(figsize=(15, 5))

for i, p in enumerate(zip(errcolor, errwidthes, capsizes)):
plt.subplot(1l, len(errcolor), i+l)
plt.title(f"errcolor = {p[@]}, errwidth = {p[1]}, capsize = {p[2]}")
sns.barplot(x="origin', y="horsepower', errcolor=p[0], errwidth=p[1],

capsize=p[2], data=mpg)

errcolor = r, errwidth = 2, capsize = 0 errcolor = b, errwidth = 3, capsize = 0.3 errcolor =y, errwidth = 4, capsize = 0.7

120 120 120

100 100 100

3
3
3
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o o o

usa japan europe usa japan europe usa japan europe
arigin origin origin

PucyHok 9.57 — [leMoHcTpauua paboTbl ¢ napameTpamMu errwidth,
capsize v errcolor ¢yHkuumn barplot()

9.4.3 PyHKUuMA countplot()

dyHKuMsa countplot() onpenensieT KONMMYECTBO 9NeMEHTOB U3 Habopa
OAHHbIX, KOTOpble OTHOCATCS K TOW WNWU WMHOW KaTeropuu, u otobpaxaet

nonyyYeHHoe 3Ha4yeHve B Buae cTonbyaTon guarpaMmbi.
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Ona pgemoHcTpauum pabotel ¢ countplot() Bocnonb3yemca Habopom
AaHHbIX tips:

tips = sns.load_dataset("tips")

MocTpoum Anarpammy pacnpefeneHusi, B KadyecTBe Mpu3Haka ans ocu x

yKaxem day:-
m I I
o -
Thur Fri Sat 5un
day

PucyHok 9.58 — Auarpamma countplot()

sns.countplot(x="day", data=tips)

60

count

3agagnm ons Bcex 6apoB 3en€HbIN LIBET:

sns.countplot(x="day", color="g", data=tips)

m - I I
]
Thur Fri Sat Sun
day

PucyHok 9.59 — [lemoHcTpauus paboTbl ¢ napamMeTpom color
c¢pyHKUMM countplot()
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oount
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Beeném eweé ogmMH napamMmeTp — Mnos YernoBeka:

sns.countplot(x="day', hue='sex', data=tips)

&0 =

mm Male
50 - mmm Female

40

30
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D L
Thur

Fri Sat Sun
day

count

PucyHok 9.60 — [lemoHcTpauusa paboTbl ¢ napameTpomMm hue yHKUUN
countplot()

N3meHM LBETOBYIO NanuTpy:

sns.countplot(x="day', hue='sex', palette="PuOr", data=tips)

X
Male
50 Female

Thur Fri Sat Sun
day

PucyHok 9.61 — [lemoHcTpauusa paboTbl ¢ napamMeTpom palette
cpyHKUuM countplot()
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Y dyHKkumn countplot() ectb napameTp saturation, oH oTBevyaeT 3a
HaCbILLLEHHOCTb BbIOpaHHOW LIBETOBOW raMMbi:
plt.figure(figsize=(15, 5))
s list = [@0.25, 0.5, 0.75, 1]
for i, s in enumerate(s_list):
plt.subplot(1l, len(s_list), i+1)
plt.title(f"saturation = {s}")
sns.countplot(x="day', hue='sex', saturation=s, palette="Setl",

data=tips)

saturation = 0.25 saturation = 0.5 saturation = 0.75 saturation = 1

0 N 60 e 0 SN 60 SEX

mm Male mm Male mm Male mm Male
mm Female mm Female mm Female mm Female

50 50 50 50
40 40 40 40
£ £ E £
g g s g
20 20 20 20
10 I 10 I 10 I 10 I
0 I 0 I 0 I 0 I
Thur Fri Sat 5un Thur Fri Sat Sun Thur Fri Sat 5un Thur Fri Sat 5un
day day day day

PucyHok 9.62 — [lemoHcTpauumsa paboTbl ¢ napameTpom saturation
cpyHKUmMM countplot()

9.5 PaboTta Ha ypoBHe hurypbl. DyHKUumnsa catplot()

Mo pyHKUMOHANBbHBIM BO3MOXHOCTAM W HasHadyeHuto yHKuma catplot()
nogobHa dyHkumn relplot() u3 Habopa MHCTPYMEHTOB ANS BU3yanusauun
OTHOWEHUN B pAaHHbIX (cM. pasgen "8.5 Busyanusayusi omHoweHul ¢
Hacmpoukou  nodnoxku. ®@yHkyusi relplot()”). E€& ocobeHHOCTb
3akryaeTcs B TOM, YTO OHa npefocTaBnsieT obwmn nHtepdenc ana Bcex
YHKLUMA M3 TpYMnnbl BU3yanu3aumm KateropuanbHbIX OaHHbIX, TakkKe OHa

no3sonsieT pabortaTb ¢ napamMeTpamMu YpOBHSI purypbl, KOTOpble ynpaenstoT
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pasmellieHnem anarpamm. YpoBeHb ourypbl B JaHHOM Cry4ae onpeaensieTcs
obbekToM knacca FacetGrid, Yepes KOTOPbI NPOUCXOANT HENOCPEACTBEHHO

ynpaBneHne pasMeLLeHNeEM.

No3HakoMmmca ¢ aTUM MHCTPYMEHTOM I'IO6J'II/I)Ke, npeaBapuTesibHO 3agaanm
CTUIMb N KOHTEKCT:
sns.set_style("whitegrid")

sns.set_context("notebook™)

3arpy3nm Habop aaHHbIX tipS ANa 9KCNEPUMEHTOB:
tips = sns.load dataset("tips")

[MocTpomM TOYeYHYo guarpamMmy pacnpegesieHns 3Ha4YeHUr KateropuasrnbHOm

nepemMeHHon day:
sns.catplot(x="day', y="total_bill', kind='strip', data=tips)
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PucyHok 9.63 — [lemoHcTpauma paboTtbl pyHKUMM catplot()
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Kak Bbl MOXeTe BUOETb N3 PUCYHKA, Mbl MOMYyYnUnn auarpamMmmy, aHanornyHyro
TOW, 4YTO co3gaetca yHkumen stripplot(). [Napamerpom catplot(),
Yyepes KOTopbIn 3agaéTcs Tun gunarpammel, sensietcsa kind:
 kind: str, optional
o Twun guarpammsbl. B Tabnuue 9.5 npuBeaeHoO COOTBETCTBME 3HAYEHUSA
napametpa kind ©n dyHKUMM M3 Habopa WHCTPYMEHTOB AN
BU3yanmsaumm KateropuasibHblX AaHHbIX. 3HAYEHUE MO YMOSTHaHUIO

'strip’.

Ta6bnuua 9.4 — CootBeTcTBUE 3Ha4YeHUN napametpa kind u pyHKUUN

seaborn

3Ha4yeHue napameTtpa kind dyHKUuA seaborn
strip stripplot()
swarm swarmplot()

box boxplot()

violin violinplot()
boxen boxenplot()

point pointplot()

bar barplot()

count countplot()

HasHayeHne napameTtpoB x, y, data, hue, estimator, ci, order,
order_hue, orient, color u palette aHanorMyHo OAHOUMEHHBLIM U3
PacCMOTPEHHbIX paHee (yHKUUA BU3yanunsaunm KaTeropumarnbHbIX OaHHbIX.

Ha Hux mMbl He 6yaem ocTaHaenuBaTbCs. [Nepengém HenocpenCTBEHHO K
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aprymeHTam, 4epes3 KOTOpble Mbl MOXeM YrpaBnATb PacrnofioXeHneMm
avarpamm. HayHem ¢ col v row:
* row, col: nMeHa nepeMeHHbIX N3 Habopa data, optional
o KaTeropuanbHble nNpu3HakM, MO KOTOpbIM Oyaer npou3BoaMTbCS
pacnpegeneHue Ha CTPOKM 1 cTonoubl.
MocTponm gmarpammbl pacnpeneneHns KonmyecTsa OCTaBIEHHbIX YaeBbIX OT

[HS Hedenu, ¢ pasaeneHnem Ha cTonoLbl:

sns.catplot(x="day', y="total bill', col='sex', kind='strip', data=tips)
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PucyHok 9.64 — [lemoHcTpauma paboTbl ¢ napamMeTpoMm col pyHKLUM
catplot()

N3meHnm aTtoTt npmuMep Tak, YyTOOBbI pasgeneHne npon3soanrochb No CTPOKaM:
sns.catplot(x="day', y="total_bill"', row='sex', kind="strip', data=tips)
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PucyHok 9.65 — [leMmoHcTpauus paboTbl C napamMeTpoM row (pyHKUMUN

[ns

yrnpaeneHus

catplot()

pa3MepoM Auarpamm

ncnosnb3ynte napameTpbl height n aspect:

height: ynucno, optional

o BblcoTa gnarpaMmmbl. 3agaeTcd B A0MMax.

n

COOTHOLUEHNEM

CTOPOH
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e aspect: yucno, optional
o KoadppmumeHT, 3agarowumm  COTHOLWEHWe  CTOPOH,  LUMpMHa

anarpamMmmbl BblumcnsieTca cnegyowmm obpasom: aspect * height

[MpBeaém HeCKONbKO NPUMEpOB, OeMOHCTpupylowmx paboty ¢ height u
aspect:
sns.catplot(x="day', y="total _bill', col='sex', height=5, aspect=0.5,

kind="strip', data=tips)

sex = Male sex = Female
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PucyHok 9.66 — [lemoHcTpauua paboTbl ¢ napameTpamm height u
aspect pyHKkuum catplot() (npumep 1)

sns.catplot(x="'day', y='total_bill', col='sex', height=5, aspect=1.5,

kind="strip', data=tips)
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sex = Male sex = Female
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PucyHok 9.67 — [lemoHcTpauusa paboTbl ¢ napameTpamm height wm
aspect dpyHkumumn catplot() (npumep 1)

YnpaBneHue pacrnonoXxXeHnem nereHabl OCyLlecTBnseTca yepe3 legend wu
legend out:

 legend: bool, optional
o JlereHopa 6yoet oTobpaxeHa, ecnu napameTp paBeH True, B
NPOTUBHOM CIy4ae e€ Ha guarpamme He byaer.
e legend out: bool, optional
o PacnonoxeHue nereHabl: ecrnn napamMmeTp paBeH True, TO nereHga
OyoeTt HaxoauTbCca BHe auarpamm (B npaBov YacTtu ourypsl), False

— 6y,£|,eT 0To6pa>|<eHa HernocpencrBeEHHO Ha OQHOW 13 avarpamMmm.

[MomecTnm nereHgy Ha gnarpammy:
sns.catplot(x="'day', y="total_bill', col='sex', hue="smoker',

legend_out=False, kind='strip', data=tips)
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sex = Male sex = Female
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PucyHok 9.68 — [lemoHcTpauus paboTbl ¢ napameTpom legend_out
c¢pyHKumm catplot()

Ybepém nereHay ¢ ourypbi:
sns.catplot(x="'day', y="total_bill', col='sex', hue="smoker',

legend=False, kind='strip', data=tips)
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PucyHok 9.69 — [lemoHcTpauus paboTbl ¢ napameTpom legend
c¢pyHkumm catplot()

NomecTnm nereHay BHe norna gnarpamMmm.
sns.catplot(x="'day', y="total_bill', col='sex', hue="smoker',

kind="strip', data=tips)
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sex = Male sex = Female
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PucyHok 9.70 — [leMmoHCTpauusa pasMelleHusa nereHabl BHe Nons
rpachumka

Hdunarpamma c margin_titles=False npeacrasneHa Ha pucyHke 9.71:
sns.catplot(x="day', y="total_bill', col='sex', row='smoker"',

margin_titles=False, height=3, kind='strip', data=tips)
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PucyHok 9.71 — lemoHcTpaumsa paboTbl C napamMeTpom
margin_titles=False dyHKuum catplot()
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CpaBHuUTe gaunarpammy C pucyHka 9.71 ¢ BapuaHTOM, Koraa
margin_titles=True:
sns.catplot(x="day', y="total bill', col='sex', row='smoker', height=3,

margin_titles=True, kind='strip', data=tips)

zex = Male sex = Female
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Thur Fri Sat Sun Thur Fri Sat Sun
day Oay

PucyHok 9.72 — leMmoHcTpauusa paboTbl C napamMeTpom
margin_titles=True dyHKuum catplot()

[Onsa 6Gornee TOHKOW HaCTPOMKM  Urypbl MOXHO  BOCMOMb30BaTbhCS
napameTpom facet_kws, yepes Hero nepenaroTca apryMeHTbl KOHCTPYKTOpa
knacca FacetGrid B Buae crnosaps, Kn4amu KOTOPOro SABMSAKTCA MMeHa

adprymeHToB.
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masa 10. Bwusyanusauuma pacnpepeneHnn B
AaHHbIX

Habop MHCTpyMEHTOB ANns BU3yanu3auuun pacnpegeneHuin B AaHHbIX COCTOUT

n3 Tpex oyHKUMI, NpeacrtaBneHHblx B Tabnuuye 10.1.

Tabnmua 10.1 — ®PyHKUMM AnNA Bu3lyanusauum pacnpenerieHMm B
AaHHbIX
PyHKUUSA OnwucaHue
distplot() Anarpamma, cocTosiias u3 pesynsratoB paboTbl
cpyHKumiA: hist (), kdeplot() un rugplot().
kdeplot () OTobpaxaeT ogHOMeEpPHY0 NUBO ABYMEPHYIO AOEPHYIO
OLEHKY MMOTHOCTH.
rugplot () OTobpaxaeT arnemMeHTbl AaHHbIX B BUAE NUHUN PSAOM C
OCbI0 KOOPAWHAT.

10.1 PyHKUna distplot()

dyHKumsa distplot() npegHasHayeHa Ons Bu3yanusauum pacnpeneneHnn
OOHOMEPHbIX HabopoB AaHHbIX. [dunarpamma, KOTOPYH OHa CTPOMUT, MOXET
COCTOSATb U3 CreayoLwmnx KOMMNOHEHTOB:

* pesyneraT pabotbl dyHKUMKM hist () ns Matplotlib;

* pesynbraT paboTbl yHKUnK kdeplot () ns seaborn;

» pesynbraT pabotbl dyHKUUKM rugplot () ns seaborn.
OTN KOMMOHEHTbI ABMSAKOTCA OMUMOHArNbHbIMU: Bbl MOXETe BblOpaTb, Kakow

Habop PyHKUMIA NCNONb30BaTb.

PaccmoTtpum Hanbonee BaxHble napameTpbl PYHKUMM distplot():
« a:Series, 1D-maccuB Nnu CNUCoK.
o Habop p[aHHbIX Ans  noCTpPoeHus Auarpammbl  MOXeT  ObITb

CTPYKTYpOU Series, NMGoO ogHOMEPHbLIM MacCUBOM.
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* bins: int, cnucok, str, None, optional
o KonuyectBo 6MHOB Ansa doyHkumn hist () 6ubnuotekn Matplotlib.
* hist: bool, optional
o Ecnu napameTp paseH True, TO ructorpamma 0yaet otobpaxkeHa Ha
none rpaduka, ecnu paseH False, TO HeT.
e kde: bool, optional
o Ecnun napameTp paBeH True, To anarpamma KDE (pesynktaT paboTbl
dyHKkunm kdeplot()) Oynetr otobpaxeHa Ha none rpadpuka, ecnu
paBeH False, TO HeT.
* rug: bool, optional
o Ecnn napameTrp pasBeH True, TO pesynbrart paboTbl QYHKUMMK
rugplot() 6ynet oTobpax€H Ha none rpadwuka, ecnu paseH False,

TO HET.

nOCTpOVIM Ha6op AaHHbIX O514 3KCNepUMEeHTOB 1N BU3yalin3mpyem ero.
np.random.seed(123)

X = np.random.chisquare(2,500)

sns.distplot(x)

0.40
0.35
0.30
0.25
0.20
015
0.10
0.05

0.00 —
0.0 25 5.0 75 10.0 125 15.0

PucyHok 10.1 — [lemoHcTpauusa paboTbl ¢pyHKUMM distplot()
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MocTpouM pandas.Series Ha 6ase x 1 nepegaguM nonyyYeHHbIn OObLEKT B
distplot():
s = pd.Series(x)

sns.distplot(s)

0.40
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0.20
015
0.10
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0.0 25 5.0 75 10.0 125 15.0

PucyHok 10.2 — lemoHcTpauusa pabotbl pyHkuum distplot() ¢
aprymeHToMm TMna pandas.Series

[MpoaeMOHCTPUPYEM Kak pasfnuyHble 3Ha4YeHus1 napameTpa bins BAMAOT Ha
BHELLUHUN B/A AnarpaMmbl:
bs = [None, 1, 3, 5, 15]
plt.figure(figsize=(15, 5))
for i, b in enumerate(bs):
plt.subplot(1l, len(bs), i+1)
plt.title(f"bins = {b}")
sns.distplot(s, bins=b)

bins = None bins = 1 bins = 3 bins = 5 bins = 15
0.35 0.35 0.35
040 0.40
038 0.30 0.30 0.30 035
0.30 025 025 0.25 030

0.25 0.20 0.20 020 025

0.20 0.20
0.15 015 015

015 015
0.10 0.10 010

0.10 0.10

005 0.05 0.05 0.05 .05

000 0.00 0.00 0.00 0.00
0 5 10 15 0 5 10 15 o 5 10 15 o 5 10 15 o 5 10 15

PucyHok 10.3 — [lemoHcTpauusa paboTbl ¢ napamMeTpom bins hyHKLUUN
distplot()
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[ns Toro 4tobbl ybpaTb ¢ AgnarpamMmmbl rMCTOrpamMmy, NPUCBONTE NapameTpy
hist 3Ha4yeHue False:
sns.distplot(s, hist=False)

035
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020
015
010
0.05

0.00
0.0 25 50 75 10.0 12.5 15.0

PucyHok 10.4 — Ounarpamma 6e3 ructorpammbl

3a oTobpaxeHue rpadmka S4epHON OLEHKN NIAOTHOCTN OTBEYaET napamMeTp
kde:
sns.distplot(s, kde=False)

100

20

o 2 4 & 8 10 1z 14

PucyHok 10.5 — [Juarpamma 6e3 kde
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[o6asum Ha guarpammy pesynesraT padotbl rugplot():

sns.distplot(s, rug=True)
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PucyHok 10.6 — [luarpamma ¢ no6aBneHuem pacnpeneneHus

[na pononHuTensHom HaCTpOVIKVI npeacrtasneHnda MOXHO BOCIMOJ1b30BaTbCA

crnenyLuwmMm napameTpamu:

color: Matplotlib-ugeT, optional

o LlBeT anemMeHTOB Aumarpammbl. [ns pasHbiXx anemeHToB OyayT
BblGpaHbl pa3Hble OTTEHKMN.

vertical: bool, optional

o OpwueHTauusa rpadumkoB: True — BepTuKanbHasi, False (Mnu None)
— rOpuU3oHTarnbHas.

norm_hist: bool, optional

o Ecnn 3HayeHuMe paBHO True, TO MNPU MNOCTPOEHUM TUCTOrPaMMbI
BbicoTa ctonbuoB Oyaetr obo3HayaTb BEMWYMHY MMOTHOCTU, a He
KONMMYECTBO 3NeMEHTOB B Habope AaHHbIX.

axlabel: str, False, None, optional

o Wmsa ocu abcumcc (ocb x). Ecnu 3HayeHne paBHO None, TO Byget
B3TO 3HadYeHMe napameTpa Name CTPYKTypbl, NnepegaHHon 4epes
aprymeHT a (ecrnn TakoBOMW Yy He€ ecCTb), MHaye noanucb He Byaet

nocTtasrieHa.
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e label: string, optional

o MeTKka onsa nereHapbi.

MopaboTaem C aTMMK napameTpamu Ha npakTuke. IameHum uBeT rpadmkos
Ha 3eréHbli:

sns.distplot(s, rug=True, color="g")

0,00 T L
0.0 25 5.0 75 10.0 125 15.0

PucyHok 10.7 — JemoHcTpaumsa paboTbl ¢pyHKummM distplot() ¢
napameTpom color

N3meHuM opueHTaumio:

sns.distplot(s, rug=True, vertical=True)
15.0
125

10.0

ooy 005 010 015 020 025 030 035 040
PucyHok 10.8 — [lemoHcTpauumsa paboTbl ¢pyHKUmKM distplot() ¢
napameTpom vertical

251



3agagmm noanucb OCU X:

sns.distplot(s, rug=True, axlabel="chi-square values")

0.40

035

0.05

0.00 A I I A 10 L L 1

0.0 25 5.0 715 10.0 125 15.0
chi-square values

PucyHok 10.9 — emoHcTpauusa paboTbl ¢pyHKUmmM distplot() ¢
napameTpom axlabel

[Ons ©onee TOHKOW HACTPOWKM NpeacTaBreHns rpadoukoB WCMONb3ynTe
napametpbl hist kws, kde kws W©n rug kws, 4epe3 KoOTOpble 3agalTcs
napamMeTpbl COOTBETCTBYHOLLUNX OYHKLNNA:
* hist_kws: dict, optional
o AprymeHTbl pyHKUMM hist ().
 kde kws: dict, optional
o AprymeHTbl pyHKUMKN kdeplot ().
* rug_kws:dict, optional

o AprymeHTbl pyHKUMKN rugplot ().

MpoaeMoHCcTpupyem paboTy C HUMKU Ha NpUMeEpeE:

h_kws={"alpha": 0.3, "color": "r"}

k_kws={"shade": True, "color": "g"}

r_kws={"height":0.1}

sns.distplot(s, bins=10, rug=True, hist_kws=h_kws, kde_kws=k_kws,

rug_kws=r_kws)
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PucyHok 10.10 — JlemoHcTpauusa paboTbl ¢ napamMeTpamm hist kws,
kde kws u rug_kws yHKUMM distplot()

10.2 PyHKUuuna kdeplot()

PyHKuma kdeplot() oToOpakaeT OAHOMEPHYIO NUOO OBYMEPHYHO SOEPHYHO
oLUeHKy nroTHoCcTM — Kkernel density estimate (nanee KDE). [daHHble no
KOTOPbIM CTPOATCA rpadmky nepegarotca Yepes napameTpbl data n data2 (B
crnyyae ABYMEPHOW OLIEHKM):
» data: ogHOMepHbI MaccmB
o Habop gaHHbIX ANa NOCTpOoeHUs rpaduka.
* data2: ogHOMepHbLIN Maccus, optional
o [lononHUTENbHbIM Habop [AaHHbIX, ecrv HeobxoauMoO MOCTPOUTb

nsymepHyto KDE.

3arpy3nm Habopbl AaHHbIX tips U mpg:
tips = sns.load dataset("tips")
mpg = sns.load_dataset("mpg")

Moctpoum KDE pna napametpa displacement:
sns.kdeplot(mpg[“displacement”])
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PucyHok 10.11 — [demoHcTpaumsa pabotbl pyHKumMn kdeplot().
OaHOMepHbIN BapuaHT

Mpumep gsymepHon KDE:
sns.kdeplot(tips["total_bill"], tips["tip"])

10

tip

0 10 20 0 a0 50
total_bill

PucyHok 10.12 — [lemoHcTpaumusa pabotbl hyHKUMn kdeplot().
[ByMepHbIN BapuaHT

[MocTpom guarpammy, aHanorndHyo npmBeneHHonm Ha pucyHke 10.12, ansa

Habopa mpg:

x = mpg["cylinders"]

y = mpg[“displacement”]
sns.kdeplot(x, y)
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PucyHok 10.13 — [lemoHcTpauus pabotbl pyHKUumMn kdeplot() Ha

Habope AaHHbIX Mpg

[ns HaCTpOIZKI/I BHELWWHEro Buaa AguarpaMmbl MOXHO BOCIMOJNb30BaTbCA

cnegyrowmnmMm napametTpamun:

shade: bool, optional

o OnpegendeTt Hanuyune (True) unm otcytcTene (False) 3anuBku nog
KpuBon KDE pns ogHOMEPHOro BapuaHTa unu 3anmBKy KOHTYPOB
A5 ABYMEPHOro BapuaHTa.

vertical: bool, optional

o PacnonoxeHune rpadwuka. Ecnu 3HayeHne paBHO True, TO
YMCNEHHOE 3Ha4YeHne napameTpa oTknagbiBaeTcs no ocn x, KDE —
no ocu y, ecnu False, To HA06OPOT.

color: Matplotlib-ugeT, optional

o LiBeT rpacmka n 3anueku.

cmap: str unn Colormap, optional

o LiBeTtoBas kapTta Ansa guarpamwmbl (cMm. pasgen "4.4.1 Lisemoesie
Kapmbl (colormaps)".

legend: bool, optional

o Ecnn napameTp paBeH True, TO nereHga 6yoetr gobasneHa Ha

avarpammy.
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e cbar: bool, optional
o Ecnn napameTp paBeH True, TO Ha guarpammy Oyaet gobasneHa
LiBeTOBad nonoca (ucnonbayetcsa onga asymepHon KDE).
* shade lowest: bool, optional
o YnpasnseT 3anuBkon. Ecnu napameTp paseH True, To ByaeTt ckpbiTa
obnacTblo ¢ HaMMeHbLUMM 3HavyeHnem KDE. cnonb3yetcs TOMbKO
ana asymepHon KDE.
e cumulative: bool, optional
o Ecnu paBHO True, To OygeT oToOpaxkeHa PyHKUNA pacnpeneneHus.
e gridsize: int, optional

o KonnyecTtBo TOYEK B CETKE.

PaccMoTpuM Ha npakTuke paboTy C NepevYncrneHHbIMK Bbille napameTpamMu.

OT1obpasnm 3anuBky ang ogHomepHoro BapuaHta KDE:
sns.kdeplot(y, shade=True)
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0.004
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0.001
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PucyHok 10.14 — [lemoHcTpauua paboTbl ¢ napameTpom shade
hyHKumMmn kdeplot()
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Y6epém c nons nereHay:
sns.kdeplot(y, shade=True, legend=False)

0.005
0.004
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0.002
0.001

0.000
] 100 200 300 400 500

PucyHok 10.15 — [lemoHcTpauusa paboTbl ¢ napameTpom legend
pyHKunMmn kdeplot()
N3meHnm uBerT:

sns.kdeplot(y, shade=True, color='r")
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PucyHok 10.16 — [lemoHcTpauma paboTbl ¢ napamMeTpom color
¢yHKkumn kdeplot()
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Mprmep paboTbl C 3anNMBKOW ANs ABYMEPHOro BapuaHTa:

sns.kdeplot(x, y, shade=True)
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=]

PucyHok 10.17 — emoHcTpauusa paboTbl ¢ napameTpom shade
¢oyHKunMmn kdeplot() (ABymMepHbIM HAOOP AAHHbIX)

3agagum KonmyecTBO YPOBHEN A1 OTODpaXeHus:

sns.kdeplot(x, y, shade=True, n_levels=3)
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PucyHok 10.18 — [lemoHcTpauusa paboTbl ¢ napamMeTpom n_levels
¢yHKumun kdeplot() (AByMepHbIM HaboOp AaHHbIX)
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[ns nyywero BM3yarnbHOro npegcraBneHns N3MeHUM LBETOBYHO NanuTpy Ha
'‘plasma’

sns.kdeplot(x, y, shade=True, cmap='plasma')
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PucyHok 10.19 — [lemoHcTpauma paboTbl ¢ napamMeTpoM cmap hpyHKLun
kdeplot() (ABymMepHbIN HaboOp AAHHbIX)

YBepém Cc anarpammbl 3anmBKy YPOBHSI C HaMMeHbLUMM 3HadeHnem KDE wn

nobasum colorbar:
sns.kdeplot(x, y, shade=True, cmap='plasma’', shade_ lowest=False,
cbar=True)
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PucyHok 10.20 — lemoHcTpauusa paboTbl ¢ napamMeTpom shade_lowest
n cbar dyHkuun kdeplot() (ABymMepHbIN Habop AaHHbLIX)
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Eweé BapmaHT nanutpobl:

sns.kdeplot(x, y, shade=True, cmap='rainbow', cbar=True)
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PucyHok 10.21 — lNanuTtpa rainbow

MocTpoum byHKLUMIO pacnpeneneHus:

sns.kdeplot(y, shade=True, cumulative=True)

10 " —— displacement

n.a
0.
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0.z

0.0
a 100 200 300 400 500

PucyHok 10.22 — [lemoHcTpauma paboTbl ¢ napameTpomMm cumulative

pyHkummn kdeplot()
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,D,J'Iﬂ ynpasneHnda BblHYUCNEHUAMU MOIyT ObITb MCMNOMb30BaHbI napamMmeTpbl

kernel, bw, gridsize u cut:

kernel: {'gau' | 'cos' | 'biw' | 'epa' | 'tri' | 'triw' },

optional

o ®yHKUMA gapa. Ons OByMepHOro BapwaHTa WCMOMb3yeTcs TOMbKO
layccoBo s4po0 (gau)

bw: {'scott' | 'silverman' }, yncneHHoe 3HayeHue, napa Yncen

(8ns oBymepHoro BapuaHTa), optional

o lvnpuHa agpa. Ecnu octaBuTb 3Ha4yeHWe No ymornyaHuo, 1o byaet
nogobpaHa Takas Benu4ymMHa, Kotopasi 4acT Hauny4lee BU3yanbHoe

npencTaeneHue.

sns.kdeplot(y, shade=True, kernel="cos")

sns.kdeplot(y, shade=True, kernel="gau')

0.008
— displacement

0.007 displacement
0.006
0.005
0.004 ]
0.003 /,\
0.002 \jfmk\
0.001 \"—-a,
Sy

0.000 —

0 100 200 300 400 500

PucyHok 10.23 — [leMmoHcTpauusa paboTbl ¢ napamMmeTpom kernel

¢yHKkumn kdeplot()
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sns.kdeplot(y, shade=True, label="default")
sns.kdeplot(y, shade=True, bw=10, label="bw=10")
sns.kdeplot(y, shade=True, bw=70, label="bw=70")

—— default

0.008 bw=10
bw=T0

0.006

0.004 /\-

0.002 -

—100 0 100 200 300 400 500 &0OO0 YOO

0.000

PucyHok 10.24 — [lemoHcTpauuma paboTbl ¢ napamMeTpoM bw ¢pyHKLMM
kdeplot()

10.3 PyHKUunA rugplot()

PyHKuMsA rugplot () oTobpaxkaeT anemMeHTbl AaHHbIX B BUAE NUHUN PALOM C
OCbt0 kKoopauHart. [NapameTpbl PYyHKLUNK:

* a:.vector
o OgHOMEpPHbIN MacCcuB AaHHbIX.

« height: yncneHHoe 3Ha4vyeHune, optional
o BblcoTa NUHUN.

e axis:{'x" | 'y'}, optional

o QOcb, Ha KoTopon ByaeT oTobpakeHa gmarpaMmma.

Bynem pabotatb ¢ HabopoMm gaHHbIX Mpg:
mpg = sns.load_dataset( 'mpg')

[MocTpoum guarpammy rugplot.
sns.rugplot(mpg[“displacement”])
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PucyHok 10.25 — [lemoHcTpaumsa paboTbl ¢pyHKUMM rugplot()

M3meHnM LBET 1 BbICOTY NNHUMN:
sns.rugplot(mpg[“"displacement”], height=0.5, color="orange")
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50 100 150 200 250 300 =50 400 450

PucyHok 10.26 — [lemoHcTpauua pabdoTbl ¢ napameTpom height n color
pyHKummn kdeplot()
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Beibepem ocb y And npeacraBreHns 3Ha4eHUI napamMmeTpa:
sns.rugplot(mpg[“displacement™], height=0.3, color='r', axis='y")
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PucyHok 10.27 — [leMoHcTpauua paboTbl C napamMeTpoM axis pyHKLUN
kdeplot()

[ononHuTtenbHO ONA ynpasBreHus npeacTaBfieHNeM MOXHO WCMONb30BaTh
cnegyowme napameTpbl:
 ax:matplotlib axes, optional

o [Mone (obbekT knacca Axes), Ha KoTopoM ©OygeT BbiBedeHa
anarpamma.
« kwargs: dict
o CnoBapb C nNapameTpamMu, KoTopble OyayT nepegaHbl B KOHCTPYKTOP

knacca LineCollection.
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maBa 11. Bwusyanusauma wmMopenun JIMHEMHOM
perpeccummn

MHCTpyMeHTbI aTOn rpynnbl obnagarT O4eHb MHTEPECHBbIM (PYHKLMOHANOM:
OHM CTPOSIT MOAEenb IMHEWHON perpeccun Mo nepeAaHHbIM AaHHbIM U
oTobpaxaloT ee BMecTe C UCXOAHbIM HabopoM. PyHKUMWM NpeacTaBneHbl B

Tabnuue 11.1.

Tabnmua 11.1 — ®OyHKUMM ANA Bulyanusaumum mMoaenu JIMHEUHOW
perpeccum
PyHKUMS OnuncaHwne

OTtobpaxaeT Habop [OaHHbIX U JIMHUKD pPerpeccum,
Implot() NMOCTPOEHHYIO MO HUM, C BO3MOXHOCTbIO YNpaBndATb
KOMMOHOBKOW MNOSien ¢ rpadpukamMmmn Ha rnoasioxke.

OT1obpaxaeT Habop [OaHHbIX U JIMHUKD pPerpeccum,

PegpIOt() NOCTPOEHHYH NO HNM.

OTobpaxaeT OTKIOHEHUS 3fEMEHTOB  MCXOOHOro
residplot() Habopa [daHHbIX OT  pEerpeccMoHHOW  Mopernu,
MOCTPOEHHOM MO HUM, B BUAE AnarpaMmmbl paccesHus.

11.1 O6wme napameTpbl PYHKLUN

PaccmoTpum HekoTopble M3 00OWMX NapaMeTpoB (YHKUMW BU3yanusauuu

MoAesnn JIMHEMHOW perpeccuiu:
* X, y: UMeHa nepemMeHHbIX N3 Habopa data, optional

o CBA3bIBAOT OCb X M ¥y C KOHKPETHbIMW Mpu3Hakamn n3 Habopa

OaHHbIX, nepefaHHOro 4epe3 napameTtp data. Ona  dyHkumn,

OTNMYHbIX OT catplot(), ponyctMmo nepefaBaTb BekTopa C

AaHHbIMN Hanpsmyto, ansa catplot() — Hert. lNapameTpbl moryT

MMEeTb  3HadeHMe None, B Cflyyae ecnM  HeobxoguMmo

BM3yanun3npoBaTb BeCcb Habop data.
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 data: DataFrame
o Habop gaHHbIX B hopmaTe pandas.DataFrame, B KOTOPOM CTONGLUbI
— 9TO NPU3HAKKN, CTPOKM — 3HadeHud. MimeHa cTtonbuoB, AaHHbIE U3
KOTOpPbIX HEOOXOANUMO BU3yanuampoBaTtb, NepenarTcs B napameTpbl
Xny.
* lowess: bool, optional
o Ecnn napameTp paBeH True, TO OydeT mcnonb3oBaHa MoOENb U3
statsmodels Ana NOCTPOEHUs JIOKanbHO B3BELUEHHOW JIMHENHOM
perpeccun. [loBepuTernbHbIn WHTEPBaAN AOnNs TakoW MOOENU He

oToOparkaeTcs.

* robust: bool, optional
o Ecnn napameTp paBeH True, TO OygeT mcnonb3oBaHa MoOenb U3

statsmodels ans oueHkn pobacTtHom perpeccumn.

 {scatter,line} kws:dict

o OnpegenstoT [OOMNONHUTESNbHbIE aprymMeHThbl pyHKLMI

plt.scatter() nplt.plot().

11.2 ®dyHKUMA regplot()

®dyHKUMA regplot() oTobGpaxaeT Habop [OaHHbIX M JFIMHWUIO perpeccumu,

MOCTPOEHHYIO NO HUM. 3arpy3umMm Habopbl AaHHbIX iris U Mpg:
mpg = sns.load_dataset("mpg")

iris = sns.load dataset("iris"

MocTpouM NUHUIO pPEerpeccun 3aBUCUMMOCTM PaCCTOSIHUSA, KOTOPOE MOXET
npoexaTb aBTOMOOUITb, OT €ro MOLLIHOCTK. Yepes napameTpbl X U y nepeaaém

Ha3BaHUSA NpMU3HaKoB, Yepe3 data — Habop OaHHBbIX.

sns.lmplot(x="horsepower”, y="displacement"”, data=mpg)
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PucyHok 11.1 — [lemoHcTpauusa padoTtbl hyHKuMM regplot()

N3 Habopa iris BbibepeM TOMNbKO T€ MPUCHI, KOTOPblE OTHOCATCS K Knaccy
setosa:

iris mod = iris[iris["species"] == "setosa"]

nOCTpOVIM 3aBNCUMOCTb WWNPUHBLI OT OAJ1NHbI Hapy>|<H0|7| O0nn oKornouBeTHUKA.
sns.regplot(x="sepal_length", y="sepal_width", data=iris_mod)
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PucyHok 11.2 — Busyanunsauum saBucumocT napametpoB sepal_length
n sepal_width n3 Habopa gaHHbIX iris
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C nonsa rpaduvka MOXHO ybpaTb nmbo Touykm (napameTtp scatter), nubo
perpeccunoHHyto npsimyto (napametp fit _reg). lMpogeMoHCTpupyem 3To,
npucBouM napameTpy scatter 3HayeHue False:

sns.regplot(x="sepal_length", y="sepal width", data=iris_mod,

scatter=False)
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PucyHok 11.3 — [leMoHcTpauusa paboTbl ¢ napameTpom scatter
pyHKUunMmn regplot()

3apagum napameTpy fit _reg 3HayeHue False:
sns.regplot(x="sepal_length", y="sepal_width", data=iris_mod,

fit_reg=False)
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PucyHok 11.4 — [lemoHcTpauua paboTtbl ¢ napameTpom fit_reg
pyHKkunMmn regplot()
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[Ons HacTpoOMKM BHeLWHero Buaa rpaguKkoB MOXHO BOCMOSb30BaTbLCH

napameTpamu:
 color: Matplotlib-uBet, optional

o LlBeT oTobpakaembliX ANEMEHTOB (TOUKM U NIUHUS).
* marker: kog mapkepa ns Matplotlib

o CTunb Mapkepa, KOTOpbIM OTODpaXKatoTCst TOUKW.

sns.regplot(x="sepal_length", y="sepal width", data=iris_mod, color='r")
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PucyHok 11.5 — [leMoHcTpauua paboTbl ¢ napamMeTpom color pyHKLUM
regplot()

markers = ["2~", "*"] "o"]
plt.figure(figsize=(15, 5))
for i, m in enumerate(markers):
plt.subplot(1l, len(markers), i+1)
plt.title(f"marker = {m}")
sns.regplot(x="sepal_length", y="sepal width", data=iris_mod,

color="r', marker=m)
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PucyHok 11.6 — [lemoHcTpauusa paboTtbl ¢ napameTpom marker
pyHkunMmn regplot()

[Ona 6onee TOHKOW HACTPOMKM UCNONb3ynTe napameTpbl scatter_kws,
line_kws:

s_kws

{"linewidths":2, "edgecolors":'g', 'color':'r', "s": 50}
p kws = {"1s":"-.", "lw':3}
sns.regplot(x="sepal_length", y="sepal width", data=iris_mod,

scatter_kws=s_kws, line_kws=p_kws)
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PucyHok 11.7 — [leMoHcTpauua paboTtbl ¢ napameTpom scatter_kws wm
line_kws dpyHKuumn regplot()
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PyHKuMSA replog() npegoctaBndeT ansTepHaTUBY TOYEYHOM guarpaMmme —
anarpaMmMmy CO 3Ha4YEeHUSMU OLEHOK U OOBEpUTErNbHbIMU MHTepBanamu. [Ons
HaCTPOWKM 3TOrO peXxmnmMa UCnonb3yTCA NapameTpbl:
 Xx_estimator: gyHKuMA, optional
o @YHKUMA 0N BbIYUCIIEHUS 3HAYEHNSA OLEHKMN.
e« X _bins:int ununvector, optional
o Onpegendetr KONMUYECTBO [pynn, Ha KoTopble Oygetr pasbuto
MCXOOQHOE MHOXXECTBO 3HAYEHUN.
e x_ci:'ci', 'sd', int B guanasoHe [0, 100] unu None, optional
o Pasmep posepuTernbHOro UHTepsana. Ecnv 3HayeHue paBHO 'sd',

TO BMECTO AOOBeEpUTEribHONo wMHTEPBAlla 6yueT MCMNOoJ1Ib30BaTbCA
CTaHOapTHOE OTKIOHEeHWe.

MocTponm guarpammy ¢ MeanaHHOM OLLEHKOM:

from numpy import median

sns.regplot(x="sepal_length", y="sepal_width", data=iris_mod,

x_estimator=median)
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PucyHok 11.8 — [luarpamma ¢ MeguaHHOU OLIeHKOMN
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Mpumep paboTbl ¢ napameTpom x_bins:
Xx_bins = [5, 10, None]

plt.figure(figsize=(15, 5))
for i, b in enumerate(x_bins):
plt.subplot(1l, len(x_bins), i+1)
plt.title(f"x_bins = {b}")
sns.regplot(x="sepal_length", y="sepal width", data=iris_mod,

X_bins=b)
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PucyHok 11.9 — [lemoHcTpauua pabdboTtbl ¢ napameTpom X_bins hyHKuUn
regplot()

Mpumep paboTbl C NapaMeTpoM X_ci:
x_ci = [50, 80, "sd"]
plt.figure(figsize=(15, 5))
for i, xc in enumerate(x_ci):
plt.subplot(1l, len(x_ci), i+1)
plt.title(f"x_ci = {xc}")
sns.regplot(x="sepal_length", y="sepal width", data=iris_mod,

X_ci=xc, x_bins=10)
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PucyHok 11.10 — [lemoHcTpaumsa padboTbl ¢ napaMmeTpomM x_ci pyHKUUM
regplot()

Kak Bbl yke MOrnm 3aMeTuTb, BOKPYT IMHUK perpeccumn ectb 0bnacTtb TOro xe
LUBeTa, 4YTO M OCHOBHasi §nWHUA, HO 6onee cBeTtnoro oTTeHka. OHa
npeactaBnseT [OOBEPUTENbHbLIA  MHTEpBasr, pacyeéTtoMm 3ToM obnacTtu
ynpaBnsoT criegyowmne napameTpbi:
« ci: int B gnanasoHe [0, 100] nnn None, optional
o Pa3smep OoBepPUTESIbLHOIO MHTEpPBana.
* n_boot: int, optional

o KonuyecTtBo ob6pa3uoB Anst OLEHKN ci.

nOCMOTpI/IM KakK 6yﬂ,eT BblMMdAAeTb Anarpamma C pas3fitdHbiMKN 3HaQ4YE€HUAMU
ci:
ci = [50, 99, None]
plt.figure(figsize=(15, 5))
for i, ¢ in enumerate(ci):
plt.subplot(1, len(ci), i+1)
plt.title(f"ci = {c}")

sns.regplot(x="sepal_length", y="sepal width", data=iris _mod, ci=c)
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PucyHok 11.11 — [lemoHcTpauunsa paboTbl ¢ napameTpoMm ci hyHKLUN
regplot()

PaccmoTpum HekoTopble 13 napameTpoB yHKUuK regplot():
« logistic: bool, optional
o Ecnn napameTp paBeH True, TO OygeT NPUHATO MpPeanosiokeHue,
4yTO y gaBnseTcsd GuHapHOM NepeMeHHOM 1 ANA NOCTPOEHUA MOAENU

norucTuyeckon perpeccun 6yoetr wucnonb3oBaTtbCA MoAENb U3
statsmodels.

[Job6aBum B HabOp AaHHbIX iris elwé oAuH Npu3HakK. is_setosa, KOTopbli

NnPMHMUMaET 3Ha4YeHue True, ecinm UpUC OTHOCUTCA K Knaccy setosa, nHa4ye —

3HaveHue False:
iris["is_setosa"] = iris["species"] == 'setosa'
sns.regplot(x="sepal_length", y="is_setosa”, logistic=True, data=iris)
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PucyHok 11.12 — [lemoHcTpauma pabotbl ¢ napameTpom logistic
pyHKUuMmn regplot()
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* robust: bool, optional

o Ecnn napameTp paBeH True, To OyaeT ucnonb3oBaHa Mogenb U3

statsmodels ans oueHkn pobacTHoOM perpeccuu.

Mpumep paboTbl ¢ NapameTpoMm robust:

sns.regplot(x="sepal_length", y="sepal_width", robust=True,

data=iris_mod)
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PucyHok 11.13 — [lemoHcTpaumsa paboTtbl ¢ napameTpom robust
pyHKkunMmn regplot()

* logx: bool, optional

o Ecnun 3HaveHne paBHO True, TO oUueHMBaeTCcH nNUHenHas perpeccua

Buaa y ~ log(x). 3Ha4eHus napameTpa X SOMMKHbI ObITb 6ornbLue
Hyns..

Mpumep paboTbl ¢ napameTpom logx:

sns.regplot(x="mpg", y="displacement”, logx=True, data=mpg)
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PucyHok 11.14 — [lemoHcTpaumsa pabotbl ¢ napameTpom logx PyHKLUM
regplot()

 lowess: bool, optional

o Ecnu napameTrp paBeH True, TO 6ygeT nNOCTpOeHa JOKanbHO
B3BeLLEeHHasa NiMHenHas perpeccus. [loBepuTerbHbIA MHTEpBan AN

Takon MOAenu He oTtobpaxaeTcs.

MpymMep paboTkl ¢ NapaMeTpom lowess:

sns.regplot(x="mpg", y="displacement”, lowess=True, data=mpg)
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PucyHok 11.15 — [leMmoHcTpauua paboTbl ¢ napamMeTpom lowess
pyHKkunMmn regplot()
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order: int, optional
o Ecnun 3HauyeHne napameTpa 6onblue 1, To BygeT ncnonb3oBaHa

dyHKUMA numpy . polyfit ang nocTpoeHnsa nonnmHoMmanbHOW

perpeccum.

Mpumep paboTbl ¢ NapameTpom order:

order=[1, 2, 3]

plt.figure(figsize=(15, 5))

for

displacement

i, o in enumerate(order):
plt.subplot(1, len(order), i+1)
plt.title(f"order = {o}")

sns.regplot(x="mpg", y="displacement", order=o, data=mpg)

order =1 order = 2 order = 3

displacement

-100

10 20 0 40 10 20 30 40 10 20 o 40

PucyHok 11.16 — [lemoHcTpauusa paboTbl ¢ napameTpom order
pyHKUuMM regplot()
truncate: bool, optional

o Mo yMonuYaHW INUHUSA perpeccunm oTobpaxaeTcs nOns BCero
avanasoHa ocu X. Ecnu napametp paBeH True, TO nNuHMA byaet

orpaHn4yeHa KpanHUMmM 3Ha4yeHMs M1 Habopa AaHHbIX.
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Mpumep paboTtbl ¢ napameTpom truncate:

sns.regplot(x="mpg", y="displacement”, truncate=True, data=mpg)
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PucyHok 11.17 — [lemoHcTpaumsa pabotbl ¢ napameTpom truncate
pyHkunMmn regplot()

11.3 ®yHKuMA residplot()

PyHKuMA residplot() oTobpaxaeT OTKNOHEHUS OSNEMEHTOB WMCXOOHOro
Habopa OaHHbIX OT PEerpeccMoHHON MoOEenu, NOCTPOEHHOM NO HUM, B BUAE
anarpammbl paccesHus. Kaxgaa Toyka Takon guarpammbl — 3TO Pa3HOCTb
MeXay 3HadYeHMeM 3JremMeHTa ucxogHoro Habopa M 3HadYeHueMm, KoTopoe
BblJaCT Mofenb perpeccum B 3ToM  Touyke. [lapameTtpbl  hyHKUMK
residplot() coBnagawT ¢ Habopom, npuBenéHHbIM B pasgene "711.1

Obuwue napamempsbl pyHKUUU" .

MpBeaém HEeCKONbKO MNpuUMepoB €€ ucnonb3oBaHusa. byaem pabotatb C
HabopomM mpg:

mpg = sns.load_dataset("mpg")

[MocTponm mMoaenb JIMHENHOM perpeccun ¢ NOMOLLbIO PYHKUMK regplot():
sns.regplot(x="mpg", y="displacement"”, data=mpg)

278



displacement

=100

10 15 20 5 30 3B 40 45

PucyHok 11.18 — Npacdbmk mogenm nMHeMHON perpeccun, NOCTPOEHHbIN

¢ nomouwbio regplot()

Tenepb NocTpoMm guarpammy paccesiHusi OTKITIOHEHW 3HavyeHun Habopa

OaHHbIX OT Moaenn.

sns.residplot(x="mpg", y="displacement™, color='g', data=mpg)
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PucyHok 11.19 — [lnarpamma paccesiHMA OTKINIOHEHN 3Ha4YeHU Habopa
AaHHbIX OT MoAesin, NOCTPOEeHHasi ¢ NnoMolbio residplot()

279



Mpumep Mogenu TpeTbero nopsiaka:

sns.regplot(x="mpg", y="displacement™, order=3, data=mpg)

displacement

PucyHok 11.20 — Npadchuk moaenu TpeTbero nopsigka

[nsa Takon mogenun pacnpegeneHne OTKNOHEHUN OyaeT TakuMm:

sns.residplot(x=

displacement
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PucyHok 11.21 — PacnpeaeneHue OTKINOHEHUN ANsi MOAENU TpeTbero

nopsigka
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11.4 PyHKumna Implot()

®dyHKUMA lmplot() no cBoeMy HasHayeHuto aHanormyHa regplot() (cm.
pasgen "11.2 @yHkyus regplot()") C BO3MOXHOCTbIO YNpaBrsTb

KOMMOHOBKOW MNofieun ¢ rpapukamm Ha nognoxke.

3arpyaum Habopbl JaHHbIX mMpg W iris:
mpg = sns.load_dataset("mpg")

iris = sns.load_dataset("iris")

Ecnn noka octaBuTb B CTOpPOHE MapaMeTpbl, OTBeYawllue Ha HaCTPOWKY
NOASIOXKKW, TO B OCTafnbHOM, aprymeHTbl oyHKumm lmplot() npakTuyecku
MOSMMHOCTBLIO COBMaaloT MO Ha3BaHWMIO N HAa3HAYEHUIO C PACCMOTPEHHbLIMU OS5
dyHKkUnM regplot(). K HUM otHocAaTca X, y, data, order, x_bins, units,
ci, x_ci, n_boot, {x,y} jitter, {x, y} partial, x_estimator, scatter,
fit reg, logistic, robust, logx, 1lowess, truncate, {scatter,

line} kws, dropna.

MapameTpbl, OTBEYaOLWME 3a pasgeneHne gaHHbIX Ha rpynnbl U yrnpasreHne
oTobpaxeHnem guarpamm yHkunn lmplot() coBnagatoT C apryMeHTamu
dyHkunn relplot() wm catplot(), K HMM oOTHOCATCA hue, row, col,
pallete, hue_order, legend, legend out, height, aspect. [loaToMy MbI
He Oydem NpMBOAUTL NOMHOE WX ONucaHue, orpaHNYMMcs NpUMepom paboTbl

C HUMN.

[MocTpoum rpadpuk ¢ mMogenb perpeccum ¢ nomoLLlblo oyHKumMn lmplot(),

TakoW e Kak Mbl MOy Obl MONYYNTb C MOMOLLBIO pyHKUMN regplot ().

sns.1lmplot(x="horsepower"”, y="displacement", data=mpg)
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PucyHok 11.22 — Npachuk mogenu nMHeMHOM perpeccumn, NOCTPOEHHbLIN
¢ nomowbio 1lmplot()

na pa3genenHna OaHHbIX Nno KateropumasibHOMY Mpu3Haky C nocsieayruwnm

nocTpoeHnem and Kaxkaou rpynnobl CBOEN Moaenu perpeccmmn B beHKLI,VIM

Implot () ncnonb3yrTca NapameTpsbl:
* hue: Ansa uBETOBOro pasgeneHuns;
* row: ANHA BEPTUKaNbHOro npencTaBfeHnsa guarpamm;
e col: onda ropusoHTanbLHOro NpeacTaBneHns aunarpamm.

3a HacTpolKy LIBETOBOM CXeMbl OTBeYaeT napameTp pallete.

MocTpoum pguarpammy ans Habopa iris ¢ pasgeneHnem no Tuny upuca
(npusHak species):

sns.lmplot(x="sepal_width", y="petal width", hue="species", data=iris)
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PucyHok 11.23 — [lemoHcTpauua paboTbl ¢ napamMmeTpom hue hyHKLUN
Implot()

N3meHnm nanutpy:

sns.lmplot(x="sepal_width", y="petal_width", hue="species",
palette="Dark2", data=iris)
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PucyHok 11.24 — [lemoHcTpauua paboTbl C napameTpom palette
¢yHkummn Implot()
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MpenoctaBum rpapukn OnNa  KakOoro OTAENbHOro 3HadeHus species
Pa3HbIX NMNOJIAX C rOPN3OHTAlIbHLIM pa3aesieHNeM:
sns.lmplot(x="sepal_length", y="sepal_width", hue="species”,
palette="Dark2", col="species", data=iris)
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PucyHok 11.25 — [lemoHcTpaumsa pabdboTtbl ¢ napameTpom col pyHKLUn
Implot()

C BeEPTUKAIIbHbIM pa3aesieHNeM.

sns.lmplot(x="sepal_length", y="sepal _width", hue="species",

palette="Dark2", row="species", data=iris)
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PucyHok 11.26 — [leMoHcTpauus paboTbl ¢ napaMmeTpom row yHKLMU
Implot()
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[Ans ynpaeneHna pasmepoMm auarpamMmm Ucronb3ynte napameTpbl height
(BblcoTa) M aspect (COOTHOLLEHWE CTOPOH):
sns.lmplot(x="sepal_length", y="sepal width", hue="species",

palette="Dark2", col="species", height=3, aspect=1.5, data=iris)
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PucyHok 11.27 — [lemoHcTpauumsa pabotbl ¢ napameTpom height u
aspect dpyHKumnn Implot()

[MapameTpbl sharex n sharey oTBe4aroT 3a OTOOpaXXeHune ocen X Uy Ha BCeX
anarpammax numbo TONbKO Ha KpamHew neBon (NpU ropu3OHTasIbHOM
pacnonoOXeHnn) Unn Ha HKHEN (NP BEPTUKANbHOM PacronoXeHUn):
sns.lmplot(x="sepal_length", y="sepal_width", col="species",

sharey="col"', data=iris)
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PucyHok 11.28 — [leMoHcTpauua paboTbl ¢ napamMeTpom sharey
¢pyHKummn Implot()

Mopsiaok 3agaHus uBeTa (ecnu Bbl UCNonb3yeTe napameTp hue) nnvm nopsaok

BblBOA4a Anarpamm (ecnw A4 pa3geneHna Ha rpynrbl UCMNOoNb3yeTCA col vnn
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row) 3agaéTtcsa ¢ noMoLblo hue_order, col_order, row_order. Npusegém

npumep ansa hue_order:
h_order = ["virginica", "setosa", "versicolor"]
sns.lmplot(x="sepal_width", y="petal width", hue="species"”,

hue_order=h_order, data=iris)

species
@& virginica
setosa
@ versicolor

0.5

0.0
2.0 25 3.0 35 4.0
sepal_width

PucyHok 11.29 — [lemoHcTpauus pabotbl ¢ napametpom hue_order

¢pyHKUMKM Implot()

3a oTobpaxeHue nerenabl oTBevyaeT napameTp legend, 3a BbIHOC €€ 3a

npegensl nons c rpapukamm — legend out.
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maBa 12. YnpaBneHne KOMnoHOBKOW AnarpamMmm

Seaborn npepocTtaBnser Tpu Habopa WHCTPYMEHTOB [Ans  yrpasrieHus
KOMMOHOBKOW Anarpamm:

« Facet-ceTka: Kknaccuyeckaa ceTka [OnA pasMelleHus rpadukos,
MOCTPOEHHbIX C MOMOLLbBK (PYHKUMW 13 HabopoB AN BU3yanusauuu
OTHOLIEHNN B AaHHbIX (scatterplot(), lineplot()), Bu3yanusauum
KaTeropuanbHbIX AaHHbiX (stripplot(), boxplot() w TA4.) u
BU3yanusaumm Moaenu NUHENHON perpeccum (regplot(),
residplot()).

* Pair-ceTka: ceTka Ona npeacTtaBfieHUs MNonapHbIX COOTHOLWEHUW B
OAHHbIX.

« Joint-ceTka: oTobpaxaeT AuarpamMmy [Ons OBYX MEPEeMEHHbIX C

AONOSTHUTENBLHON BVI3yaJ'II/I38LI,I/Iel7I nx pacnpe,u,eneHMPl.

12.1 Facet-ceTKka

C knaccom FacetGrid Mbl yXe BCTpeyanucb, Korga 3HakoMUNUCb C
dyHkunamn  relplot(), catplot(), nomumo peanuszaumm obuiero
UHTepdenca nOnsg COOTBETCTBYHOLUMX rpynn  OYHKUMA, OHM MO3BONANN
paboTaTb C KOMMNOHOBKOM rpadpmkoB. Tak Kak knacc FacetGrid goctyneH ans
MCMOMb30BaHUA  HanpsiMyd, TO MOXHO caMoCTosITeNnbHO, Ha 6ase

COoOoTBETCTBYIOLEro obbekTa, co3gaBaTb KOMMOHOBKY.

C Gonbluen YacTbio NapamMeTpoB KOHCTPYKTopa FacetGrid Bbl 4OMKHbI ObITh
yXXe€ 3HaKOMbl, ecnu udmtanum onucaHme relplot() wn catplot(), K HuUM
oTHocATCcA data, row, col, hue, col_wrap, sharex, sharey, height, aspect,
palette, row _order, col order, hue_order, dropna, legend out,

margin_titles.
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[nsa otobpaxeHunsa rpacdpmukoB Heobxoanmo Bbi3BaTb MeTod map() obbekTta
knacca FacetGrid. OH umeet cnegyouwmm Habop apryMeHTOB:
 func: callable
o ®YHKUMSA NOCTPoeHus rpadumka (Hanpumep, scatter()).
e args:strings
o NmeHa cTonbuoB wu3 Habopa, KoTopbin Obin nepegaH 4vepes
napameTp data npu co3gaHmm obbvekTa FacetGrid.
* kwargs: keyword arguments

o [lapameTpbl PyHKUMK, NnepeaaHHOW Yyepes aprymeHT func.

3arpy3um Habop AaHHbIX dots:
dots = sns.load_dataset("dots")

N3Bne4yem nepsble 250 a5IEMEHTOB:
dots_mod = dots.sample(frac=1)[:250]

[Onsa pasgeneHus rpadukoB no crtonbuam Oyaem mcnonb3oBaTb NapameTp
choice, KOTOPbIN MOXET MNPUHUMATb 3HadeHus T71 umnn T2, No CTpokam —
align, npuHUMarwLWwmMn 3HavyeHns succ, dots. Cosgagum O6BLEKT Knacca
FacetGrid:

fg = sns.FacetGrid(dots_mod, col="choice", row="align")

Tenepb B KaXOon d4Yenke MNOSMyuYMBLUENCS CETKM BbiBeOeM Auarpammy

paccesHna ona NpusHakos time v firing _rate:
fg.map(plt.scatter, "firing_rate", "time")
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align = sacc | choice =T1 align = sacc | choice = T2
750

500

250
g \... ®o o .
= 0 (]
=250
4
=500 o [ ]
align = dots | choice =T1 align = dots | choice = T2
750
. :
. DE‘ &
.
250 [
1]
. | >
=250
=500
20 40 &l 20 40 a0
firing_rate firing_rate

PucyHok 12.1 — [lemoHcTpauua paboTbl ¢ napameTpomMm col u row
Knacca FacetGrid

BmecTo avnarpamMmmbl paccedHnda MNnocTpoumM rnctorpamMmbl pacripeaesieHuns

npusHaka coherence:
fg = sns.FacetGrid(dots_mod, col="choice", row="align")

fg.map(plt.hist, "coherence")

290



align = sacc | choice =T1 align = sacc | choice = T2

20
15

1

[ ]

L

=]

align = dots | choice = T1 align = dots | choice = T2

25
20
15
10

5 I 1 1 1 1

0

0 20 40 0 20 40
coherence coherence

PucyHok 12.2 — [lemoHcTpauus paboTbl ¢ napameTpamum col U row
Knacca FacetGrid

,D,J'IFI OOMOJMTHUTENbHOIO LUBETOBOINo0 pasgeneHnda MOXHO WNCMNOoNb30BaTb
napameTp hue:
fg = sns.FacetGrid(dots_mod, col="choice", hue="align")

fg.map(plt.scatter, "firing_rate", "time")

choice = T1 choice = T2
750 . ’
500 é
250 Wy 2
W = gy
IR
=
=250 '(.
.
=500 o [
20 40 B0 20 40 B0
firing_rate firing_rate

PucyHok 12.3 — [lemoHcTpauusa paboTbl ¢ napamMeTpom hue knacca
FacetGrid
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N3meHum nanutpy:
fg = sns.FacetGrid(dots_mod, col="choice", hue="align", palette="Set2")

fg.map(plt.scatter, "firing_rate"”, "time")

choice =Tl choice = T2
750
500
250

£
= 0
=250
=500
20 40 &0 20 40 &0
firing_rate firing_rate

PucyHok 12.4 — [lemoHcTpauusa paboTbl ¢ napameTpom palette knacca
FacetGrid

3agaaum pasmepbl gnarpamm 4yepes napameTpbl height n aspect:
fg = sns.FacetGrid(dots_mod, col="choice", hue="align", height=5,
aspect=0.5)

fg.map(plt.scatter, "firing_rate"”, "time")

choice = T1 choice = T2

time

o >3 .l'
’-\‘:
- uﬂ’f‘f'

=200
—400
.
—&00
20 40 a0 20 40 G0
firing_rate firing_rate

PucyHok 12.5 — [lemoHcTpauua pabotbl ¢ napameTpamu height u
aspect kKknacca FacetGrid
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N3meHuM nopsgok otobpaxkeHust rpacomkoB n gobasum nerenay:
col ord = ["T1", "T2"]
fg = sns.FacetGrid(dots_mod, col="choice", hue="align",col _order=col_ord)

fg.map(plt.scatter, "firing_rate"”, "time").add_legend()

choice = T1 choice = T2
750
500
250
g ‘.‘Ilg‘ 2o o align
= 0 . ® 5acc
350 dots
X
=500 o [ ]
20 40 &0 20 40 B0
firing_rate firing_rate

PucyHok 12.6 — [lemoHcTpauus paboTbl ¢ napameTpomMm col_order
Knacca FacetGrid
JlereHgy MOXHO nomMecTuTb Ha none c rpadukom, NPUCBOMB MNapameTpy
legend_out 3HadeHue False. [Napametpbl x1im, ylim 3agatoT gmManasoHbl

OS5 Ocen X n y-

ylim = (-1000, 1000)

x1im

(0, 100)

fg = sns.FacetGrid(dots_mod, col="choice", hue="align", xlim=x1lim,
ylim=ylim)

fg.map(plt.scatter, "firing_rate", "time")

choice = T1 choice = T2
1000

500

0 ~.‘ DO 5 %
-500 / .

—1000
0 25 50 75 oo 0 25 50 5 100

firing_rate firing_rate

time

PucyHok 12.7 — [lemoHcTpauma paboTbl ¢ napamMeTpom x1im u ylim
Knacca FacetGrid
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[MpuBeOoEM HeCKONbKO NPUMepPoB paboTbl C OCAMUN KOOPAMHAT U CeTKOW. ELwwe

pa3 npegcrasMmMm BapuaHT gnarpamMmmbl ¢ napamMmeTpamMmy no ymMmosr4aHuio:

fg.map(plt.scatter, "firing_rate"”, "time")

align = sacc | choice =T1  align = sacc | choice = T2
750

500

250
[o1] \'ﬁ, o
= - &
g~ 0
—250 (’
% ]
=500 of [ ]
align = dots | choice =T1 align = dots | choice = T2
750
. e
500 .i;:ﬂ‘ i!;b
.
250 [
@
B 2 ?

—250

=500

20 40 &l 20 40 a0
firing_rate firing_rate

PucyHok 12.8 — [Ilnarpamma ¢ napameTpamMu nNo yMmosi4aHuio

O6patnte BHUMaHME: OCb y aBnsieTcs obLien ons Bcex rpacmkoB CTPOKK, a X
— ana Bcex rpadukoB crtonbua. MOXHO NPUHYAUTESNbHO BKITHOYUTD
oToOpaxeHne OTMETOK Ha OocsaxX [Ona Kaxgoro rpadpuka € NOMOLLBHO
napameTpoB sharex n sharey nepegas UM 3Ha4yeHUsa False:

fg = sns.FacetGrid(dots_mod, col="choice", row="align", sharex=False,
sharey=False)

fg.map(plt.scatter, "firing_rate", "time")
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align = sacc | choice = T1 align = sacc | choice = T2
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PucyHok 12.9 — [lemoHcTpauua paboTbl ¢ napameTpamMm sharex u
sharey knacca FacetGrid

Ecnn napamMmeTp despine OCTaBUTb CO 3Ha4dYeHmem no ymoJsiHaHuo, TO Mbl

NosTly4YnM OTKPbITbIE NPaBY N BEPXHIOK CTOPOHLI NOSis rpadouka:
fg = sns.FacetGrid(dots_mod, col="choice", hue="align")

fg.map(plt.hist, "firing_rate")

choice = T1 choice = T2 -
15 | |
10
| I ‘ I
Rl il
20 40 &0 20 40 &0 o
firing_rate firing_rate

PucyHok 12.10 — [lemoHcTpauusa paboTbl ¢ napamMeTpom despine
Knacca FacetGrid
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[MpncBoum emy 3HayeHue False:
fg = sns.FacetGrid(dots_mod, col="choice", hue="align", despine=False)

fg.map(plt.hist, "firing_rate")

choice =T1 choice = T2
15
10
~ AR
20 40 ao 20 40 ao
firing_rate firing_rate

PucyHok 12.11 — [JlemoHcTpauusa paboTbl ¢ napamMeTpom despine=False
Knacca FacetGrid

Kak Bbl MOXeTe BWOETb, NONs C Fpa('.bl/IKaMI/I cTann orpaHn4eHbiMn CO BCEX

CTOPOH.

12.2 Pair-ceTKa

Crnegylowmn  MHCTPYMEHT  ynpaBfieHNs  KOMMOHOBKOW,  KOTOPbIA  Mbl
paccmoTpuMm — 910 PairPlot. Krnacc PairPlot dopmupyer cetky ans
NOCTPOEHUS AuarpamMm MOMapHOro cpaBHEHMs BblOpaHHbIX MPU3HAKOB W3
nepefaHHoro Habopa pOaHHbIX. Seaborn npepoctaBndeT  yOOOHbLIN
WHCTPYMEHT Ans paboTbl C TaKoro Tuna KOMMOHOBKOM — OYHKLUMIO
pairplot(). Ecnu xe Tpebyetrca Oonee TOHKad HacTpomka, TO B 9TOM
cnyyae cnegyet BOCMOMNb30BaTbCA HENMOCPEACTBEHHO KraccoMm PairPlot u

ero metogamun. Ha4yHéM Halle 3HaKoMCTBO C pyHKUMK pairplot ().
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12.2.1 ®yHKUunA pairplot()

PyHKUMA pairplot() CTpPOUT CeTKy 3IremMeHTamu,

KOTOPO N 4aBnsTCA

rpadvku NonapHOro cpaBHeHWUst 3agaHHOro Habopa npusHakoB. [Ans ny4wero

BU13yalribHOro npeacraBfieHnAa npuMeHMmM CTUIb ticks:

sns.set(style="ticks")

3arpyaum Habop [AdaHHbIX mpg W  WU3BMEYEM U3 HEero noAaBbIOOPKY,

coaepallylo TONbKO MpU3HaKuM mpg,

origin:

mpg = sns.load_dataset("mpg")

mpg_mod = mpg[["mpg", "horsepower", "displacement",

horsepower,

"origin"]]

MocTpoum anarpaMmMy ¢ NomoLLbo pyHKUMK pairplot():

sns.pairplot(mpg_mod)
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PucyHok 12.12 — [Ouarpamma, nocTtpoeHHas ¢ pyHKuuen pairplot()
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BonbLWKWHCTBO napamMmeTpoB quHKLI,I/IVI BaM YXe [OOJTXHbI ObiTb W3BECTHbI:

data, hue, hue_order, palette, markers, height, aspect, dropna, Ux Mol

BCTpeYanu npu nsydeHum gpyrmx pyHKUmin.

MprBeaém Heckonbko npumepoB paboTbl ¢ HUMK. [JobaBuMm pasgeneHue no

KateropumaslibHOMY MpuU3HaKky origin, Ana  TOYe4yHoMn avarpamMmmbl 3agagum

TPeyronbHbIA Mapkep, a Takke yKaKem BbICOTY M COOTHOLLEHWE CTOPOH:

sns.pairplot(mpg_mod, hue="origin", markers="~", height=2, aspect=1.1)

horsepower

displacement

PucyHok 12.13 — [JemMoHcTpauusa paboTbl ¢ napameTpamum hue,
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origin
usa
j@pan
europe

markers, height n aspect dyHKuumn pairplot()

[MoMMMO nepedncneHHblx, QyHKUMA pairplot() cogepxut cnegyrowime

nonesHble napameTpbi:

vars: list, optional

o MmMeHa npu3HakoB 13 Habopa data, KoTopble ByayT MCNONb30BaTLCH

ans OTO6pa)KeHI/IFI.
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* {x, y} vars:list, optional
o MmeHa npusHakoB M3 Habopa data, KoTopble ByayT npeacTaBeHbl
Ha cTpokax (x_vars) u ctonbuax (y_vars).
e kind:{'scatter', 'reg'}, optional
o Tun rpadpuka pOnNa guarpamm, pPacrosioKEHHbIX BHE [MaBHOM
anaroHanu.
e diag kind: {'auto', 'hist', 'kde', None}, optional
o Twun rpadurka Ha arnemMeHTax rnmaBHOW AnaroHarsw.
e corner: bool, optional
o Ecnn napameTp paBeH True, TO AguarpaMMmbl B MPaBOW BepXHEN

YyacTu (BCe YTO BblLLE IMaBHOM AnaroHann) otobpaxarbca He ByayT.

BbiGepeMm ans otobpaxeHuss npusHakm mpg wn horsepower n3 Habopa
mpg_mod ¢ NOMOLLIbIO NapameTpa vars:

sns.pairplot(mpg _mod, hue="origin", vars=["mpg", "horsepower"])

origin
s Uusa
japan
e Europe

harsepower

SRR,
0 20 40 0 100 200
mpg harsepower

PucyHok 12.14 — [JeMoHcTpauua paboTbl C napamMeTpom vars PyHKLUN
pairplot()
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Bocnonb3yemcss napametpamMn X_vars M y_vars Ans ykasaHus Habopos
NMPM3HaKoOB AJ14 OCEN X U V.
sns.pairplot(mpg_mod, hue="origin", x_vars=["mpg", "horsepower"],

y_vars=["displacement"])
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PucyHok 12.15 — [leMoHcTpauua paboTbl C napamMeTpaMm x_vars u
y_vars QyHKuumn pairplot()

MocTpoum rpadmk ¢ MoaEenbo perpeccumn BMecTo AnarpamMmmMbl PpacCesHUS:

sns.pairplot(mpg_mod, vars=["horsepower"”, "displacement"], kind='reg")
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PucyHok 12.16 — [lemoHcTpauma paboTbl ¢ napameTpom kind ¢pyHKumumn
pairplot()
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N3mMeHuM Tnn gnarpamMmmbl Ha rmaBHOM guaroHanu ¢ rmctorpammel Ha KDE:

sns.pairplot(mpg _mod, vars=["horsepower”, "displacement”],

diag_kind='kde")
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PucyHok 12.17 — [JemoHcTpauusa paboTbl ¢ napameTpom diag kind
¢pyHKUmnm pairplot()

YB6epeEM Bce Auarpammbl Bbllle rMaBHOW AuaroHanu, Anst 3Toro nNpucBouM
rnapamMmeTpy corner 3HadeHue True:

sns.pairplot(mpg _mod, vars=["horsepower"”, "displacement™], corner=True)
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PucyHok 12.18 — [emoHcTpauusa paboTbl C napamMeTpomM corner
¢pyHKUMM pairplot()

12.2.2 Knacc PairPlot

KoHCTpykTOp  Knacca PairPlot cogepXuT napameTpbl, 4acTU4YHO
coBnagawowme c Temu, 4YTO ObiM HamMu pacCMOTPeHbl Ans  yHKUMK
pairplot(), K HUM OTHOcATcs: data, hue, hue_order, palette, hue kws,
vars, {X, y} vars, corner, height, aspect, dropna, JONONHUTESIEHO €CTb
ABa napameTpa AS1s1 HACTPOMKN NOLNOXKM:
« layout_pad: int unn float, optional
o PaccTosiHne mexay anarpammamu.
* Despine: bool, optional
o Ecnn napameTtp paseH True, TO 6yayT ybpaHbl OorpaHUYnUTENbHbIE

NVHUK B BEPXHEW N NMPaBOn YacTax nongd rpadomka.

na NOCTPOEHUA guarpamMmmbl, MO aHanormm C Kraccom FacetGird,

ncnonb3dyetcad metod map(), B KayeCcTBe aprymMeHTa emy nepenaertcs
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dyHKUMA Ona nocTpoeHus rpaduka. PairPlot npepoctaBnder ewe psag
YHKUMW, ONS9  yrnpasfieHUs npeacTaBreHneM guarpamm  Ha  rnaBHOW
anaroHanu, BEpXHeEm U HXKHEW 4acTax ceTku: map_diag(), map_offdiag(),

map_lower(), map_upper().

MoaroToBnM Habop AaHHbIX ANs paboThbl U3 yXKe 3arpy>KEHHOro paHee mMpg:

mpg_mod = mpg[["mpg", "weight", "displacement"”, "origin"]]

Bocnonbayemca metogom map () obbekta knacca PairPlot gna noctpoeHus

anarpamMmmbil.
pg = sns.PairGrid(mpg_mod)

pg.map(plt.scatter)
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PucyHok 12.19 — [lemoHcTpauua paboTbl ¢ Knaccom PairGrid
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[obaBvmM pasgeneHve no npusHaky origin:
pg = sns.PairGrid(mpg_mod, hue='origin')

pg.map(plt.scatter)
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mpg weight displacement
PucyHok 12.20 — [lemoHcTpauua paboTbl ¢ napamMmeTpom hue Knacca
PairGrid

Bocnonb3yemcs dyHkunsamn map_diag() v map_offdiag() Ana 3agaHus
TUNOoB AnarpamMmm Ha rmaBHOW AnaroHanu n BHe ee:

pg = sns.PairGrid(mpg_mod)

pg.map_diag(sns.kdeplot)

pg.map_offdiag(plt.scatter)
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PucyHok 12.21 — [lemoHcTpauma paboTbl ¢ pyHKUMsaMmU map_diag() m
map_offdiag() knacca PairGrid

BapuwaHT pabotbl ¢ map_diag(), map_lower() n map_upper():
pg = sns.PairGrid(mpg_mod)

pg.map_diag(plt.hist)

pg.map_lower(plt.scatter)

pg.map_upper(sns.kdeplot)
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PucyHok 12.22 — [lemoHcTpaumsa paboTbl ¢ hyHKumnsamMmu map_diag(),

map_lower() v map_upper() knacca PairGrid

12.3 Joint-ceTka

3aBepLuatoliern TeMom B pamkax ob3opa WMHCTPYMEHTOB ANS ynpaBneHus
KOMMOHOBKOW ByaeT ob630p BO3MOXHOCTEW krnacca JointGrid. OTOT Knacc
CTPOUT CETKY ANA npeacTaBneHnsa ABYMEPHOro pacnpenenieHmsi Ha OCHOBHOW
anarpaMmme U OByX OTAENbHbIX AnarpamMm, BU3yanusnpyrowmx OAHOMEpPHbIE
pacnpefeneHna Kaxgoro M3 napameTpoB MO OTAENbHOCTU. Takke Kak B
cnyyae ¢ PairGrid gna ynpoweHus pabotbl ¢ JointGrid 6Gubnuoteka
seaborn npepoctaBndaeT QyHKuMio jointplot(), ana ©Gonee TOHKOWM

HaCTPOWKKN Ucnonb3ynTe o6bEKT knacca JointGrid HenocpeacTBEHHO.
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12.3.1 PyHKUMA jointplot()

®dyHKkUMA jointplot() comepxut crnegylowmnm Habop yxe 3HAKOMbIX Bam

napameTposB: X, y, data, color, height, dropna, {x, y}lim.

3arpy3nm Habop AaHHbIX Iris:

iris = sns.load dataset("iris"

MocTponm guarpammy ¢ nOMoLbo PyHKUuMM jointplot ():
sns.jointplot(x="sepal_length', y='sepal_width', data=iris)

4.5 4

404 [ ] -
[
[ [ [
* o
* [
= 354 e @ E
£ e 00 . o
= [ 1] [
| 80 @ . [ T
m L 1] e o
L3p{ ee o8e & 80 888 SMEE 88 88 E
i [ e 088 @ [
e S8eBe @ e @
e e me oo
e e o [}
2.5 o e a0 e @ E
® ]
[} [} L] [
o0
2.0 L -1

T T T T T T T T
45 50 55 6.0 6.5 7.0 75 8.0

sepal_length

PucyHok 12.23 — [lemoHcTpaumsa paboTbl hyHKuMM jointplot()

M3meHnm uBeT n pasmep gnarpammbl:
sns.jointplot(x="sepal_length', y='sepal_width', data=iris,

color="orange', height=5)
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PucyHok 12.24 — [lemoHcTpauua paboTbl ¢ napameTpamu color u
height dpyHKkumum jointplot()

YkaykeM amanasoHbl Ans 0Cen KOOpAUHaT:
sns.jointplot(x="sepal_length', y="sepal width', data=iris, xlim=(9, 10),
ylim=(0, 10))

10 4 A

sepal_width

sepal_length
PucyHok 12.25 — [leMmoHcTpauua paboTbl ¢ napamMmeTpamm x1im n ylim
pyHKUuum jointplot()
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Onsa 3agaHna Tuna LeHTpanbHON anarpaMmmbl Ucronb3yeTca napameTp Kind,
OH MOXET MMETb OAHO W3 crieayllmnx 3HavyeHun {'scatter' | 'reg' |

'resid' | 'kde' | 'hex'}.

Hwxe npuBeneHbl npumepbl, 4EMOHCTPUPYIOLLME BHELLUHUW BUA Auarpamm,
NosTlydeHHbIX MpPU pasnnyHbiX 3HadyeHusix kind. BapuaHT ¢ kind="'scatter’

Mbl BUOENN Ha NpeablayLwmx npumepax.

HAvarpamma c napametpom kind="reg":

sns.jointplot(x="sepal_length', y="petal_length', data=iris, kind="reg")

petal_length
=
1

szpal_length
PucyHok 12.26 — [lemoHcTpauusa paboTbl ¢ napameTpom kind="reg"
¢pyHKUMM jointplot()
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Awnarpamma c napameTpom kind="kde":

sns.jointplot(x="sepal_length', y="petal_length', data=iris, kind="kde")

T T T T T
4 5 7 8

sepalflength
PucyHok 12.27 — [lemoHcTpauusa paboTbl ¢ napamMeTpom kind="kde"
¢pyHKUuum jointplot()

HAwnarpamma c napameTpom kind="hex":

sns.jointplot(x="sepal_length', y='sepal_width', data=iris, kind="hex")
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PucyHok 12.28 — [lemoHcTpauusa paboTbl ¢ napamMmeTpom kind="hex"
pyHKUum jointplot()
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Hduarpamma c napameTpom kind="resid":

sns.jointplot(x="sepal_length', y='sepal_width', data=iris, kind="resid")
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PucyHok 12.29 — [lemoHcTpauusa paboTbl ¢ napameTpom kind="resid’
pyHKUuum jointplot()

3a ynpaBreHne COOTHOLLUEHMEM pPa3MepoB LieHTpanbHOW U  BOOKOBbIX
avarpaMm oTBevyaeT napametp ratio:

sns.jointplot(x="sepal_length', y="sepal width', data=iris, ratio=2)
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PucyHok 12.30 — [lemoHcTpauua paboTbl C napamMeTpom ratio
pyHKUuum jointplot()
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MapameTp space onpedensdeTr 3a3op Mexay LUeHTpanbHOM M BOKOBbIMU

anarpaMmmamm:

sns.jointplot(x="sepal_length', y="sepal width', data=iris, space=2)
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PucyHok 12.31 — [leMmoHcTpauusa paboTbl C napamMeTpoM space
pyHKUmMM jointplot()
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12.3.2 Knacc JointPlot

MapameTpbl KOHCTpyKTOpa Knacca JointPlot coBnagatdT C  4acTbio
aprymeHToB yHkumm jointplot(): x, y, data, height, ratio, space,
dropna, {x,y}lim. [na BbiBOg4a auarpammbl ucronb3ynte metoq plot()
nnmoo wmetoagbl plot _joint(), plot_marginal(). B wmetog plot() B
Ka4yecTBe napamMeTpoB nepenarTcs PYHKUUN 09 NOCTPOEHUS LieHTpanbHON
1 DOKOBbIX Anarpamm:

jg = sns.JointGrid(x="sepal_length', y='sepal _width', data=iris)
jg.plot(sns.scatterplot, sns.kdeplot)
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154 .

sepal_length
PucyHok 12.32 — [1lemoHcTpauusa padoTtbl hyHKumn plot()
Krnacca JointGrid

®PyHKumMn plot_joint() m plot_marginals() no3BONANT WU3ONMPOBAHHO
yKasaTb U nepegartb napameTpbl Ana PyHKUMA NOCTPOEHUA LEeHTPanbHOU U
BoKOBbIX Anarpamm:

jp = sns.JointGrid(x="sepal_length', y='sepal width', data=iris)
jp.plot_joint(sns.regplot, color="g")

jp.plot_marginals(sns.distplot, color='r")
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PucyHok 12.33 — [leMmoHcTpauusa paboTbl ¢ hyHKumamu plot_joint()
M plot_marginals()

jp = sns.JointGrid(x="sepal_length', y='sepal _width', data=iris)
jp.plot_joint(sns.regplot, color="g")

jp.plot_marginals(sns.kdeplot, shade=True, color='r")
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PucyHok 12.34 — [lemoHcTpauusa paboTbl ¢ PpyHKumamu plot_joint() m
plot_marginals()
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Yacto Ill. Bubnuoreka Mayavi

BBeaeHue

Mayavi npeactaenser cobon Habop WMHCTPYMEHTOB AONs pelueHust 3agad
2D/3D-Bnsyanusauuun. B coctaB Mayavi BXOOUT MHCTPYMEHT C rpacuyeckmm
MHTepdencom, Yyepes KoTopbin yaoobHo ynpasnsate 2D/3D npeactaBrneHneMm
OaHHbIX, OH Ha3blBaeTca mayavi2. BTopbiM KPYnNHbIM KOMMOHEHTOM SBIISETCH
Habop nakeToB W mMoaynen Ansa a3bika Python, 4epe3 KOTOPbIM MOXHO
ynpaenaTb CO34aHMEM, HACTPOWMKOM U 3anyckoMm peHaepuHra 2D/3D-
moaenen. lgenHo npuHumnbl paboTbl ¢ 9TOM OMBNMOTEKOM MOXOXM Ha Te,
KOTOpbIM Mbl criegoBanu, korga usydanu Matplotlib wnn seaborn. Mayavi
aBnsetca obéptkon Hag VTK — Visualization Toolkit — MOLLHON OTKPbLITON

onbnunoTekon Ans BU3yanunsaumn.

Mayavi npegoctaBnsaeT cnegyowme BO3MOXHOCTH:

* BU3yanusauma ckanspHblX, BEKTOPHbIX U TEH30PHbIX AaHHbIX B Buae 2D
nnn 3D npencraBneHns;

* nogaepxka sasbika Python;

* BO3MOXHOCTb paclmpeHnsa @yHKUMOHaNa, 3a CYET pas3paboTku
COBCTBEHHbIX Moaynen, UNsTPOB U T.M.;

* nogaepxka pasnuyHbix popmatos dannos: VTK (XML v 6onee ctapble
BapuaHTbl), PLOT3D;

* CcoxpaHeHue pesynbratoB paboTbl B rpadmnyecknx annax pasnnyHbiX
dopmaToB;

* yAoOHble MHCTPYMEHTbl ANns ObICTPOro NOCTPOEHUA rpadukoB yepes
mlab.
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Cytb pabotbl ¢ Mayavi 3aknio4aeTcd B MNOCTPOEHMM MNOTOKOB AaHHbIX
(pipelines). Ha nepBoMm wWare gaHHble 3arpyXatTcs B crneumanbHble 00bekTbl
(data sources). MoxHO ucnonb3oBaTb Kak HenocpencTBeHHo VTK-ghannsl,
Tak U reHepupoBatb VTK-CTpyKTypbl M3 numpy MacCMBOB (UK OpYyrux
CTPYKTYp, ONA KOTOPbIX 3TO BO3MOXHO). [arnee npoucxoaut obpaboTka
OaHHbIX (NPOLECCUHI) C NOMOLWbLID (PUNbLTPOB, pesynbratbl 06paboTky,
nepegaloTca B Moaynb Budyanusauuu. O6nactb, B KOTOPOW BbIBOAUTCSA

pesyneTaT peHaepuHra Mogenu, HasblBaeTcs cueHon (Scene).
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maBa 13. BbiCcTpbIX cTapT

13.1 YcTaHOBKa

[na yctaHoBkn Mayavi MOXXHO BOCMNOSIb30BaTbCH NaKETHbIM MEHEIKEPOM Pip
nnbo conda (ecnn y Bac yctaHoBneHa Anaconda), unn cobpatb 6ubnunoteky

M3 NCXOOHUKOB.

[ns ycTaHOBKM Yepes pip BOCMNONb3yUTECH CReayrLwLmnMMm KOMaHgamu:

pip install mayavi
pip install PyQt5

D,J'Iﬂ YCTaHOBKU N3 NCXOOHUKOB:
git clone https://github.com/enthought/mayavi.git

cd mayavi
pip install -r requirements.txt
pip install PyQt5

python setup.py install

UTobbl NpoBEPUTL KOPPEKTHO N Mayavi yctaHoBunack Ha Baw K, oTkponTe

KOHCOMNb 1 BBEAUTE B HEW KOMaHAY:

mayavi2

B pesynbrate [gormkHa 3arpy3umtbcst 060novka, BHELLUHWMA BUA KOTOPOW

npencraeneH Ha pucyHke 13.1.
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Mayavi2 - The 3D data visualizer

File Visualize View Tools Help
Mayavi

LELY -

¥ = Mayavi Scene 1
{dR Add Data Source

® Mayavi Scene 1 X ‘
FHENNEZ® & £ B

‘Mayavi object editer

Python
=

Python 3.7.6 (default, Jan 8 20208, 19:59:22)

[GCC 7.3.8] on linux
| Type "help", "copyright", "credits" or "license" for more information.
e

| Python | Logger

PucyHok 13.1 — lNporpamma mayavi2 c rpadou4eckum nHtepdencom
ana 2D/3D-Bn3yanusauum

318



13.2 BbICTpbIN CTApPT

Mayavi npegnonaraeT HECKOSbKO CNOocOB0B paboThbl C HEW:
1. Pabota ¢ GUI npunoxeHnem mayavi2.
2. PaspaboTka nporpamm Ha a3blke Python, ncnonb3yowmx onbnmnoteky
Mayavi. TyT BO3MOXHbI [iBa BapuaHTa:
1. Paspabotka Python-moaynen.
2.Paspabotka GUI/ npunoXeHuWn co BCTpanMBaeMbiM [OBUXKOM
Mayavi.

3. cnonb3oBaHue Jupyter notebook.

Paspabotky GU/ npunoXxeHun co BCTpamBaeMblM [OBUMXKOM Mayavi Mbl
paccmatpuBaTb He 6ygem. Ecnmu kpaTko, TO CyTb 3TOM BO3MOXHOCTU
3aKkryaeTcs B TOM, YTO Bbl MOXETE cOo3aBaTb COOCTBEHHbIE NPUMOXEHUS C
rpadouyecknm nHTepencoB ¢ BHEAPEHHBIMU B HUX anemMeHTamun Mayavi ons
BM3yanu3aumm [OaHHbIX. TakMm 06pa3oM MOXHO noflyvyaTb peLLeHus,
NOAroToBMNEHHbIE MOA4 onpefenéHHble 3agadn. [na BHeapeHUA 3reMEHTOB
Mayavi vicnonb3yetcs Traits’. Bonee nogpobHo O TOM, Kak 3TO AenaTtb

MOXETE MPOoYUTaTh B OPULNANbHON AOKYyMeHTaumMn®,

HayHém Hawwe 3HakomcTBO ¢ GUI npunoxeHus Mayavi2.

13.2.1 Paboma c GUI npunoxxeHuem Mayavi2
[ns 3anycka Mayavi2 oTKponTe TepMuHan v BBeuTe:

mayavi2

B pesynbrate nosiBUTCA OKHO, NpeacTaBneHHoe Ha pucyHke 13.2.

19 https://docs.enthought.com/traits/

20 https://docs.enthought.com/mayavi/mayavi/building_applications.html
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Mayavi2 - The 3D data visualizer

File Visualize View Tools Help
Mayavi

T FEFR L QO O

Mayavi Scene 1 X |

EXYMEZEZ® 8 4L S

~ &= Mayavi Scene 1
{dgk Add Data Source

Engine Tree View

Mayavi object editor

Object editor

o

Python

Python 3.7.6 (default, Jan 8 2820, 19:59:22) =
[GCC 7.3.0] on linux

Type "help", "copyright", "credits” or "license" for more information.

Python interactive shell

Python | Logger -

Logger tab

PucyHok 13.2 — Mayavi2 ¢ anemeHTaMm OKHa nporpamMmmbl

Ha pPUCyHKe yKa3aHbl OCHOBHbIE 3NIeMeHTbl OKHa nporpamMmmebl.

Engine Tree View;
TVTK Scene;

Object Editor;

Python Interactive Shell;
Logger tab.

Ans Toro 4ToObl MO3KCNEPUMEHTMPOBATL C MPOrpamMmmon, 3arpysMm Habop

AEMO OaHHbIX, ONs 9TOro Ha naHenu MeHw Bblbepete File->Load data ->

Create Parametric Surface Source. lNocne atoro B obnactn "Engine Tree

View" byget nobaBneH MCTOUYHUK OaHHbIX:
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¥ &= Mayavi Scene 1

@@ ParametricSurface

@ Add module or filter

PucyHok 13.3 — Engine Tree View ¢ NCTOYHMKOM AaHHbIX

BoibepeTe "Add module or filter" B aepese anemeHTOB, nocre atoro B "Object
Editor" Bbl yBUOUTE CNUCOK MOoAynen v punbTpoB, pasgenéHHbIN Ha OBe
Bknagku. Boibepete mogynb Surface w3 Bknagkm "Visualization modules”
(HY>KHO [Ba pa3sa LLENKHYTb MO 3N1EMEHTY NIEBOW KHOMKON MbILIN (CM. PUCYHOK
13.4).

¥ &= Mayavi Scene 1

- ametrcsurfare

li. add module or filter

Mayavi object editor () ()
Visualization modules | Processing filters

W Scalar Cut Plane -

™ StructuredGridOutline
LA eamline

Ly Surface
|
W

M Text

M Text3D

W VectorCutPlane

M Vectors

M WarpVectorCutPlane

1 -
|

PucyHok 13.4 — [lo6aBneHne moaynsa Surface
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Ecnn BbI Bce caenanu npaBusibHO, TO Ha cCuUeHe OO0JIXXKHO NOABUTbCA

n3obpaxeHune Kak Ha pucyHke 13.5.

Mayavi2 - The 3D data visualizer

File WVisualize View Tools Help
Mayavi

xR 4+ 00 O

| v || Mayavi Scene 1

Mayavi Scene 1 X |

| EXEDNEEZ® B 40 WS

¥ [ 1] ParametricSurface
¥ % Colors and legends
Ly Surface
Mayavi object editor

Contours | Actor = Texturing

Enable Contours: |

QOO |
, Qo I~
K1l ﬁ [[]
Python (=]
|Python 3.7.6 (default, Jan 8 2020, 19:59:22) =
[GCC 7.3.8] on linux
| Type "help", "copyright”, "credits” or "license” for more information.

| m

| Python | Lu-gg_er '

PucyHok 13.5 — Busyanusauusa 3arpy>keHHoro Habopa gemMo-aaHHbIX

BepHyBLwUCh K anemeHTy "ParametricSurface" B "Engine Tree View", MOXHO

NOMeHATb Habop AaHHbIX, MO KOTOPOMY CTpouTcst 3D-moaens.
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¥ @ Colors and legends
M Surface

Mayavi object editor 5]

Function | Source |

boy -

View type: |Basic - |

Clockwise ordering: | | E ’7

-

PucyHok 13.6 — NameHeHne Habopa AaHHbIX

B Hawewm cny4yae BbibpaH BapmaHT boy, nomeHsieM ero Ha dini:

PucyHok 13.7 — Busyanusauus Habopa gaHHbIX dini Ha cueHe
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Mpumep ¢ neHton Mebuyca (mobius):

PucyHok 13.8 — Busyanusauma Habopa AaHHbIX mobius Ha cueHe

UTto kacaeTcs camoro moayrnsi noBepxHoctu (Surface), TO y Hero Toxe ectb
pag napaMmeTpoB, KOTOPbIE MOXHO MCNOMb30BaTb AN UBMEHEHUSI BHELLHETNO
Buaa urypbl Ha cueHe. Hanpumep, BepHute obpaTtHO Habop AaHHbIX boy,
Bblaenute Surface B okHe "Engine Tree View", nepenante Ha Bknaaky "Actor"
n nomeHante napameTtp "Representation" Ha 3HadyeHne wireframe. B

pesyrnbrate NSMeHUTCA TUMN NOBEPXHOCTU Ha npenctae/ieHne B BUOE KapKaca.
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¥ =] Mayawi Scene 1
* [ ParametricSurface

v ﬁiii EEE EEE egends

Mayavi object editor

Scalar visibility: v
Interpolate scalars before mapping:

| More options ... |

Property

Representation] | wireframe ~ |

Color: |(255,255,255)

Line width: 0.000 & & = @ 12.000 D

Point size: 0.000 & ¢ = © 11.000 D

_ Opacity: 0.0 === | 1.0 |10 |~
1 »

PucyHok 13.9 — UameHeHUe TUNa npeacTaBrieHUA NOBEPXHOCTU Ha
wireframe

B pesynbraTte nonyyute nsobpaxeHue, npeacrasneHHoe Ha pucyHke 13.10.

PucyHok 13.10 — lNoBepxHOCTb C NapamMeTpom
Representation=wireframe
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Takum obpasom, pabota ¢ Mayavi2 fosonbHO npocta. B obnactu "Engine
Tree View" cosgaloTcs M HacTpauBalTCA KOMMOHEHTbl B Criedylolem
nopsigke: McmoyHuk 0aHHbIX -> dunbmpsbl -> Modenbs. B obnactun "Object
Editor" nameHsiloTCs NapamMeTpbl KOMMNOHEHTOB, Ha CLEHe npeacTaBnseTcd

pesynsraTt paboThl.

13.2.2 Paspabomka Python-modyneil, ucnonb3yrouwjux Mayavi
Co3pganTe B BalleM TEKCTOBOM pedakTope AOKYMEHT C MMeHeM demo.py, B
KOTOPOM Mbl HanuweM KOA4, OEMOHCTpupylowmi paboty ¢ 6mubnuotekomn

Mayavi.

[ns Ha4Yana nMmnopTupyem HyxxHble GUbNMoTekn:

import numpy as np

from mayavi import mlab

C numpy Bbl O3HAaKOMWUIUCbL B Mpeablaywmx 4Yactax 3Ton KHurn. W3
onbnuoTtekn mayavi Mbl MMnopTupyem mogynbe mlab. OH npegocTtaBnsieT
WHCTPYMEHTblI ansa noctpoenuss 2D/3D-mopenen B Matplotlib ctune. Bebl
MOXeTe MCnorb3oBaTb mlab Kak B Koge CBOMX COOCTBEHHbLIX MOAYMeun, Tak u

B UIHTEPAKTMBHOWN cpeae.

MocTpoum Habop Touek oT -5 Ao 5 B konudectBe 700 wWTyK, OANS 3TOrO

BOCNosib3yemMcsa oyHkumnen Linspace U3 numpy:
t = np.linspace(-5, 5, 100)

Cosgagmm MaccuBbl € KoopaunHataMun ToHeEK X, y, Z AnA TpéxmepHon crimpanmn

yepes napaMeTpuyecKme ypaBHEHNS:

X

y
z

3 * np.cos(t)
3 * np.sin(t)
t / np.pi
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[obasnm koa ong noctpoeHus 3D-n3obpaxeHus:

s = mlab.plot3d(x, y, z, z, tube radius=0.1)
mlab.show()

[MprBeaém Becb Koa, KOTOPbLIN LOMKEH OblTb B BaleM danne demo.py:

import numpy as np

from mayavi import mlab

= np.linspace(-5, 5, 100)

= 3 * np.cos(t)

3 * np.sin(t)

=t / np.pi

= mlab.plot3d(x, y, z, z, tube_radius=0.1)
mlab.show()

n N < X
1l

OTKpoWiTe TepMUHan, nepenanTe B Katanor ¢ Mogyrnem demo.py v 3anyctuTe

NnpuiioXXeHne:

python demo.py

B pesynbrate OOMmMKHO OTKPbITbCA OKHO "Mayavi Scene" ¢ wmopgensto,

npencrasneHHon Ha pucyHke 13.11.

Mayavi Scene 1

P IXOMEZEZ® R 4EES

PucyHok 13.11 — NMpumep noctpoenuns 3D-monenu B Python c
ucnonb3oBaHuem Mayavi
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Mayavi Scene aBnsieTCcsl UHTEPAKTUBHOW Cpeaon, B HEW Bbl MOXETE BpaLlaTb
n3obpaxeHna, nNpuMBOAUTbL K W3OMETPUYECKOMY BUAOY, COXpPaHATb W
HacTpausaTb €ro.

13.2.3 Paboma ¢ Mayavi e Jupyter notebook
[Onsa otobpaxeHus pesynestatoB pabotel Mayavi B Jupyter notebook

HeoOxoauMoO ykasaTb backend, koTopbln OygeT wucnonb3oBaTbCs AN
npeacraeneHMsa mogenn. B 3aBUCMMOCTM OT TOro, KakoW Bbl XOTUTE
ncnonb3oBatb  backend, BaM  MOXeT MNOHAJOOUTLCA  YCTAHOBUTb

OONOJIHUTEINbHbIE KOMMOHEHTI.

Ona pabotbl ¢ backend'om ‘ipy' (pekomeHOyeMbI BapuaHT) HeobXxoammo

YyCTaHOBUTb NakeThbl ipywidgets v ipyevents:

conda install -c conda-forge ipyevents
conda install -c conda-forge ipywidgets

Backend ‘png' npencrtaBnsieT pesynbraT peHOepuHra B BuAe CTATUYHOro
n3obpaxeHnd. C HUM He nonyymTcsa nopaboTaTb B UHTEPAKTUBHOM PEXMME.
Ewé oauH BapuaHT backend'a ato x3d', kotopbln nopgepxuBaetr X3D-

ANeMeHThI, and ero ncnosrb30BaHUA BbINOITHUTE KOMaHAY:

jupyter nbextension install --py mayavi --user

[Mocne ycTaHOBKM BCeX HeobOXoOMMbIX KOMMOHEHTOB 3anyctute Jupyter
notebook. mnoptvpyem numpy M mayavi, OHM HaM noHagobatcsa ans
npumepa:

import numpy as np

from mayavi import mlab

Cregylowmn BaXHbIM LWwar — 3TO CKOHdurypmposatb Mayavi, nepepnas
MHOPMaLNIO O TOM, 4TO Mbl paboTaem c jupyter notebook, Ans 3TOro HY>HO

Bbi3BaTb (PpyHKUMO init notebook (). MNpu Bbi3oBe 6e€3 NapameTpoB MO
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ymonyaHuto 6yaet BblbpaH backend ‘ipy’, ecnn xoTuTe ykasaTb Kakon-HMbyab

ﬂpyFOlZ, TO nepe,u,a|7|Te ero M4 B Ka4ecCTtBe aprymeHTa:

mlab.init_notebook()

[Mocne BbINOMHEHUS1 3TOWM KOMaHAbl Bbl AOMKHbI MOMYYUTb creaylllee

cooOLleHue:

Notebook initialized with x3d backend.

B cnenytolen syernke seeanTe Koa:

np.linspace(-5, 5, 100)
3 * np.cos(t)

3 * np.sin(t)

t / np.pi

N < X
]

0n
Il

mlab.plot3d(x, y, z, z, tube_radius=0.1)

[arnee BbINOMHUTE A4YENKY C NEPEMEHHOM S:

In [5]: t = np.linspace(-5, 5, 188}

X =3 * np.cos(t)

y = 3 * np.sin(t)

z =1/ np.pl

s = mlab.plot3d(x, y, z, 2z, tube radius=0.1)
In [B]: s
out[6]:

PucyHok 13.12 — Npumep mayavi B Jupyter Notebook

Ecnn Bbl ncnonbayete ‘ipy’ unn x3d' backend, To mogene (M3obpaxeHue)

OyoeT HTepakTMBHOW, €€ MOXXHO ByaeT BpallaTtb, MacwTabupoBaTtb 1 T.0.
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maBa 14. HacTpouka npeacraBneHus

CaMbIM BbICOKOYPOBHEBbLIM ariemeHToM Mayavi npu pabote ¢ Hen B Python-
ckpunte asnsetca durypa (Figure). B ganbHenwem noHATNA cueHa (Scene)
n cdurypa (Figure), ecnn He oroBapuBaloTCs OTAENbHO, ByayT NOHMMAaTLCA
KaKk CUHOHMMbI. Ha cueHe npoucxoaut oTtpucoBka 2D/3D-nsobpaxeHus.
[MoMMMO camoro u3obpakeHusi, MOXHO OTAENbHO HACTPOUTb OKPYXKEHMe,
KOTOpOE BKIIHOYaeT HaCTPOWKY OCer KOopAMHAaT, HAaCTPOWKY U pasMeLleHue
anemeHTa colorbar. OTOeNbHO MOXHO BbILENUTL YNpaBrieHNne Kamepon Ha

cueHe. PaccMOTpuM 3TU MHCTPYMEHTbI Bbonee nogpo6Ho.

14.1 YnpaBneHue ®durypou/CueHon

Bce MHCTPYMEHTbLI, KOTOpPbl€ NnpeaoctasideT Mayavi ana  ynpasneHud

cueHou, pacnosaratoTcs B nakete mayavi.mlab.

PyHKUMA clf()

BbinonHset OYUCTKY CLEHbI.

MpotoTnn pyHKUNK:
clf(figure=None)

MapameTpbl PyHKUNK:
« figure
o CueHa, coOepXMmMoe KOTopoM Heobxoammo o4unctutb. Ecnu

3Ha4yeHune paBHO None, TO 6yp,eT o4nleHa TeKkylaa cueHa.

®dyHKuma close()

3aKpbIBaeT CLIEHY.

MpoToTnn PyHKUUN:

close(scene=None, all=False)
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MapameTpbl PyHKUNK:
e scene
o WpeHTudumkatop durypbl, KOTOPYK HYXHO 3aKpblTb, MOXET ObiTb
4Yncnom, cCTpokonm nunbo obbektom Scene. Ecnu 3HadeHue paBHO
None, TO ByaeT 3akpbliTa TeKkyLasi CueHa.
e all
o Ecnu napameTp paBeH True, TO ByayT 3aKpbiThl BCE CyLLECTBYIOLLNE

CLIEHbI.

DPyHKuMA draw()

BbINoNHSAET NpUHYAMTENBHYO NEPEPUCOBKY CLIEHbI.

[MpoToTnn PyHKUUN:

draw(figure=None)

MapameTpbl PyHKUMN:
« figure
o CueHa, KOTOPYH HY>XHO nepepucoBatb. Ecnun 3HavyeHne paBHO None,

To ByaeT nepepucoBaHa Tekyllas cLeHa.

PyHKumA gcf()

BosBpallaeT ykasaTernb Ha TEKYLLYH CLEHY.

MpoTotnn pyHKUNK:

gcf(engine=None)

MapameTpbl PyHKUNK:
* engine
o [1BMXOK, N3 KOTOpOro byaet nonyyeHa cueHa, UCnonb3yeTcs eCnu Bbl

pa60TaeTe C HECKOJITbKMMIW OBWXXKaMW.
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PyHKUMA savefig()

CoxpaHsaeT cogepXumoe cCcueHbl B Buae uM3o0paxeHus. PyHKUMS
NpenocTaBnsieT BO3MOXHOCTb COXpaHUTb W300pakeHne B OAHOM U3
cnepyowmx oopmatoB: png, jpg, bmp, tiff, ps, eps, pdf, rib (renderman), oog/

(geomview), iv (Openlnventor), vrml, obj (wavefront).

[MpoTotnn pyHKUNK:

savefig(filename, size=None, figure=None, magnification='auto', **kwargs)

MapameTpbl PyHKUNK:
e filename
o Wma dbanna gns coxpaHeHus.
* size
o Pasmep CoxpaHSeMoro n3obpaxeHus.
« figure
o CueHa, KOTOPYH HY>XHO COXPaHUTb Kak nsobpaxxeHue.
e magnification
o MacwTabHbln KO3(PUUMEHT ANns nepesoda n3obpaeHnsa ¢ akpaHa

B COXpaHdAemMoe M306pa>|<eHMe.

PyHKUMA screenshot ()

BoaBpaluaeT cogepXxnmoe cueHbl (M3obpakeHne) kak MaccuB.

MpoToTnn PyHKUUN:

screenshot(figure=None, mode='rgb', antialiased=False)

MapameTpbl PyHKUMN:
e figure
o CueHa, nsobpaxeHue c Kotopomn byaet B3ATO.
* mode

o LlBeToBOW pexum nsobpaxeHna {'rgb', 'rgba’'}.
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e Antialiased
o Ecnn 3HayeHue paBHO True, TO NPU PEHOEPUHre CKpUHLLOTa Oyaet

MCcnonb30BaTbCA aHTUAJTTU3NHTI.

PyHKUMA figure()

Co30aéT HOBYIO CLIeHY MY BO3BpaLLaeT TEKYLLYIO.

[MpoTotnn pyHKUNK:
figure(figure=None, bgcolor=None, fgcolor=None, engine=None, size=(400,

350))

[MapameTpbl PyHKUNK:
e« figure
o Ecnu napameTp paBeH None, To ByaeT BO3BpalleHa TekyLlasa cueHa,
nHa4ve ByaeTt cosgaHa HoBas.
* bgcolor
o LlBeT 3agHero goHa CueHbl.
e fgcolor
o LlBeT TeKCTOBbIX 3/IEMEHTOB Ha CLIEHE.
* engine
o [Bmxok Mayavi pna ynpaBneHus ourypomn.
e size

o Pasmep cueHbl. 3HadyeHne no ymonyanuio (400, 350).

PaccmoTpyMm Ha npumepax paboTy c cueHow. Ons Hayana MMnopTvpyem

HY>XHbl€ MaKeTbl.

import numpy as np
from mayavi import mlab

import matplotlib.pyplot as plt
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Cospagnum maccus, cofepalimii KOOpAWHaTbl yXe 3Hakomon Ham 3D-

crinpannm:
t

np.linspace(-5, 5, 100)
3 * np.cos(t)

3 * np.sin(t)

t / np.pi

X
y
z

Hactpoum pns HOBOW CuEHbl CBETNO-3erieHbln 3agHuM (POoH (napameTtp
bgcolor), KpacHbIM LUBET AN TEKCTOBLIX Hagnucen (napametp fgcolor) un

pasmep 300x300:
mlab.figure("test_fig", bgcolor=(0.56, 0.93, 0.56), fgcolor=(1, @, 0),
size=(300, 300))

MocTpoum 3D-cnuparnb 1 0Tobpasnm CLEHY:

s = mlab.plot3d(x, y, z, z, tube_radius=0.1)
mlab.title("Test Fig")

mlab.show()

B pesynbraTe nony4nm cueHy criegytollero Buaa:

P IRMTEEZ® 8 &

»

Tei’r FIg

PucyHok 14.1 — [leMoHCTpauus BO3MOXHOCTEN mayavi Ans HaCTPOMUKHN
CLeHbI
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Ecnn Bbl XOTUTE COXpaHWUTb CLEHY Kak M3obpaxeHune, TO HY>XHO 000aBUTb
nepen dyHkumen mlab.show() nMbo BMecTo Heé, ecrnn He XoTuTe, YTOObI

cueHa oTobpaanacb Ha aKpaHe, CTPOYKY:

mlab.savefig("test.png")

Co,u,epmmmoe CUEHbl MOXHO MOJTy4YUTb KakK VI306pa)KeHVIe B BUOE MaccCuBa

Ons aaneHenwen obpaboTku. YoanuTte unn 3akOMMEHTUPYUTE CTPOYKY:
mlab.show()

[obaBLTe creayoLwmnm Koa:

f = mlab.gcf()
f.scene._lift()

img = mlab.screenshot()
plt.imshow(img)
plt.show()

[MepBble AOBE CTPOKM HyXHbl AnNs Toro, 4Todbbl QYHKUMS screenshot
HopMasibHO paboTtana. Ha MoMeHT HanucaHusa kHurm B Mayavi 6bina owmnoka,
KoTopass He nosBonsna 6e3 HuMX nosyvyaTb CKPUHLLOT. [ns Bu3yanusaumm
n3obpaxkeHna ncnonbadyetcs pyHkumna imshow() ns émbnuotekn Matplotlib. B

pesynbrare Nofly4YMMm OKHO, NpencTaBfieHHOe Ha pucyHke 14.2.
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PucyHok 14.2 — Mopgenb B Buae n3oopaxeHus

14.2 Hactpounka anemeHToB ochopmMrieHus

Mog anemeHTamun ocopmneHnsa Byaem NOHUMaTb rpadouyeckue 3reMEHTHI,
KOTOpble He SBMSAKTCA HenocpeacTBeHHO caMuMm  rpadukom. K Hum
OTHOCSITCSl 3arofioBOK, OCM KOOpAMHAaT, MeTKU, anemeHTbl colorbar n T.n. Bce
YHKUMN ONa  ynpaBrieHUs areMeHTaMu odOpMIIEHUS pacrnonaralTcs B

nakete mlab.

Cnuncok pyHKUMn npeacTtasneH B Tabnuue 14.1.
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Tabnuua 14.1 — PyHKUMM ynpaBneHnUsa aneMmeHTaMmum ochopmneHus

PyHKUMA OnucaHue
title() 3aronoBOK CLUEHbI.
outline() BHewWHNn KOHTYp Moaenw.
axes() YnpasnseTr BHELWHUM BUOOM KOOPAUHATHLIX OCEN.
xlabel() Mognuck ocm X.
ylabel() Mognuce ocn y.
zlabel() Moanwuck ocn z.
colorbar() LiBeToBas nonoca.

14.2.1 3aronoBoOK CL|eHbI

HayHéM Halue 3HaKOMCTBO C 3arorioBka cueHbl. C HAM Mbl yXke BCTpeyanucb

B NpeablayLLeM pasaene, Koraa cosaasanu U HacTpameanu ourypy.

npOTOTI/II'I beHKLI,I/II/I Aangd ynpasneHund 3aroJyiloBkoM MMeeT BU:

title(*args, **kwargs)

MapameTpbl PyHKUMN:
e color
o LlBeT 3aronoBka, 3a4a€TCs Kak KOPTEX U3 TPEX ANEMEHTOB, KaXabln
N3 KOTOPLIX SABMSETCS Yicnom B gnanasoHe ot 0 go 1.
« figure
o CueHa, Ha KoTopon Oyaetr oToOpak€H 3aronioBoK. Ecnv napametp
paBeH None, TO Hagnucb ByaeT BbiBe4EHA HA TEKYLLUI CLEHE.
 height
o BblcoTa, Ha KOTOpOW crneayeT pacrnonoXuTb 3arofioBOK, 3agaéTcsa
Kak nponopuus oT paamepa purypsbi.
* line_width

o LUnprHa NMHUK CUMBOSOB. 3HA4YEeHME MO YMOMNYaHUIo: 2.
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e opacity

o [1po3payHOCTb, 3Ha4YeHue Nno ymosnyaHumio 1.
e size

o Pasmep 3arosioBka.
* name

o ma co3paBaemMoro oobekTa.

Mpumep paboTbl C 3arofoBKOM:

import numpy as np

from mayavi import mlab

np.linspace(-5, 5, 100)
3 * np.cos(t)

3 * np.sin(t)

t / np.pi

N < X -t
1l ]

s = mlab.plot3d(x, y, z, z, tube_radius=0.1)
mlab.title("Test Fig", color=(0,1,0), height=0.1, opacity=0.5, size=1.5)

mlab.show()

Mayavi Scene 1

P I EZZ@® B &H EHS

PucyHok 14.3 — [lemoHcTpauusa paboTbl ¢ pyHKumen title()
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14.2.2 BHeWWHUN KOHTYpP Moaenu

Ha cueHe MOXHO pasMecTUTb KOHTYpP BOKpPYr Mogenw, pgnsg 9Toro
ncnonbayetcs pyHKuma outline():

outline(*args, **kwargs)

MapameTpbl PyHKLNK:
e color
o LlBeT NUHUK, 3aaeTCH KaK KOPTeX U3 TPEX SNEMEHTOB, KaXabln U3
KOTOpbIX siBASeTCs YiMcnom B gnanasoHe ot 0 go 1.
* extent
o [eomeTpua koHTypa [xmin, xmax, ymin, ymax, zmin, zmax],
Mo ymonyaHuio byayT B3siTbl pa3mepbl MOAENN.
« figure
o CueHa, Ha KoTopon OyameT oTobpak€H BHELIHUMA KOHTYp. Ecnu
napameTp paBeH None, TO Hagnucb ByaeT BbiBeJeHa Ha Tekyllen
CLeHe.
* line_width
o LunpuHa NnuHUK. 3Ha4YeHre Mo yMOrYaHuIo: 2.
* name
o ma co3paBaemMoro oobekTa.
e opacity

o [1p0o3payHOCTb, 3HA4YEeHME NO yMosYaHuo 1.

Paccmotpum paboty ¢ outline() Ha npumepe. Kog ans uMmnopra Hy>XHbIX
OmbnuoTtek N cosgaHns MaccmMBOB C KoopAuHaTamu: t, x, y, Z NpuBOAUTb He
Oyoem, moxeTe ero B3sTb U3 pasgena "714.2.1 3azoro060k cueHsbl". Huxe

npeacTaBneHa nporpamma ans oTpUCOBKM pamMkn Bokpyr 3D crnivpanu:
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s = mlab.plot3d(x, y, z, z, tube radius=0.1)
mlab.outline(color=(0.9, 0.9, 0.9), line_width=3, opacity=0.5)
mlab.show()

B pesynbrate Oyaet NnocTpoeHa cueHa, npeacTaBneHHas Ha pucyHke 14.4.

Mayavi Scene 1

P I EZE® R &EES

PucyHok 14.4 — [lemoHcTpauusa pabotbl ¢ ¢pyHKUmen outline()

14.2.3 HacTtpounka ocen koopauHaTt

3a ynpaBneHue BHELWHUM BUOOM KOOpAMHATHbIX OCen oTeBedvaeT (yHKLUUA
axes (), nognucm ocen MOXHO 3agaBaTtb C nomolbko xlable(), ylabel(),

zlabel(). PaccmoTtpum nx 6onee nogpobHo.

PyHKUMA axes()

yl'lpaBJ'IFIeT BHELLUHMUM BMOOM KOOPAMHATHbIX ocen.

[MpoTotnn pyHKUNK:
axes(*args, **kwargs)

MapameTpbl PyHKUNK:
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color

* LlBeT, 3agaéTca Kak KopTeX U3 TPEX 3MNEMEHTOB, KaXXabl U3 KOTOPbIX
ymcno B AnanasoHe ot 0 oo 1.

extent

- [eometpma [xmin, xmax, ymin, ymax, zmin, zmax], no
yMosn4aHuio 0yayT B3ATbl pa3mMepbl Mogenu.

figure

« CueHa, Ha koTopon 6yoyT oTobpaxeHbl ocu koopauHat. Ecnwu
napameTp paBeH None, TO Hagnucb ByaeT BblBeAeHa Ha TeKyLui
cueHe.

line_width

* LUupurHa NnnuHUK. 3Ha4YeHne NO YMOYaHuIo: 2.

name

* Kms co3gaBaemoro obbekTa.

nb_labels

* Konn4yecTtBo METOK BOOSb KAXXO0ro HanpasrieHns OCeNn.

opacity

* [IpospayHOCTb, 3HAYEHME MO yMon4yaHuto 1.

ranges

* [nanasoHbl METOK, oTOBpaxaemMmble Ha ocsax: [xmin, xmax, ymin,
ymax, zmin, zmax], no ymonyaHuto 6epyTtca pasmepbl Mogenu.

X_axis_visibility

* OTobpaxaTb UK HET OCb X.

xlabel

« [loanucb ocu x.

y_axis visibility

* OTobpaxaTb U HeT OCb .
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 ylabel

« [ognuce ocn y.
e z_axis_visibility

* OTtobpaxaTb UNn HET OCb Z.
e zlabel

+ [lognucb ocu z.

Mpumep paboTbl ¢ dyHKuMen axes(), AaHHble ONs NOCTPOEHUS MOAENU

cnegyet B3ATb U3 NpuMepa, NpeacTaBrieHHoro B pasgene "14.2.1 3azonoeok
CUEHbI":

s = mlab.plot3d(x, y, z, z, tube_radius=0.1)

mlab.axes(color=(9,1,0), nb_labels=5, ranges=[0, 10, 0, 10, 0, 10],

z_axis_visibility=False, ylabel="y_ax", zlabel="z_ax"

)
mlab.show()

Mayavi Scene 1

P IR EEZ® B 4H BSOS

PucyHok 14.5 — NMpumep pabotbl ¢ hyHKUMEN axes ()
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[na 3agaHma noonucen Anst OCeM KoopauHaT MOXHO BOCMOMb30BaTbCA
yHkunammn xlabel(), ylable(), zlable(). lepeuncneHHble QyHKLNUM
MMEIT OOMHAKOBbIA HaAbOp aprymeHToB, B KayecTBe npumepa npuBeném

npototvn xlabel():
xlabel(text, object=None)

MapameTpbl PyHKLNK:
* text
o [lognucb ocu.
 object

o OOBLEKT, K KOTOPOMY OyaeT NPMMEHMMU AaHHas HacTpoika.

Mpumep paboTbl ¢ PyHKUMAMKU x1abel(), ylable(), zlable():

s = mlab.plot3d(x, y, z, z, tube radius=0.1)
mlab.xlabel("x_ax"

mlab.ylabel("y_ax")

mlab.zlabel("z_ax"

mlab.show()

PucyHok 14.6 — lNpumep padoTtbl ¢ pyHKUuaAMU xlabel(), ylable(),
zlable()
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14.2.4 HacTtpounka uBetoBou nosnocbl (colorbar)

[ns pasmMelleHnss Ha CLeHe LIBEeTOBOM MOSIOCbl BOCMNOSIb3yNTeCh (PYHKLMEN
colorbar(), ecnu Bbl XOTUTE SIBHO yKasaTb, YTO LBETOBas Morioca HyXHa
AN CKansApHbIX AaHHbIX, TO Ucnonb3ynte scalarbar(), AN BEKTOPHbIX

vectorbar().

MpoToTnn pyHKUUK:
colorbar(object=None, title=None, orientation=None, nb_labels=None,

nb_colors=None, label fmt=None)

[MapameTpbl PyHKUMN:
e object
o QOB6bekT, ona koToporo 6yaet cTtpoutbca colorbar.
« title
o 3aronoBoOK anemMeHTa colorbar.
e orientation
o OpueHTauusi: 'horizontal' — ropusoHTanbHas, 'vertical’
BepTUKarnbHas.
* nb_lables
o KonnyectBO METOK, KOTOpoe OyaeT oOTobpaxeHO Ha LBETOBOM
nosnoce.
« label fmt
o labnoH TekCcToBOro 0oOpMMeHnUst METKM.
* nb_colors
o MakcuMmarnbHOEe KONMYeCcTBO LBETOB, KOTOpoe ByaeT oTobpaxXeHo Ha

LBETOBOW Nosioce.
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Mpumep ncnonb3oBaHus colorbar():

s = mlab.plot3d(x, y, z, z, tube radius=0.1)
mlab.colorbar(s, title="Bar v1", orientation="vertical”,
nb_labels=5,label fmt="%.1f")

mlab.show()

PucyHok 14.7 — lNpumep paboTbl ¢ hyHKLuMen colorbar()

OrpaHnynm KonnyecTBo LBETOB Ha colorbar'e:
s = mlab.plot3d(x, y, z, z, tube radius=0.1)

mlab.colorbar(s, title="Bar v2", orientation="vertical"”, nb_labels=5,

label fmt="%.1f", nb_colors=10)
mlab.show()
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PucyHok 14.8 — OrpaHunyeHue Konu4yecTBa LiBETOB Ha 3fieMeHTe

Mayavi Scene 1

P IZEENEZEZ@® B 4AHE S

colorbar

14.3 YnpaBneHue Kkamepou

Mayavi npegocTtaBnsieT psiq MHCTPYMEHTOB AN YNpaBleHUs MONOXeHNeM

Kamepbl, C KOTopon npoucxoant o063op 3D-cueHbl,

npeactaeneH B Tabnuue 14.2.

Tabnuua 14.2 — ®yHKUMM ynpaBneHUsa Kamepon

PyHKUMA OnucaHue
move [NepemellaeT kamepy 1 OKyC.
pitch ?pamaeT Kamepy BOKPYr OCW, KOTOpasi COOTBETCTByET
NpaBoMYy' HaNpaBMneHUIo.
roll 3apaét / Bo3BpawlaeT abContoTHLIN Yron KpeHa KaMmepsbl.
view 3apaét / Bo3BpawlaeT TouKky ob63opa kamepbl.

CANCOK  PYHKLNK
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yaw

Bpawjaetr kamepy BOKpyr ocu, KOoTOpasi COOTBETCTBYET
“BepxHeMy” HanpaBSieHUIo.

Bonee noapobHo 060 Bcex 3TN PYHKUMAX YNpaBrneHus KaMepon Bbl MOXETe

npoYnTaTh B 0OULMANbHON AOKyMEHTaUMN',

[nsa npumepa paccmoTpum paboTy ¢ pyHkumen view(). MNMpotoTmn dyHKUMN:

view(azimuth=None, elevation=None, distance=None, focalpoint=None,

roll=None, reset_roll=True, figure=None)

MapameTpbl PyHKUMN:

azimuth

o A3nmyT, 3agaétca B rpagycax (ot 0 go 360).

elevation

o [logbém, 3agaétca B rpagycax (ot 0 go 180).

distance

o PacctosiHne, oT (okyca [0 Kamepbl. Ecnn noctaButb 3Ha4vyeHue
‘auto’, To Byget nogobpaHo Hausnyyllee 3HadYeHue.

focalpoint

o @okyc kamepbl. Ecnu noctaBuTb 3HadeHne ‘'auto', TO Oyaer
nogobpaHo Hauny4llee 3Ha4YeHue.

roll

o 3afaéeT BpalleHne KaMmepbl BOKPYTr OCW.

reset roll

o Ecnu 3Ha4yeHue paBHO True, TO NapamMeTp roll He yyuTbIBaeTCs.

figure

o CueHa, Ha KOTopoW ByaeT NPOM3BOANTLCS YNpaBrieHNe Kamepon.

21 https://docs.enthought.com/mayavi/mayavi/auto/mlab_camera.html
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Mprmep paboTbl ¢ pyHKUMeN view():

v = mlab.view()
mlab.view(azimuth=0, elevation=0, distance=20, focalpoint=[1,0,0])

mlab.show()

B pesynsrate nony4mm criegytolee n3obpaxeHue:

Mayavi Scene 1

P EEIEZEZO® 8 4E @

PucyHok 14.9 — lNMpumep paboTbl ¢ hpyHKuMen view()
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maBa 15. Busyanusauua gaHHbIX

B pamkax paHHOro pasgena paHo onucaHune wu npumepbl paboTbl €
dyHkunamn ana 2D/3D-Bun3dyanusaummn, Kotopble npegoctasnsetr Mayavi. B
cnegywouwem pasgene: “fnasa 16. MHcmpymeHmbl Mayavi’ 6yaet pacCMoOTpeH
bonee oOWMM nNogxod K peleHUuo JaHHOM 3adadn C UCMNoSfb30BaHMEM

KOHBenepoB 06paboTkn AaHHbIX.

Bce dyHkumn Mayavi onsa Budyanumsaumm AOaHHbIX MOXHO pasgenuTtb Mo
pasMepHOCTU MacCMBOB [aHHbIX, C KOTOPbIMX OHM paboTatoT, a UMEHHO, 3TO
MoryT 6bITb ogHOMepHble (1D) BekTopa, ABYMepHble (2D) Tabnuubl JaHHbIX U
TpexmepHble (3D) Habopbl. Bce dyHKuuM, npencraBneHHble B AaHHOM

pasfgerne, pacnosnaratTcs B nakete mlab.

O6wwme napameTpbl ANa yHKUMA BU3yanusauuu:

e color
o LlgeT. 3agaéT eaMHbIN UBET AN BCEX 3fIEMEHTOB, B BUAE KOpTexa
N3 TPEX ANEMEHTOB, KaXabl U3 KOTOPbIX — YNCO B AnanasoHe ot 0
no 1.
 colormap
o LlBeTtoBas nanutpa. Ecnn ncnonb3yetcs aprymeHT s unm f, 1o uset
anemeHToB ByaeT BbIOMpPAaTbCS B 3aBUCUMOCTU OT UX 3HAYEHUN.
* extent
o Pa3smep mopgenu. 3agaétca B BUae cnucka [xmin, xmax, ymin,
ymax, zmin, zmax]. [lo ymonyaHuiO MCNonNb3yeTcs pasmep U3
MacCuBOB X, Y, Z.
« figure

o CueHa, Ha KOTopow ByaeT pasMelleHa Mogerb.
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e line_width
o LUupuHa nuHuK. 3HavyeHne no ymonyaxuio: 2.0.
* name
o Mg moaenm.
* opacity
o [1po3payHOCTb.
* reset_zoom
o Cbpoc macwtabupoBaHus.
* vmax, vmin

o MakcumanbHoe N MMHUManbHOE 3Ha4YeHNST LIBETOBOW LLKarbI.

15.1 ®yHKUMKM AnA paboTbl ¢ OAHOMEPHbIMMU Habopamu

OaHHbIX

[Ana Bu3yanusaumm oOOHOMEPHbLIX HABOPOB AaHHbIX B 3D-nNpocTpaHcTBe

OOCTYMHbI PyHKUMN, NpeacTaBreHHble B Tabnuue 15.1.

Ta6bnuua 15.1 — ®yHKkumn Mayavi pna Busyanusaumm OLHOMEPHbIX
HabopoB AaHHbIX

DyHKUMA OnucaHue

points3d Buayanusauus Habopa gaHHbIX B BUAE TOYEK.

plot3d Buayanusauus Habopa gaHHbIX B BUAE JIMHUN.

Busyanunsaumsa Habopa AaHHbIX B BUAE BEKTOPHOIO MNOJs

iver3d
auLv (cTpenok).
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15.1.1 ®yHKUMNA points3d()

PyHKUMSA points3d() oTobpaxaeT B BuAe cneumanbHbIX W300pakeHWUn
(rmndboB) TOYKM, KOOPAMHATLI KOTOPLIX NepeaarTcsl Yepes apryMeHTbl X, y U
z. B pononHeHune K nepeuncneHHblM B rmaee 15 "Bu3syanu3sauyus daHHbIX" ons
dyHKUMKM points3d() [OCTynHbI cnegyowme napameTpsbl:
* X,Y, z: numpy-maccus, 1list
o KoopAauHartbl TOYeK.
* s numpy-maccus, list
o MaccuB, pa3amMep KOTOPOro AOrmKeH coBnagaTb C X, Y, z. Cogepxut
yucna, xapaktepusyrlLwime Kaxgyr Touky. MoXeT mcnonb3oBaTbCs
ONK yrnpasfieHns LBETOM Ui pasmMepom rmmndos.
« f:callabel
o @yHKkuma f(x, y, z), KOTOpas BO3BpaLlaeT XapakTepucTunieckoe
YUCNO [ONA KaXOOW TOYKM WCXOAHOro Habopa AaHHbiX. MoxeT
NCNosSb30BaTbCs AN ynpaBfieHUs: LBETOM UK pa3MepomMm rmngoos.
e mask _points
o OnpegenseT Lwar U3BreYeHnst JaHHbIX U3 nepegaHHbIX HAabopoB X,
y, Z. Vlcnonb3yeTcs Ans yMEHbLUEHUS KonuyecTBa oTobpakaemMblx
anemeHToB npu pabote ¢ 60MnbLwMM HADOPOM AAaHHbIX.
* mode
o 3apgaét ctunb rmudos: '2darrow', '2dcircle', '2dcross',
'2ddash', '2ddiamond', '2dhooked arrow', ‘'2dsquare’,
'2dthick_arrow’, '2dthick_cross’, '2dtriangle’,
'2dvertex’, ‘arrow', 'axes', ‘cone’, ‘cube’,
'cylinder', 'point', 'sphere'
* resolution

o PaspelueHune rmuda.
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Paccmotpum Ha npumepax paboty ¢ points3d(). 3arpysvm HyXHble

onbnmotekn n cosgagum Habop AaHHbIX ANst SKCNEPUMEHTOB:

import numpy as np

from mayavi import mlab

np.linspace(9, 2*pi, 15)
= 3 * np.cos(t)

3 * np.sin(t)
=0 *t

2 * np.cos(t)

n N < X
1l

Buayanunsunpyem Habop AaHHbIX B BUAe cdep B 3D-NpocTpaHCTBe:

mlab.points3d(x, y, z)
mlab.show()

PucyHok 15.1 — [lemoHcTpauma pabotbl hpyHKUMM points3d()
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Ecnu nepenatb MaccuB s B KayecTBe YETBEPTOro napameTpa, TO 3HaYeHUs

13 Hero ByayT MUCMONb30BaTLCA AN1A onpeaeneHns LUBeTa 1 pasMmepa rmmudoB:

mlab.points3d(x, y, z, s)

Mayavi Scene 1

P IR FEZEZ® 8 £ O

PucyHok 15.2 — [lemoHcTpauua paboTbl ¢ napameTpoM S hyHKLUM
points3d()

BmecTo s MOXXHO ncnosnb3oBaTh f:

f _attr = lambda x, y, z: np.array([2*np.random.rand() for _ in
range(len(x))])
mlab.points3d(x, y, z, f_attr)
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PucyHok 15.3 — lemoHcTpauusa paboTbl ¢ napameTpom f hyHKLUN
points3d()

3agagum BceM rmMuamMm OOWHAKOBLIM LBET, TakkKe W3MEHUM 3HaJeHue
napameTtpa resolution, BHayane npuceoMM emy 3HadeHue 4, rnotom 16,
KOO NpuBedEH AN BapuaHTa 4:

mlab.points3d(x, y, z, color=(9,1,0), resolution=4)

Mayavi Scene 1 - 0o @ Mayavi Scene 1

» IR EEZEZ® = 40 HE P INEXIEZEZ® B 48 B

PucyHok 15.4 — [lemoHcTpauma paboTbl ¢ napameTpom resolution
pyHKUMM points3d()
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O6patnte BHMUMaHME Ha KayecTBO MMUGOB BO BTOPOM BapuaHTe (npwu
bonbwoM 3HavyeHun napameTpa resolution). M3ameHMMm ucnonb3yemyro

LBETOBYIO NAnNUTPY, BHELLHWI BUA MUAGOB U NPO3PaYHOCTb:
mlab.points3d(x, y, z, s, colormap="plasma", mode='cylinder’,

opacity=0.7)

Mayavi Scene 1

P IXNNEZZO 248 EE

PucyHok 15.5 — [leMmoHcTpauus paboTbl ¢ napameTpamu colormap,
mod, opacity cyHKumm points3d()

15.1.2 ®yHKuua plot3dd()

®PyHKumMa plot3d() cTpouUT NUHUKM MO NepefaHHbIM OOHOMEPHBIM MaccMBam
AaHHbIX B 3D-npocTtpaHcTBe. [MOMUMMO nepeyncrneHHbIX B Hadane rnasbl
obwmx napameTpoB, plot3d() wnmeeT paL yHUKaNbHbIX apryMEHTOB:
* X,Y, z: numpy-maccus, 1list
o KoopauHaTtbl TOYEK.
* representation

o Twun noBepxHoCcTM mogenu: 'surface', ‘'wireframe', 'points'.
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 tube radius
o Pagwnyc Tpybbl, KOTOpasa Ucnonb3yeTcs Ans npeacraBneHust NMUHUN.

« tube_slides
o KonnyectBo KOMMOHEHTOB TPyObl, KOTOpoe Wcnonb3yeTcsa Angd

npeacTaBneHna NIMHUN. 3Ha4eHne no yMonyaHuto 6.

Habop aaHHbIX ans paboTbl:

t = np.linspace(9, 5*np.pi, 100)
X =t * np.cos(t)

y =t * np.sin(t)

z =t

[MocTponm NpocTyo Moaenb ¢ NoMoLLb plot3d():

s = mlab.plot3d(x, y, z)
mlab.show()

Mayavi Scene 1

P EIEZENIEZEZ® B &L @O

PucyHok 15.6 — [lemoHcTpaumsa paboTbl ¢pyHKUMMU plot3d()
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MocTpoum mogenb B Buae Tpybbl ¢ paguycom 0.5, 4ONOAHUTENBHO YKaXeMm
napameTp s Ans 3agaHna uUBeTa pasHblM yyacTkam Tpybbl, B KayecTBe
LLBETOBOW KapTbl BbIDEPEM rainbow:

s = mlab.plot3d(x, y, z, z, colormap="rainbow", tube radius=0.5,

tube_sides=3)

Mayavi Scene 1 - O

P RN EZEZ@ B 4L EHS

PucyHok 15.7 — [lemoHcTpauusa paboTbl ¢ napameTpamMmm colormap,
tube_radius, tube_sides dpyHKkumum plot3dd()

MapameTp tube sides, kak yxe OblIO ykasaHO Bbiwe, OTBeYaeT 3a
KONMYecTBO rpaHen Tpybbl, B JaHHOM NMpuMepe Mbl MOCTPOUNU TPEYroSibHYIO

TPyOy. OTO XOPOLLO BUAHO MNpu pakypce, NpeacTaBneHHOM Ha pucyHke 15.8.
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Mayavi Scene 1

P I ZEZ@ B 4L HS

PucyHok 15.8 — CtpykTypa TpyObl

Mpuceonm napameTpy tube sides 3HayeHuMe 6, Tenepb Tpyba umeer

cdhopmy LecTUyronbHUKa:

Mayavi Scene 1

P EIIEZEZ® B &EES

PucyHok 15.9 — [lemoHcTpauusa pabotbl ¢ napameTpom tube_sides=6
¢pyHKUmMKM plot3d()
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YBenuuum pasmep Tpyobl 1 NOMEHSIEM CTUIb MOBEPXHOCTM Ha wireframe:

s = mlab.plot3d(x, y, z, z, tube_radius=1.5, tube_sides=10,

representation="wireframe"' )

Mayavi Scene 1

P EXYNEZEZ® 8 £H8 ES

PucyHok 15.10 — [lemoHcTpauua paboTbl ¢ napameTpamm
representation="wireframe' dyHKkuun plot3dd()

15.2 OyHKUMM Ana paboTbl ¢ ABYMepHbIMU Habopamu

OaHHbIX

Ona Budyanusauumn [OBymMepHbIX HabopoB AaHHbIX B 3D-npocTpaHcTBe

AOCTYMHbI PYHKUNK, NpeacTaBneHHble B Tabnuue 15.2.

Ta6bnuua 15.2 — ®DyHkuumn Mayavi ana Busyanusauum ABYMEpPHbIX

HaGopoOB AAHHbIX

PyHKUMA OnucaHue

imshow Buayanunsmpyet Habop AaHHbIX B BUAE U300paxeHus.

surf CTpouT NoBepxHOCTL Mo nepegaHHomMy 2D MaccuBy BbICOT.
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contour_surf

CTpouT KOHTYPHbIE NIMHUWN ANS1 KaXXO0ro YPOBHS BbICOTbI 13
nepegaHHoro 2D maccuBa JaHHbIX.

mesh

CTpouT MOBEPXHOCTb, MO nepedaHHbiM 2D maccuBam
[aHHBbIX.

15.2.1 PyHKUMA imshow()

PyHKuMa imshow() npencTaBnseT nepedaHHbIn el OBYMEPHbLIM MaccuB B

BUae M300paxeHus.

B pononHeHue K nepedncrnieHHbiM B rmase 15 “Busyanusauusi OaHHbIX

H

imshow() nmeeT crneayowmnn Habop apryMeHToB:

* interpolate

o Ecnun 3HaveHne paBHO True, TO BKJTIOYAETCHA PEXKUM UHTEPNONALUN.

MocTpoum Habop AaHHbLIX ANs BU3yanuaauum:

X, Yy = np.mgrid[-2:2:0.1, -2:2:0.1]

z = np.cos(x*y) * np.sin(x*y)

OT1obpasnm maTpuuy z B BUAE nN3obpaxxeHus:

mlab.imshow(z)
mlab.show()
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Mayavi Scene 1

PP EXYYEZEZ@® 8 4H S

PucyHok 15.11 — [lemoHcTpaumsa padotbl PyHKLUMM imshow()

Bbikrtounm pexunm nHTepnondunn 1 noMmeHAem LBETOBYIO NMaJrinTpy.

mlab.imshow(z, interpolate=False, colormap='winter")
mlab.show()

Mayavi Scene 1

P EEXIONEZEZ® B 4H EHS

PucyHok 15.12 — [lemoHcTpauusa paboTbl ¢ napameTpamu interpolate
n colormap dpyHKuMM imshow()
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15.2.2 PyHKumA surf()

OyYyHKUMS CTPOUT MOBEPXHOCTb MO nepegaHHoMmy 2D-maccuBy  BbICOT.
Hanbonee w4acto wucnonb3yemble BapuaHTbl Bbi3oBa surf() uMerT
cnegyowmmn Bua:

surf(s, ...)

surf(x, y, S, ...)

surf(x, y, f, ...)

AprymeHTbl X, y, s, f 4aBNAIOTCA MNO3ULMOHHLIMU (TO €CTb WX Herb3s
nepegaBsatb C YyKasaHMEM MMeHuM napametpa). lNapametrp s — 310 2D-
MacCuB AaHHbIX, KaXObl 3fIEMEHT KOTOPOro ABNSETCA 3HAYEHUEM BbICOTbI
MOBEPXHOCTU; X, Y — MOryT WUMeTb pasmepHocTb 1D wnn 2D, OHu
NCnonb3yTca ONA MHAEeKcauunm maccuBa s; BMECTO HenocpeacTBeHHOo 2D-
MaccmBa C OaHHbIMU MOXHO nepegatb (yHKuMo f, KoTopas ansi Habopos
KoopauHat X U y OyaeT BblgaBaTb 3HAYEHMS BbICOTbl YPOBHSI NMOBEPXHOCTW.
OctanbHble apryMeHTbl (yHKUuMn surf() QBNAKOTCA MMEHOBaHHbIMU. B
OOMNOSTHEHNE K YKa3aHHbIM B Hadane rmnasbl (cM. “[n1asa 15. Busyanusayusi
0aHHbIX”) PYHKUMS NpefocTaBnsaeT creayowme napameTpsb!:
* mask
o MaccuB bool 3Ha4yeHUn Ons nogaBneHns 3NIEMEHTOB N3 UCXOLHOro
Habopa OaHHbIX.
* representation
o Tun NOBEPXHOCTU, MOXET ObITb: 'surface’', 'wireframe' wnu
"points’.
* warp_scale
o MacwrtabupoBaHne no ocu z. Ecnm 3HadeHue paBHO 'auto', TO
Oyoet nogobpaHo 3HadeHne MacwTtaba Tak, 4ToObl ObecneynTb

Haumny4yluiee Bnu3yaribHoe npeacraBiieHune.
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Bynoem pabotaTtb co cnegyowmm HabopomM AaHHbIX:
X, y = mgrid[-2:2:0.1, -2:2:0.1]

z = 5*%cos(x*y) * sin(x*y)

[MocTponm NOBEPXHOCTD:
mlab.surf(z)

mlab.show()

Mayavi Scene 1

P ERINEZEZ® B &EECS

PucyHok 15.13 — [lemoHcTpauua padboTtbl pyHKUMM surf()

[Mepepagum B surf() NOMUMO z MacCmMBbl X N Y:
mlab.surf(x, y, z)
mlab.show()

Monyynm crneaytoliee nobpaxxeHune, npeactaBrneHHoe Ha pucyHke 15.14.
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Mayavi Scene 1 - 0O X

P EIXYYEZEZ® 8 £ HS

PucyHok 15.14 — [lemoHcTpauus paboTbl C napameTpamMu X, y, z
¢pyHKUMM surf()

Tak NpounsoLuo NoToMy, 4YTO B Criyyae, Korga Mbl nepegasasnv TONbKO MacCcuB
Z, B Ka4yecCcTBe 3HaYeHMn koopauHaTt (X, y) MPUHMMAaNUCb MHOEKCbI 3TOro
mMaccuBa, BO BTOPOM BapuaHTe, B AOMNOSIHEHWE K z 6blnn nepedaHsbl
npeasapuTenbHO cOpMUPOBaHHbIE MaccuBbl X U y. OBpatute BHMMaHUe,
YTO LWar mexay cocegHMmu 3HadeHusamu B aTux maccusax 0.1, a He 1, Kak
OblI0 B MepBOM BapuaHTe, MO3TOMY BbICOTbI M BRaguHbl MMelT 6onee

Bblp&)KeHHbIIZ BMA.

[ns NoBEpPXHOCTM MOXHO 3aaTb OOHOTOHHYIKO pPacLBETKY yepe3 napameTp
color. Takke nonesHbiM AN HACTPOMKM BU3yarbHOrO MNpeacTaBreHust
SIBNSIETCA napameTp warp_scale, ynpasnsiowuin macwitabom no ocu z.
CpaBHMTE BbICOTY MNOBEPXHOCTU W3 Npeablayllero npumMepa, Koraa Mbl

nepegasanu x Uy, ¢ BapMaHToM Npu warp_scale="auto':

mlab.surf(x, y, z, color=(0,0,1), warp_scale="auto")
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Mayavi Scene 1

P EXINEZ® B 4EES

PucyHok 15.15 — [lemoHcTpauma paboTbl ¢ napameTpamu color,
warp_scale coyHKUuM surf()

N3meHnm nanutpy Ha 'spring’, 3agagvm TUM NOBEPXHOCTU 'wireframe’,

Npo3payHoCTb ycTaHoBUM B 50%:
mlab.surf(z, colormap='spring', opacity=0.5, representation='wireframe',

warp_scale="auto")

Mayavi Scene 1

P I EE® 8 4L EO

PucyHok 15.16 — [lemoHcTpauua paboTbl C napamMmeTpamm opacity,
representation u colormap dyHKUMM surf()
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15.2.3 ®dyHKUMA contour_surf()

®PyHKUuMA contour_surf() noxoxa Ha paccMOTpPeHHyK paHee surf(), B
OTNNYMEe OT HEE OHa CTPOUT HEe MNOBEPXHOCTb, @ KOHTYpPHblE IMHUW ANs

KaXaoro ypoBHA BbICOThbI N3 rnepeaaHHoro 2D-maccuBa gaHHbIX.

BapwnaHTbl Bbi3oBa (pyHKUNK:

contour_surf(s, ...)
contour_surf(x, y, S, ...)
contour_surf(x, y, f, ...)

MapameTpbl X, y, s, f ABNAKOTCA NO3ULMOHHBIMUW, NO HAa3HAaYeHUIO coBMagatoT
C aHanormyHbiMun gna surf(). dOyHkuma contour_surf() nogoepxusaet
napameTpbl U3 obuero Habopa (cm. rmasy 15 “Busyanusayusi 0aHHbIX') N B
OOMOMNHEHNE K HAM:
e warp_scale
o Macwtab no ocu z, B OTANMYMM OT yHKUMKM surf() He
nogaep>XnBaeTt 3HayeHne 'auto’.
* contours

o CnuCcoK KOHTYpOB AS1s1 OTOBpaXeHus:.

Bynem pabotatb C yXe 3HaKOMbIM HABOPOM [aHHbIX:
X, Yy = np.mgrid[-2:2:0.1, -2:2:0.1]

z = np.cos(x*y) * np.sin(x*y)
nOCTpOVIM KOHTYPHYHO NMOBEPXHOCTb:

mlab.contour_surf(x, y, z)

mlab.show()
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Mayavi Scene 1 - O

P IXEEEZEZ® 8 &H EHC
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e

PucyHok 15.17 — [lemoHcTpauua pabotbl hyHKUMKU contour_surf()

YBEnMUMM KONM4ecTBO OTOOpa)kaeMbiX KOHTYPOB C MOMOLLbI napameTpa

contours, NOMeHseM NanuTpy u 3aagaaMMm MacwTab ans ocu z:

mlab.contour_surf(z, colormap="autumn', contours=11, warp_scale=19)

Mayavi Scene 1

P IXNIEZEZ® B &L HS

PucyHok 15.18 — [lemoHcTpauma paboThbl ¢ napamMeTpamu contours,
colormap U warp_scale dyHKuumn contour_surf()
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15.2.4 ®dyHKuMA mesh()

dyHKUMS mesh() CTpoOUT MOBEPXHOCTb, NO MepedaHHbiM 2D-maccmBam
AaHHbIX. CurHatypa oyHKUMM MMEET crieqyowmumn Bua;
mesh(x, y, z, ...)
e x, y, z — 910 2D Habopbl OaHHbIX, NO KOTOPbIM OydeT nocTpoeHa
NOBEPXHOCTL. [locre HUX MOXXHO A00aBUTb NapaMeTpbl, YKa3aHHbIe B Havarne
rnasbl, U1 U3 CNCKa, NPEeACTaBIIEHHOIO HMXe (CMMCOK He MNOSHbIN):
* representation
o TN NOBEPXHOCTU, MOXeT ObiTb: 'surface', ‘'wireframe’,
'points', 'mesh' unm 'fancymesh'. Ecnu BbiBGpaH TMn 'points’,
TO MOXHO UCMONb30BaTh NapameTpbl Ansa paboTtbl ¢ rmMudamu.
* mode
o Tun rmunda.
* scale factor

o MacLwTtabHbIn KO3 PULMEHT.

Cospgagnm Habop AaHHbIX, 3agaoLlnn % NoBepPXHOCTM Topa:
U, v = np.mgrid[-np.pi:np.pi/2:0.05, -np.pi:np.pi+0.1:0.1]
x=np.cos(u)*(np.cos(v)+3)

y=np.sin(u)*(np.cos(v)+3)

z=np.sin(v)

[MocTponmM NOBEPXHOCTb C NOMOLLLIO PYHKUUKM mesh():

mlab.mesh(x, y, z)
mlab.show()
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Mayavi Scene 1

P IR EZEZ® B &L S

PucyHok 15.19 — [lemoHcTpauma padbotbl pyHKUMM mesh ()

M3meHnM LIBETOBYIO CXEMY U TUM MOBEPXHOCTU HA 'wireframe’:

mlab.mesh(x, y, z, colormap="spring"”, representation="wireframe")

Mayavi Scene 1

P EENYEZEZ® 8 &L HS

PucyHok 15.20 — [lemoHcTpauma paboTbl C napamMeTpom
representation="wireframe' ¢yHkUuun mesh()
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BapuaHT noBepxHocTn 'mesh’:

mlab.mesh(x, y, z, colormap="summer", representation="mesh")

Mayavi Scene 1

P IENEZEZ® B 4L EHCS

PucyHok 15.21 — [lemoHcTpauua paboTbl C napamMmeTpom
representation="mesh' ¢yHKunn mesh()

15.3 ®yHKUMM ana paboTbl ¢ TpexXxMepHbIMU Habopamu
OaHHbIX
Onsa Bu3yanusaumm TpexmepHoro Habopa paHHbiXx B 3D-npocTpaHcTBe

AOCTYMHbI PYHKUNK, NpeacTaBneHHble B Tabnuue 15.3.

Tabnuua 15.3 — ®PyHKumum Mayavi pnsa Busyanusauum AOBYMEPHbIX
HaGopoOB AAHHbIX

PyHKUMA OnucaHue

CTpouT uM30MOBEPXHOCTM MO nepegaHHoMy 3D-Habopy
AaHHbIX

contour3d

CTpOI/IT BEKTOpHOE noJie no nepegaHHbiM KoopaMHaTam

quiver3d
BEKTOPOB.

volume_slice | CTpouT cpesbl 4na nepedaHHbix 3D-HabopoB OaHHbIX.
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O6wwme napametpbl Ana dyHKuMn paboTbl C TpexmepHbiMn Habopamu

OaHHbIX:

color

o LlgeT. 3agaéTt eauHbIA LUBET B BUOE KOpTeXa M3 TPEX IEMEHTOB,
KaXkabI N3 KOTOPbIX — 4ncno B ananasoHe ot 0 go 1.

colormap

o LlBeToBasi nanutpa. Ecnn ncnonbadyetcs aprymeHT s unm f, 1o uset
anemeHToB ByaeT BbIOMpPaTbLCS B 3aBUCUMOCTU OT UX 3HAYEHUN.

extent

o Pasmep mogenu. 3agaétca B BUAe cnucka [xmin, xmax, ymin,
ymax, zmin, zmax]. [lo ymonyaHuiO MCnosib3yeTcsa pasmep u3
MacCuBOB X, Y, Z.

figure

o CueHa, Ha KoTopow ByaeT pasMelleHa Mogerb.

line_width

o LupuHa nuHun. 3HavyeHne no ymonyaxuio: 2.0.

name

o msa mopenw.

opacity

o [1po3payHoCTb.

reset zoom

o Cbpoc macwTabupoBaHus.

vmax, vmin

o MakcumanbHOe N MMHMUMarnbHOE 3Ha4YeHUs LIBETOBOW LUKanbI.

15.3.1 PyHKUMA contour3d()

®PyHKuMA contour3d() CTPOUT U30OMNOBEPXHOCTU MO NepefaHHoMy 3D-Habopy

OaHHbIX. MpoerHo oHa noxoxa Ha contour surf(), koTopas CTpPOUT
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nsonuHumn (cm. pasgen "15.2.3 @yHkyus contour_surf()"). Bo3aMOXHbI OBa
OCHOBHbIX BapnaHTa Bbl30Ba:

» 6e3 3agaHna koopamHat: contour3d(scalars, ..).

* C 3agaHueMm KoopauHat: contour3d(x, y, z, scalars, ..).
MapameTp scalars — 310 3D-mMaccuMB [aHHbIX, MO KOTOpoMy 6yayT
CTPOUTLCA M30MN0BEPXHOCTU. OcTarbHble NapamMeTpbl NOMHOCTbIO COBNagarT
c contour_surf(), 3a WuCKMYeHMEM warp_scale, OH Yy QYHKUUK

contour3d() oTCyTCTBYET.

nOCTpOVIM MaccuB AaHHbIX HAa OCHOBE ypaBHEHUA KOHYCa B NMPOCTPaHCTBE:
X, Y, z = np.ogrid[-7:7:0.1, -7:7:0.1, -1:7:0.1]

scalars = x*x + y*y - z*z

Mopgenb co 3Ha4YeHUsIMM NapameTpoB Mo YMOJI4aHUIO!:

mlab.contour3d(scalars)

Mayavi Scene 1

P EIENYEZEZ®R 8 &L HCS

PucyHok 15.22 — [lemoHcTpauusa paboTbl pyHKuMM contour3d()
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YBEnMuMm KormmyecTtBO U30MNOBEPXHOCTEMN:

mlab.contour3d(scalars, contours=10)

Mayavi Scene 1

P IEIIEZZ® 8 &EEHCS

PucyHok 15.23 — [lemoHcTpauusa paboTbl C napamMeTpomMm contrours
c¢pyHKUMM contour3d()

[MpogemoHCcTpupyem paboTy ¢ NPO3paYyHOCTbO, BO3MOXHbI ABa BapuaHta —
9TO 3agaTb NPO3payHOCTb BCEM 3flEMEHTaM MOAENU, UNU NpPO3PavyHOCTb
OyoeTt onpenenaTbCs BENUMYUMHOM cKansipa u3 Habopa AaHHbIX. 3a nepBblv

BapuaHT oTBeYaeT napameTp opacity:

mlab.contour3d(scalars, contours=10, opacity=0.5)
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Mayavi Scene 1

P ERNYZE® I 48 EC

PucyHok 15.24 — [lemoHcTpauma paboTbl ¢ napamMeTpom opacity
dyHkummn contour3d()

BTopow BapuaHT akTUBMpYyeTcs Yepes napameTp transparent:

PucyHok 15.25 — [lemoHcTpauua paboTbl ¢ napameTpom transparent
c¢pyHKUmMm contour3d()
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O6patnte BHMMaHWe, 4TO 06MAacCTM C HaMMEHbLLIMMU 3HAYEHUAMM U3
nepegaHHoro Habopa (ronybon uBET) MMeT OOonblUy NPO3pPavyHOCTb MO

CpaBHeHUIO ¢ obnacTamMu ¢ HanbonbLLIMMK 3HAYEHNAMU (KpaCHbIN LBET).

15.3.2 ®yHKUMA quiver3d()

PyHKUMsa quiver3d() cTpout BEKTOpPHOE norfie no nepeaaHHbIM
KoopauHataMm BekTopoB. bubnunoteka npegocTtaBnsieT TPU  OCHOBHbIX
BapunaHTa paboTbl C PYHKUNEMN:

quiver3d(u, v, w, ...)

quiver3d(x, y, z, U, V, W, ...)

quiver3d(x, y, z, f, ...)

B nepsom, B quiver3d() nepenaroTcs TONMbKO KOMMOHEHTblI BeKTopa, BO
BTOPOM KOOPAWHaTbI M KOMMOHEHTblI BEKTOpa, B TPETbeM KoopauHaTbl U
pYHKLMSA, KOTOpas UX MPUHUMAET U BO3BpaLLlaeT KOMMOHEHThI BEKTOpa.

KoMnoHeHTbl 1 kKoopanHaTtbl — 370 3D Habopbl AaHHbIX.

MapameTpbl  yHKUMM  quiver3d() coBrnagalT C napamMeTpamu
contour3d() C AOOMNOMHUTENbHBLIM apryMeHTOM scalars, 4yepes KOoTopbin

MOXXHO nepeaaTtb MacCuB CKansipHbIX 3Ha4YEHUN.

MoarotoBum Habop [AaHHbIX W YHKUMIO, KOTopas Mo KoopauHaTtawm,

BO3BpaLwaeT KOMMNOHEHTbI BEKTOPA:

X, Y, z = np.mgrid[0:3, 0:3, 0:3]

u=x*x
vV =y
W= 2

def f(x, y, z):

return x*x, y, z
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BekTopHOEe nore MOXHO MOCTPOUTb, BbI3BAB QYHKUMKO quiver3d() cC

nepegaHHbIMM KOMMNOHEHTaMN U KOopaAnHaTaMu:
mlab.quiver3d(x, y, z, u, v, w, scale_factor=0.2)

mlab.show()

nnbo ¢ koopanHaTamu u pyHkunen f:

mlab.quiver3d(x, y, z, f, scale factor=0.2)
mlab.show()

B oGoux crniyyasix nony4vMmMm Mogenb creayoLlero Bmaa:

PucyHok 15.26 — [lemoHcTpauunsa padoTtbl pyHKLMKM quiver3d()

15.3.3 PyHKUMA volume_slice()
®yHKUMA volume_slice() cCTpouT cpesbl Ana nepedaHHbix 3D-HabopoB
AaHHbIX. BO3MOXHbI Ba OCHOBHbIX BapyMaHTa Bbl30Ba:
* C nepegadven Habopa ckanspos:
volume slice(scalars, ...)
* C yKaszaHMeM KOOpPAMHAT U CKanspoB:

volume_slice(x, y, z, scalars, ...)
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[ononHuTenbHO K napameTpam, MNepevYncrieHHbiM B Havane rnasbl, 4N
volume_slice() OOCTYMHbI:
* plane_opacity
o [1po3payHOCTb NIIOCKOCTU Cpesa.
 plane_orientation
o [lonoxeHue NyI0CKOCTU cpesa, 3Ha4YeHne No yMornyaHmio 'x_axes"'.
 slice_index

o WHaekc, Ha koTopoM ByaeT pacnonaratbCs NMocKOCTb cpe3sa.

Habop AaHHbIX Ans AeMOHCTpauuu:
X, Yy, z = ogrid[-7:7:0.1, -7:7:0.1, -1:7:0.1]

scalars = x*x + y*y - z*z

MocTponm cpes no ocu x:

mlab.volume_slice(scalars, plane orientation='x_axes')
mlab.show()

PucyHok 15.27 — [lemoHcTpauma paboTbl ¢pyHKUMM volume_slice()
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[o6GaBnM NNOCKOCTb Cpe3a Ha eLLé OAHY OCb 1 NOABUHEM €€ Ha cepenyHy:
mlab.volume_slice(scalars, slice_index=round(len(x)/2),
plane_orientation="x_axes")

mlab.volume slice(scalars, plane orientation='y axes"')

mlab.outline()

mlab.show()

PucyHok 15.28 — [lemoHcTpauusa paboTbl C ABYMSA NSIOCKOCTAMU cpe3a
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maBa 16. Pabota c pipeline

BapuaHT pabotbl ¢ 6ubnunotekon Mayavi, KOTOPOro Mbl NpuaepXuBanmncb B
pamkax rmasbl 15 "Bu3syanusauusi 0OaHHbIX", Ha camMoM pgene SABNseTcs
A0BOSIbHO OrpaHNYeHHbIM U He MO3BONSET UCMOSb30BaTb BCE BO3MOXHOCTH,
KOTOpble NpefoCcTaBfisieT 3TOT UHCTPYMEHT. 1o cyTu, pyHKUUK, C KOTOPbLIMU
Mbl  MO3HAaKOMWUIIUCb, SIBAAKOTCA 3apaHee 3adaHHbIMKM  CLEeHapuamMmu
(wabnoHamun) paboTbl, AaloWwmMMKM onpedenéHHbin pesynerat. Hanpumep,
ecnu Mbl pabotaem c yHKumen surf(), TO nepegaém en B KadecTse
BXOAHbIX AaHHbIX Nnumpy-MacCuBbl, a Mony4aeM MNOBEPXHOCTb, KoTopas
cTpouTca onpeaeneHHbiM obpa3om no nepegaHHbIM AaHHbIM U T.N. Ha 6onee
rmybokom ypoBHe pabota Mayavi npeacrtaBnaer cobon BbINOMHEHWE psiaa
onepauun B KOHBewepHoM (pipeline) pexume. Pipeline npegnonaraet
nocnegoBaTesribHOCTb U3 TPEX 3TarnoB.:

* 3arpyska gaHHbIX U3 onpeaenéHHoro CTodHuKa B 06bekT Data source;

« TpaHccopMauusi OaHHbIX C MOMOLLbKD MHCTPYMEHTOB M3 Habopa

Filters®®> — 31O onuMoHanbHbIA 3Tan;

* TMOCTPOEHMEe MoAeny ¢ NOMOLLbIO Moaynsa U3 Habopa Modules?.

[nsa noctpoeHus pipeline'a 6ubnuoteka Mayavi npeacraBnsier UHCTPYMEHT

pipeline, KOTOpPbIN HAaxoouUTCA B nakeTe mlab.

Korga Bbl Bbl3blBaeTe noOyH0 OYHKUUIO M3 PaCCMOTPEHHbLIX B rraese 15,
Mayavi cTpouT COOTBETCTBYIOLWNA pipeline, KOTOpbIA BKNto4YaeT B cebs
00bekTbl, obecnevnBatowme paboTy C HY>XHbIM WMCTOYMHMKOM [OaHHbIX W

MOAYIb, KOTOPbIA CTPOUT MOAENb COOTBETCTBYHOLLIENO BMAA.

22 https://docs.enthought.com/mayavi/mayavi/filters.html#filters

23 https://docs.enthought.com/mayavi/mayavi/modules.html#modules
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[ns Toro 4tobbl NOCMOTPETL Ha CTPYKTYPY KOHBEnepa, HaXMUTE Ha KHOMKY
“Mayavi pipeline” Ha naHenu NHCTPYMEHTOB CueHbl (CM. pucyHok 16.1). [Ons
npumepa MNocMOTpUM Ha pipeline, KoTopbin opmupyeTca AN QYyHKUUK
imshow(). 3anyctute Kog nporpaMmmbl, NPUBESEHHBIN HUXE:

import numpy as np

from mayavi import mlab

X, y = np.mgrid[-2:2:0.1, -2:2:0.1]

z = np.cos(x*y) * np.sin(x*y)
mlab.imshow(z)

B pesynbrate oTKpoeTcs cueHa, NpeacTaBneHHas Ha PUCYHKE HUXeE.

Mayavi Scene 1

@@@@a B AR E®®

PucyHok 16.1 — Mopaenb, nocTpoeHHas ¢ NOMOLbI PyHKUUN imshow()

HaxmuTe Ha ykasaHHYI KHOMKY Ha naHenu UHCTpymeHToB. B okHe "Mayavi

pipeline" KoHBenep NpeacTaBnsieTcs B BUAE AepeBa B NEBON YacTu OKHa.
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Mayavi pipeline - O &

T FEHR L Q0 & O

|__ES MayaviScenel |
v Array2DSource Scene | Lights = Movie
- & Colors and legends

Foreground: |(255,255,255)

Parallel projection:
Disable render:
Off screen rendering:

Jpeg quality: 10 e==== | 100 |95
|peg progressive: v
Magnification: |1 =
Anti aliasing frames: 0 == 20 |8

Full Screen

PucyHok 16.2 — OkHo Mayavi pipeline

B Hawem cnyyae KoHBenep COCTOUT U3 ABYX 3IEMEHTOB:
* Array2DSource — co3gaét obbekT data source;

* ImageActor — co3gaéT moaenb Ass oTobpaXeHnsa Ha CLeHe.

[MocTpoum cooTteeTcTBYOLLME pipeline ‘bl BPYYHYIO:
src = mlab.pipeline.array2d_source(z)

img = mlab.pipeline.image_actor(src)
mlab.show()

Pe3yanaT BbIMOJTHEHNA J3TOr0 KoAda, 6yp,eT aHanornyHbIn BapmnaHty C

mlab.imshow(). ®aKkTUYECKN CTPOKMU:

mlab.imshow(z)

n

src = mlab.pipeline.array2d_source(z)
img = mlab.pipeline.image_actor(src)
OKBMBAI1EHThI.
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MocmoTpum Ha 6onee cnoxHbl pipeline, pns aToro nepegaanm B OYHKLNIO

surf() Habop gaHHbIX Z:

mlab.surf(z)
mlab.show()

KoHBewnep OyaeT BbIMA4ETb TakK:

e Array2DSource
* & WarpScalar
= 4 PolyDataNormals
~ P Colors and legends
M Surface

PeanmsyeM ero B Koge:
src = mlab.pipeline.array2d_source(z)

warp = mlab.pipeline.warp_scalar(src)

norm = mlab.pipeline.poly data_normals(warp)

surf = mlab.pipeline.surface(norm)
mlab.show()

16.1 CTpykTypa pipline

KoHBenep Mayavi cOCTOMT U3 HECKONbKMX ypoBHeW. Ha camom BepxHeM
HaxoouTca OBUMXOK (Engine). OH He oToOpaxaeTca B [depeBe 3reMeHTOB
pipeline, OBMWKOK OTBeYaeT 3a CO3[daHue U ydarieHue CueHbl, Ha KOTopoW
oTobpaxaeTtca mogenb. [lanee naét cueHa (Scene), oHa coaepXut B cebe
NCTOYHUKM AOaHHbIX (Data source), cdovnetpbl (Filters), meHepxep moaynewn
(Module Manager) v moaynn Budyanusauuun (Modules). Engine w Scene
NPUCYTCTBYKOT B €AMHCTBEHHOM 3K3eMnnsape, LernoyYyek CcO crneayroLlen
CTPYKTYPOW: UCMOYHUK OaHHbIX -> (husibmpbl (Om Hysiss 00 n wWmMykK) ->
Module Manager -> modynb eu3yanu3ayuu MOXeET ObiTb HECKONbKO B

pamMKax O4HOW CLEHbI.
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NCTOYHMKM [aHHbIX NpedHasHadyeHbl ONA 3arpy3km AaHHbIX U3 numpy-
MaccuMBOB, CMUCKOB W T.M. B cneuuasnbHble 00bekTbl. OUnbTpbl NO3BOMSAOT
BbIMOMHUTL HaL AaHHbIMU pasfindHble Npeobpa3oBaHns, MEHeIKep Moaynemn
(oTobpaxaetcsa kak Colors and legends B Mayavi pipeline) ynpasnseT LBeTOM
N npegcrtaBneHMeM dadHbiX. Moaynu Busyanusaumm HenocpencTBEHHO
dopMUpPYIOT NpeacTaBfieHne Ha CLUeHe B BUAE JIMHUIA, NOBEPXHOCTEN, TOYEK U

T.M.

Pipeline MoXxHO cobpaTb BpPY4YHYH 4Yepe3 Mnosib3oBaTeSNIbCKUN UHTEPdIENC
nnmbo Hanmucatb nporpamMMmy, KOTopad Bbi3blBaeT QYHKUUM CO30aHUS
3fIeMEHTOB KOoHBeWepa W nepedaet B HUX HYXHble aprymeHTbl. TpeTun
BapuaHT — 3TO BOCMOSb30BaTbCA 3apaHee MOArOoTOBMEHHONW OYHKUMEn u3
onbnunotekn Mayavi, KoTopas NOCTPOUT pipeline Ans peweHnUst KOHKPETHOM
3agayun, Hanpumep oTobpaxkeHne MnOBEPXHOCTU, NuHUKU 1 T.N. Kaxabin
3NEMEeHT, BXogdawmn B pipeline, NMeeT CCbIfTIKy Ha POAUTESTIbCKUN 3SIEMEHT,

JaHHblE€ N3 KOTOPOro OH nosty4aer.

Hanunwem npyumep An4a BbiBOAaA pPOAOUTENLCKUX IIrEMEHTOB C*)yHKLI,VIVI

surf():
obj = mlab.surf(z)
while(True):
print(type(obj))
if hasattr(obj, "parent™):
obj = obj.parent
else:

break

3aI'IyCTMM ATy rnporpamMmy:

<class 'mayavi.modules.surface.Surface'>

<class 'mayavi.core.module_manager.ModuleManager'>

<class 'mayavi.filters.poly data _normals.PolyDataNormals'>

<class 'mayavi.filters.warp_scalar.WarpScalar'>
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<class 'mayavi.sources.array_source.ArraySource'>
<class 'mayavi.core.scene.Scene'>

<class 'mayavi.core.engine.Engine'>

Obpatnte BHUMaHMe, Korga Bbl MPOrpamMMHO cTpouTe pipeline, TO SIBHO

ykasblBaTb ModuleManager He HYXHO, TakxKe Kak Scene un Engine.

16.2 PaboTa ¢ NCTOYHMKAMMN OAaHHbIX

Mpn dopmupoBaHun pipeline ona peweHUs 3agadn BU3yanusauuu nepsoe,
YTO HYXXHO caenaTtb — 3TO OnpeaenuTbCA C UCTOYHMKOM [AaHHbIX, KOTOPbLIN
OyneT ucnonb3oBaTbCH B KOHBenepe. [JaHHble, KOTopble BU3yanuanpyroTca C
nomowbio Mayavi MOXHO pas3genutb Ha ABe 6onbwue rpynnbl — 3TO

CBA3aHHbIE N HECBA3AHHbIE.

Habop HecBsidaHHbIX AaHHbIX (unconnected points) npeacTtaBnsieT cobown
Habop TOYeK, KOOPAMHATLI KOTOPbIX MOryT ObITb Cny4yamHo pacnpeneneHsl B
NPOCTPAHCTBE, PACCTOAHUS MEeXOY HUMU W YUCIIEHHbIE  3HAYeHus
napamMeTpoB B TOYKax TaKKe MOryT MMETb ClyyarHbIX Xapaktep. B Takowm
Habope O KOHKPETHOM 3feMEHTE OdaHHbIX HWUYEero Henb3s ckasaTb, 3Had

3Ha4eHna cocegHunx.

Habop cBs3aHHbIX faHHbIX (connected data points) npepcrtaenser cobown
CTPYKTYPUPOBAHHbLIN, paBHOMEPHO  pacrpeferieHHblin  6nok  OaHHbIX.
OcobeHHOCTb ero 3akrnodaeTtcss B TOM, YTO COCEAHVE JreMeHTbl (TOYKM)
dPyHKUMOHANbLHO CBA3aHbl Apyr C Apyrom (oTcioga WM Has3BaHWe), MOXHO
cKasaTb, YTO OHU ABNATCH pe3ynsraToM UHTepnonauuun. Takue Habopbl ewwé
HasbiBaloT nonemM. CBs3aHHble [aHHble pasgenslT Ha SBHO (explicit) w
HeaABHO (implicit) cBa3aHHble. B nepBom criydae npegnonaraeTcs, 4To

JaHHble NnpeactasndaroTCA pPacnosfioXXeHHbIMAU B peLueTanoPl CTPYKTYpE, TaK,
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Hanpumep, onucbiBatoTca 2D-n3obpaxeHns. Bo BTOPOM CBA3HOCTb MeXay
TOYKaMu 3a4aéTcs $§IBHO, 3TO MO3BOSISET NPOBOAUTL JIMHUM B [aHHbIX,

onpenenaTb 06bem uryp u T.n.

Hanbonee 4acto wucnonb3yemble (QYHKUUM L9 MOCTPOEHUS WMCTOYHWUKOB
HeCBA3aHHbIX AaHHbIX NpeaCcTaBeHbl HUXe:
* scalar_scatter()

* vector_scatter()

[na nocTpoeHusi cBsizaHHbIX HAbOPOB WMCMONb3YKOTCA cregylwme rpynnbl
YHKUNN:
e co3garolme HEABHO CBSI3aHHbIE:
* scalar_field()
* vector_field()
e array2d_source()
e co3falLme sIBHO CBSI3aHHbIE:
 line source()

 triangular_mesh_source()

B kayecTBe MCXOOHbIX HAOOPOB AAHHbIX, NPEACTaBMNEHHbIE BbIlLe (YHKLMMU,

NPUHUMAKOT NUMPY-MacCcuBbI.
PaccmoTtpum atn cbyHKUMM Bonee nogpobHo.

PyHKUMA scalar_scatter() co030a€T paspexeHHbIn HecBSA3aHHbLIN

MCTOYHUK OaHHbIX, UMEET crieqyrumne BO3IMOXHble CUTHaTypbl BbI3OBa.

scalar_scatter(s, ...)
scalar_scatter(x, y, z, s, ...)
scalar_scatter(x, y, z, f, ...)
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MapameTp s — onpegensieT Habop AaHHbIX: MaccuB, KOTOpbIA Oyger
BU3yanuampoBaH. Ecnn napameTtpbl X, y, z He 3agaHbl, TO BMECTO HUX, B
KayecTBe KoopAauHaT, ByayT ucnonb3oBaTbCA MHOEKCHI M3 Habopa s. BmecTto
S MOXHO ykasaTb (byHKuMo f, KoTopasi byoeT NpuHMMaTb KOOpPAWHAaTbl U

BO3BpaLwlaTb COOTBETCTBYHOLLEE UM 3HAYEHUNE.

Mpumep paboTbl ¢ scalar_scatter():

s =[1, 2, 3, 4, 5]

src_data = mlab.pipeline.scalar_scatter(s)
mlab.pipeline.glyph(src_data)

mlab.show()

PucyHok 16.3 — [leMoHcTpauunsa pabotbl pyHKLUK
mlab.pipeline.scalar_scatter()

PyHKUMA vector_scatter() cosgaéeT paspeXeHHbIM UCTOYHUK BEKTOPHbIX

AaHHbIX. CUrHaTypbl yHKLNN:

vector_scatter(u, v, w, ...)
vector scatter(x, y, z, U, V, W, ...)
vector_scatter(x, y, z, f, ...)

MapameTpbl U, Vv, W — 3TO KOMMOHEHTbI BEKTOPOB, TaKXe Kak B (PYHKLMM
scalar_scatter(), ecnu He 3agaHbl X, y, z, TO B KQ4eCTBe koopanHaT byayT
NPUHATBI MHAEKCbI U3 HabopoB u, v, w. PyHkumsa f OormkHa Bo3BpallaTb

KOMMOHEHTbI BEKTOpa AJ14 3agaHHOro Ha6opa KoopAauHar.
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PyHKUMA scalar_field() cosgaeT ckandpHoe norne, curHatypa QyHKUUK:
scalar_field(s, ...)
scalar_field(x, y, z, s, ...)

scalar_field(x, y, z, f, ...)

MapameTpsbl s, X, y, z — 310 2D, 3D-Habopbl AaHHbLIX, KOTOPbIE, HAanNnpMMep,
MOryT OblTb  MOCTPOEHbl C MOMOWbLID  QYHKUMA  numpy.ogird(),

numpy.mgird().

Mpumep ncnonb3oBaHUS:
X, Y, z = np.ogrid[0:5, 0:5, 0:5]

s = X*y*z

src = mlab.pipeline.scalar field(s)
volume = mlab.pipeline.volume(src, vmin=0, vmax=10)

mlab.show()

PucyHok 16.4 — [lemoHcTpauua pabotbl PyHKUMK scalar_field() wu
volume()

PyHKuma vector_filed() aHanormdHa yHKUuM vector_scatter()

TOJNMbKO OJ14 BEKTOPHbIX OaHHbIX.
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PyHKUMA array2d_source() co3gaét 2D-UCTOYHUK CBA3AHHbIX OaHHbIX U3

2D vicxogHoro maccuBa. CurHatypbl (OyHKUMIA:

array2d_source(s, ...)

array2d _source(X, Yy, S, ...)

array2d_source(x, y, f, ...)

MapameTtpbl s, X, y — 2D-maccuBbl, nogobHble Tem, 4TO MoOryT ObiTb

NOCTPOEHbI C NOMOLWLLIO numpy .ogird(), numpy.mgird().
[Mpumep ncnonb3oBaHUS:
X, Yy = np.ogrid[-2:2:0.1, -2:2:0.1]

z = np.cos(x*y)

src

mlab.pipeline.array2d_source(z)

img

mlab.pipeline.image_actor(src)

mlab.show()

PucyHok 16.5 — [lemoHcTpauua pabotbl PyHKUMK array2d_source() u
image_actor()

®PyHKumMa line_source() dopmupyeTr nuHENHbIKW Habop  AaHHbIX.

CurHatypbl QYHKUWNA:
line_source(x, y, z, ...)

line_source(x, y, z, S, ...)
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line_source(x, y, z, f, ...)

MapameTpbl X, y, z — KOOpAMHATbl TOYEK INWHUMM, S — MaCCUB CO

3Ha4YeHUAMN, ornpenenAaroLnmMmn CBOWCTBA NTUHUN.

t = np.linspace(9, S5*np.pi, 100)
Xx =t * np.cos(t)
y =t * np.sin(t)
=t
line = mlab.pipeline.line_source(x, y, z)
tube = mlab.pipeline.tube(line, tube_radius=1)

surf = mlab.pipeline.surface(tube)
mlab.show()

PucyHok 16.6 — [lemoHcTpauusa paboTbl hyHKUMM 1line_source() u
surface()

16.3 Pabota ¢ ounsTpamm

dunbTpbl B pipeline'e Mayavi®* npegHasHadeHbl TONbKO ANA TpaHcdopMaLumm
AaHHbIX, OHW He TMpPOU3BOAAT BM3yanusaumio JaHHbiXx. PaccmoTtpum

HekoTopble 13 PUNLTPOB, KOTOPblE MOrYT BbITb NONe3Hbl B paboTe.

24https://docs.enthoug ht.com/mayavi/mayavi/filters.html#filters
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CellDerivatives
Bbluncnser nponssogHble Anst BXOAHOro Habopa AaHHbIX (ckansipHble nnbo
BEKTOPHbIE OaHHbIE), CTPOUT HaAbOp A4YeeK, 3HAYEHUSAMW B KOTOPbIX OyayT

npon3BoaHble.

Mpumep:
X, Yy = np.mgrid[-2:2:0.1, -2:2:0.1]

Z = np.cos(x*y) * np.sin(x*y)

src = mlab.pipeline.array2d_source(z)
cell drv = mlab.pipeline.cell_derivatives(src)
mlab.pipeline.glyph(cell _drv, mode='cube")

mlab.pipeline.image_actor(src)

[ns mnsobpaxeHusa, npencTaBneHHOro Ha pucyHke 16.7, ©ygeT NOCTpoeHo

nosne co 3Ha4YeHUsIMU NPOU3BOOHbIX, N306paKEHHOE Ha pUCyHke 16.8.

PucyHok 16.7 — UcxoaHoe usobpaxeHue
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PucyHok 16.8 — [lemoHcTpauusa pabotbl ounsrpa CellDerivatives

CellToPointData
MpeobpasyeT cell aTpubyT ¢ AaHHLIMK B point aTpubyT, 3Ha4yeHne ansa point
onpedensieTcss Kak cpegHee fA4yeek, K KOTOpbIM 3Ta TOYKa MPUHALMEXWT.

CywectByeT 0bpaTtHbI K Hemy punstp PointToCellData.

Contour

KOHTYpHbIN hunbTp ANs co3gaHna U30N0OBEPXHOCTEN.

CutPlane
NHTepakTuBHbIN UnbTp ¢ 3D-UHCTPYMEHTOM Ha CLeHe, KOTOPbIN No3BoNnseT

CTPOUTb cpe3bl AN HabopoB AaHHbIX.

Mpumep:

X, Y, z = np.ogrid[-7:7:0.5, -7:7:0.5, -1:7:0.5]

scalars = x*x + y*y - z*z

src = mlab.pipeline.scalar_field(scalars)
cut_pl = mlab.pipeline.cut_plane(src)
mlab.pipeline.surface(cut_pl)

mlab.pipeline.iso_surface(src, contours=3, transparent=True)
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PucyHok 16.9 — [lemoHcTpauusa pabotbl dunsrpa CutPlane

DataSetClipper

dunbTp 3akpennaeT Habop AaHHbIX B onpeaenéHHon obnacTu:
np.ogrid[-7:7:0.5, -7:7:0.5, -1:7:0.5]

XJ y’ z

scalars = x*x + y*y - z*z

src

mlab.pipeline.scalar_field(scalars)

dsc

mlab.pipeline.data_set_clipper(src)

mlab.pipeline.glyph(dsc)

PucyHok 16.10 — [lemoHcTpauma pabotbl hunbstpa DataSetClipper
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ExtractEdges

N3BnekaeT rpaHnubl A4eekK n3 Ha60pa OaHHbIX:

X, Y, z = np.ogrid[-7:7:0.5, -7:7:0.5, -1:7:0.5]
scalars = x*x + y*y - z*z

src = mlab.pipeline.scalar_field(scalars)

edges = mlab.pipeline.extract_edges(src)
mlab.pipeline.surface(edges)

mlab.show()

ExtractGrid

[Mo3BonseT n3BneYyb YacTb AaHHbIX N3 UCXOOQHOIO Ha6opa:

X, Y, z = np.ogrid[-7:7:0.5, -7:7:0.5, -1:7:0.5]
scalars = x*x + y*y - z*z

src = mlab.pipeline.scalar_field(scalars)

grid = mlab.pipeline.extract_grid(src)
grid.x_min = 5

grid.x_max = 20

grid.y min = 5

grid.y_max = 20

mlab.pipeline.surface(grid)

mlab.show()
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PucyHok 16.12 — ﬂeMOHCTpau paboTtbl dunbsTpa ExtractGrid

ExtractVectorNorm
dunbTp BblMMCNAET HOPMY (ANUHY) BekTopa. lNpumeHsieTcs npu paboTte C
BEKTOPHLIMW AaHHbIMWU. Hanpumep, ecnu Bu3yanusanpoBaTb BEKTOPHbIE

AaHHble 6e3 NOCTPOEHNSA ANWH, TO pe3ynbTaT byaeT TakuMm:
X, Y, z = np.mgrid[0:3, 0:3, 0:3]

u=x%*x
vV =y
W= 2

src

mlab.pipeline.vector_scatter(u, v, w)
mlab.pipeline.glyph(src, mode="2darrow")
mlab.show()

PucyHok 16.13 — UcxopHasa mogenb
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B sTom cnyyae Mbl BMOMM TONbKO HanpaeneHus BekTopoB. [lobaBum

BblHUCJ1IEHNE OJTMH BEKTOPOB!

src = mlab.pipeline.vector_scatter(u, v, w)
norms = mlab.pipeline.extract_vector_norm(src)
mlab.pipeline.glyph(norms, mode="2darrow")
mlab.show()

PucyHok 16.14 — [lemoHcTpauusa pabotbl hunbtpa ExtractVectorNorm

ExtractVectorComponents
3BnekaeT KOMNOHEHTbI BEKTOPOB:

N3Bneyem n3 nepenaHHblX BEKTOPOB y-KOMMNOHEHTbI.

X, Y, Z = np.mgrid[0:3, 0:3, 0:3]

u=x%*x
vV =y
W= 2z

src = mlab.pipeline.vector_scatter(u, v, w)
comps = mlab.pipeline.extract_vector components(src)
comps.component = 'y-component'

mlab.pipeline.glyph(comps, mode="2darrow")

mlab.show()
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PucyHok 16.15 — [lemoHcTpauma paboTbl punbTpa
ExtractVectorComponents

GaussianSplatter
dunbTp pasmewaer TovkM B o0BbemMe C  INNMATUYECKMM rayCCOBbIM
pacnpegeneHnemMm. OTO MONE3HO AN OUEHKM Mnonst NfIOTHOCTM no Habopy

pacCedHHbIX TOYEK.

[ns Habopa, KoTopbIv BbIMSAUT Tak, Kak MokasaHo Ha pucyHke 16.16.

PucyHok 16.16 — UcxoaHasa moaenb

MpoBeném npeaBapuTenbHyto 06paboTky dunetpom GaussianSplatter:
src = mlab.pipeline.array2d_source(z)

gsp = mlab.pipeline.gaussian_splatter(src)

mlab.pipeline.glyph(gsp, mode='cone")

mlab.show()

Monyunm cnegyoLwyo Moaens:
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PucyHok 16.17 — [lemoHcTpauusa pabotbl hunbtpa GaussianSplatter

VlCI'IOJ'Ib3yF| apyrume moaynu anda sudyanm3audmn MOXHO NOnNy4dYnTb OOBOJIbHO

MHTEpPECHbIE MOoadeENn:

N

PucyHok 16.18 — [lemoHcTpauua paboTbl ¢ napameTpomMm mode="'Volume'
dunbTpa GaussianSplatter
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PucyHok 16.19 — [lemoHcTpauusa paboTbl C napamMeTpom
mode="isosurface' ¢ounerpa GaussianSplatter

GreedyTerrainDecimation

Annpokcummpyet 2D-n3obpaxkeHmne HabopoM TpeyrofbHUKOB, COXPaHAA UX
KONMMYEeCTBO MUHUMASTbHbIM:

X, y = np.mgrid[-2:2:0.1, -2:2:0.1]

z = np.cos(x*y) * np.sin(x*y)

src = mlab.pipeline.array2d_source(z)

gtd

mlab.pipeline.greedy_terrain_decimation(src)

mlab.pipeline.surface(gtd)

mlab.show()

PucyHok 16.20 — [lemoHcTpauma paboTbl punbTpa
GreedyTerrainDecimation
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ImageChangelnformation
®dunbTp NO3BONAET 3a4aTh PacnoNOXeHUe KOOpAUHATHBIX OCEN, pacTshxeHue

Mo OCAM U T.N. 6e3 MoauduKaumMm caMmnx JaHHbIX.

MaskPoints

dunbTp Ana hopMnpoBaHNs NOABLIGOPOK AaHHbIX.

PolyDataNormals
BbluncnseTr Hopmanu gns BXOOHbIX JaHHbIX, UCMONb3YyeTcs ANs CriaXxmnsaHns

n3obpaxeHnn u T.0.

[ns npumepa nocTpoum Moaenb C GOonbLUMM KONMUYECTBOM HEPOBHOCTEW,

Ans atoro Bocnonb3dyemca punstpom WarpScalar.

z = np.random.rand(15,15)

src = mlab.pipeline.array2d_source(z)
warp = mlab.pipeline.warp_scalar(src)
mlab.pipeline.surface(warp)

mlag.show()

PucyHok 16.21 — [lemoHcTpauusa pabotbl ounsrpa WarpScalar

Tenepb crimagnmMm HEepPOBHOCTMU, nobaBuB ewé oauH YPOBEHb (t)I/IJ'IpraLI,VII/I, Cc

nomoLubto PolyDataNormals:
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z = np.random.rand(15,15)

src = mlab.pipeline.array2d_source(z)

warp = mlab.pipeline.warp_scalar(src)

poly
mlab.pipeline.surface(poly)
mlab.show()

mlab.pipeline.poly data_normals(warp)

PucyHok 16.22 — [lemoHcTpauusa pabotbl ¢ounbtpa PolyDataNormals

QuadricDecimation
YMeHbLUAET KONMUYECTBO TPEYronbHUKOB B WCXOAHOW ceTke, opMupys

Nlyduwiee npengcrasneHne moaersnu.

SelectOutput
Ncnonb3yetcs npu pabote ¢ MynbTUONOKOBLIMU UCTOYHUKAMW AaHHbLIX AN

BblOOpa BbIXxoAa.

Stripper

dunbTp NpUMEHSETCS ANSA 3anofiHeHUs pa3pbIiBOB noBepxHocTen. Co3gaanm
TPY6Ky BOKpPYr nnuHUK 6e3 domnetpa stripper:

t = np.linspace(9, 5*np.pi, 100)

X =t * np.cos(t)

y =t * np.sin(t)

z =t
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src = mlab.pipeline.line_source(x,y,z, z)

tb = mlab.pipeline.tube(src, tube_radius=1.5, tube sides=10)
mlab.pipeline.surface(tb)

mlab.show()

PucyHok 16.23 — Mopenb 6e3 counbtpa Stripper

mlab.pipeline.line_source(x,y,z, z)

src

mlab.pipeline.stripper(src)

stp
tb = mlab.pipeline.tube(stp, tube_radius=1.5, tube_sides=10)
mlab.pipeline.surface(tb)

mlab.show()

PucyHok 16.24 — [lemoHcTpauua pabotbl dunsrpa Stripper

Threshold

dunbTp AN 3a4aHUsA NOPOroBbIX 3HAYEHU ANA BXOAHbIX JaHHbIX.
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TransformData

OcyIJ.I,eCTBJ'IFIeT NUHENHble I'IpeO6p83088HI/IFI BXOAHbIX OaHHbIX.

Tube

MpeBpallaeT NMHUKN B TPYOKN.

UserDefined

[No3BonsieT ncnosnb3oBaThb (bI/IJ'IprbI, CNpoOEeKTUpOBaHHbIE NOJib30OBaTernem.

Vorticity

Bbluncnsier 3aBMXpéHHOCTb BXOOHOIo BEKTOPHOIO NosiA.

WarpScalar
N3meHsaeT  (MCKPUBMSIET) BXOAHbIE AaHHble BAOSMb  ONPeAesiEHHOro

HarpaBneHna ¢ 3agaHHbIM Macwitabom.

WarpVector

N3meHseT (McKkpuBnaeT) BXOAHbIE AaHHbIE BOOSbL BEKTOPA.

16.4 PaboTta c moaynsamm

Mooynn B pipeline Mayavi oTBe4yalT 3a BM3yanu3auuo [OaHHbIX W
oTobOpakeHne O4ONOSTHUTENBHON MHAOPMaUMN Ha cueHe. [laHHble MOryT ObiTb
nepedaHbl B MOAyMb Kak HanpsMmyk, Tak M 4Yepe3 psg unetpos, ecnu
TpebyeTcsa BbINOMHUTL LOMONHUTENbHbIE NpeobpasoBaHusa. Crpynnvpyem

mMoaynu no (byHKLI,VIOHaJ'IbHOMy NMPU3HaKy, Tak nx 6y,1:|,eT npoiwle n3y4yartb.

Moaynu ansa pasmeweHns aHHOTaL MM Ha CUeHe.
OcoBeHHOCTb 3TMX MOAYMEW COCTOMT B TOM, YTO OHM pacrnoraralTcs B
nakete mlab,aHe Bmlab.pipeline. Katum mogynsam OTHOCATCA:

» Axes

» [loGaBnsieT ocu kKoopauHaT K Moaenu.
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» Qutline

» CTpouT BOKpYr Mogenu napannenenunes.
* OrientationAxes

» [1obGaBnsieT Ha CLEHY 3rEMEHT C HanpaBfeHNAMM OCEN.
o Text, Text3D

» [loGaBnseT Ha CLEHY TEKCT.

X, Y, z = np.ogrid[-7:7:0.1, -7:7:0.1, -1:7:0.1]

scalars

x*x + y*y - z*z

src = mlab.pipeline.scalar_field(scalars)
mlab.pipeline.iso_surface(src)
mlab.axes()

mlab.outline()

mlab.orientation_axes()

mlab.text(9, @, "Low point")

Mayavi Scene 1

P I EZEZ® 8 4L S

Orientation
Axes

[E R ]

Low point

PucyHok 16.25 — Moaynu Mayavi
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Moaynu ansa paboTbl CO CKansipHbIMU AAHHbLIMM.
Glyph

Busyanuanpyet gaHHble B Buae rmudgos:

X, Y, z = np.ogrid[-7:7:0.5, -7:7:0.5, -1:7:0.5]

scalars = x*x + y*y - z*z

src = mlab.pipeline.scalar_field(scalars)
mlab.pipeline.glyph(src)

mlab.show()

PucyHok 16.26 — [lemoHcTpauusa padoTtbl hunsrpa Glyph

IsoSurface

I'Ipe,qCTaBneHme OaHHbIX B BUOE I/I3OI'IOBerHOCTeI7IZ
src = mlab.pipeline.scalar_field(scalars)
mlab.pipeline.iso_surface(src)

mlab.show()
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PucyHok 16.27 — [lemoHcTpaumsa pabotbl ¢punbtpa IsoSurface

ScalarCutPlane
[MpencraBnsieT TONbKO YacTb Habopa AaHHbIX, KOTopasi BblAENSAETCA CeKyLlen
MSTIOCKOCTbIO:

src = mlab.pipeline.scalar_ field(scalars)

mlab.pipeline.scalar_cut_plane(src)

mlab.show()

PucyHok 16.28 — [lemoHcTpauusa padoTtbl moayna ScalarCutPlane

405



Surface

CTpOI/IT NOBEPXHOCTb MO nepegaHHoOMYy Ha6opy AOaHHbIX:
src = mlab.pipeline.scalar_field(scalars)

mlab.pipeline.surface(src)

mlab.show()

PucyHok 16.29 — [lemoHcTpauusa paboTbl Moayna Surface

Moaynu ana BMsyanusauum BEKTOPHbIX AAHHbIX.
VectorCutplane

CTpOVIT cpe3bl ANnA BEKTOPHbLIX OaHHbIX:
X, Y, z = np.mgrid[0:3:0.5, 0:3:0.5, 0:3:0.5]

u=x=*x

vV =y

W=z

src = mlab.pipeline.vector_field(u,v,w)

mlab.pipeline.vector cut_plane(src)
mlab.show()
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PucyHok 16.30 — [lemoHcTpauusa pabotbl moayns VectorCutplane

Vectors

Buayanusunpyet nepegaHHbii HA6op BEKTOPOB:

X, ¥, Z = np.mgrid[0:3:0.5, 0:3:0.5, 0:3:0.5]

u =

V =

w =

src

X

y
z

* X

mlab.pipeline.vector_field(u,v,w)

mlab.pipeline.vectors(src)
mlab.show()

PucyHok 16.31 — [lemoHcTpauusa pabotbl moaynsa Vectors
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Streamline
MHTepaKkTMBHbBIN WMHCTPYMEHT, KOTOPbIN MO3BOMAET M3yvyaTb JIMHUW MOTOKA,

NOCTPOEHHbIE N0 NepeaaHHOMYy Habopy BEKTOPOB:
X, Y, z = np.mgrid[©:3:0.5, 0:3:0.5, 0:3:0.5]

u=x%*x
vV =y
W= 2

src = mlab.pipeline.vector_field(u,v,w)
mlab.pipeline.streamline(src, seedtype='plane’)

mlab.show()

PucyHok 16.32 — [lemoHcTpauusa paboTtbl moaynsa Streamline

Moaynu ansa paboTbl ¢ AaHHbLIMM.
GridPlane

Mopaynb pacnosnaraeT nnoCKOCTb C CETKOW Ha Mogenu:

X, Y, z = np.ogrid[-7:7:0.5, -7:7:0.5, -1:7:0.5]

scalars = x*x + y*y - z*z
src = mlab.pipeline.scalar_field(scalars)

mlab.pipeline.grid_plane(src)
mlab.show()
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PucyHok 16.33 — [lemoHcTpauua pabotbl moayns GridPlane

ContourGridPlane

[MnockocTb ¢ HABOPOM KOHTYPOB ANl 3a4aHHOro Habopa AaHHbIX.

CustomGridPlane

NosBonsieT co3gaBaTb HacCcTpanBaeMyto nosb3oBartesieM NnNi1oCKoCTb C CEeTKON.

ImagePlaneWidget

CTpouUT WHTEPaKTMBHYIO CEKYLLUY MMOCKOCTb [And 3agaHHoro Habopa
OaHHbIX:

X, Y, z = np.ogrid[-7:7:0.5, -7:7:0.5, -1:7:0.5]

scalars = x*x + y*y - z*z

src = mlab.pipeline.scalar_field(scalars)
mlab.pipeline.image_plane_widget(src)
mlab.pipeline.volume(src)

mlab.show()
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PucyHok 16.34 — [lemoHcTpauua pabotbl moayns ImagePlaneWidget

ImageActor

MpeacTtaBnsieT HAbOP AaHHbBIX KaK ABYXMEPHOE n3obpaxxeHue:
X, Yy = np.mgrid[-2:2:0.1, -2:2:0.1]

z = np.cos(x*y) * np.sin(x*y)

src = mlab.pipeline.scalar_field(z)
mlab.pipeline.image_actor(src)
mlab.show()

PucyHok 16.35 — [lemoHcTpauusa paboTbl moayns ImageActor

Volume

CTpout 06BEMHYIO MOoAEenNb:

410



np.ogrid[-7:7:0.5, -7:7:0.5, -1:7:0.5]

XJ y) z

scalars = x*x + y*y - z*z

src = mlab.pipeline.scalar_field(scalars)
mlab.pipeline.volume(src)
mlab.show()

PucyHok 16.36 — [lemoHcTpauua pabortbl moayna Volume
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3aK/II0UeHHe

Mbl noctapanucb Kak MOXHO ©onee nonmHO pacckasaTb O 6GubnuoTtekax
Matplotlib, Seaborn w Mayavi, HageemMcs, YTO WHGOPMaLNLA, KOTOPYIO Bbl
BCTPETUMNN Ha CTpaHMLUAxX 3TOW KHWUIMM, oKa3anacb nonesHon. Ecnu y Bac ectb
3aMevYaHus unNu noXenaHnma no COAEPXaHW, TO MNUWUTE HaM Ha

devpractice.mail@gmail.com, mbl 6yaem pagbl o6paTHOM CBA3MN.

412



	Часть I. Библиотека Matplotlib
	Введение
	Глава 1. Быстрый старт
	1.1 Установка
	1.1.1 Варианты установки Matplotlib
	1.1.2 Установка Matplotlib с помощью менеджера pip
	1.1.3 Проверка установки

	1.2 Быстрый старт
	1.3 Построение графика
	1.4 Несколько графиков на одном поле
	1.5 Представление графиков на разных полях
	1.6 Построение диаграммы для категориальных данных
	1.7 Основные элементы графика

	Глава 2. Основы работы с модулем pyplot
	2.1 Построение графиков
	2.2 Текстовые надписи на графике
	2.2.1 Наименование осей
	2.2.2 Заголовок графика
	2.2.3 Текстовое примечание
	2.2.4 Легенда

	2.3 Работа с линейным графиком
	2.3.1 Стиль линии графика
	2.3.2 Цвет линии
	2.3.3 Тип графика

	2.4 Размещение графиков отдельно друг от друга
	2.4.1 Работа с функцией subplot()
	2.4.2 Работа с функцией subplots()


	Глава 3. Настройка элементов графика
	3.1 Работа с легендой
	3.1.1 Отображение легенды
	3.1.2 Расположение легенды на графике
	3.1.3 Дополнительные параметры настройки легенды

	3.2 Компоновка графиков
	3.2.1 Инструмент GridSpec

	3.3 Текстовые элементы графика
	3.3.1 Заголовок фигуры и поля графика
	3.3.2 Подписи осей графика
	3.3.3 Текстовый блок
	3.3.4 Аннотация

	3.4 Свойства класса Text
	3.4.1 Параметры, отвечающие за отображение текста
	3.4.2 Параметры, отвечающие за расположение надписи
	3.4.3 Параметры, отвечающие за настройку заднего фона надписи

	3.5 Цветовая полоса — colorbar
	3.5.1 Общая настройка с использованием inset_locator()
	3.5.2 Задание шкалы и установка надписи
	3.5.3 Дополнительные параметры настройки цветовой полосы


	Глава 4. Визуализация данных
	4.1 Линейный график
	4.1.1 Построение графика
	4.1.1.1 Параметры аргумента fmt

	4.1.2 Заливка области между графиком и осью
	4.1.3 Настройка маркировки графиков
	4.1.4 Обрезка графика

	4.2 Ступенчатый, стековый, точечный и другие графики
	4.2.1 Ступенчатый график
	4.2.2 Стековый график
	4.2.3 Stem-график
	4.2.4 Точечный график (Диаграмма рассеяния)

	4.3 Столбчатые и круговые диаграммы
	4.3.1 Столбчатые диаграммы
	4.3.1.1 Групповые столбчатые диаграммы
	4.3.1.2 Диаграмма с errorbar-элементом

	4.3.2 Круговые диаграммы
	4.3.2.1 Классическая круговая диаграмма
	4.3.2.2 Вложенные круговые диаграммы
	4.3.2.3 Круговая диаграмма с отверстием


	4.4 Цветовая сетка
	4.4.1 Цветовые карты (colormaps)
	4.4.2 Построение цветовой сетки


	Глава 5. Построение 3D-графиков. Работа с mplot3d Toolkit
	5.1 Линейный график
	5.2 Точечный график (диаграмма рассеяния)
	5.3 Каркасная поверхность
	5.4 Поверхность


	Часть II. Библиотека Seaborn
	Введение
	Глава 6. Быстрый старт
	6.1 Установка
	6.1.1 Варианты установки seaborn
	6.1.2 Установка seaborn через менеджеры pip и conda
	6.1.3 Проверка корректности установки

	6.2 Быстрый старт
	6.2.1 Построение точечного графика
	6.2.2 Построение линейного графика
	6.2.3 Работа с категориальными данными


	Глава 7. Настройка внешнего вида графиков
	7.1 Стили seaborn
	7.2 Контексты seaborn
	7.3 Настройка сетки и осей
	7.3.1 Сетка
	7.3.2 Поле и оси графика

	7.4 Легенда
	7.5 Шрифт
	7.6 Работа с цветом

	Глава 8. Визуализация отношений в данных
	8.1 Общие параметры функций
	8.1.1 Базовые аргументы
	8.1.2 Параметры для повышения информативности графиков

	8.2 Линейный график. Функция lineplot()
	8.2.1 Знакомство с функцией lineplot()
	8.2.2 Отображение математического ожидания и доверительных интервалов
	8.2.3 Повышение информативности графика
	8.2.3.1 Настройка цветовой схемы
	8.2.3.2 Настройка стиля
	8.2.3.3 Настройка толщины линии

	8.2.4 Визуализация временных рядов

	8.3 Диаграмма рассеяния. Функция scatterplot()
	8.3.1 Знакомство с функцией scatterplot()
	8.3.2 Повышение информативности графика scatterplot
	8.3.2.1 Настройка цветовой схемы
	8.3.2.2 Настройка стиля маркеров
	8.3.2.3 Настройка размера маркера


	8.4 Настройка внешнего вида элементов поля графика
	8.4.1 Легенда
	8.4.2 Подписи осей
	8.4.3 Сортировка набора данных

	8.5 Визуализация отношений с настройкой подложки. Функция relplot()

	Глава 9. Визуализация категориальных данных
	9.1 Общие параметры функций
	9.1.1 Базовые параметры
	9.1.2 Параметры для повышения информативности графиков

	9.2 Визуализация категориальных данных в виде точечных диаграмм
	9.2.1 Функция stripplot()
	9.2.2 Функция swarmplot()

	9.3 Визуализации распределений категориальных данных
	9.3.1 Функция boxplot()
	9.3.2 Функция violin()

	9.4 Визуализация оценок категориальных данных
	9.4.1 Функция pointplot()
	9.4.2 Функция barplot()
	9.4.3 Функция countplot()

	9.5 Работа на уровне фигуры. Функция catplot()

	Глава 10. Визуализация распределений в данных
	10.1 Функция distplot()
	10.2 Функция kdeplot()
	10.3 Функция rugplot()

	Глава 11. Визуализация модели линейной регрессии
	11.1 Общие параметры функций
	11.2 Функция regplot()
	11.3 Функция residplot()
	11.4 Функция lmplot()

	Глава 12. Управление компоновкой диаграмм
	12.1 Facet-сетка
	12.2 Pair-сетка
	12.2.1 Функция pairplot()
	12.2.2 Класс PairPlot

	12.3 Joint-сетка
	12.3.1 Функция jointplot()
	12.3.2 Класс JointPlot



	Часть III. Библиотека Mayavi
	Введение
	Глава 13. Быстрый старт
	13.1 Установка
	13.2 Быстрый старт
	13.2.1 Работа с GUI приложением Mayavi2
	13.2.2 Разработка Python-модулей, использующих Mayavi
	13.2.3 Работа с Mayavi в Jupyter notebook


	Глава 14. Настройка представления
	14.1 Управление Фигурой/Сценой
	14.2 Настройка элементов оформления
	14.2.1 Заголовок сцены
	14.2.2 Внешний контур модели
	14.2.3 Настройка осей координат
	14.2.4 Настройка цветовой полосы (colorbar)

	14.3 Управление камерой

	Глава 15. Визуализация данных
	15.1 Функции для работы с одномерными наборами данных
	15.1.1 Функция points3d()
	15.1.2 Функция plot3d()

	15.2 Функции для работы с двумерными наборами данных
	15.2.1 Функция imshow()
	15.2.2 Функция surf()
	15.2.3 Функция contour_surf()
	15.2.4 Функция mesh()

	15.3 Функции для работы с трехмерными наборами данных
	15.3.1 Функция contour3d()
	15.3.2 Функция quiver3d()
	15.3.3 Функция volume_slice()


	Глава 16. Работа с pipeline
	16.1 Структура pipline
	16.2 Работа с источниками данных
	16.3 Работа с фильтрами
	16.4 Работа с модулями


	Заключение

