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[lpeomncnoBsue

YTO Takoe HayKa O AaHHbIX

ITa KHUTA TTOCBSIIEHA NCCTET0BAHUIO IAHHBIX C TIOMOIIBIO S3bIKA TPOTPAMMUPOBAHUS
Python. Cpasy ke Bo3HHKAeT BOIIPOC: UTO Ke TaKoe nayka o dannvix (data science)?
OTBeT Ha HETO JIaTh HEIPOCTO — HACTOJILKO JAHHbBIM TEPMUH MHOTO3HAYEH.

Z[OJII‘OQ BpeMs aKTHUBHbBIE KPUTUKU OTKAa3bIBaJIM TEPDMUHY «HaYKa O JaHHbIX» B IIPpaB€ Ha
CylleCcTBoBaHne 60 110 IIpu4rHe ero 130bITOYHOCTI (B KOHII€ KOHIIOB, KaKas HayKa
He NMeEeT Jiejia C lIaHHI)IMI/I?), 1mbo paciieHrBaA 3TOT TEPMHUH KaK «MO/IHO€ CJIOBEYKO»
JJIS IPUAaHNSl KPAaCOTbI pe3ioMe 1 ITPUBJICYECHN A BHUMaHUST ar€HTOB 110 HaﬁMy Ka/[pOB.

Ha moit B3rJId/4, B HOI[O6H]JIX BbICKA3bIBAHUAX KPUTUKU YITYCKAJIN HEYTO OYE€HD BasKHOE.
Jlydiiee n3 BO3MOKHBIX OTIPe/IeIeHN HayK1 O JaHHBIX ITPUBE/IEHO B uarpamme Benna
B HAayKe O JJAHHBIX, BriepBbie onybikoBanuoil [[pio KouBeem B ero GJiore B ceHTsIOpe
2010 roma (puc. 0.1). MexXaAMCIUIIMHAPHOCTD — KJTIOY K €€ TOHMMAHMUIO.

MawmHHoe
oby4yeHne

Hayka
0 OaHHbIX

TpagvuMOHHbIE
ncecnenosaHus

OnacHas
30Ha!

OKCnepTHble 3HAHUA
npeamMeTHol obnacTn

Puc. 0.1. [Inarpamma BeHHa B Hayke 0 AaHHbIX [pto KoHees
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Xord HEKOTOpPbI€ Ha3BaHWA HEMHOTO UDOHUYHDI, 9Ta JUarpaMMa yJjIaBJINBA€T CYTb TOTO,
4YTO, KaK MHE KaKeTCd, IOHNMaETCA 110/ HayKOﬁ O JaHHBIX: OHa ABJIAETCA Meofcauczgu-
NJAUHAPHBIM TTPDEIMETOM.

HayKa O JaHHbIX OXBATbIBACT TPU OT/I€JIbHbIE, HO ITI€PECEKAIOTINECS CCI)epI)IZ

0 HaBBIKU CIIEIMAJINCTA 110 MaTEMAaTUYECKOMI CTaTUCTHUKE, YMEIOIIETO MO/IE/INPOBATh
Ha60pbl JJAaHHDBIX 1 U3BJIEKATb N3 HUX OCHOBHOE;

O HABBIKHU CIEIMATNCTA B 06JACTH KOMITBIOTEPHBIX HAYK, YMEIONIETO TIPOEKTUPOBATH
U UCTIOJIb30BaTh aJITOPUTMBI /7t 9(HEKTUBHOTO XpaHeHWsl, 06pabOTKY 1 BU3yaJH-
3alMK 9TUX JIAHHDBIX;

[ SKcHepTHbIE 3HAHUA HpelIMeTHOﬁ 06JIaCTI/I, ToJIyd€HHbI€ B XO/1€ TPAaAUITMOHHOTO
n3ydeHusd InpejMera, — YMEHHE Kak (bOpMy.HI/IpOBaTb ITpaBUJIbHbIC BOIIPOCHI, TaK
" pacCMaTpuBaThb OTBETHI HAa HUX B COOTBETCTBYIOMIEM KOHTEKCTE.

C y4eToM 3TOTO ST PEKOMEHIOBAT OBl PACCMATPUBATH HAYKY O JAHHBIX He KaK HOBYIO
00J1acTh 3HAHUH, KOTOPYIO HYKHO U3YYUTh, a KAK HOBBIH HAOOP HABBIKOB, KOTOPBII
BbI MOJKETE UCIIOJIb30BATH B PAMKAX XOPOIIO 3HAKOMOI BaM TIpeIMeTHO# obacTtu. W3-
BellaeTe Jik Bbl O Pe3yJbTaTax BHIOOPOB, IPOrHO3UPYETE JIU TPUOBIIBHOCTD HEHHBIX
GyMar, 3aHUMaeTech JIM ONTUMU3AIME KOHTEKCTHON pekgaMbl B VIHTepHeTe uim pac-
[103HABAHNEM MHUKPOOPTaHM3MOB Ha C/IeJIAaHHBIX € IOMOIIBIO MUKPOCKoIIa (oTo, ullere
JIV HOBBIE KJIACCHI ACTPOHOMUYECKUX 0OBEKTOB NN 5Ke paboTaeTe ¢ TaHHBIME B 000
nIpyroii cepe, Tesb 3TOM KHUTH — HAYYUTD 33/1aBaTh HOBBIE BOIIPOCHI O Batiel Tpes-
METHOI 00JIaCTH U OTBEYATh HA HUX.

[lna Koro npeaHasHadeHa 3T1a KHuUra

«Kax nmenno criepyer usydars Python?» — opun 3 HanoJiee 4acTo 3a/[aBaeMbIX MHE
BOIIPOCOB Ha Pa3JINYHbBIX TEXHOJIOTHYECKUX KOH(EPEeHIUAX U BeTpeyax. 3a/1aloT €ro 3a-
WHTEPECOBAHHBIE B TEXHOJIOTHSX CTYICHTBI, Pa3pabOTUMKI UJIH UCCIIEA0BATEH, YACTO
yiKe CO 3HAYNTEeTbHBIM OIIBITOM HAaIMCAHNS KO/Ia U NCITOTh30BAHUST BBIYMCIUTETHHOTO
1 UG POBOTO MHCTPYMEHTAPHS. BOJBITUHCTBY U3 HUX HE HYKEH SI3BIK TIPOTPAMMIPOBA-
Hust Python B unctom Bujie, oHM XOTEN ObI U3yYaTh €10, YTOOBI TIPUMEHSTH B KAYECTBE
UHCTPYMEHTA JUUIS PELIeHUst 3a/1a4, TPEOYIONMX BEIYUCAEHUN ¢ 06pabOTKOI GOJBITNIX
06BEMOB JIAHHBIX.

ITa KHMTA HE TTAHNPOBAIACH B KAYECTBE BBEJCHUS B A3bIK Python mim B mporpammupo-
BaHue BooOie. S pe/noaraio, 4to yuTaTesb 3HaKOM ¢ s3bikoM Python, Bkitovas orm-
canve (hyHKIMH, TIPUCBaMBaHKE [IEPEMEHHBIX, BBI30B METOMOB OOBEKTOB, YIIPABJIEHHE
MOTOKOM BBITIOJTHEHUST IPOTPAMMBbI M PellleHure APYTuX mpocreiinmx sagad. OHa 10/KHA
IIOMOUYb T10JIb30BATEJAM sI3bIKa Python HayuuThCs IPUMEHSITH CTEK MHCTPYMEHTOB HC-
crle/JoBaHu JaHHbBIX s3bika Python — Takue 6ubanorexu, kak [Python, NumPy, Pandas,
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Matplotlib, Scikit-Learn u cooTBeTCTBYMOIINE HHCTPYMEHTBI, — 17151 3h(HEKTUBHOTO
XpaHeHUs, MAaHUTTYJISIUK 1 TTOHUMAHWS TAHHBIX.

Nouemy Python

3a moceIHIe HECKOIBKO JIECATUIETHE A3bIK TporpaMmupoBanus Python mpespatuics
B [I6PBOKJIACCHBII MHCTPYMEHT JIJIsl HAy4HBIX BBIYMCJICHUH, BKIIIOYAs aHAIN3 U BU3YyaJIi3a-
110 GOJIBITIX HAOOPOB JAHHBIX. DTO MOJKET YAUBUTH JABHUX MOKIOHHUKOB Python: cam
10 cebe 9TOT A3BIK He GBI CO3/IaH B PacyeTe Ha AHAJIN3 IAHHBIX UJTH HAYIHBIE BHIYUCICHVS.

SI3bIk IporpammupoBanst Python mpuroieH st HayK¥ 0 IAaHHBIX B OCHOBHOM 6J1aro/a-
Pst 6OTIBINON ¥ aKTHUBHO PA3BUBAIONIEHCSA HKOCUCTEME MTAKETOB, CO3/AHHBIX CTOPOHHIMH
pa3paboTYnKaMu:

Q 6ubimorek NumPy — 11 paboThI ¢ OHOPOJHBIMU JaHHBIMU B BUJI€ MACCUBOB;

Q OGubaunorexu Pandas — mis paGoThL ¢ HEOAHOPOAHBIMU U IIOMMEHOBAHHBIMU JAH-
HBIM;

O SciPy — ais 061mX HayYHBIX BBIYMCIUTENbHBIX 3314,
Q O6ubmmorexkn Matplotlib — mna Busyanusanmii Tunmorpadckoro kauecTsa;

Q o6osouku IPython — it MHTEPAKTUBHOTO BIMOJHEHUSI  COBMECTHOTO MCIIOJIb-
30BaHIA KOJ,;

Q O6ubamorexn Scikit-Learn — st MANTUHHOTO 0OYYEHUS M MHOKECTBA IPYTUX MH-
CTPYMEHTOB, KOTOPBIE OYIYT YIOMSIHYTHI B lA/IbHEHTITEM.

EcJmv BBI HIlleTe PYKOBOJICTBO IO CAMOMY $I3BIKY ITporpaMMupoBanust Python, pekomer-
JIy¥0 OOpaTHTh Ballle BHUMaHUe Ha TPoeKT «KpaTkast 9KCKypCHst 10 SI3BIKY TIPOTPaMMU-
posanus Pythons (https://github.com/jakevdp/WhirlwindTourOfPython). OH 3HAKOMUT ¢ BaK-
HEHIITMU BO3MOKHOCTSIMU s13bIKa Python 1 paccunTan Ha nccieoBareseil JaHHbIX, yiKe
3HAKOMBIX C OJTHUM WJTH HECKOJBKUMU S3bIKaMU MTPOTPAMMUPOBAHMS.

S3biku nporpammupoBanusi Python 2 u Python 3. B kHure ncnonb3yercst CHHTaKCHC
Python 3, comepskamniuii HeCOBMECTUMBIE € BBIITYCKAMHU 2.X sI3bIKa TIPOTPAMMUPOBAHUST
Python pactmpenus. Xorst Python 3.0 66wt Briepsbie Boimytiies B 2008 rojty, OH BHEAPSLICS
JIOBOJIBHO MEJIJIEHHO, 0COOEHHO B HAYYHOM COOOIIECTBE 1 COOOTIECTBE BeG-PaspabOTINKOB.
I'1aBHast MPUYMHA 3aKTIOYAIACH B TOM, YTO MHOTHE Ba)KHBIE CTOPOHHIE TTAKETHI K HaGOPbI
MPOTPAMM TOJIBKO Yepe3 HEKOTOPOE BPEMsI CTAI COBMECTHMBI C HOBBIM SI3BIKOM.

B Hauasie 2014 roga crabuiibHbIe BBIYCKH BaKHEHIITNX MHCTPYMEHTOB 9KOCHCTEMbI Ha-
VKU O IAHHBIX OBIITH TIOTHOCTBIO COBMECTUMBI Kak ¢ s13bIkoM Python 2, Tak u Python 3,
MO9TOMY JTaHHAsI KHUTA UCTIOJIh3yeT GoJiee HOBBIH cHTakcuc si3bika Python 3. Ograko
abcomoTHOE OOJIBIIMHCTBO (DPArMeHTOB KoJa B 9Tol KHITe Oy/IeT Takke paborars 6e3
BCAKMX MoauduKaiuii Ha si3bike Python 2. Ciyuau, Korjia mprMeHsIeTcsl HeCOBMECTH-
mbiit ¢ Python 2 cumrakcuc, st 6y1y yKa3niBaTh.
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Ob6Lwasn CTpyKTypa KHUMM

Kaxmas riiaBa KHUTH MTOCBSIIIEHA KOHKPETHOMY TAKeTy WJIM MHCTPYMEHTY, COCTABJIS-
OII[EMY CYIIIeCTBEHHYO YacTh HHCTpyMeHTapust Python s ccienoBanus qanHbIX.

Q IPython u Jupyter (enasa 1) — npenocTaBasioT BBIYUCIUTEIBHYIO CPELY, B KOTOPOI
paboraior MHOTrHe Hcnoab3ylonue Python ncesegobarenn gaHHbIx.

Q NumPy (erasa 2) — npenocrasisietT 00beKT ndarray st 9 (HEKTUBHOTO XPaHEHUST
4 pa6OTbI C IIJIOTHBIMU MaCCBaMU JaHHbLIX B PythOIl

Q Pandas (21asa 3) — npenocrasisieT 00beKT DataFrame 111 3G (GEKTUBHOIO XpaHeHHUsT
1 paboThl ¢ HOMMEHOBAHHBIMU,/CTOI0UATHIMU JaHHBIMK B Python.

Q Matplotlib (2aasa 4) — 1penocTaBIseT BOSMOKHOCTH /IS Pa3HO0OPa3HOi ruOKoi
BU3yaJIU3alny JaHHbIX B Python.

Q Scikit-Learn (2nasa 5) — upenocrasiser agdexrupble peanusanuu Ha Python
6OJILI_HI/IHCTB3_ Ba’KHBIX M MIMPOKO M3BECTHBIX aJITOPUTMOB MAallTMHHOT'O O6y‘-IEHI/I$I.

Mup PyData ropasno mupe npeicTaBjieHHbIX TaKeTOB, U OH PacTeT JAeHb OTO JIHS.
C y4eToM 3TOro s UCHOJB3YI0 Kak /Y0 BO3MOKHOCTh B KHUTE, YTOOBI COCIATHCA Ha
Ipyrue uHTepecHbie paboThl, MTPOEKTHI U MAKEThI, PACIIUPSIOININE MPEAEIbl TOTO,
9TO MOKHO CIeaTh Ha st3bike Python. Tem He MeHee CeTOMHsT 9TH TSTH MAKETOB
ABJISAIOTCST OCHOBOTIONIATAIONIMMHI JIJIsT MHOTOTO M3 TOTO, YTO MOKHO C/IeJaTh B 06-
JIACTHU TIPUMEHEHUS sI3bIKA TpoTpaMMupoBanust Python k uccieoBaHUIO TaHHBIX.
S momaraio, 9T0 oHU GYIYT COXPAHSATH CBOE 3HAYEHIIE M TIPU POCTE OKPYIKATOTIEN UX
9KOCHCTEMBI.

\cnonb3oBaHMe npuMepoB Koaa

JlonomHuTeIbHBIE MaTepUabl (IIPUMeEPHI KO/a, YIPAKHEHUS U T. 11.) JOCTYITHBI JIJIsT
CKaumMBaHus 110 agpecy https://github.com/jakevdp/PythonDataScienceHandbook.

3ajaua 5TOI KHUIM — [IOMOYb BaM JIeJIaTh Baury paboTy. Bbl MoskeTe NCIoIb30BaTh JII0-
60it TprMep KOJIa U3 KHUTH B BAIIUX [TPOrpaMMax 1 JoKyMeHnTarnun. OOpamarsbest K Ham
3a pa3penieHneM HET HeO6XOI[I/IMOCTI/I, pa3Be 4TO BBI KOHI/IpyeTe 3HAYUTEJDbHYIO 9aCTh
koja. Hampumep, Hanmicanue nporpaMMBbl, KCTIOJIB3YIONIEH HECKOIBKO (DparMeHToB Kojla
U3 5TOM KHUIH, He TpeOyeT oTAeabHOro paszpeienusd. OQHaKo A NPOAaKU WU Pac-
[IPOCTpaHeHKs KOMIIAKT-AucKa ¢ npuMepamu us kuur O’Reilly paspemienue tpebyercs.
OTBeT Ha BOIIPOC IIyTeEM IMUTUPOBaHUA 3T0ﬁ KHUTHU U IUTUPOBAHWA IPUMEPOB KO/Ta HE
Tpebyer paspemenus. Ho BKIOYEHNEe 3HAYNTETHHOTO KOJMYECTBA IIPUMEPOB KOZa 13
KHUTH B IOKYMEHTAIIMIO K BallleMy IPOAYKTY II0TpeGyeT paspenieHusl.

Mol 1ieHuM, X0Ts U He TpeOyeM CChUIKK Ha nepBoucTouHuK. OHa BKIOYAET Ha3Ba-
HUe, aBTOpa, nsaareabetBo u ISBN. Hanpumep, «Python s cioxkHbix 3azad. Hayka
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o mannbix 1 MamuaHoe obydyenue (“Ilurep”). Copyright Txeiik Bangep Ilnace, 2017,
978-1-491-91205-8>».

Ecsom Bam kaxeTcs, 9TO BBl BBIXOAUTE 32 PAMKHU ITPAaBOMEPHOTO MCITOJIb30BAHUS TIPH-
MepOB KO/Ia, He CTECHSSACH, CBSI3bIBANTECH C HAMMU TIO ajipecy permissions@oreilly.com.

Bonpochkl ycTaHOBKM

Nucranmnsius Python u nHabopa 6ubanorex, 06eceunBaoImx BOSMOKHOCTb HAYYHbBIX
BBIYMCIICHI, HE TIPEJICTABIISIET CAOKHOCTH. B anHOM passesnie 6yyT paccMOTPEHbI
0COOGEHHOCTH, KOTOPBIE CJIeLyeT IPUHUMATh BO BHUMaHUe TP HAaCTPOHKE.

Cy1iecTByeT MHOXKECTBO BapuaHToB ycranosku Python, Ho s npeaosxus 6s1 Boc-
10JIb30BaThCsl AUcTpubyTiBoM Anaconda, 0/MHAKOBO PaOOTAIOIINM B OIIEPAIIMOHHbBIX
cucremax Windows, Linux n Mac OS X. /Tuctpubytus Anaconda cyimecTByeT B IBYX
BapHaHTaXx.

Q Miniconda (http://conda.pydata.org/miniconda.html) cogep:KUT caM MHTEPIPETATOP
s3bIKa nporpamMmmupoBanus Python, a Takske yTuianTy KoMaHAHON cTpoku conda,
(yHKIIMOHUPYIONYIO B Ka4eCcTBE MEXIIAT(GOPMEHHON CUCTEMBI YIIPaBJIEHUS
makeTaMu, OPHEHTUPOBAHHON Ha paboTy ¢ makeramu Python u anasoruuHoi mo
JyXy yTUJAUTaM apt ¥ yum, XOpoIIo 3HAKOMbBIM T0JIb30BATEJSIM OTIePAIlMOHHON
cuctembl Linux.

Q Anaconda (https://www.continuum.io/downloads) BKJfouaet unrepiperarop Python
u yruauty conda, a Takke Habop TPELYCTAHOBIECHHBIX TTAKETOB, OPUEHTUPOBAHHBIX
Ha Hay4YHble BbruncjaeHust. [IpuroroBbTech kK TOMY, 4YTO yCTAaHOBKA 3aiiMeT HECKOJBbKO
rurabaiiT IMCKOBOTO TIPOCTPAHCTBA.

Bce Briouaembie B Anaconda makeTbl MOXKHO TaKsKe YCTAHOBUTH BPYUYHYIO TTOBEPX
Miniconda, “MEHHO OTOMY $T PEKOMEH/IY0 BaM HauaTh ¢ Miniconda.

Jlnst Hauasta ckavaiite u ycranosute maker Miniconda (He 3a0yibTe BBIOpATh BEPCHIO
¢ sizpikoM Python 3), ociie yero ycranosute 6a30Bbie AKETDI, HCIOTb3yeMble B TAHHOI
KHUTE:

[~]$ conda install numpy pandas scikit-learn matplotlib seaborn ipython-notebook

Ha niporsikeHnu Beell KHUTH MbI OyieM TPUMEHSITH 1 IpyTue, GoJiee Crielnain3npoBaH-
HbIE YTUIIMTHI U3 HAyYHOU aKocrcTeMbl Python, yeraHoBKa KOTOPBIX CBOZNTCS K BBITIOJ-
HEHUIO KOMaH/bI conda install Ha3zBaHue_nakema. 3a JOTIOJHUTETbHON MH(MOpMaIen
006 yrusmte conda, BK/OUast HHGOPMAIHMIO O CO3MAHUN W UCTIOJIb30BAHIK CPEJ] pa3pa-
6orku conda (4to st 6bI kpaiine PEKOMEHIOBAT ), 0OPATUTECH K OHJIANH-IOKYMEHTAI[H
yrusmatel conda (http://conda.pydata.org/docs/).
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YcnoBHble 0603HAYEeHUS

B ar1oit kHuUTe HCIIOJNIb3YIOTCA CJIeIyIole YCJIOBHbIE 0603HaYEHNS.

Kypcus

KypcuBoM BbljiesieHbl HOBbIE TEPMUHBI.
MOHOWMPUHHbIA WpUGT
Vcmosb3yeTest Jist IMCTUHTOB MPOTPAMM, a TaKyKe BHYTPHU ab3aties, 4ToObl 0Opa-

TUTHCS K DJIEMEHTAM IPOTPAMMBbI BPOJI€ ITePEMEHHBIX, (DYHKIIUI U TUIIOB JIAHHBIX.
VM Tak:ke BBIZIEJIEHBI UMEHA U paciTupeHus Haiios.

MoNyXVpPHBIA MOHOWMPUHHBIA WPUPT

ITokaspiBaeT KOMaHIbI I I[pyI‘Oﬁ TEKCT, KOTOprfI I10JIb30BaTe/Ib JOJ/IKEH BBECTU
CaMOCTOATEJIbHO.

KypcuBHbili MOHOWUPUHHBIU wpudm

ITokasniBaer TEKCT, KOTOprfI JLOJIJKEH OBITH 3aMEeHEeH 3HaYCHNAMU, BBE/ICHHbBIMIN
ITOJIb30BaTe/IEM, NJIN SHAYCHUAMMU, OTIPEAECTIAEMBIMI KOHTEKCTOM.



IPython: 3a npeaenamu
obbIyHOro Python

MeHsI 4acTo CrpanuBaiT, KAaKOil 13 MHOKECTBA BAPDUAHTOB CPeIbl Pa3paboTKHU st
Python s ncmosbayio B cBoett pabote. Moii OTBET HHOT/IA YAWBISET CIIPAITHBATOIINX:
Mos1 u3JII00JIeHHas cpe/a mpezcTasiser coboit o6omouky IPython (http://ipython.org/)
ILTIOC TEKCTOBBIH pelakTop (B MoeM cirydae pegaktop Emacs nan Atom, B 3aBUCHMOCTH
ot "Hactpoenus ). IPython (cokpaiienue or «unmepaxmuenviii Pythons) 6bL1 OCHOBAH
B 2001 roxy Depuanso [lepecom B KayecTBe MPOABUHYTOTO HHTEpHperaropa Python
U C TeX 0P BBIPOC B IIPOEKT, IPU3BAHHbBIIT 06eciedrTh, o cjaoBaM llepeca, «yTHUIUTHI
IS BCETO SKU3HEHHOTO TIMKJIa UCCIAEI0BATENBCKIX pacueToBy. Ecau s3bik Python —
MEXaHU3M PEIeHNUsT Halllel 3a/[a4u B 00JIaCTH HAYKHU O JIaHHBIX, TO 000710uKy IPython
MO>KHO PACCMATPUBATh KAK MHTEPAKTUBHYTO MAHETh YIIPABICHUS.

O6omouka IPython sBisieTcst TOIE3HBIM UHTEPAKTUBHBIM HHTEP(hEHCOM IS A3bIKa
Python u nmeer HECKOJIBKO YAOOHBIX CUHTAKCHYECKUX JIOTOJHEHIH K HEMY. BoJb-
IIUHCTBO W3 HUX MBI paccMOoTpuM. Kpome atoro, obosouka IPython tecHo cBsizaHa
¢ ipoexToM Jupiter (http://jupyter.org/), IPEIOCTABIAIONIMM CBOEOOPA3HbI HJIOKHOT
(TEKCTOBBIN perakTop) st Gpaysepa, yA0OHBIN s pa3pabOTKI, COBMECTHOM paboThI
U VICTIOJIb30BAHUsT PECYPCOB, a TakyKe /s MyOJIMKAIMK HAYYHBIX Pe3yIbTaToB. BiIok-
HoT 0bostouku [Python, o cyTu, yacTHbI coyuail Gosiee 001Ieil CTPYKTYPbI GJIOKHOTA
Jupiter, Bximodatoniero 610KHOTEL 151 Julia, R 1 ApyTUX S3bIKOB IIPOrPaMMUPOBAHIL.
He cTouT majieko X0QuTh 3a MPUMEPOM, MOKa3bIBAOIINM ya100cTBa (hopMaTa OIOKHOTA,
UM CJIYKHUT CTPAHUIIA, KOTOPYIO BBI Cefiuac qrtaere: BCSI PyKOIUCH JaHHON KHUTH OblJa
cocrasiena 13 Habopa 6moknoros IPython.

O6osouka [Python nossosisieT achheKTUBHO UCTIOIB30BaTh A3bIK Python s wHTEp-
AKTHBHBIX HAYYHBIX BHIUYNCIEHUH, TPeOyIOMMUX 06paboTKN GOTBITOTO KOJTMIECTBA
naHHbIX. B aT0ll T1aBe MBI paceMOTpPUM Bo3MoskHOCTH 06osouku [Python, nosesmsie
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P UccaeoBaHNN JaHHBIX. COCPelOTOYNM CBOE BHUMAaHNE HA TE€X MPE0CTABISICMbBIX
IPython cuHTaKCHUECKUX BO3MOKHOCTSIX, KOTOPbBIE BBIXO/SAT 3a MPEIEIIbl CTAHIAPT-
HBIX BO3MOXKHOCTEH si3bika Python. Hemuoro yroiybumcest B «Marndeckues KOMaH/IbI,
TTO3BOJISITONINE YCKOPUTD BBITIOJHEHNE CTaHAAPTHBIX 3ajayd P CO3/ITaHUU U UCIIOJIb-
30BaHMU IIpeJHa3HaveHoro AJsd UccaeJoBaus JannblX Koxa. M nakoner, sarpoueM
BO3MOKHOCTH OJIOKHOTA, TIOJIE3HbIE JIJIsT TOHUMAHUSI CMBIC/IA IAHHBIX U COBMECTHOTO
HCIIOJIb30BaHUs Pe3yJ/IbTaToB.

KoMaHaHas cTpoka unu 6/1oKHOT?

Cy1mecTByer iBa OCHOBHBIX crtocoba UCIob3oBanus obomoukn IPython: komanHas
crpoka IPython u 6;10xkHOT [Python. Bosbiuas yacTh M3/105K€HHOTIO B 9TOM IJIaBe MaTe-
puaia OTHOCHUTCST K 000¥M, a B IpUMepax Oy/IeT TPUMEHSIThCsT GoJiee yA0OHbI B KOH-
KPETHOM CJIy4ae BapraT. S 6yy oTMeYaTh HEMHOTUE PA3/IEIbl, OTHOCSIITECS TOIBKO
K ofiHOMY 13 HuX. [Ipeskzie yeM HayaTh, BKpaTIle PACCKaxKy, Kak 3allyCKaTh KOMaHIHYIO
o6os10uky IPython u 6;10xH0T IPython.

3anyck koMaHaHon o6onoyku IPython

JamHast T1aBa, Kak u GOBITAs 9aCTh KHUTH, He TIPeHa3HaYeHa IJisT TTACCHBHOTO YTEHMSI.
S pekoMeH/IY10 BaM 9KCIIEPUMEHTHPOBATD € OMMMCBIBAEMBIMU UHCTPYMEHTAMU W CHHTAK-
cricoM: (hopMUpyeMast IIPU 9TOM MbIIIICUHAsE TAMSITh IPHHECET HAMHOTO GOJIBIITE TIOJTB3BI,
geM TipocToe uTenne. Haunewm ¢ 3amycka nnteprnperaropa obonouku [Python mytem
BBOJIA KOMaH/IbI IPython B KOMaH/IHO cTpoKe. EcJu e BbI yCTAaHOBWIINA OIMH U3 TAKUX
aucTpubyTHBOB, Kak Anaconda wiu EPD, BeposiTHO, Y Bac €CTh 3aIlyCKAOMINN MO b
JUUIST BATITeH OTIEPATTMOHHON CHCTEMBI (MBI 00CYINM 910 TIoApobHee B pasziene «CpaBka
" JOKyMeHTatust B 06os10uke Pythons naHHOi T1aBBI).

ITocre aToro BoI OOJIKHBI YBU/IETDH IIPUTJIAIIICHUE K BBOY:

IPython 4.0.1 - An enhanced Interactive Python.

? -> Introduction and overview of IPython's features.
%quickref -> Quick reference.

Help -> Python's own help system.

Object? -> Details about ‘'object', use ‘'object??' for extra details.
In [1]:

[[aﬂee BbI MOJKETE aKTUBHO CJIEAUTDH 3a IPOUCXOJAIINM B KHUTE.

3anyck 6s10kHoTa Jupiter

BaokHoT Jupiter — GpaysepHbiil rpadudeckuii nHTEpdEiic 11t KOMaHAHONW 000J104-
ku [Python u 6oratoiii HaGop OCHOBAHHBIX HA HEM BO3MOYKHOCTEH THHAMUYIECKOT
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Busyanusaiyu. [lomumo Bbinosnerus oneparopos Python/IPython, 610kHOT 103BOJIS-
€T TI0JIb30BATEJIO BCTABJISATh (POPMATUPOBAHHBII TEKCT, CTATUYECKUE U TUHAMUYECKIE
BU3YyaJIN3aINH, MaTeMaTHuecKne ypaBHEeHUS, BUJKeThl JavaScript m MHOTOE /IpyToe.
Bosee Tor0, 9T1 JOKYMEHTBI MOYKHO COXPAHSTD TaK, YTO APYTUE JIOAU CMOTYT OTKPbIBATH
U BBITIOJTHATH UX B CBOUX CHCTEMAX.

XoTs mpocMoTp U pepakTrpoBanue 6aokHoTa IPython ocymecTsisercs depe3 OKHO
Gpayaepa, OH JI0JIKEH MOAKII0YAaThCs K 3amylieHHoMy mpoieccy Python ayis Bbimos-
Henus koma. /[ 3amycka atoro mporecca (Hasbraemoro sopon (kernel)) BormosamTe
CIIeyTOTyT0 KOMaH/y B KOMaH/IHO CTPOKE Ballleii OreparmoHHON CUCTEMBL

$ jupyter notebook

ITa KOMaHa 3allyCTHT JOKAIbHBIA BeO-cepBep, BUAMMbIi Gpaysepy. Oma cpasy xe
HA4YHeT KypHAJIUPOBaTh BhINOJHAeMble AeficTus. KypHan OyIeT BBILISIETh CAeLy-
01UM 00Pa3OM:

$ jupyter notebook

[NotebookApp] Serving notebooks from local directory: /Users/jakevdp/..
[NotebookApp] © active kernels

[NotebookApp] The IPython Notebook is running at: http://localhost:8888/
[NotebookApp] Use Control-C to stop this server and shut down all kernels..

[Tocie BBITIOTHEHMS HTON KOMaHIbI Balll Gpaysep 10 YMOJTUYAHUIO TOJKEH aBTOMa-
TUYECKHU 3aIyCTUTHCI U TepelTH 1o ykazanHomy jgokambHoMy URL; Tounslit anpec
3aBHUCHUT OT Baliiell cucrembl. Eciin Gpaysep He OTKPBIBAETCS] aBTOMATHUECKU, MOKETE
3aIyCTUTh €r0 BPYYHYIO M MEPENTH 0 YKazaHHOMY anapecy (B gaHHOM mpumepe http://
localhost:8888/).

CnpaBka 1 OKYMeHTauus
B 06onouke IPython

Ecsiu BBI He yMTanu OCTAIBHBIX PA3/IesioB B IAHHON rlaBe, poYnTaiiTe X0Tst ObI HTOT.
O6cyskaaeMble 31€Ch YTUIMThL BHecau Hanboabinuii (u3 IPython) Bxian B Mol esxxe-
JIHEBHBII 1Ipo1iece pa3pabOTKL.

Korzia gesioBeka ¢ TEXHUUECKUM CKJIQJIOM yMa ITPOCIT TIOMOYb JIPYTY, POICTBEHHUKY UJTH
KOJLJIETe PEIINTH IPOOIEMY ¢ KOMIIBIOTEPOM, Yallle BCEro peub UAET 00 yMEeHUN OBICTPO
HalTH HEM3BECTHOE pellieHre. B HayKe 0 JAHHBIX BCe TOYHO TaK JKe: Oy CKAIOIIHe TI0-
HCK BeO-PECYPCHI, TAKKE KaK OHJIAiH-JOKYMEHTAIHsI, TUCKYCCUU B TIOUTOBBIX PACCHLIKAX
u otBeThl Ha caiite Stack Overflow, conepskaT Maccy nndopmanuy, gaxe (0COGEHH0?)
€CJTM peyb UJIeT O TeMe, THMOPMAIIUIO TT0 KOTOPOH BBI ysKe UCKaIu. ¥ MeThb 3(p(HeKTUBHO
MCCJIE/IOBATD JJAaHHBIE O3HAYAET CKOpee He 3alTOMUHAHNE YTUJIUT WJIH KOMaH/ I, KOTOPbIe
HY>KHO MCITOJIB30BATh B KAXKJION M3 BO3MOKHBIX CUTYAIlUii, a 3HAaHUE TOTO, Kak addex-
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TUBHO MCKATb HEM3BECTHYIO IOKa I/IH(bOpMaHI/IIOZ TIOCPEACTBOM JIM TIOMCKa B I/IHTepHeTe
nJin C IOMOUIbIO IPYTUX CPEACTB.

OjHa 13 caMbIX 110JIe3HBIX Bo3MoskHocTeit IPython/Jupiter 3akioyaercs B cokpariie-
HUW Pa3pbiBa MEKIY TTOJb30BATEISIMU M TUTIOM JIOKYMEHTAIIUU U TIOUCKA, YTO JIOJIKHO
moMoub UM s PeKTHBHEE BHIIOJIHATH CBOIO paboTy. X0Ts mouck B MHTepHeTe Bee ele
UTPaeT BaXKHYIO POJIb B OTBETE HA CIIOKHbBIE BOMPOCHI, HOJIBINOE KOJUYECTBO HHMOP-
Mallii MOKHO HallTH, HCIOJIb3yst camy o6osouky IPython. Bor Heckosbko mpumMepos
BOTIPOCOB, Ha KoTopbie IPython MoskeT mOMOYb OTBETUTH GYKBAIBHO C TOMOIIBIO He-
CKOJIPKMX HAKATUI KITABHIIL.

0O Kax Bp13Bath a1y pyHKnmio? Kakue apryMeHTHI 1 TapaMeTphl eCcTh y Hee?
O Kak BBIIAANT UCXOAHBII KO 5TOTO 00bekTa Python?

Q Yro mMeeTcst B MMIIOPTUPOBAHHOM MHOU makete? Kakue aTpubyThl MM METOJIBI
€cTh y 3TOr0 06bheKTa?

Mb1 06cyaum uacTpyMenTsr IPython muist 6eicTporo poctyia K 9Toil nHGOpPMAIUu,
a IMEHHO CUMBOJI ? JIJISI TIPOCMOTPA JIOKYMEHTAIMU, CUMBOJIBI ?? JIJIs1 IPOCMOTPA ¥C-
XOJIHOTO KO/Ia U KJIABUTITY Tab JI7IsT aBTOIOTIOTHEHIS.

JlocTyn K AOKYMEHTaLMK C NOMOLLbIO CMMBONA ?

SI3bik mporpammupoBanust Python u ero akocucrema auist uccjie[0BaHUS JAHHDBIX SIB-
JIAI0TCS KJINEHTOOPUEHTHPOBAHHLIMY, U B 3HAYUTEIBHON CTEIIEHU 9TO [IPOSIBIISACTCS
B mocTytie K mokymenTarun. Kaxasrit o0bekt Python comepkut cchbiiky Ha CTPOKY,
nmenyemyio docstring (coxpamienre ot documentation string — «crpoka goKyMeHTa-
IIIH» ), KOTOPast B OOJIBITHHCTBE CyYaeB OYIeT CoAepKaTh KPaTKoe oTncanie 00beKTa
u c1iocob ero ucnosib3oBanus. B sizbike Python nmeercs Berpoernast yHKims help(),
MO3BOJIAIONIAA 0OPAIATHCA K ATOH MHPOPMAIIUU U BBIBOANUTH pesyabrar. Hanpumep,
4TOOBI TOCMOTPETH JOKYMEHTAIIMIO MO0 BCTPOCHHON (DYHKINU len, MOXKHO CIIETATh
ciepylouiee:

In [1]: help(len)
Help on built-in function len in module builtins:

len(..)
len(object) -> integer

Return the number of items of a sequence or mapping'.

B 3aBucumoctu ot unTeprperaropa unbopmaiius Gyaer otobpaskeHa B BUIE BCTPanBa-
€MOTO TEKCTa WJIN B OT/EJIbHOM BCILJILIBAIOIIEM OKHE.

! BosBpamaeT KOJIMYECTBO 9JIEMEHTOB B IIOCJIEJOBATEJbHOCTH WUJIN CJIOBape. — 30decy u danee

npumey. nep.
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[TocKOMbKY TIOUCK CIPABOYHON HHPOPMAIIH TI0 OOBEKTY — OYeHb PACTIPOCTPAHEHHOE
u ynobuoe neiicteue, obonouka IPython mpemocrapaser cumsoma ? 1711 GBICTPOrO 10~
CTYTIA K IOKYMEHTAITUH U IPYTOI COOTBETCTBYIOMNIEH nH(popMarmm:

In [2]: len?

Type: builtin_function_or_method
String form: <built-in function len>
Namespace: Python builtin

Docstring:

len(object) -> integer
Return the number of items of a sequence or mapping!.

ﬂaHHaH HOTalusAa MOoAXOAUT IPpaKTUYECKU AJIsl 4€Tro YyroAHO, BRJIIOYadaA METO/Ibl 00b-
€KTOB:

In [3]: L = [1, 2, 3]
In [4]: L.insert?

Type: builtin_function_or_method
String form: <built-in method insert of list object at 0x1024b8ea8>
Docstring: L.insert(index, object) - insert object before index?

niam gaxxe caMm 00BEKTDL C lIOKyMeHTaIII/IeI;'I 110 UX TUITYy:

In [5]: L?

Type: list
String form: [1, 2, 3]
Length: 3
Docstring:

list() -> new empty list?
list(iterable) -> new list initialized from iterable's items*

I10 Gy et paboTaTh Jaske st CO3AAHHBIX MOJIb30BaTeeM (DYHKIMI 1 APYruX 06HEKTOB!
B caenyrommem (parmenTe Kojia Mbl OTIUIIEM MaJeHbKYI0 GyHKIMIO ¢ docstring:

In [6]: def square(a):
el """Return the square of a.
return a ** 2

Ob6parute BHUMaHue, 4yTo 1ipu co3pannu docstring /st Hareil GyHKIIUNA MBI TIPO-
CTO BCTABUJIU B IIEPBYIO CTPOKY CTPOKOBbIN sutepait. [Tockonbky docstring 0661410
3aHUMaeT HeCKOJIbKO CTPOK, B COOTBETCTBUM C YCJOBHBIMU COTJIAIIEHUSMU MBI HC-
MOJIB30BAJIHN JIJIsT MHOTOCTPOUHBIX docstring HoTtaiuio st3bika Python ¢ TpoitHbiME
KaBbIUYKAMH.

1 BOSBpaH_[aeT KOJIMYECTBO IJIEMEHTOB B ITOCJIEIOBATEC/IbHOCTU WJIN CJIOBape.

Berasiser object nepen index
3 HoBblii ycTO# CIUCOK.
HoBblil ciicok, MHUINATN3NPOBAHHBIN SIEMEHTaM U cTicKa iterable.
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Tetepb BOCIIONB3YEMCST 3HAKOM ? JIJIsT HaXOsKAeHust 9710l docstring:

In [7]: square?

Type: function

String form: <function square at 0x103713cbe>
Definition: square(a)

Docstring: Return the square a.

BrIcTphlil JOCTYI K JOKYMEHTaluu yepes sjeMeHThl docstring — oHa U3 MPUYKH, 10
KOTOPBIM KeJIATEIbHO IIPUYIUTH ceOs1 106aBIATD I0A00HYI0 BCTPOSHHYIO JOKYMEHTa-
IO B CO3/IlaBaeMbIil KO!

[loCcTyn K ncxogHoMy KoAy C NOMOLLbO CMMBOSIOB ?7?

ITockosbKy TeKCT Ha si3bike Python umraercst oueHb Jierko, YreHHe UCXOLHOTO KOJIA
MHTEPECYIOTETO Bac 00BheKTa MOKET obecednTs Gosee TIyOOKOe ero TTOHMMAaHHE.
O6omouka IPython mpenocrasisier cokpaiieHHyio hopMmy ob6paiieHus K UCXOIHOMY
KOJIy — [IBOITHOII 3HaK Bompoca (??):

In [8]: square??
Type: function
String form: <function square at 0x103713cbe>
Definition: square(a)
Source:
def square(a):
"Return the square of a"
return a ** 2

JIuist oIoGHBIX TIPOCTHIX (hYHKITMH ABOWHOI 3HAK BOMPOCA MO3BOJISIET GBICTPO MPOHUK-
HYTb B 0COOEHHOCTU BHYTPEHHEN peasii3aiinm.

[ToakcriepuMEHTHPOBAB ¢ HUM HEMHOTO, BbI MOKETe 0OPATUTh BHUMAHUE, 4TO WHOT/IA
nobaBjieHre B KOHIlE ?? HE MPUBOIUT K OTOOPaKEHUI0 HIKAKOTO HCXOIHOTO KOJIA:
OOBIYHO TO MPOUCXOAUT TIOTOMY, YTO OOGBEKT, 0 KOTOPOM MJIET PEYb, pEaIM30BaH HE
Ha si3pike Python, a na C win kakoM-1u60 JIPYroM TPAHCIAUPYEMOM SI3bIKE PACIIHU-
peruii. B mogo6uOM cirydae 1o6aBiieHre ?? IPUBOIUT K TAKOMY Ke Pe3yJIbTaTy, 4TO
u gobassieHue ?. Bbl CTOJIKHETECH ¢ 9TUM B OTHOIIEHUH MHOTHX BCTPOEHHBIX 0OBEKTOB
u tunos Python, Hanpumep st ynomsiayToii Boitne ¢hyHkiuu len:

In [9]: len??

Type: builtin_function_or_method
String form: <built-in function len>
Namespace: Python builtin

Docstring:

len(object) -> integer

Return the number of items of a sequence or mapping'.

! BOSBpaHIaeT KOJIMYECTBO 9JIEMEHTOB B I1OCJIC/IOBATE/IBHOCTH WUJIN CJI0Bape.
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Vcnop3oBaHue ? w/Win ?? — IPOCTOil ¢rtocob st OBICTPOTO TOUCKA WHDOPMATIHY
o0 pabote 000 GYHKIIK I MOYJIst si3bika Python.

[MpOCMOTp COAEPXXMMOrO MOAY/EN C MOMOLLbIO
Tab-aBTOOOMONHEHMUS

Jpyroii yno6usiii untepdeiic obonouku IPython — ncrnonbsosanme kaasuiy Tab Ayt
ABTOJIOTIOTHEHTIST 1 TTPOCMOTPA COMEPKUMOTO OOBEKTOB, MOTYJIEN 1 TIPOCTPAHCTB MMEH.
B ciepyronmx mpumepax Mbl OyjeM IIpUMeHsATh obo3HaueHne <TAB> TaM, riae HeoOXo-
IIIMO Ha)KaTh KJIABUIITY Tab.

ABTO/I0MO/THEHME Ha3BaHWI COAEPIKMMOro 06 bEKTOB
C NMOMOLLbIO KnaBsuwwmn Tab

C kakanivM 0o6berToM Python ¢Bsizamo MHOKECTBO pa3imuuHbIX aTPUOYTOB U METO/IOB.
Ananornano obcyskaBieiics Boiiie GyHKIUE help B si3bike Python ects BeTpoeHnHast
dbyukimst dir, BO3BpaIaioniasi uX CIUCOK, HO Ha MTPAKTHKE MCIOIb30BaTh HHTEphEiic
Tab-asromononHerust ropasao yaobHee. YToOb IPOCMOTPETH CITUCOK BCEX JOCTYITHBIX
aTpubyToB 00BEKTA, HEOOXOUMO HAOPaTh MMsI OOBEKTA ¢ MOCTIEAYIONMM CHMBOJIOM
TOUKM (.) ¥ HAXKaTh KJIaBUINYy Tab:

In [10]: L.<TAB>
L.append L.copy L.extend L.insert L.remove L.sort
L.clear L.count L.index L.pop L.reverse

Yro6bl COKPATUTE ATOT CIMCOK, MOKHO HAGPATh TIEPBBIN CUMBOJI I HECKOJIBKO CUM-
BOJIOB HYKHOTO UMEHH W HAXKATh KJIABUIITY Tab, mocJe 9ero GyayT 0ToOpakeHbl COOT-
BETCTBYIOTME aTPUOY T I METOJIBI:

In [10]: L.c<TAB>
L.clear L.copy L.count

In [10]: L.co<TAB>
L.copy L.count

Ecau umeercs TOIbKO OJMH BapuaHT, HaxkKaTUe KIaBUIIX Tab IpuBeieT K aBTOLO0IOIHE-
Huto crpoku. Harpumep, cieyioriee Oy/ieT HeMeJIEHHO 3aMeHEeHO Ha L. count:

In [10]: L.cou<TAB>

Xots B si3bike Python oTcyTeTByer yeTkoe pasrpaHUYeHUE MEKIY OTKPBITBIMEL/BHEII-
HUMU U 3aKPBITBIMU/BHYTPEHHUME aTPUOyTaMHU, MO COTJIANIECHUSIM, JIJIst 0003HAYECHUST
MOZ0OHBIX METO/IOB MIPUHSITO MCIIOJb30BaTh 3HAK MOAYEPKUBAHUS. JIJIs ICHOCTH 2TH
3aKPBITbIE METO/IbI, & TAKKE CllellMaabHble METO/IbI 110 YMOJTUYAHHUIO UCKJII0YAlIOTCs U3
CTIUCKA, HO MOKHO BBIBECTH UX CIHUCOK, HaOPaB 3HAK TTOYEPKITBAHII:
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In [10]: L. _<TAB>
L.__add__ L. gt L.__reduce__
L.__class__ L.__hash__ L. _reduce_ex__

JlJ1s1 KPaTKOCTH 5T TOKa3aJ TOJIBKO HECKOJIbKO TIEPBLIX CTPOK BbIBO/IA. BOJIBITUHCTBO
STUX METOA0B — METO/bI CIIelIMaJbHOr0 HadHauyeHus g3bika Python, ormeueH-
Hble ABOIHBIM MOAYEPKUBAHUEM B HasBaHuM (Ha cjeHre HasbiBaeMbie dunder!-
MEeTO/IaMN ).

ABTOAOMOMHEHME C NOMOLbIO Knasuwmn Tab BO BpeMA UMNOpPTa

Tab-aBroponontenue y106HO TakKe IPU UMIIOPTE OOBEKTOB M3 TTaKeTOB. BOCob-
3yeMcsl UM JIJIsI TOMCKa BCeX BO3MOXKHBIX BApMAHTOB UMIIOPTA B [1akeTe itertools,
HAYMHAIOIIUXCS C CO:

In [10]: from itertools import co<TAB>
combinations compress
combinations_with_replacement count

AHATOTHYHO MOKHO UCTOTB30BaTh Tab-aBTOMOTOMHEHE /75T TPOCMOTPA TOCTYITHBIX
B CHCTEME€ BapUAHTOB UMIIOPTA (IIOJIy4eHHOE BaMU MOXKET OTJINYATbCS OT HUXKEIIPU-
BEJICHHOTO JINCTUHTA B 3aBUCUMOCTH OT TOTO, KaKNe CTOPOHHUE CIIeHAapUN ¥ MOJLYJIN
SIBJISTIOTCST BUANMBIMU TAHHOMY ceatcy Python):

In [10]: import <TAB>
Display all 399 possibilities? (y or n)

Crypto dis py_compile
Cython distutils pyclbr
difflib pwd zmq

In [10]: import h<TAB>

hashlib hmac http
heapq html husl

OtMmeuy, 4TO /1711 KPATKOCTH 1 He TPUBOKY 3/1ech Bce 399 makeToB M MOyJIel, TOCTy-
HBIX B MO€Ii CUCTEME JIJIsT UMITOPTA.

MoMMMO aBTOAOMNOSHEHUS Tabynsiumnen, noabop
Mo HKOKEPHOMY CUMBOJY

ABrosionionHenne TabyisIneil y106HO B TEX CIydasix, KOT/[a BAM H3BECTHBI IIEPBbIE He-
CKOJIBKO CHMBOJIOB ICKOMOTO 00beKTa niint arprbyTa. OIHAKO OHO MAJIOTIPUTO/HO, KOT/IA
HEOOXOIMMO HAUTH COOTBETCTBHE 110 CUMBOJIAM, HAXOJSIIIIUMCSI B CEPEIUHE WU KOHIIE

! Urpa ciioB: ogHoBpeMeHHO cokpaiierne ot double underscore — «iBoiiHOe MOUepKUBAHIE>

u dunderhead — «rynuuas, «GosBan».
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ciosa. Ha aror ciyuaii obosouka IPython mossoJisier nckarb cooTBeTCTBIE HA3BaHUN
10 JIZKOKEPHOMY CUMBOJLY *.

HaHpI/IMep, MOJKHO HCIIOJIb30BaTb Cﬂe[[yIOH_II/Iﬁ KO/I /1714 BbIBO/IAa CIIMCKaA BCEX 00BEKTOB
B ITPOCTPAHCTBE NMEH, 3aKaHYNBaIOIINXCs CJIOBOM Warning:

In [10]: *Warning?

BytesWarning RuntimeWarning
DeprecationWarning SyntaxWarning
FutureWarning UnicodeWarning
ImportWarning UserWarning
PendingDeprecationWarning Warning
ResourceWarning

OO6paTuTe BHUMaHKE, YTO CUMBOJI * COOTBETCTBYET JII000I CTPOKe, BKIIOYAs IIYCTYIO.

AHaJIOrHYHO IPEATIONIOKUM, YTO MBI UIIIEM CTPOKOBBII METO/I, COJIepKalIHil I7ie-TO B Ha-
3BaHUU CJI0BO find. OTHICKATH €r0 MOKHO CJCAYIONIM 00pasoM:

In [10]: str.*find*?
Str.find
str.rfind

S1 o6GHAPYIKII, 4TO TIOAOOHBIN THOKHIT TIOMCK ¢ TOMOIIIBIO JZKOKEPHBIX CIMBOJIOB OUCHB
yIoOeH It TTIOMCKa HY KHOI KOMAH/IbI TIPY 3HAKOMCTBE ¢ HOBBIM TTAKETOM WJIH oOpaliie-
HUU TI0CJIe TIePephiBa K yKe 3HAKOMOMY.

CoyeTaHus ropssunx KnaBuLl B KOMaHAHOW
obonouyke IPython

BeposiTHO, Bee, KTO IPOBOIKT BPeMsI 32 KOMIIBIOTEPOM, UCIIOJIb3YIOT B CBOEH paboTe co-
yeTaHust ropsiunx Kiasuin Haubosee ussectbie — Cmd+C u Cmd+V (vt Ctri+C u Ctrl+V),
NpUMeHsIeMbIe /719 KOMUPOBAHUA U BCTAaBKU B PA3JIMYHBIX ITPOTPAMMAax U CUCTEMAaX.
OnbITHBIE TT0JIb30BATENN BHIOWPAIOT MOIYJISIPHBIE TEKCTOBBIE PEIAKTOPHI, TAKUE KaK
Emacs, Vim u apyrue, 1o3BoJIsIONIE BBITIOJTHSITH MHOKECTBO OTIEPAIINH TTOCPEICTBOM
3aMbICJIOBATHIX COYETAHUN KJIABUIIL

B komanaHoIl o6osouke IPython Takke uMeOTCS coYeTaHUSA FOPIYNX KJIABUII AJIsT
OBICTPON HaBUTAIIUU TIPU HAGOPE KOMAH/. DTU COYETAHUST TOPSTUNX KJIABHUII MIPEIO-
CTaBJSIOTCA He caMoil o6omoukoii IPython, a uepes ee saBucuMocT ot GuGINOTEKN
GNU Readline: Takum 06pasoM orpeie/ieHHble COYeTaHUs FOPAYNX KJIABHII MOTYT Pas-
JINYATHCS B 3aBUCHMOCTH OT KOH(UTYPAITMH Balieil cucteMbl. XOTsI HEKOTOPbIE U3 HUX
pabotaior B 6;10KHOTE 1151 Gpaysepa, JaHHbI Pa3ae] B OCHOBHOM KACaeTCsl COYeTaHui
rOpsAYMX KJIaBUII KIMEHHO B KOMaHHOIT o6omouke [Python.
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[Tocsie Toro kax Bbl IPUBBIKHETE K COUETAHUSIM TOPSYNX KJIABUIIL, BB CMOKeTe NX HC-
HOJIB30BATH /1151 GBICTPOTO BBIMOJIHEHUS KOMAH][ 6€3 U3MEHEHVSI KCXOIHOTO TTOJIOKEHYST
PyK Ha KiraBuarype. Ecaiu BbI osib3oBaresib Emacs min umeere ombIT paboTs! ¢ Linux-
MO00HBIMU KOMaH/THBIMU 000JI0YKaMU, HEKOTOPBIE COUETAHUST TOPSUIX KJIABUII [TOKa-
JKYTCSI BaM 3HAKOMBIMU. MBI CIPYIIIUPYEM UX B HECKOJIbKO KaTerOPUil: HasUzauuoHHbvLe
20psuUe KIAGUWIL, 20padUe KIABUWYU 66004 MEKCMA, 20pAUUe KAAGUWY N5l UCTIOPUL
KOMan0 ¥ npoyue 20PuUe KI1AGUUIU.

HaBuraunmoHHble ropsyme KnasuLu

Wcnonb3oBarh CTPEsIKU «BIEBO» (<—) U «BIIPaBO» (—) JIs 1lepeMelieHus Ha3al v BIie-
PEJI TI0 CTPOKE BIOJIHE €CTECTBEHHO, HO €CTh U IPYTHUe BO3ZMOKHOCTH, He Tpebyioriue
M3MEHEHMS NCXOHOIO HOJI0KEeHUs PYyK Ha Kiaasuarype (tabu. 1.1).

Ta6nuua 1.1. lopsiuve KnaBvWKM ANS HaBUrauum

KoM6uHauusa knasvwu DeicTBue

Ctrl+A [IepemeriaeT Kypcop B Ha4aJI0 CTPOKU
Ctrl+E [TepemeriaeT Kypcop B KOHeIl CTPOKH

Ctrl+B (uam cTpesika «BjeBo») [Tepemeriaer kKypcop Ha3aj Ha OJIUMH CUMBOJI
Ctrl+F (unu cTpesika «BIpaBo» ) [TepemeriaeT Kypcop Bliepe; Ha OJIMH CUMBOJI

['opAYMe KnaBuLLM BBOAA TEKCTA

s ypamenus mpeabIIyiero CMMBOJIA TIPUBBIYHO UCIIOJIb30BATh KJIABUIITY Backspace,
HECMOTPST Ha TO 4TO TpeGyeTcst HeGOMbIIast THMHACTHKA JIJIST TIAJTBIEB, YTOOBI 10 Hee JI0Ts-
HYTHCsL. DTa KJIAaBHIIIA YAAISET TOJBKO OIIH CUMBOJI 3a pa3. B obostouke IPython umeercst
HECKOJIBKO COYETAHMH TOPSIYMX KJIABHUIIT JIJIsT YAANCHUST PA3IMIHBIX YacTeil HabrupaeMoro
tekcra. Hanbostee mosiesHble 13 HUX — KOMAHJIbI IJIS1 YIJICHHSI CPasy IIEIbIX CTPOK TEKCTa
(1ab1. 1.2). Bl noiimere, 4T0 IPUBBIK/IN K HUM, KOI/IA IToMMaeTe ceOs Ha NCIIOIb30BAHIHI CO-
yetanusd Ctrl+B u Ctrl+D BmecTo KiaBuiy Backspace /11 yAaJIeHU IPEAbLYIIETO cuMBoJIal

Ta6nuua 1.2. lopsiuve knaBuLLKM ANst BBOAA TeKCTa

KoMb6uHauusa knasvwl DencTBue

Backspace Y panser npeab iy il CHMBOJ B CTPOKeE

Ctrl+D Ynansger cienyionuii CMMBOJ B CTPOKE

Ctrl+K Boipesaer tekcr, HaunMHas OT Kypcopa 1 10
KOHI[A CTPOKU

Ctrl+U Beipesaet TekcT ¢ HaYasma CTPOKH /10 Kypcopa

Ctrl+Y BceTrasiisieT npeiBapuTeIbHO BbIPE3AHHbLI TEKCT

Ctrl+T Mensier MecTamMu TIPEBIYIINE /IBA CUMBOJIA
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[lopayvne KnasuLwn Ansg NCTOPUM KOMaHA

BeposarHo, HanboJjiee BaskHbIe U3 00CYKIAEMBIX 3[€Ch COUETAaHUN TOPIYUX KJa-
BUIII — COYETAHUS JIJIsl HABUTAIMHU 110 UCTOPUN KOMaH/. /laHHas ucTOpus KOMaH[
pacipocTpaHsercs 3a npejesibl TeKylero cearca obosmouku IPython: nmonsas ncro-
pust KoMaH XpaHuTcs B 6ase gaHHbix SQLite B katasore ¢ npoduiem IPython.
[IpocTeitmuii c1oco6 MOIY4UTH K HUM JOCTYII — € MOMOIIbIO cTpeok «BBepxs (1)
M «BHU3> () /LIS TIOIIATOBOTO TIepeMeIeH s 0 UCTOPUH, HO eCTh U JPyrue Bapy-
anThl (Tabu. 1.3).

Ta6nuua 1.3. Mopsiune KNaBvLWK ANt UCTOPUM KOMaHA,

KoM6buHauusa knasuwu OeicTBune

Ctrl+P (uim crpenka «BBepx») [locTyn k pepiayIeil KoMaH/ie B ICTOPHH

Ctrl+N (wrn cTpeska «BHI3» ) Joctym k ciemytormeil KOMaHzie B ICTOPHUH

Ctrl+R [Torick B 06paTHOM HATIPABJICHIUH TI0 HCTOPHI
KOMAaH/T

Oco6eHHO MOJIE3HBIM MOXKET 0Ka3aThCs MOUCK B oOpaTHOM Hampasiaenun. Kak Bbl
MIOMHUTE, B MIPEABIAYIIEM pas/iesie Mbl ONICATH QYHKITHIO square. BBIIOJHIM TTOMCK
B 00paTHOM HAINpaBJIeHUH TI0 Haliell ucropuu komau Python B HOBoM okHe 060/I0UKH
IPython u naiinem aro onmcanue cHosa. ITocie HaxaTa Ctrl+R B TepMunaie IPython
BBI JIOJUKHBI YBUJIETD CJIEYIONIEE MPUTJIAIIEHNE KOMAHTHON CTPOKH:

In [1]:
(reverse-i-search)™ ':

Ecim nauatn BBO/JIUTH CUMBOJIbI B 9TOM IIPpUTJIAIIECHUH, IPythOH aABTOMAaTHMYCCKH 6y,ZIET
JOOIIOJIHATD UX, IMOACTABJIAA HE/ITaBHNE KOMAaH/Ibl, COOTBETCTBYIOIINE 3TUM CUMBOJIAM,
€CJIN TaKHe CYIIECTBYIOT:

In [1]:
(reverse-i-search) sqa': square??

Bol MoskeTe B 110601 MOMEHT 06aBUTH CUMBOJIBI I/ YTOYHEHUST TOUCKOBOTO 3aIpoca
MJIM CHOBA HaXkaTh Ctrl+R 7151 11oMcKa ciietyioliell CooTBeTCTBYIONIEH 3a1Ipocy KOMaH/[bl.

Ecyi BbI BBITIOJIHSAIN BCe AEWCTBUS MPEIBIIYTIETO Pas3ziesia mo Xoay YTeHUs] KHUTH, Ha-
skmute Ctrl+R elrfe /1Ba pasa, U BbI OJIYYUTE CJAEIYIONIEE:

In [1]:

(reverse-i-search) sqa': def square(a):
"""Return the square of a
return a ** 2

Haiina nckomyto KoMaHzy, HakmuTe Enter 1 nonck 3asepuaures. [locie aToro MosxHO
HCII0JIb30BATh HANIEHHYIO KOMAH/IY U TIPOJIOJUKUTH PAOOTY B HAIIIEM CEaHCe:
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In [1]: def square(a):
"""Return the square of a
return a ** 2

In [2]: square(2)
Oout[2]: 4

O6parute BHUMAHWE, YTO TAKXKe MOYKHO HUCIIONB30BATh COYeTAaHU Kiapuin Ctrl+P/
Ctrl+N nm cTpesiku BBepX,/BHU3 JIJIs1 IIOMCKA 110 NCTOPUHM KOMaH/I, HO TOJILKO T10 COBIIa/la-
OTIIM CUMBOJIAM B Hauyasie cTPOKH. Ecii BbI BBezieTe def u Haxkmerte Ctrl+P, Gyaet Haii-
JleHa 1Py Ha/IMYUU TaKOBOI I1ocJeiHsd KOMalia B UICTOPMY, HaYMHAIOIAsACs C CUMBOJIOB

def.

[Npoumne ropaymne KnasuLLn

Nwmeetcst elre HECKOTBKO COUETAHUI KIIABUII, HE OTHOCSIINXCS HU K OTHOM 3 TIPe.Ibl-
JYIIUX KATerOpUid, HO 3aC/ysKUBAOIIUX yiioMuHaHus (1abu. 1.4).

Ta6nuua 1.4. [lononHuTesbHbIE ropsuMe KnaBuLn

Kom6uHauua knasul MeiicTtBue

Ctrl+L O4YuCTUTD 9KPAH TEPMUHATIA

Ctrl+C (unu cTpenka «BHU3» ) TIpepBath BbIOJIHEHKE TEKYIEel KoMaHbl Python
Ctrl+D Bpiiitn us ceanca IPython!

Coueranne ropsunx Kaasuin Ctrl+C 0co6eHHO yIoOHO MPH CIy4aiiHOM 3aIyCKe OYeHb
JIOJITO PabOTAIOIIEro 3alaHUSL.

XO0T4 UCTIOb30BaHNE HEKOTOPBIX COUCTAHUI TOPAUNX KJIABUIIT MOXKET TIOKA3aThCS yTO-
MUTEJIBHBIM, BCKOPE Y BAC TIOSBUTCS COOTBETCTBYIONIAs MbIIIIEUHAs TAMATD U BbI Oyiere
JKAJIeTh, YTO AT KOMaH/Ibl HEJIOCTYITHBI B IPYTUX IIPOrPaMMax.

«Marunyeckume» koMaHab! IPython

[Ipenbinymme aBa pasjesa IPOAEMOHCTPUPOBAIN BO3MOKHOCTH 3(PHEKTUBHOTO HC-
MOJIb30BaHMsT U U3yuenst sizbika Python ¢ momorisio obosmouku [Python. 3xech ske Mbr
HayHeM 00Cy’K/IaTh HEKOTOpbIe TpegocTassieMbie [IPython pacuiipenust o6pranoro
cunaTakcuca s36ika Python. B IPython omu m3BecTHB Kak «Mazuveckues KOMAanoovl
(magic commands) 1 OTJIMYAIOTCS YKa3aHUEM Ilepe/i Ha3BaHUEeM KOMAaH/[bI CHMBOJIA %.
ITU «MarnvIecKres KOMAH/IBI PeIHA3HAYEHB /IS OBICTPOTO PENIEHNST PA3IHIHBIX Pac-
IIPOCTPAHEHHBIX 33/1a4 CTAH/IAPTHOTO aHAIN3A ITAaHHBIX.

! B ormmyne oT YHOMSIHYTOTO BbIIlIe UIEHTUYHOTO COUETAHMS TOPSIYNX KJIABHII 9TO COUETAHIE
paboTaeT NpH MyCToil CTPOKE MPUTJIANICHHST KO BBOJLY.
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CymecTByer IBa BUA <MArUIeCKUX» KOMAHI: CIPOUNDIE <MAZUUCCKUEC> KOMAHObL,
obo3HaYaeMble OZHUM 3HAKOM % U paboTaloline ¢ OAHOI CTPOKOIl BBOAA, U OA0UHbLE
«mazuueckues KoManovl, obo3HauaeMble yABOEHHbIM npeuKcoM (%%) u paboTaioniye
C HECKOJIbKUMU CTPOKaMU BBOZIa. Mbl 06CYIMM HECKOIBKO KOPOTKUX IIPMMEPOB U BEP-
HeMmcs K Gosee moapo6HOMY 00CYKACHUIO HEKOTOPBIX «MarnyeCKUX» KOMAaH/I Jajee
B JIAaHHOII TJIaBe.

BcTaBka 6510koB koaa: %paste n %cpaste

ITpu pabore ¢ untepuperaropom [Python oxna u3 pacipocrpaneHHbIX MpobIeM 3a-
KJTIOYA€TCS B TOM, UTO BCTABKA MHOTOCTPOYHBIX OJIOKOB KOJIa MOKET TPUBECTH K HEOKHU-
MaHHBIM OIMTHOKaM, 0COOEHHO MPU UCIOIB30BAHUN OTCTYTIOB 1 METOK MHTEPITPETATOPA.
JloBOJIBHO 4aCTO CIIy4aeTcs, YTO Bbl HAXO/UTE IIPUMep KOJla Ha cafiTe M XOTHUTE BCTaBUTD
ero B uHTepnperatop. PaccMoTpuM ciieiyioliyio mpocTyio (pyHKIUIO:

>>> def donothing(x):
return x

Kon ordopmarupoBan Tak, Kak oH Gyaer 0ToO6pakaThCst B HHTEPIPETATOPE A3BIKA
Python, 1 eciit BbI CKOTIMPYETe U BCTABUTE €TO HEMOCPEACTBEHHO B 0000uKy [Python,
TO BaM Oy/IeT BO3BpaIieHa ommoKa:

In [2]: >>> def donothing(x):
: return x

File "<ipython-input-20-5a66c8964687>", line 2
return x
N

SyntaxError: invalid syntax

ITpu Takoil HEMOCPEACTBEHHO BCTABKE MHTEPITPETATOP COMBAIOT C TOJIKY JIUITHUE CUM-
BOJIBI IPUTJIANIIEHNST K BBOAY. Ho He BoHYHTECh: «Marndeckas» (GyHKIUST 060JI09KH
IPython %paste paspaGoraHa CrHerraIbHO JJist KOPPEKTHONH 06pabOTKHU JTAHHOTO THTIA
MHOTOCTPOYHOTO BBOJIA!

In [3]: %paste
>>> def donothing(x):
return x
## -- KoOHeu BCTaBJIeHHOro TekcCTa -

KOMaHZ[a %paste He TOJBLKO BBOIAUT, HO U BBITIOJIHAET KO/, TAK YTO Tenepb Hallla (pYHKI_[I/IH
TOTOBa K HMCIIOJIb30OBaHHNIO:

In [4]: donothing(10)
Out[4]: 10
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AnajiornyHo Ha3HAUeHUe KOMaH bl %cpaste, OTKPBIBAIOIIE NHTEPAKTUBHYIO MHOTO-
CTPOYHYIO KOMAaH/IHYIO CTPOKY, B KOTOPYIO MOKHO BCTABJIATH OJIMH WJINA HECKOJIbKO
¢ parMeHTOB KO/IA /11 TTAKETHOTO BBITTOJTHEHUST:

In [5]: %cpaste
Pasting code; enter '--' alone on the line to stop or use Ctrl-D.
:>>> def donothing(x):

return x

ITU «MaruvecKues> KOMAH/IBI, TOA0OHO IPYTUM, TTPEAOCTABISIOT (QYHKIIMOHATBHOCTD,
KoTopasi ObL1a OB CJIOJKHA MM BOOOIIE HEBO3MOKHA IIPH NCIIOJIb30BAHIN OOBIYHOTO
unTepiperaropa sizsika Python.

BbinonHeHne BHewHero koaa: %run

Hauas mcarb 6oJiee 0OIIMPHBIN KOJI, BBI, BEPOATHO, Oy/eTe paboTaTh Kak B 060J0YKe
IPython jjist ”HTEPAKTUBHOTO UCCJIEIOBAHUS, TAK U B TEKCTOBOM PEIAKTOPE LTI COXPa-
HEHUS KO/Ia, KOTOPBIH BaM XOTeI0Ch OBl MCMOTB30BaTh HEOAHOKPATHO. Bymer ymnobmo
BBITIOJTHSITH ATOT KOJL HE B OTJAEIBHOM OKHE, a HEMOCPEACTBEHHO B cearce 060M0UKH
IPython. /11 5TOro MOXKHO IIPUMEHATH «MarH4ecKyio» (GYHKIUIO %run.

Hampuwmep, notryctum, 4To BbI co3ziamm ¢aiis myscript. py, cogepsranuii:

# ®ain: myscript.py

def square(x):
"""square a number
return x ** 2

for N in range(1, 4):
print(N, "squared is", square(N))

BormosauTs 910 B cearice IPython mosxkto crenyonmm o6pasom:

In [6]: %run myscript.py
1 squared is 1
2 squared is 4
3 squared is 9

Oo6parurte BHIMAaHE, 4TO MOCJIE BBITIOJHEHUS ITOTO CIIEHAPUS BCE ONMUCAHHBIE B HEM
(DYHKIMU CTAHOBSATCS TOCTYIIHBIMU JIJIsI UCIIOJIb30BAHUS B JAHHOM CeaHce 000JI0UKH
IPython:

In [7]: square(5)
Out[7]: 25
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CyImecTByeT HeCKOTBKO TTAPAMETPOB /IS TOYHOH HACTPOIKY METO/A BBITIOJTHEHNST KOJIA.
TTocMOTPETh OTHOCSIILYIOCST K 9TOMY JIOKYMEHTAITIIO MOKHO OOBIUHBIM CIIOCOOOM, HaOpaB
KoMaHy %run? B uaTepiperatope IPython.

[AnnTenbHOCTb BbINO/IHEHUS Koaa: Y%timeit

Eine ofme mpuMep moJie3HON «Marmdeckoiiy (yHKImn — %timeit, aBBTOMaTHUECKH OITpe-
JIeJISTIONAasT BPEeMsI BBITIOJIHEHUS CJIeIyIOIEero 32 Hell O/THOCTPOYHOTO OllepaTopa sI3bIKa
Python. Hanpumep, ecjii HaM HY’KHO ONPEAEIUTh IPOU3BOAUTENBHOCTD CIIMCKOBOIO
BKJIIOYEHMUSI:

In [8]: %timeit L = [n ** 2 for n in range(1000)]
1000 loops, best of 3: 325 ps per loop

[IpenmymiecTBo ncnosb3oBaHus (hyHKIINM %timeit B TOM, UTO /IJiS KOPOTKUX KOMAH]I
OHa aBTOMAaTUYECKU 6y11eT BBITIOJIHATH MHOKECTBEHHBIE 3AIIYCKU C I[EJIBIO TTOJTYYCHUSA
MaKCUMAaJbHO HAJIEKHBIX PE3YyIbTaTOB. /[JIs1 MHOTOCTPOUYHBIX OTIepaTOPOB nobasieHue
BTOPOTO 3HaKa % IIPEBPATUT €€ B 6]101{Hy10 «Marmyeckyio» (yHKIINIO, KOTOPas MOKeT
paboTarb ¢ MHOrOCTPOYHBIM BBOZOM. Haripumep, BOT aKBUBaJIeHTHAS! KOHCTPYKIUS 11T
nukJsa for:

In [9]: %%timeit
.o L=1]
: for n in range(1000):
L.append(n ** 2)

1000 loops, best of 3: 373 ps per loop

Cpasy ke BUHO, UYTO B JAHHOM CJIydae CITMCKOBOE BKJIIOUEHWE TIPONCXOANT IPUMEPHO
Ha 10 % ObicTpee, YeM HKBUBATICHTHAST KOHCTPYKIIMST JJIsT TIHKJTA for. MBIl pacCMOTPUM
%timeit u IpyTHeE ITOAXO/bI K MOHUTOPUHIY CKOPOCTH BBIITOJIHEHUS U TPOMOUINPOBAHUIO
Kozia B pasziene «IIpoduinpoBanne 1 MOHUTOPUHT CKOPOCTH BBITIOJTHEHUS KOy ATON
TJIABBL.

CnpaBKka Mo «Marnyeckum» yHkumsaMm: ?, %magic
n %lsmagic

Iomo6HO 0OBIUHBIM (GYHKIIUSM sI3bIKa IIporpaMMupoBanust Python, y «Marndeckux»
dyuximii o6oouku IPython ects cBon urcTpykimu (docstring), v K aTOlH TOKyMeH-
TAIUU MOKHO 00paTUThCsT OOBIYHBIM citocoboM. Harmpumep, 4ToObI TPOCMOTPETH [0~
KYMEHTAITIIO [0 «<Marn4ecKoii» GyHKIMK %timeit, IPOCTO BBEAUTE CIAEIYIOIIEE:

In [10]: %timeit?

K nokymenTarum o ApyruM (hyHKIIHSIM MOKHO HOJIYYUTH TOCTYIT AHAJIOTUIHBIM 0OPa3OM.
Jlist joctyTia K 001IeMy OMACAHUEO IOCTYITHBIX «MaTYeCKUX» (DYHKIUIT BBEAUTE KOMAHLY:
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In [11]: %magic

Jlu1st GBICTPOTO MOJTYYEHHS TIPOCTOTO CITUCKA BCEX JIOCTYITHBIX «MarnuecKux» (QyHKInit
nabepure:

In [12]: %lsmagic

[Ipu KesaHuu MOKHO OIUCATh CBOIO COOCTBEHHYIO «Markieckyio» Gynkimio. Ecim Bac
3TO MHTEPECYET, 3aIJIsIHUTE B IPUBEICHHbBIE B pasziesie «/[oMoMHNTeNbHbIE HCTOYHUKH
uHpopmarn 06 obosouke IPythons gaHHOIT TIaBhL.

NcTopua BBoAa M BbiBOAA

Komaniaast o6omouka IPython mo3BosisieT ory4ath OCTYII K TIPEABIY UM KOMaH/[aM
¢ omoripbio crpesok «Beepx» (1) u «BHus» (V) miu coveranuit knasuur Ctri+P/Ctrl+N.
JIOTIOJTHUTETLHO KaK B KOMaHIHON 060J0uKe, Tak 1 B 6oknoTe [Python maer Bosmosk-
HOCTB ITOJIyYaTh BBIBOJ IPEBIAYININX KOMAHI, & TAK)KE CTPOKOBBIE BEPCUU CAMUX 3TUX
KOMaH]I.

O6bekTbl In 1 Out obonoukn IPython

[Tomararo, BbI y>Ke XOPOIIIO 3HAKOMBI € TTpUTJIANiennsaMu In[1]: /Out[1] :, NCTIOTH3yeMbl-
Mmu 060104koii IPython. Ouu npencrapasior co0oil He IIPOCTO UBSIIHbIE YKPAIIEHN],
a TIOJICKA3BIBAIOT BaM CIIOCO6 06PATUTLCS K TTPEIBIY M BBOJIAM 1 BBIBOJIAM B TEKYIIEM
ceance. JIomycTuM, BbI HAYAJIN CEAHC, KOTOPBIE BBITJISIIUT CIEAYIONIUM 00Pa3oM:

In [1]: import math

In [2]: math.sin(2)
Out[2]: ©.9092974268256817

In [3]: math.cos(2)
Out[3]: -0.4161468365471424

MbI IMIIOPTUPOBAJIA BCTPOECHHBIH ITAKeT math, [OCJIE Yero BEIYMCIUIIN 3HAYCHUE CHHYCA
U KOCHHYcCa yrcia 2. BBOJIbI 1 BBIBOJIBI OTOOPAKAIOTCS B KOMAHIHOI 000JI0YKe ¢ MeT-
KkaMu In/Out, HO 3a 9TUM KPOETCs HeuTo Gosbiee: obomouka IPython na camom zeme
cos/aer nepeMeHHble s3bika Python ¢ umenamu In v Out, aBTOMaTHYECKH OGHOBJISIEMbIE
TaK, YTO OHU OTPAKAIOT UCTOPHUIO:

In [4]: print(In)
['", "import math', 'math.sin(2)', 'math.cos(2)', 'print(In)']

In [5]: Out
out[5]: {2: ©.9092974268256817, 3: -0.4161468365471424}
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O06bexT In mpeacTaBisier COO0U CIMCOK, OTCAEKUBAIIINI 04ePeIHOCTH KOMAH]T
(TIEePBBII 9JIEMEHT 3TOTO CIMUCKA — «3aTJIYIIKay, 4TOOBI In[1] CCHLIAJCS HA TEPBYIO
KOMaHJTY):

In [6]: print(In[1])
import math

O6beKT Out — He CITUCOK, a CT0BAPh, CBA3BIBAIONINI BBOJL C BHIBOJIOM (€CJIH TAKOBOW
€CTh).

O6paruTe BHUMaHUe, YTO He BCe Ollepallii TeHEPUPYIOT BIBOJ: HAIIPUMED, OIIEPATOPbI
import u print Ha BbIBOZ He BaMAIOT. IlocienHee 06CTOATENBCTBO MOKET [TOKA3aThCs
CTPAHHBIM, HO CMBICJI €70 CTAHOBUTCS ITOHSITEH, €CJIN 3HATh, YTO (hYHKIIMS print Bo3Bpa-
maet None; I KpaTKOCTH, BO3Bpalialoiire None KOMaH/bl He BHOCAT BKJaga B 00beKT
Out.

ITO MOJKET OKA3aThCS TTOJME3HBIM ITPU HEOOXOIMMOCTH TPUMEHATH PaHee MOJTyYeHHbIE
pesyJbraTel. Harpumep, BBIYUCIUM cyMMY sin(2) ** 2 1 cos(2) ** 2, MCTIOJIb3Y$l Haii-
JIeHHbIE paHee 3Ha4YCHUA:

In [8]: Out[2] ** 2 + Out[3] ** 2
out[8]: 1.0

PesyibTaT paBeH 1.0, Kak 1 MOXKHO OBLIO O3KUAATD M3 XOPOIIO H3BECTHOTO TPUTOHOME-
TPUYECKOr0 TOXKAECTBA. B JTaHHOM ciTydae UCIOoIb30BaTh PaHee IIOJLyYeHHbIEe Pe3yJIbTa-
TbI, BEPOSITHO, He OBbIJIO HEOOXOMMOCTH, HO 9Ta BO3MOKHOCTD MOJKET OKa3aThCsI OUEeHb
HOJIE3HOM, KOT/IA TI0CJIE BBIIIOJIHEHUSI PECYPCOEMKHX BbIYNCJIEHUI CJIeyeT IPUMEHNTh
UX Pe3yabTaT HOBTOPHO!

BbICTpbIN AOCTYN K NpeablayLLiMM BbIBOAAM C NMOMOLLbHO
3HaKa NnoayepKnBaHMUs

B 06b1uH0i1 KOMaHHOIT 06010uKe Python nmeercs b ogna GyHKIMs ObICTPOro
JOCTYTIa K MPEAbIIYIEMY BBIBOLY: 3HaUeHMe TlepeEMEHHON  (OJUHOYHBIN CUMBOJI
MOYEPKUBAHKS ) COOTBETCTBYET IPE/ABIYIEMY BBIBO/LY; 9T0 paboTaer u B 060J04Ke
IPython:

In [9]: print( )
1.0

Ho IPython neckoabko Gosiee TPOABUHYT B 3TOM CMBICIE: MOKHO MCIOIb30BATh
JBOITHOI CHMBOJT TIOYEPKUBAHNUS I IOCTYIIA K BBIBO/LY Ha IIar paHee W TPOIHONI —
I7IST TIPEJIIeCTBOBABINEro eMy (He CYMTast KOMaH/, He TeHePHUPOBABIINX HIKAKOTO
BBIBOJIA):

In [10]: print(_)
-0.4161468365471424
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In [11]: print(__ )
0.9092974268256817

Ha atom obosouka IPython ocranasiuBaetcs: Gosiee yeM TPy MOAYEPKUBAHUS YIKE He-
MHOTO CJIOKHO OTCYMTBIBATh U HA 3TOM dTalle IIPOIIe CChIIAThCS Ha BBIBOJL 110 HOMEPY
CTPOKH.

OjHaKo cyIiecTByer ere ofHa (hyHKIHsT GICTPOTO AOCTYTIA, 3aCTYKIBAIOIIAA YTIOMH-
HaHUS: coKpanienHas (hopMa 3anucH i Out[X] BBITJISAUT Kak _X (OTAeabHOe TTo14ep-
KMBaHUE C [TOCJAEAYIONINM HOMEPOM CTPOKH):

In [12]: Out[2]
Out[12]: ©.9092974268256817

In [13]: _2
Out[13]: ©.9092974268256817

[NopaBneHue BbIBOAA

M Horma MOsKeT MoHa0OUTHCSI TIOAABUTD BBIBOJL OTiepaTopa (Jalle BCEro 9TO CAYIaeTCst
¢ KOMaHJIaMW PUCOBaHUS TPahUKOB, KOTOPbIE MBI PACCMOTPUM B TJiaBe 4 ). beiBaeT, uTo
BBITIOJTHAEMAasl KOMaH/la BBIBO/IUT PE3yJabTaT, KOTOprﬁ BaM He€ XOTEJI0Ch 6bI COXPaHATDH
B MCTOPUU KOMaH]I, HAIIPUMeP, 4T0OBI COOTBETCTBYIOIIHIT PECypCc MOKHO GBLIO OCBO-
6OAMTD IIOCIe yAAJEHNUs APYTUX CChLIOK. IIpocreiinmii criocod nogaBaeHus: BbIBOAA
KOMaH/Ibl — 100aBUTD TOYKY C 3aIISITON B KOHIIE CTPOKH:

In [14]: math.sin(2) + math.cos(2);

O6paTI/IT€ BHUMaHME, YTO PE3YJIbTAT IIPU 3TOM BbIYUCJIAETCA «MOJIYa» U BbIBO/l HE OTO-
6pa>1<aeTCH Ha 9KpaHe 1 HE COXPaHAETCA B CJIOBape Out:

In [15]: 14 in Out
Out[15]: False

COOTBGTCTBYDMMG «KMarm4veckme» KomMmaHabl

Jlist mocTyma cpasy K HeCKOTBKUM MPEBIIY M BBOZIaM BeChbMa YI0OHO HCTIOIh30BATH
«Marm4eckyto» KoMaHmy %history. Tak MOXHO BBIBECTH TIepPBBIE YeThIPe BBOA:

In [16]: %history -n 1-4
1: import math
2: math.sin(2)
3: math.cos(2)
4: print(In)

Kak 06bI4HO, BbI MOKeTe HAOpaTh KOMaH/y %history? Juist MOJIyYeHUs! JOOTHUTE b=
HOH mHpopManuy 00 3TOI KOMaH/e ¥ OIMCaHus JOCTYIIHBIX IapaMeTpos. Jpyrue
AQHAJIOTMYHBIE «<MarIeCKue» KOMaH/Ibl — %rerun (BBIMOJIHSIONIAs TOBTOPHO KAKYI0-JTHO0
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YaCTh MCTOPUU KOMAH) U %save (COXPAHSIONast KaKylo-I100 YacTh MCTOPUI KOMAH/T
B haiise). /1y oyIeHus IOTOTHUTENbHON WH(POPMAIIUN PEKOMEHIYTO U3YIUTh X
C TIOMOIIIBIO CTIPABOYHON (DYHKIIMOHATBHOCTH ?, 00Cy K aaBIneiics B pasaene «CrpaBku
u fokyMenTanust B Pythons nauHoit riaBbr.

O6onouyka IPython 1 ncnonb3oBaHMe CUCTEMHOIO
KOMaHAHOro npoteccopa

[Tpu uHTEpaKTUBHON paboTe CO CTaHIAPTHBIM UHTEPIPETATOPOM A3bika Python Bb
CTOJIKHETECD C JIOCAHBIM HEYZ00CTBOM B BUjie HEOOXOUMOCTH TIEPEKIIIOUATHCST MEKILY
HECKOJIbKUME OKHAMU JIJist 0OpalleHust K mHCTpyMeHTaM Python u cucteMHBIM yTHIIN-
TaM KoMaHHO# cTpoku. O6onouka IPython mcmpasisger aTy CUTYaINIo, TTPETOCTABIISIS
[10JIb30BATEJISAM CUHTAKCUC I BBIIIOJHEHUS UHCTPYKIMUHI CUCTEMHOIO KOMAaH/IHOTO
poileccopa HerocpeacTBenHo u3 Tepmunaia IPython. /{ist sToro ucmosbsyercst Boc-
KJIUTIATENbHDII 3HAK: BCE, YTO HAXOAMTCS TOCHE | B CTPOKE, Oy/IeT BBIMOTHSITHCS He
siipoM si3bika Python, a crucreMHON KOMaHIHON CTPOKOL.

Jlasiee B 9TOM pasjiesie penoaraetes, 9To Bel paboraere B Unix-1mo06H0# omepariu-
OHHOIT cucteme, HarrpuMep Linux nimm Mac OS X. HekoTopble U3 cieyionux npruMepoB
He GyyT paboTaTh B omepannorHoi cucreMe Windows, MCmob3yionieti To yMOTIaHnIo
JIPYTOI TUTT KOMaH/THOTO Tipoiteccopa (xots mocye anoHca B 2016 roay HaTUBHON KO-
MaHzHoU o6omouku Bash na Windows B Giskaiinem OyayiieM aTO MOKET IepecTaTh
6bITh TIpo6IEeMOii!). Eciu MHCTPYKIMU CUCTEMHOTO KOMaH/HOTO MPOIEccopa BaM He
3HAKOMBI, PEKOMEH/IYIO TPOCMOTPETh PYKOBOICTBO 110 HeMy (http://swcarpentry.github.io/
shell-novice/), cocrasiiertoe GongoMm Software Carpentry.

KpaTkoe BBeZieH1e B UCMOsIb30BaHME KOMaHAHOMo
npoLeccopa

[TosHbIN BBOAHBIN KyPC UCIIOIB30BAHNS KOMaH/IHOTO IIPOIeccopa,/TepMUuHAIa,/ KOMaH/I -
HOIi CTPOKH BBIXOJIUT 32 ITPe/Ie/Ibl JAHHOM TJ1aBbl, HO HEIIOCBAIIEHHBIX MbI KPaTKO 1I03HA-
KOMUM ¢ HUM. KOMaHIHBII TPOIieccop — crmocod TEKCTOBOTO B3aMMOIEHCTBHSI ¢ KOM-
nbiorepom. Hauunas ¢ cepegunbt 1980-x rogos, korja koprnopauuu Microsoft u Apple
MPEJICTABUIIN TIEPBBIE BEPCUH UX TPahUIecKUX OMepauOHHBIX CUCTEM, OOJIBITIMHCTBO
MOJTb30BaTes el KOMITBIOTEPOB B3aNMOJIEHCTBYIOT CO CBOEH OMEPaIrlMOHHON CHCTEMON
[IOCPE/ICTBOM IIPUBBIYHBIX MIEJYKOB KHOIIKOW MBIIIM Ha MEHIO U IBUSKEHUIT «IlepeTa-
ckuBaHus». Ho onepalinoHHbie CUCTEMBI CYIIIECTBOBAJIN 33/I0JITO /10 3TUX TPAPUIECKIX
nHTEPdEiCOB TIOJIH30BATEIS W YITPABJISIITICH B OCHOBHOM MOCPEZICTBOM TIOCTIEI0OBATEb-
HOCTEl TEKCTOBOTO BBOJIA: B IIPUTJIANIEHNH KOMAHHON CTPOKH MOJIb30BATEb BBOINI
KOMaH/1y, & KOMIIBIOTED BBITIOJHSLT YKa3aHHOE T0Jb30BaTEIEM JeiCTBHE. JTU TIEePBbIE
CHCTEMBl KOMAHIHON CTPOKU OBLIN TPEAIECTBEHHUKAMI KOMAaH/THBIX TIPOIECCOPOB
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" TEPMUHAJIOB, UCIIOJIb3YEMDBIX /10 CUX ITTOP HaI/I6OJIee JeATe/IbHbIMU CIIeNuaJanucTaMu 110
HayKe€ O JaHHbIX.

LIeJIOBeK, He 3HAKOMBIH ¢ KOMaH/IHBIMHU InpormeccopamMu, Mor ObI 3a/l1aTh BOITPOC: 3a4€M
BOO6HI€‘ TPAaTUTDb Ha 3TO BPEM, €CJIMN MOKHO MHOTOTO ZIO6I/ITI)CH C ITIOMOIIIBIO ITPOCTBIX
Ha’kaTui Ha MMMKTOTPpaMMbl 1 Menio? Ilonbp3oBatenb KOMaH/THOTO IIpoIfeccopa Mor
OBl OTBETUTD Ha 9TOT BOITPOC JIPYT'M BOIIPOCOM! 3a4€M I'OHATHCA 3a IMKTOIpaMMaMi
n nieJjaxKaTb 1o MeHIOo, €CJIN MOYKHO lIO6I/ITI)C§I TOTO K€ ropaszo mpoiie, ¢ ToOMOIIbIO
BBO/la KOMaHlI? XO0Ts 9TO MOJKET TTOKA3aThCsT TUITMYHBIM BOIIPpOCOM HpeHHOqTGHHﬁ, pun
BBIXO/I€ 3a TIPpeeJibl MPOCTBIX 3a/1a4 6I)ICTp0 CTaHOBUTCA MOHATHO, YTO KOMaHlIHbIﬁ
IIpo1eccop nNpeaocCTaBJasgA€T HEU3MEPUMO 60JIbIIIe BO3MOKHOCTEN YIpaBJ€HUS IJIs1
CJIOJKHBIX 3a/la4.

B kauectBe npumepa npuBeny GpparMeHT ceaHca KOMaHIHOTO TIPOIeccopa ONepaIuoH-
Hoit cuctembl Linux/OS X, B KOTOPOM ITOJIb30BaTE b IIPOCMATPUBAET, CO3/IA€T 1 MEHSIET
KaTajoru u ¢aiinel B cBoeii cucreme (osx:~ $ Ipeiacrasisger cOO0M IpUTIAlIeHe KO
BBOJLY, a BCe MocJje 3HaKa $ — HabGupaemasi KOMaHa;, TEKCT, Tiepell KOTOPhIM yKa3aH
CHMBOJT #, IPEJICTABJISIET COOOM TIPOCTO OTUCAHNE, a He JeHCTBUTEIHHO BBOAUMBIN BAMU
TEKCT):

osx:~ $ echo "hello world" # echo aHanorumyHo ¢yHkuuM print
# asbika Python
hello world

osx:~ $ pwd # pwd = BbiBECTM pabouuin KaTanor
/home/jake # 3To «nNyTb», rAe Mbl HaxoAuWMcA
osx:~ $ 1s # 1s = BbIBECTU COAEpPXMMOE

# paboyero kaTtanora
notebooks projects

osx:~ $ cd projects/ # cd = cmeHUTb KaTanor

osx:projects $ pwd
/home/jake/projects

osx:projects $ 1s
datasci_book mpld3  myproject.txt

osx:projects $ mkdir myproject # mkdir = co3maTb HOBbIl KaTanor
osx:projects $ cd myproject/
osx:myproject $ mv ../myproject.txt ./ mv = nepemMecTuTb ¢ain.

B paHHOM criyydae Mbl nepemeljaem
dann myproject.txt, Haxopawminca

B KaTanore Ha ypoBeHb Bbiwe (../),
B Tekywuui katanor (./)

HH HHH

osx:myproject $ 1s
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myproject.txt

OO6paTuTe BHUMAHKE, YTO BCE TO BCETO JIUIIb KPATKUI C110COO BBITIOJIHEHUS IPUBHIY-
HBIX orlepaiuii (HaBUTaluu 10 JiepeBy KaTaJoroB, CO3/JaHNs KaTasora, epeMelieHnst
(aiina u T. 1.) nyreM HabGopa KOMaH] BMECTO IEJTYKOB [0 NUKTOIPaMMaM U MEHIO.
Kpome Toro, ¢ momo1npio Bcero HeckoJbKUX kKoMaH (pwd, 1s, cd, mkdir 1 cp) MOKHO
BBIIOJIHUTH OOJIBIIMHCTBO PacipOCTPaHEHHBIX onepaiuii ¢ gaitiamu. A yK Korjaa Bbl
BBIXOJIUTE 32 ATU IIPOCTEHIINe onlepali, OX0/] ¢ UCIIOJIb30BaHUEeM KOMaHIHOTO IIPO-
1eccopa OTKPbIBAET I10-HACTOAIIEMY IIUPOKUE BO3MOKHOCTHU.

NHCTpYyKUMM KOMaHAHOIMo npoueccopa
B 06onouke IPython
Bbl MOsKETE UCTTOIB30BATH JTIOOYI0 pabOTAOIIYI0 B KOMAH/IHOM CTPOKE KOMaH/y B 000-

nouke IPython, npocto nocrasus nepen Heii cumsoa !. Hanpumep, komanapr 1s, pwd
1 echo MOKHO BBITIOJTHUTH CIEAYIONTIM 00pa3oM:

In [1]: !1s
myproject.txt

In [2]: !pwd
/home/jake/projects/myproject

In [3]: !echo "printing from the shell"
printing from the shell

MNepenaya 3HauYeHU!
B KOMaHZHbI/ MPOLIECCOP U U3 HEFO

VIHCTPYKIIMU KOMAHIHOTO MPOIECCOPA MOKHO HE TOJIBKO BBIIOJIHSATH 13 060J0YKN
IPython, omu MOTYT Takke B3aMMOJIENCTBOBATH ¢ TpocTpancTBoM nMed [Python. Ha-
TPUMED, MOXKHO COXPAHUTD BBIBOJL JII000 MHCTPYKIIMU KOMAH/IHOTO TIPOTIECCOPA C TI0-
MOIIbIO OIlepaTopa IIPUCBANBAHUS:

In [4]: contents = !ls

In [5]: print(contents)
[ 'myproject.txt']

In [6]: directory = !pwd

In [7]: print(directory)
['/Users/jakevdp/notebooks/tmp/myproject’]



«Marunyeckme» KoMaHAbl AN KOMaHAHOro npoueccopa 43

OG6parure BHUMaHKE, YTO STU PE3yJIbTaThl BO3BPAIIAIOTCS HE B BU/E CIIUCKOB, a KaK CIie-
LUaJIbHbIIA onpeesieHHbIi B IPython ajis koMaHIHOrO Mpolieccopa THII BO3BPAIaeMoro
3HAYEHUS:

In [8]: type(directory)
IPython.utils.text.Slist

ITOT TUII BBITISUT ¥ PaboTaeT BO MHOIOM 110400HO circkaM g3bika Python, Ho y Hero
€CTb U JOIOJIHUTEIbHASA (byHKL[I/IOHaJIbHOCTb, B YaCTHOCTU METO/IbI grep U fields, a Tak-
JKe CBOICTBA s, N 1 p, HO3BOJISIONINE BHIIIOJHATH MOUCK, (DUIBTPALIIIO U OTOOpaKEHIe
PesyJIbTaToOB yAOOHBIM crioco60oM. UToGk y3HATH 00 9TOM (0JIblIIE, BOCIOJIb3YITECH
BCTPOEHHBIMU CIIPABOYHBIME BO3MOKHOCTIMU 000s10uKku IPython.

OtmpaBka uHbopMaIy B 0OpaTHYIO CTOPOHY — Tiepejiada mepeMeHHbix Python B Ko-
MaHJIHBIH ITPOIIECCOP — BO3MOKHA TIOCPE/ICTBOM CUHTaKcHca {varname}:

In [9]: message = "Hello from Python"

In [10]: !echo {message}
Hello from Python

@DurypHbie CKOOKH COIEPIKAT UMSI TIEPEMEHHOM, 3aMEHSIEMO€e B MHCTPYKIY KOMAHIHOTO
rpoiieccopa ee 3HaueHHeM.

«Marmyeckme» KoMaHabl 415 KOMaHAHOro
npoLeccopa

[ToakcrepMeHTHPOBAB HEMHOTO C MHCTPYKIIUSIMHA KOMaH/IHOTO ITPOIeccopa, BBl MO-
JKeTe O6paTI/ITb BHHMaHHNE Ha TO, YTO UCIIOJIb30BATb KOMaHYy lcd JIIA HaBUTAIlUM 110
(aiinoBoii cucTeme He TTOJTYyYAETCS:

In [11]: !pwd
/home/jake/projects/myproject

In [12]: lcd

In [13]: !pwd
/home/jake/projects/myproject

[IpruwHa 3aKII0YAETCS B TOM, YTO WHCTPYKI[MKM KOMaHIHOTO Mpolieccopa B GJIOKHOTE
obosoukn IPython BbITOIHSIOTCST BO BpeMEHHOM KOMaHIHOM Tofiripoiieccope. Eciiu Bam
HYKHO TIOMEHSITh PaboUril KaTaIor Ha MOCTOSTHHON OCHOBE, MOYKHO BOCITOJIb30BATHCST
«Marmyeckoi» KoMaH/Ioi %cd:

In [14]: %cd
/home/jake/projects
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Ha camowm zene mo YMOJHaHUIO €€ MOJKHO MCITIOJIb30BaTh /laKe 6e3 cuMBoOJIA %

In [15]: cd myproject
/home/jake/projects/myproject

Takoe 110BejieHre HOCUT Ha3BaHUE «a8moMazuueckuxy (automagic) GyHKIINIL, €10 MOK-
HO HACTPAMBATh C TIOMOIIBIO «<Maruueckoily (hyHKInM %automagic.

Kpowme %cd, goctynubsl u pyrue «aBromMarndeckues yHKnuu: %cat, %cp, %env, %1s,
%man, %mkdir, %more, %mv, %pwd, %rm 1 %rmdir, Ka>KAYI0 13 KOTOPBIX MOKHO IIPUMEHATD
6e3 3HaKa %, eciii aKTUBU3UPOBAHO MoBeeHne automagic. [Ipu 9TOM KOMaHIHYIO CTPO-
Ky o6osouku IPython MOKHO HCIIONB30BATH TPAKTUYECKU KaK OOBIYHbII KOMAaH/[HBIN
IIPOILECCOop:

In [16]: mkdir tmp

In [17]: 1s
myproject.txt tmp/

In [18]: cp myproject.txt tmp/

In [19]: 1s tmp
myproject.txt

In [20]: rm -r tmp

JlocTyIl K KOMaHHOMY IIPOLIECCOPY M3 TOTO e OKHA TePMUHA/IA, B KOTOPOM IIPOMCXO-
INT ceanc paboThl ¢ A3bIKOM Python, oznauaer peskoe cHMKeHne unca HeOOXOANMBIX
HEPEeKTIOUEHIT MKy HHTEPIIPETATOPOM M KOMAaHIHBIM ITPOLECCOPOM ITPU HAITMCAHUM
Koza Ha g3bike Python.

Owwnbkun n otnaaka

PaspaboTka KoJa 1 aHaIu3 JaHHBIX Beerga TpeOyioT HEKOTOPOro KOJIMYECTBa mpod
u omubok, u B 0bosouke IPython ecTb HHCTPYMEHTHI /I YIPOLIEHKS 9TOIO MPO-
necca. B gannom pasgese OyayT BKpaTile pacCMOTPEHBI HEKOTOPbIE BOZMOKHOCTH
110 yIIpaBJIeHuIo onosenierneM o6 ommbkax Python, a Takke yTUINTHI IS OTJIAAKK
omnbOK B KOJIE.

YnpasneHue ncknoyeHnsamm: %xmode

ITouTu Beerza ipu cOoe crieHapus Ha si3bike Python rernepupyercst nckiriouenne. B ciy-
Yyae CTOJIKHOBEHUST MHTEePIIPeTaTopa ¢ OJHUM U3 9TUX UCKIIUYeHNH, TH(GOPMAIIHIIO O eTo
NpUYIHE MOKHO HAiTH B mpaccuposke (traceback), k KoTopoit MOKHO 06paTUTHCS 13
Python. C momompio «<Marndeckoil» Gynkuun %xmode obosouka IPython maer sam
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BO3MOKHOCTD YIIPABJIATHD KOJIMYECTBOM BbIBOIII/IMOfI IIpu reHepanmum MCKIIOYEHUA NH-

dopmaru. PaccMotpuM ciietyrontuii Ko

In[1]: def funcl(a, b):
return a / b
def func2(x):
a =x
b=x-1
return funcl(a, b)

In[2]: func2(1)

ZeroDivisionError Traceback (most recent call last)
<ipython-input-2-b2ellof6fc8f~gt; in <module>()

----> 1 func2(1)

<ipython-input-1-d849e34d61fb> in func2(x)

5 a =X
6 b=x-1
———=>7 return funcl(a, b)

<ipython-input-1-d849e34d61fb> in funcl(a, b)
1 def funcl(a, b):

-—--> 2 return a / b
3
4 def func2(x):
5 a = X

ZeroDivisionError: division by zero

Boi3os dhyHKIMM func2 TPUBOINT K OMMOKE, U YTEHHE BBIBEICHHOM TPACCHI TO3BOJISIET
HaM B TOUYHOCTH TTOHATH, YTO Iponsoruio. [lo ymomuanmio ata Tpacca BKIIOUAeT He-
CKOJIBKO CTPOK, OMHUCHIBAIONIMX KOHTEKCT KayKIOTO U3 TPUBEAIINX K OMIMOKE TIaroB.
C oMoLIbIO «Marnyeckoil» GyHKIUK %xmode (cokpaiieHue ot exception mode — pecum
0moOPadNCcen st UCKTIOUeHUTL) MBI MOKEM YTIPABIISATD TeM, Kakast WHMOpPMAIus Oy/eT BbI-

BezeHa.

Oyukius %xmode IPUHUMAET HA BXOJIE OIUH APTYMEHT, PEKUM, JIJIs1 KOTOPOTO €CTh TPU
s3navenus: Plain (IIpocroir), Context (Ilo konTekcTy) u Verbose (Pacmmpennsrit).
Pesxxum o ymosrganmio — Context, BBIBOJ] IIPU KOTOPOM TTOKa3aH BhIlIe. PeskuM Plain

naet boJiee CKATDIH BbIBOJ U MEHBIIIE naopMaImm:
In[3]: %xmode Plain
Exception reporting mode: Plain

In[4]: func2(1)
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Traceback (most recent call last):

File "<ipython-input-4-b2elil0f6fc8f>", line 1, in <module>
func2(1)

File "<ipython-input-1-d849e34d61fb>", line 7, in func2
return funcl(a, b)

File "<ipython-input-1-d849e34d61fb>", line 2, in funcl
return a / b

ZeroDivisionError: division by zero

PexxuM Verbose nobaBiisiet elife HEKOTOPYIO WH(MOPMAIUIO, BKJIOYAsT ADTYMEHTBI JIJIsT
BCEX BBI3bIBAEMBIX (DYHKITHIA:

In[5]: %xmode Verbose

Exception reporting mode: Verbose

In[6]: func2(1)

ZeroDivisionError Traceback (most recent call last)
<ipython-input-6-b2el10f6fc8f> in <module>()
----> 1 func2(1)

global func2 = <function func2 at 0x103729320>

<ipython-input-1-d849e34d61fb> in func2(x=1)

5 a=x
6 b=x-1
----> 7 return funcl(a, b)
global funcl = <function funcl at 0x1037294de>
a=1
b=20

<ipython-input-1-d849e34d61fb> in funcl(a=1, b=0)
1 def funcl(a, b):

——--> 2 return a / b
a=1
b=20
3
4 def func2(x):
5 a =X

ZeroDivisionError: division by zero
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JTa JONOJHUTETbHASA NH(MOPMAIIIS MOKET TOMOYDb CY3UTh KPYT BO3MOKHBIX PUINH
rerepanuu uckirodenus. [loueMy 6bI TOT/Ia HE HCTIOIH30BATH PEKNUM Verbose Beera?
[lesio B TOM, UTO TIPU YCJIOKHEHUU KOJ/IA TAKOW BUJL TPACCUPOBKU MOXKET CTATh Ype3-
BBIUAITHO JUIMHHBIM. B 3aBUCHMOCTH OT KOHTEKCTa WHOT/A TIpoiie paboraTh ¢ Hosee
KPaTKUM BBIBOJIOM PEKUMA 110 YMOJIYAHUIO.

OTnagka: 4To Aenatb, €C/IM YTEeHUS TPaCCUPOBOK
HEAQOCTATOYHO

Crangaprhas ytuanTa sisbika Python st unTepakTuBHOI 0TIk Ha3bBaeTcst pdb
(coxkparenue ot Python Debugger — «ormaguuk Python»). OToT oTstaguuk npemo-
CTaBJISIET TI0JIb30BATENIO BO3MOKHOCTD BBITIOJHSTH KOJ[ CTPOKA 32 CTPOKOIA, UTOObI BbI-
SICHUTB, YTO MOTJIO CTaTh IIPUYUHON KaKOH-/00 3aMbICTIOBaTOM omiOK Y. Paciipennast
Bepcust 9TOro oTaagunka obonouku IPython HaseiBaercsa ipdb (coxkpamenue ot [Python
Debugger — «ormaguuk IPythons).

Cy1iiecTByeT MHOKECTBO CIIOCOOOB 3aIlyCKa W UCIIOJIb30BAHUS 9TUX OTJIA[YUKOB; MBI
HE CTaHeM OMUCBIBATh UX Bee. st Gosree oTHON MHMOPMAIIAH 110 JaHHBIM Y THINTAM
obparurech K OHJIAHH-TOKYMEHTAIAH.

BeposttHo, Hanbosee yaobubIil naTepdeiic 1yst otnaaku B [Python — «marnueckasi»
KoMaH/a %debug. Eciiu ee BBI3BaTh 1MOCTIE CTOIKHOBEHUS C UCKTIOUEHIIEM, OHA aBTOMATH-
YECKM OTKPOET MHTEPAKTUBHYIO KOMAH/IHYIO CTPOKY OTKJIQJIKU B TOUKE BOSHUKHOBEHUA
nckioueHns. Komanaaas ctpoka ipdb MO3BOJISIET M3YYaTh TEKYIee COCTOSTHIE CTeKa,
JIOCTYITHBIE TIePEMEHHDBIE U JJa’Ke BBIIIOIHATH KOMaH /bl Python!

[TocMoTpuM Ha camble HelaBHYE UCKITIOUEHHS, 3aT€M BBITIOJTHUM HECKOJIBKO TTPOCTEH-
KX AEeACTBUI — BBIBEJEM 3HAUEHM a U b, mocjie 4ero nabepeM quit ajisl BRIXOZA U3
ceaHca OTJIAJKMH:

In[7]: %debug

> <ipython-input-1-d849e34d61fb>(2)funcl()
1 def funcl(a, b):

---=> 2 return a / b
3

ipdb> print(a)
1

ipdb> print(b)
0

ipdb> quit

O[[HaKO I/IHTepaKTI/IBHbII;)I OTJIaJYMK IIO3BOJIAET /I€JIaTh HE TOJbKO 9TO — MOKHO ITOIIa-
TOBO IBUTaTbCA BBEPX 1 BHU3 110 CTEKY, N3y4dasd 3HAYECHWA IIEPEMEHHDBIX!
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In[8]: %debug

> <ipython-input-1-d849e34d61fb>(2)funcl()
1 def funcl(a, b):

----> 2 return a / b
3

ipdb> up

> <ipython-input-1-d849e34d61fb>(7)func2()
5 a=x
6 b=x-1

----> 7 return funcl(a, b)

ipdb> print(x)

1

ipdb> up

> <ipython-input-6-b2el10f6fc8f>(1)<module>()
----> 1 func2(1)

ipdb> down

> <ipython-input-1-d849e34d61fb>(7)func2()
5 a =X
6 b=x-1

----> 7 return funcl(a, b)

ipdb> quit

ITO MO3BOJISAET GBICTPO HAXOAUTH HE TOJTBKO ¥M0 BHIZBAJIO OIMHOKY, HO M KAKVE BHI30BHI
(hyHKIIMI TpUBENN K HE.

Ecmu Bam HGO6XO,Z[I/IMOy 4TOOBI OTJIATYUK 3allyCKAJICSA aBTOMAaTUYCCKU IIPU IreHepalnn
MCKII0OYeHMA, MOKHO BOCIIO/Ib30BATbHCA «Marmn4eckoi» (byHKLIHef/,I %pdb 11J1d BKIITOUEHUA
TaKOTI'0 aBTOMaTH4YE€CKOTO ITOBEACHMA:

In[9]: %xmode Plain
%pdb on
func2(1)

Exception reporting mode: Plain
Automatic pdb calling has been turned ON

Traceback (most recent call last):

File "<ipython-input-9-569a67d2d312>", line 3, in <module>
func2(1)

File "<ipython-input-1-d849e34d61fb>", line 7, in func2
return funcl(a, b)
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File "<ipython-input-1-d849e34d61fb>", line 2, in funcl
return a / b

ZeroDivisionError: division by zero

> <Ipython-input-1-d849e34d61fb>(2)funcl()
1 def funcl(a, b):

---=> 2 return a / b
3

ipdb> print(b)

0

ipdb> quit

Hakomerr, eciii y Bac ecTb ClieHapuii, KOTOPBI BbI XOTeIM Obl 3aIlyCKaTh B Hadajie pa-
60TBI B MHTEPAKTUBHOM PEsKUME, MOKHO 3aIlyCTUTD €r0 ¢ IOMOIIbI0 KOMaH/bI %run -d
U MCIIOJIb30BATh KOMaH/y next JIJIs TIOMArOBOTO MHTEPAKTUBHOTO TIEPEMEIEHUST 110
CTPOKaM Kojia.

Henomnbrit cnincok koMaua otiaafaku. /7151 ”HTepaKTUBHON OTIAIKH JOCTYITHO HAMHOTO
6oJ1blIIe KOMaH I, 4eM Mbl 11epeurcaniu (tab. 1.5).

Ta6nuua 1.5. Hanbonee yacto ncnonbayemble KOMaHAbI

Komanpa OnucaHue

list Orobpakaer TekyIee MecTo B (aiie

h(elp) OrobparkaeT CIMCOK KOMAH/ MJIN CITPABKY MO KOHKPETHOH KOMaHIe
q(uit) Brixoz m3 oTaanuKa 1 MpOrpaMMbL

c(ontinue) Berxon u3 oT1aunKa, IPOIOJKEHNE BBITTOTHEHNS TPOTPAMMBbL
n(ext) [Tepexoz k caeyionemMy mary mporpamMmMbl

<enter> [ToBTOp mpeabLLyIIEil KOMAHIBL

p(rint) BriBoz 3HaYenuii epeMeHHbIX

s(tep) Bxozx B nogniporpammy

r(eturn) BosBpat u3 nogmnporpamMmbl

Jlnst manbHedineit mHbopMaIuy BOCIONIb3YTeCh KOMaH/ION help B OTIaUMKe MW 3a-
TJSHUTE B OHJIANH-TOKyMeHTaIuio 1o ipdb (https://github.com/gotcha/ipdb).

MpodunnpoBaHMe 1 MOHUTOPUHI CKOPOCTW
BbIMNOSIHEHMS KOAa

B nporiecce paspaboTku Koja 1 co3aHus KOHBeHepoB 06paboTKH JIaHHBIX BCETIa TPH-
CYTCTBYIOT KOMITPOMUCCHI MEXK/TY PAa3JIMYHBIMU peasndanusamu. B navase co3nanus ai-
roputMa 3a60Ta 0 IOA0GHBIX BellaX MOJKET 0Ka3aThCsl KOHTPIPOAYKTUBHOI. CoryacHo
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snamenntomy adopusmy Jonansaa Kuyra: «JIydiie He nepkath B TOJTOBE TOMOOHBIE
“Masibie” BOIIPOCHI ITPOUBBOAUTEIBHOCTH, CKaKeM, 97 % BpeMeHu: IpeskIeBpeMeHHast
ONITUMU3AINS — KOPEHb BCEX 30J1».

Opnmaxo, Kak TOJHKO BAll KO/ HaumHaeT paboTtarh, 6y/IeT Moe3Ho HEMHOTO 3aHIThCS
€ro MPOU3BOUTENLHOCTHIO. ITHOTIAa ObIBaeT YIOOHO MTPOBEPUTH BPEMST BBITTOJTHEHISI
3aJIaHHOI KOMaH bl WM Habopa KOMaH/I, a MHOT/[a — TTOKOMAThCsT B COCTOSIIEM U3
MHOZKECTBA CTPOK MPOIECCE M BBISICHUTD, T/I€ HAXOIUTCS Y3KOEe MECTO KaKoro-inbo
c1okHOr0 Habopa onepauunii. O6onouka IPython npexocrapiger mupokuii BHI6GOP
(DYHKIIMOHATBHOCTH JIJIS BBITIOJHEHUS OJ0OHOT0 MOHUTOPUHTA CKOPOCTH BBIIOJI-
HEHUST KOJIa ¥ eT0 TTPOMUINPOBAHUS. 3€Ch MBI 00CYINM CJIEYIONINE «<MATHIECKITE>
KoMmaH bl 00os0uku IPython:

Q %time — JUIMTEJIBHOCTD BBIITOJHEHUA OTAEJIBHOIO OIIEPATOPA;

Q %timeit — MINMTENBHOCTH BBIIIOJHEHNS OTAEJIBHOTO OllepaTopa IIPU HEOAHOKPATHOM
HOBTOPE, 715t GOJIBIIEN TOTHOCTH;

O

%prun — BbIIIOJIHEHUE KOJIa € UCII0JIb30BaHueM IIPOhUINPOBIINKA;

Q %lprun — IOMIAroBOE BLIIOJHEHNE KO/Ia C TPUMEHEHUEM TPOMUINPOBIINKA;

O %memit — olleHKa MCIIOJb30BAHUS ONIEPATUBHON MaMsTH 71 OT/IeJIbHOTO oTlepa-
TOPA;

Q %mprun — MOIIArOBOE BBIMOJHEHUE KO/IA C TPUMEHEeHneM TTPOMUINPOBIINKA T1a-

MSATH.

IMocneHve yeThipe KOMaH/bI He BKJIoUYeHbl B maker IPython — uist ux ucnospsosanust
HEOOXOINMO YCTAaHOBUTD paciivperus line_profiler u memory_profiler, KOTOPbIE MbI
00CYIM B CJIEIYIONIIX Pas/iesiax.

OueHka BpeMeHn BbINOHEHUS pparMeHToB Koaa: Y%timeit
n %time

MbI y7Ke BCTpeYasIich €O CTPOYHOM «Marn4ecKoii» KoMaHI0ii %timeit 1 6J104HOI «Maru-
YecKol» KOMaH/I0H %%timeit Bo BBe/leHNN B «Marmdeckuey (GyHKIUA B paszesie «“Ma-
rudeckre” KoMan bl [Pythons gaHHO r1aBbr; KOMaHLy %%timeit MOKHO HCIOIb30BATh
JITSL OIEHKU BPEMEHU MHOTOKPATHOTO BBITIOJIHEHUS (DPAarMEeHTOB KOJIa:

In[1]: %timeit sum(range(100))

100000 loops, best of 3: 1.54 ps per loop

O6paruTe BHUMAHME, 4TO, MOCKOJIBKY JAHHAs ONepaltsl JOJKHA BbIIOIHATHCA OUEHb
OBICTPO, KOMaH/[a %timeit aBTOMATHUYECKU BBIIOJHSET ee HO0JIbIIOE KOJIUYECTBO Pas.
B ciyuae Gosiee MeIeHHBIX KOMaH/ KOMaH/Ia %timeit aBTOMATHYECKH [IOJACTPOMTCS
1 OyJIeT BBIIOJIHATH UX MEHbIee KOJUYeCTBO pas:
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In[2]: %%timeit
total = 0
for i in range(1000):
for j in range(1000):
total += i * (-1) ** j

1 loops, best of 3: 407 ms per loop

WNuoraa noBTopHOE BHITIOJHEHNE Ollepallnid — He JIydInil BapuanT. Hanpumep, B ciyuae
HEOOXOMMOCTH OTCOPTUPOBATE CITUCOK TIOBTOP OTIEPAIINH MOT OBl BBECTH HAC B 3261y~
sxnenne. CopTUpOBKa NMpeBapUTETHHO OTCOPTUPOBAHHOTO CIIMCKA TPOUCXOANT Ha-
MHOTO OBICTPEE, 4eM COPTUPOBKA HEOTCOPTUPOBAHHOTO, TAK YTO TIOBTOPHOE BBITIOJIHEHIE
HUCKa3UT pe3yJibTar:

In[3]: import random
L = [random.random() for i in range(100000)]
%timeit L.sort()

100 loops, best of 3: 1.9 ms per loop

B sTOM ciryuae Jydriium BEIOOpOM OyzieT «Marudeckast> GyHKius %timeit. Ona takke
TOJOMIET /st KOMaH T ¢ GoJiee UTMTETbHBIM BPEMEHEM BBITTOJTHEHUS, B CIy4ae KOTOPbIX
KOPOTKHE CHCTEMHO OOYCIOBIEHHbBIE 3aI€PAKKH BPSIL JIM CYIECTBEHHO TIOBIUSIOT HA
pesyabrar. O1leHuM BpeMsi COPTUPOBKU HEOTCOPTUPOBAHHOTO U IIPEIBAPUTEIBHO OT-
COPTUPOBAHHOI'O CITMICKOB:

In[4]: import random
L = [random.random() for i in range(100000)]
print("sorting an unsorted list:")
%time L.sort()

sorting an unsorted list:
CPU times: user 40.6 ms, sys: 896 ps, total: 41.5 ms
Wall time: 41.5 ms

In[5]: print("sorting an already sorted list:")
%time L.sort()

sorting an already sorted list:

CPU times: user 8.18 ms, sys: 10 ps, total: 8.19 ms

Wall time: 8.24 ms

OG6paTuTe BHIMAaHUE HA TO, HACKOJIBKO OBICTPee COPTUPYETCS PEABAPUTEIBHO OTCOPTHU-
POBaHHBIH CIIMCOK, @ TAKKe HACKOJIbKO GOJIbllle BpDeMEHU 3aHUMAET OlleHKa ¢ IIOMOLIbIO
dyHKITMT %time 1O cpaBHEHWIO ¢ (DYHKIMEH %timeit, aske B ciydae MPeABAPUTETHHO
OTCOPTUPOBAHHOTO cIMCcKa! JTO MPOUCXOUT B Pe3yIbTaTe TOTO, YTO «Marndeckasi»
(byHKIMS %timeit HE3AMETHO JIJIsT HAC OCYIIECTBIISIET HEKOTOPbIE XUTPhIE TPIOKH, YTOOBI
CHUCTeMHBIE BHI3OBBI He Mellasin olleHKe BpeMeHu. Harnpumep, oHa He fotycKaeT yaame-
HUS HEHCIIOIb3yeMbIX 00bekToB Python (usBecTHOrO Kak c6op mycopa), KOTOPOE MOLJIO
ObI MOBJIUATH Ha OIIEHKY BpeMeHHU. VIMEHHO M0aTOMY BblZIaBaeMoe (hyHKIHei %timeit
BpeMsi 0OBIYHO 3aMETHO KOPOYE BbIJIaBaeMoro (pyHKIneit %time.
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B cayuae xak %time, Tak u %timeit ucmoIb30BaHNE CHUHTAKCHUCA C ABOMHBIM 3HAKOM
MIpOIIEHTa OJI0YHOI «<Marn4ecKoi» (byHKITIY TaeT BO3SMOXKHOCTD OTIEHUBATH BPEMSI BbI-
MMOJIHEHW S MHOTOCTPOYHBIX CIIEHAPUEB:

In[6]: %%time
total = @
for i in range(1000):
for j in range(1000):
total += 1 * (-1) ** j

CPU times: user 504 ms, sys: 979 ps, total: 505 ms
Wall time: 505 ms

Jliist nostyuenus gasbHeliineir vHGOpPMaIMU 110 «MarudecKum» QyHKIUSAM %time
U %timeit, a TakiKe MX IapaMeTpaM BOCIOJIb3YITECh CIIPABOYHBIMU (PYHKIUSIMU 060-
goukn IPython (to ecth Habepute %time? B KoMaHaHON cTpoke IPython).

MNpodunmnpoBaHme cueHapmeB LennkoM: %prun

ITporpaMmbI COCTOSIT M3 MHOYKECTBA OTAETLHBIX OTIEPATOPOB, M MHOT/IA OIIEHKA BPEMEHN
UX BBITIOJHEHUS B KOHTEKCTE BajkKHee, YeM 1o oTaeabHoCcTH. B s3bike Python umeercs
BCTPOEHHBIN TIPOGUIMPOBIIUK Ko (0 KOTOPOM MOKHO IPOUYUTATH B JOKYMEHTAIIUK
sasbika Python), Ho o6osouka IPython npegocrasisier Hamuoro 6osee yao0HbI criocod
€ro UCIIOJIb30BAHNS B BUJIE «MaruuecKoi» (hyHKIuU %prun.

B kauectse IpuMepa s OINIILY IIPOCTYIO Q)yHKHI/IIO, BBITIOJIHAIONLYIO OIIpe/JeJIEHHbIE
BbIYMCJICHUA:

In[7]: def sum_of lists(N):
total = @
for i in range(5):
L=1[j " (> 1) for j in range(N)]
total += sum(L)
return total

Terepb MbI MOKEM 0OPATUTHCS K «MarnuecKoi» (PYHKIMHU %prun ¢ yKa3aHUEeM BbI30Ba
dbyHKIMM, 4TOOBI YBUIETD PE3YJIbTATHI TIPOMDUIUPOBAHSI:

In[8]: %prun sum_of lists(1000000)

B 6a0kHOTE pesybrar Gy/IeT BbIBEAEH B Teiipkep! 1 Oy/IeT BBIIISAETb CAELYONUM
obpaszom:

14 function calls in ©.714 seconds
Ordered by: internal time

ncalls tottime percall cumtime percall filename:lineno(function)

! Ob6nactb BbIBO/la B HUKHEN YyacTh OKHa GJIOKHOTA.
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5 0.599 0.120 0.599 0.120 <ipython-input-
19>:4(<listcomp>)

5 0.064 0.013 0.064 0.013 {built-in method sum}

1 0.036 0.036 0.699 0.699 <ipython-input-
19>:1(sum_of_lists)

1 0.014 0.014 0.714 0.714 <string>:1(<module>)

1 0.000 0.000 0.714 0.714 {built-in method exec}

PesysbraT npejcrasiser co60il Tabully, yKasbIBaIOILYIO B HOPsiAKe 0011ero 3aTpa-
YEHHOTO Ha KasK/BIH BHI30B (DYHKITN BPEMEHH, B KAKMX MECTAX BBITOTHEHIE 3aHIMAET
GoJtbIiie BCero BpeMeH . B antoM ciydae GOJBITYIO 9acTh BpEMEHHT 3aHUMAET CITNCOY-
Hoe BKJIoYeHrne BHYTpH GyHKIMK sum_of_lists. 3Hasg 3TO, MOKHO HaYMHATh 06/1y-
MBIBaTh BO3BMOKHbIEC U3MEHEHUS B QJITOPUTME JIJISI YIIYUIICHUS TPOU3BOAUTEIbHOCTH.,

[l mosrydenns JOMOJMHUTENbHON HH(MOPMAITNH IO «Marndeckoit> GyHKIUT %prun,
a TaKyKe JIOCTYITHBIM JIJIS Hee TapaMeTpaM BOCTIONb3YHTeCh CIPaBOUHOI (DYHKIIMOHAIb-
HocTbhio ob6osouku IPython (1o ects HabepuTe %prun? B komanaHoii ctpoke IPython).

MowaroBoe NpoduMpoBaHue ¢ NOMOLLbIO %lprun

[Tpodunuposane Mo GYHKIMSIM ¢ TOMOIIBI (GYHKIIUA %prun JOBOJBHO YI00HO, HO
uHOT/Ia GOJIBITIE MOJTb3bI MOJKET TIPUHECTH TIOCTPOYHBIN OTYeT Mpoduanposimka. Takas
(hyHKITMOHATBHOCTD He BCTpoeHa B st3bik Python i o6omouxy IPython, HO MOKHO
YCTAHOBUTH MakeT line_profiler, obyazaionuii Takoii Bo3MosKHOCThIO. HaureM ¢ mc-
MOJTb30BAHMST YTHIUTHI si3bika Python st paboTsl ¢ makeTamu, pip, Ui YCTAHOBKH
nakera line_profiler:

$ pip install line_profiler

Hasee MokHO BocTosib3oBaThest IPython st sarpysku pacmmpenust line_profiler
obosouku IPython, mpegocraiisiemMoil B BUjie 4aCTU YKA3aHHOTO MAKETA:

In[9]: %load_ext line_profiler

Tenepb KoMaHa %1prun MOKET BBITIOJHUTH MOCTPOYHOE TPOGUIUPOBaHIE 060l
dyukumu. B Hamem ciydyae HeoOXOAMMO yKa3aTh eil SBHBIM 00pa3oM, Kakue QyHKIUN
MBI XOT€JIH OBITh TIPOMUINPOBATH:

In[10]: %lprun —f sum_of_lists sum_of_ lists(5000)
Kaxk u panee, 6I0KHOT OTIIPABJISAET PE3Y/IbTAThI B [EHKED, HO BBITISAIAT OHH TAK:

Timer unit: 1le-06 s

Total time: 0.009382 s File: <ipython-input-19-fa2bel76cc3e>
Function: sum_of_lists at line 1

Line # Hits Time Per Hit % Time Line Contents

1 def sum_of_lists(N):
2 1 2 2.0 0.0 total = @
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3 6 8 1.3 0.1 for i in range(5):

4 5 9001  1800.2 95.9 L=1[]" (> 1i)...
5 5 371 74.2 4.0 total += sum(L)

6 1 2] 0.0 0.0 return total

Wndopmarius B 3arosioBKe aeT HaM KJTIOY K UTEHUIO PE3YJIbTATOB: BPEMST YKA3bIBAETCS
B MUKPOCEKYHIaX, 1 MBI MOKeM YBUIETDb, B KAKOM MeCTe BBITIOJHEHNE TTPOTPaAMMBI 3a-
HIMaeT HaruOOoJIbIlee KOJTMIECTBO BpeMeHu. Ha 3Toi cTaiiui MBI TIOJTy4aeM BO3MOKHOCTh
MIPUMEHUTH 3Ty WH(MOPMAITUIO /IJIT MOAUMDUKAIIIY KOIa U yIYUIIeHUS eT0 TIPON3BO/IN-
TEJIBHOCTH JIJIS JKeJIaeMOro CIeHapUs UCTI0JIb30BAHUS.

JlJ1st TosTydeHsT OTIOJHUTENBHON NH(MOPMAIIUN O «Marudeckoil» GyHKIINN %1prun,
a TakKe O JOCTYITHBIX JIJIS Hee TTapaMeTpax BOCIOJAb3yHTeCh CIIPaBOYHON (HyHKITH-
oHaJIbHOCTBIO 060s0uku [Python (1o ecth HabepuTe %1prun? B KOMaHIHON CTPOKE
IPython).

MNpodunmnpoBaHMe NCNONb30BaHUS NaMaTh: Y%omemit

n Yomprun

JIpyroii actiekT TpoUIMPOBaHUS — KOJUYECTBO UCIIOJIb3YEMON OIIEPAINSMU TTAMSITH.
ITO KOJMYECTBO MOKHO OIEHUTH C MOMOIIBIO €Il¢ OHOTO PaCIIUPeHust 000J0UKY

IPython — memory_profiler. Kak u B ciyyae ¢ yTuautoii line_profiler, Mbl HauHEM
C YCTaHOBKH PACITUPEHUSI C TIOMOIIBIO YTUJIUTHI pip:

$ pip install memory_profiler
3areM MOKHO BOCIIOJIb30BAThCS 000JI0YKOM IPython JUISL 3arPy3KM 9TOTO PACIIUPEHUS:
In[12]: %load_ext memory profiler

Pacuupenue pohuIMpoBIIIKa TAMSITH COJEPKUT JIBE YA00HbIE «MarndecKues (hyHK-
nn: %memit (aHasMOT %timeit I M3MEPEHNsT KOJMYeCTBA MaMITH) U %mprun (aHAJIOT
%1lprun juig u3MepeHus KoaudecTBa namaT). [Ipumenars Gynkiuio %memit HECTOXKHO:

In[13]: %memit sum_of_lists(1000000)
peak memory: 100.08 MiB, increment: 61.36 MiB
MbI BUANM, 4TO JaHHast (GYHKIIUS HCIOJb3yeT 0koJio 100 MoaiiT maMsTu.

[y mocTpouHoro onucanus MpUMeHeHUs TaMSATH MOKHO UCTIOJIb30BaTh «MarnyecKyios
dynxuio %mprun. K coxkanenunio, ona paboraer ToJIbKO st (PYyHKIMN, OIMCAHHBIX B OT-
JIeJIbHBIX MOJIYJISIX, 8 He B cCaMOM GJIOKHOTE, TaK YTO HAuHEM C MPUMEHEHUS «Maride-
CKOI» DYHKITNY %%file /1151 CO3/IaHUS TPOCTOTO MOJLYJIS ITO/l HA3BaHWEM mprun_demo. py,
cojiepsKallero Hamry (pyHKumo sum_of_lists, ¢ OHUM JOIIOJIHEHNEM, KOTOPOE HEMHOI'O
MIPOSCHUT HAM Pe3yJIbTaThl TPOMUINPOBAHUS TAMATH:
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In[14]: %%file mprun_demo.py
def sum_of_lists(N):
total = @
for i in range(5):
L=1[j " (> 1) for j in range(N)]
total += sum(L)
del L # YpanuTb ccbinky Ha L
return total

Overwriting mprun_demo.py

Temnepb MBI MOJKEM UMTIOPTUPOBATH HOBYIO BEPCHUIO HaIlel (hYHKITUN U 3aITyCTUTD T0-
CTPOYHBIN TPOPUTUPOBIINK TTAMATH:

In[15]: from mprun_demo import sum_of_lists
%mprun -f sum_of_lists sum_of_lists(1000000)

PesysibraT, BHIBEJIEHHBIN B IEiKep, TpeAcTaBaseT coboil oTyeT 00 MCIOIb30BaHUN
MaMsITU 3TOH (DYHKIIUEH U BBITJISIAT CIIEAYIOMIAM 00Pa3oM:

Filename: ./mprun_demo.py

Line # Mem usage Increment Line Contents

4 71.9 MiB 0.0 MiB L =[j ~ (J > i) for j in range(N)]

Filename: ./mprun_demo.py

Line # Mem usage Increment Line Contents
1 39.0 MiB 0.0 MiB  def sum_of_lists(N):
2 39.0 MiB 0.0 MiB total = @
3 46.5 MiB 7.5 MiB for i in range(5):
4 71.9 MiB 25.4 MiB L=1[F~ (> i)
for j in range(N)]
71.9 MiB 0.0 MiB total += sum(L)
6 46.5 MiB -25.4 MiB del L # YpanuTb cceiiky Ha L
7 39.1 MiB -7.4 MiB return total

3mech crobern Increment COOOMAET HAM, HACKOJIbKO KaKAasl CTPOKA OTPAKAETCs B 00-
meM oobeMe namaT. OOpaTuTe BHUMaHUE, YTO IIPU CO3JAHUK U YAAJIEHUU CIIHUCKa L,
MOMUMO (POHOBOTO HMCIOJIb30BAHUSI TTAMSITH CAMUM HHTEPIIPETATOPOM si3bika Python,
MCIIOJIb30BaHUe AMATH YBeJUYUBaeTCs IPUMepHO Ha 25 MOaiiT.

s mosydenus 10N0JHATENbHON NH(MOPMAIINN 0 «<Marn4ecKux» (PyHKIugax %memit
" %mprun, a TakKe O JOCTYITHBIX JIJISI HUX ITapaMeTpax BOCIOJIb3YHTeCh CIIPABOYHON
dyurumonaspHOCTHIO 0000uKH [Python (To ecTh HabepuTe %memit? B KOMAaHIHON
crpoke IPython).
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JononHuTenbHble NCTOYHMKN MHDOPMaLMK
06 obonouke IPython

B manHoii raBe Mbl 3aXBaTHJIN JIMIIb BEPXYIIKY aiicOepra 1o UCIIOIb30BAHUIO S3bIKA
Python mg sagau Hayku o gannbix. [opaszno 6osibiire HHGOPMAIUU AOCTYITHO KaK B Ie-
YaTHOM BU/IE, TaK U B VIHTepHeTe. 3/1eCh MBI IPUBEIEM HEKOTOPBIE JIOTIOJTHUTEThHBIE
PEeCyYpChI, KOTOPbIE MOTYT BaM MPUTOAUTHCSI.

Beb-pecypcol

Q Caim IPython (http://ipython.org/). Caiit IPython comepsKuT cCblIKM Ha JOKYMEHTa-
1IUIO, TIPUMEPDI, PYyKOBOJICTBA U MHOKECTBO JPYTUX PECYPCOB.

Q Caiim nbviewer (http://nbviewer.ipython.org/). ITOT cailT IEMOHCTPUPYET CTATUYECKIE
BU3YaJIM3alMK BCeX JOCTYIHbIX B IHTepHeTe 610kHOTOB 060104Kky IPython. I'nas-
HAasl €ro CTPAHUIlA TOKA3bIBAET HECKOJIBKO MPUMEPOB GJOKHOTOB, KOTOPbIE MOXKHO
POJIUCTATh, YTOOBI YBU/IET, I/ Yero Apyrue pazpaboTuuKy UCIOIb3YIOT S3bIK
Python!

Q larepes unmepecnvix 6a0xHomos oborouxu IPython (http://github.com/ipython/ipython/
wiki/A-gallery-of-interesting-ipython-Notebooks/). DTOT HeIPepPbIBHO PaCcTYINl CITUCOK
GJIOKHOTOB, IOAIEPKUBAEMbII nbviewer, IeMOHCTPUPYET TJIyOUHY U pasMax 4uc-
JIEHHOT'O aHaJIi3a, BO3MOXKHOIO ¢ IIoMolIbio 06oaouku IPython. On BKIOYaeT Bee,
HaulHas OT KOPOTKUX IIPUMEPOB M PYKOBOJICTB U 3aKaHYMBAs [MOJHOPa3MEPHLIMU
KypcaMU U KHUI'aMU, COCTaBJIeHHbIMU B (hopmare GJI0KHOTOB!

Q Budeopyrosodcmea. B IHTepHeTe BbI HalljileTe HEMAIO BUIAEOPYKOBOACTB 110
o6osiouke IPython. OcobeHnHo pexkomeHnayto pykosoacrsa MepHango [Tepeca
u Bpaiiana T'peiiHykepa — ABYX OCHOBHBIX pa3pabOTYMKOB, CO3AABIINX U MOJ-
nepsuBaronux obonouky IPython u npoekr Jupiter, — ¢ koHdepenuuii PyCon,
SciPy and PyData.

KHurun

Q Python for Data Analysis' (http://bit.ly/python-for-data-analysis). Ota kHura Yaca Mak-
KUHJIM BKJTIOYACT TJIABY, OMKCHIBAIOIILYIO MCTIOab30BaHue obomouku [Python ¢ Touku
3PEHMST UCCIeIOBATES IAHHBIX. XOTsI MHOTOE U3 ee MaTepHaJia IepeceKaeTcst ¢ TeM,
9TO MBI TYT O6CYIKAAIHN, BTOPas TOUKA 3PEHUS HUKOT/[A HE TOMEIIACT.

Q Learning IPython for Interactive Computing and Data Visualization («Hsyuaem 060-
nouky IPython 015 uenetl unmepaKmugHvLY GbIUUCIEHUT U BUSYATUSAUUL OAHHBIX>,
http://bit.ly/2eLCBB7). dTa xaura [lupuarsr Poccan mpearaer Hemsioxoe BBeZeHIE
B ncroabzosanue oborouxu [Python st ananmsa Janmpix.

U Maxxumnau Y. Python u ananus nannsix. — M.: IMK-IIpecc, 2015.
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Q IPython Interactive Computing and Visualization Cookbook («Cnpasounux no umn-
MEPAKMUBHBIM BHIUUCICHUAM U SUSYAIUSAUUU ¢ NOMOUWBIO S3bika IPythons, http://
bit.ly/2fCEtNE). /lannas kaura Takxke Hanucana [[upunnoit Poccan u mpezactasiiser
co60ii 6oJjiee JJIMHHOE 1 IPOABUHYTOE PYKOBOACTBO O UCIIOJIb30BAHUIO 000J0YKI
IPython aist Hayku o manubx. HecMOTpst Ha HasBaHHe, OHA TIOCBSIIIIEHA HE TOJBKO
obosouke TPython, B KHUTe PacCMOTPEHBI HEKOTOPBIE JIETAJIH IITUPOKOTO CHEKTPA
pobJieM HayKu O JaHHbBIX.

Bbl MOsKeTE U caMM HalTH CIIPaBOYHBIE MATEPUAJIBI: OCHOBAHHAS HA CUMBOJIE ? CIpa-
BouHas (pyHKIMOHAIBHOCTL 000J10ukK IPython (obcy:xnasinascs B pasjene «CrpaBka
u okyMeHTaius B o6osouke Pythons aToii T1aBbl) MOKeT OKa3aThCst UPE3BBIYANHO
MOJIE3HO, €CJIN €€ UCTIONb30BaTh PaBuabHO. [Ipn paboTe ¢ mpuMepaMu U3 TaHHOI
KHUTY U APYTUMHU PUMEHSITE ee [t 3HAKOMCTBA CO BCEMH YTHJIUTAMHU, KOTOPbIE
npepoctasisier [Python.



BeBeneHue B 6ubnuoTeky
NumPy

B aT0ii ry1aBe MbI paccMOTPpUM MeTO/ibl 3 HEKTUBHOM 3arpy3Ku, XPaHEHUs U YIIPaB-
JIEHUST JIaHHBIMU B s13bIKe Python, Haxosiumucst B onepatuBHON mamsiTi, TemaTuka
OY€eHb IUPOKA, BE/[b HAOOPDI JAHHBIX MOTYT TIOCTYIIATh U3 PA3HBIX HCTOYHUKOB 1 OBITH
pasanysbiX GopMaToB (HAGOPbI JOKYMEHTOB, M300pasKeHUH, ayAMOKINIIOB, HAOOPBI
YUCJIEHHBIX M3MepeHuii u 1p.). HecMoTps Ha CTOIb 04EBUIHYIO PA3HOPOTHOCTD, BCE 9TH
JIaHHbIEe YII00HO PACCMATPUBATDH KAK MACCUBDI YUCJIOBBIX 3HAYEHUI.

Nzo6pakenust (0cOOEHHO TUMPOBBIE) MOKHO TPEACTABUTD B BUJIE IPOCTHIX IBYMEPHBIX
MAaCCHUBOB YHCEJT, OTPAIKAIONIHUX IPKOCTD TUKCETOB COOTBETCTRBYIONIEH 061acTH; ayAn0-
KJIMIIBI — KaK O/IHOMEPHbIe MACCHBBI MHTEHCUBHOCTH 3ByKa B COOTBETCTBYIOIINE MO-
MeHTbI BpeMenu. TeKcT MOKHO 1TPpeoOpa3oBaTh B YUCJIOBOE IPEJICTABICHUE PA3JINIHBIMU
Iy TSMM, HAIIPUMEP C JIBOMYHBIMU YU CJIAMHU, IPEACTABIIAIONMMEI YaCTOTY OIIpe/e/IeHHBIX
CJIOB WJIM T1ap CJI0B. BHe 3aBUCUMOCTH OT XapakTepa JJaHHbIX [1€PBbIM IIaroM K UX aHAJIN-
3y ABJIAETCA PeoOPasOBAHUE B YMCIOBBIE MACCUBBI (MBI OOCYINM HEKOTOPBIE TIPHMEPDI
aTOTO TIpolecca B pasneie «IIpoekTrpoBanue MpU3HAKOB» IJIABBI J).

AddexTrBHOE XpaHeHKe U PaboTa ¢ YUCIOBBIMU MACCHBAMU OYE€Hb BasKHBI JIJIS IIPO-
1ecca UCCIe/IoBaHus JaHHBIX. MBI U3YYUM CITEITUATU3UPOBAHHbBIE MHCTPYMEHTHI SI3bIKA
Python, mpeanasnavernbie 17151 06paboTKY MOMOOHBIX MACCHBOB, — makeT NumPy
u maker Pandas (cm. rasy 3).

Bubimorexka NumPy (cokpamienne or Numerical Python — «auncioBoit Pythons) o6e-
crieurBaeT s pexTUBHbII nHTEpdEiic 11 XxpaHeHust 1 paboThI ¢ TI0THBIMU OydepaMu
JnaHHbIX. Maccusbl 6ubmorexkn NumPy m0X0K1 Ha BCTPOEHHbII THII JAHHBIX S3bIKa
Python list, Ho obeceunBaior ropasao 6onee sdhGEKTUBHOE XPaHEHKE U OlePALIL
¢ JIAHHBIMU TIPU pocTe pazmepa MaccuBoB. Maccusbl 6ubaroreku NumPy dhopmupy-
0T SIIPO MPAKTUYECKH BCEHl SKOCUCTEMBI YTUJIUT JIJIST UCCJeI0BaHUs JaHHbIX Python.
Bpewmsi, ipoBesieHHOE 32 M3yUeHHeM c1oc060B 3(h(HEKTHBHOTO UCTIOJIH30BAHUS TTAKETA
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NumPy, #e yzet moTpauyeno BIyCTYIO BHe 3aBUCUMOCTH OT HHTEPECYIOTIETO BAC ACTIEK-
Ta HAYKH O JIAaHHBIX.

Ecau Bl nocse1oBain IpUBEACHHOMY B [IPEJUCIOBUYN COBETY U YCTAHOBUJIM CTEK
yruaut Anaconda, To maker NumPy y:ke roToB k ucnosnb3oBanuio. Eciu ke Bbl OT-
HOCUTECH K YUCTY TeX, KTO JIOOUT BCE /IeJIaTh CBOUMHU PYKaMM, TO TIepefiinTe Ha CalT
NumPy u cienyiite mmeronnmces tam ykazanusaM. [locse storo mmmoprtupyiite NumPy
U TIIATEJBHO ITPOBEPHTE €T0 BEPCUIO:

In[1]: import numpy
numpy.__version__
Out[1]: '1.11.1°'

JIJ1sT MICTIOMTB3YEMBIX 3/1eCh YacTel 9TOTO MaKeTa s PEKOMEHIOBAM ObI TprMeHsaTh NumPy
Bepcun 1.8 unu G6osiee nosauei. ITo Tpaguuy, GONBIINHCTBO JHoAel B Mupe SciPy/
PyData umnoprupyiot naketr NumPy, ncrnosnb3ys B kKauecTBe ero 1nces/ioHuMa np:

In[2]: import numpy as np

Ha nipoTsiskeHny KHUTKM MBI Gy/IeM UMEHHO TaK UMIIOPTUPOBATh U puMeHsTh NumPy.

HanoMunaHue 0 BCTPOEHHOI I0KyMEHTAIMU

Yurast naHHyIO TJIaBy, He 3a0biBaiiTe, uto obonouka [Python mossossier GuicTpo mpo-
CMaTPUBATh COAEPKUMOE TTAKETOB (MTOCPEACTBOM ABTOMOTIONHEHUST IPU HAKATUU KJIa-
Buinu Tab), a Takke TOKyMEHTAIIUIO 110 PA3TUYHBIM (DYHKIUSAM (UCIIOJIb3YsI CUMBOJL ?).
3arssinure B paszen «CripaBka u fokyMeHTanus B obosouke Pythons ruaser 1, eciiu Bam
HYJKHO OCBEKUTD B TTAMSITH 3TU BO3MOKHOCTH.

Hanpumep, st 0ToOGpakeHUs1 BCETO COAEPKUMOTO MIPOCTPAHCTBA MMEH NUMPY MOKETe
BBECTU KOMaH/Ly:

In [3]: np.<TAB>

Jlist oTobpaskeHus BCTpOEHHOH JoKyMeHTarmu naketa NumPy Bocosib3yiTech KOMaHIoM:
In [4]: np?

Bouee 1oapo6HY0 I0OKYMEHTAIIIO, & TAKKE PYKOBOJACTBA U APYTUe HCTOUHUKY HH(pOpPMa-
¥ MOKHO HaliTh Ha caiire http://www.numpy.org.

PaboTa ¢ TMnaMu AaHHbIX B 93blke Python

Y1006 focTIYb 9(HHEKTUBHOCTH HAYYHBIX BHIYUCIEHIIT, OPUEHTHPOBAHHBIX HAa PabOTy
C IAHHBIMH, CJIETYET 3HATH, KaK XPAHATCs 11 06pabaThiBatoTes fanibie. B aTom pasmerne
OIKCHIBAIOTCS M CPABHUBAIOTCS CIOCOOBI 0OPabOTKI MACCUBOB IAaHHBIX B si3bike Python,
a TaKk;Ke BHOCUMBIE B 9TOT nipotiece 6Gubanorexoit NumPy ycosepiiencTBoBanus. 3Ha-
HUE Pa3JInduil O9eHb BAKHO JIJIsT TOHUMAaHUsE GOJIBIIEN YacTh MaTepraia B KHUTE,
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IMonb3oBaresieii g3bika Python 3ayacryio npus/ekaeT ero mpocToTa, HeMaJloBaKHON
Y4acThIO KOTOPOI SIBJISIETCS] IMHAMUYecKasi TUMU3aius. B To BpeMst Kak B sI3bIKax €O
cTaTHUUYecKoil Tunusaruei, Takux kak C u Java, HeoOXOIMMO SIBHBIM 00pasoM 00bsIB-
JIITh BCe TIepeMeHHbIE, SI3bIKK ¢ JUHAMUYECKOIl Trnnsaiuei, Hapumep Python, sToro
He Tpebyror. Hanpumep, B s13bike C MOKHO OIICATH OIEPALIIO CIEAYIOMINM 00pa3oM:

/* Kop Ha a3bike C */

int result = 9;

for(int i=0; i1<100; i++){
result += i;

}
Ha si3pike Python cooTBeTCTBYIOIIYIO OMEPAIio MOKHO OMKICATh TaK:

# Kop Ha Aa3sbike Python

result = @

for i in range(100):
result += i

OG6paruTe BHUMaHNE Ha TJIABHOE OTJInYMeE: B s13bIKe C TUIIBI IAHHBIX KasKI0U MePeMEH-
HOU 0OBsIBJIEHBI SIBHBIM 00pa3oM, a B Python onu omnpezensitorest qunammudecku. ITo
3HAYUT, YTO MBI MOKEM TIPUCBOUTD JIFOOOI MepeMEHHON JaHHBIE JII0GOTO THIIA:

# Kop Ha sa3bike Python
X =4
x = "four"

3/1eCh MBI MTEPEKITIOUIIN KOHTEKCT TIEPEMEHHOI X ¢ I[eJIOT0 YKcia Ha cTpOKy. [Togo6Hoe
neticrBue B si3bike C MOTJIO GBI TIPUBECTH K OMTHOKE KOMITAJISIITUY WU IPYTHM HEOKHU-
JTAHHBIM TIOCJIE/ICTBHUSIM B 3aBUCHMOCTH OT HACTPOEK KOMITUIISATOPA:

/* Kop Ha sa3blke C */
int x = 4;
x = "four"; // CBEOM

IMoxo6uas tubrocTh Aesaer Python u gpyrue s3biku ¢ IMHAMUYECKON TUITH3AIHEd
y00HBIMY ¥ TIPOCTBIMU B UCIOJIb30BaHUU. IIOHMMATD, Kak 5T0 paboTaeT, OueHb BasKHO,
4TOObI HAYIUTHCS AP GHEKTUBHO aHATU3UPOBATh JIAHHbIE C TIOMOIIIBIO si3bika Python. Og-
HAKO Takasi THOKOCTh TP paboTe ¢ TUAMK YKa3bIBaeT Ha TO, 4TO epeMeHHbie Python
MPECTABISAIOT OO0 HeuTo OoJIbIee, YeM MPOCTO 3HAYCHYE, OHU COEPIKAT TAaKKe
JIOTIOJTHUTEIbHY 0 UH(DOPMAIMIO O THIIe 3HAUeHUsT. MBI PACCMOTPUM 3TO MOJAPOOHEE
B CJIEIYIOIINX pasfiesiax.

Lienoe uncno B s3blke Python — 6onblie, yeM NpocTo
Lilenoe 4ymcno

CrangaprHas peajausanus si3bika Python HanucaHa Ha s3bike C. TO 3HAYUT, UTO
Kax bl 00bekT Python — mpocTo HeKyCcHO 3aMacKupoBaHHast CTPYKTypa siabika C, co-
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JlepoKaliast He TOJIbKO 3HAUeHNe, HO U APYTYyIo HH(popMarmo. Hanpumep, mpu omicannu
1IeJIOUNCIIEHHON 1TepeMeHHoi Ha s3bike Python, Takoil kak x = 10000, x IIpeicTaBIIser
co00ii He TIPOCTO «4uCTOE» Tesioe uncyo. Ha caMoMm ziesie 3To yKasaresb Ha COCTaBHYIO
CTPYKTYPY f3bika C, cozeprkallyio HeckoJbKo 3HayeHnil. IlocMoTpeB B MCXOHBIN KO/
Python 3.4, MokHO y3HaTh, 4TO OMUCAHKE I[EJOYUCTIEHHOTO THITa (THMa long) dakTu-
YeCKW BBITJISIIAT CIEAYIOMnM 06pazoM (Tocsie pa3BopadynBaHis MaKpocoB s3bika C):

struct _longobject {
long ob_refcnt;
PyTypeObject *ob_type;
size_t ob_size;
long ob_digit[1];

¥

OtenbHOE 1estoe YKeIo B a3bike Python 3.4 dakTiyeckn cOCTOUT U3 YeThIpeX YacTeil:

O ob_refcnt — cyeTyMKa CCHIIOK, C TIOMOIIBIO KOTOpPOTO PythOIl HEe3aMETHO BbITIO/THAET
Bbl/I€JIEHNE 1 OCBO60>KI[€HI/IB IMaMATH;

QO ob_type — KoxupyfOIIEH THUT TTePEMEHHOT;
O ob_size — 3azarotieil pagMep CAeNYIONNX 2JIeMEHTOB TaHHBIX;

QO ob_digit — coxmepskaiieil hakTuyeckoe HeJ04YNCcIeHHoe 3HaYeHne, KOTOpoe Ipel-
CTaBJISIET IepeMenHast s13bika Python.

ITO 3HAYUT, YTO CYLIECTBYET HEKOTOPask H30BITOUHOCTD TIPU XPAaHEHUH II€JI0TO YHCIa
B st3bike Python 1o cpaBHEHWIO ¢ TI€JBIM YHCIOM B KOMITHJIUPYEMBIX SI3BIKAX, TAKIX
kak C (puc. 2.1).

Llenoe uncno
B A3blke Python

PyObject_ HEAD

Llenoe uncno B s3bike C

Puc. 2.1. PasHuua Mexay uenbiMu uncnamm B a3bikax C u Python

PyObject_HEAD Ha 9TOM pHUCYHKE — YacTb CTPYKTYPBI, CO/eprKaliasi CYeTYNK CChIIOK,
KO/l TUIIAa U IpPyTue YIIOMSAHYTbhIE BBIIIE 3JIEMEHTHI.

Eire pas akieHTUpYyeM BHUMAaHUE HA OCHOBHOM OTJIMYHH: 1[eJI0e YNCIO0 B si3bike C mpent-
CTaBJISIET COOOM SIPJIBIK JIJIST MECTA B TIAMSITH, GANTHI B KOTOPOM KOAUPYIOT IEJOUNCIICH-
Hoe 3Hauenue. [{esroe uncso B Python — ykaszaresns Ha MeCTO B TTAMSITH, T/I€ XPAHUTCST
Bes uHpopmanus 06 obbekTe si3bika Python, Briiouast 6aiiTel, cojepsKaiime meaourc-
JieHHOe 3Hadenue. VIMeHHo aTa jonoHuTe bHast nHpopMarust B crpykrype Python st
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LIEJIOTO YNCJIA 1 SIBJISIETCS TEM, 4TO HO3BOJISIET TaK CBOOOHO IIPOrPAMMHEPOBATD HA SI3bIKE
Python ¢ ucnosp3oBannem auHamMudeckoit tunusaiuy. OHAKO 9Ta AOMOJHUTETbHAS
nndopmanms B Tunax Python Breder n Hakiambie pacxo/isl, 4TO CTAHOBUTCS 0COOEHHO
3aMEeTHO B CTPYKTYpax, 00beIMHSIONNX 3HAYUTETbHOE KOJTNYECTBO TAKUX OOBEKTOB.

Cnuncok B a3blke Python — 6onblue, YeM NPoCTo CrMCoK

Ternepb paccMOTPUM, YTO IPOMCXOANT IIPH UCIIOIB30BAHIH CTPYKTYPbI si3bika Python,
cozeparieil MHOro 00bekToB. CTaHAAPTHBIM U3MEHSAEMbIM MHOTO9JIEMEHTHBIM KOHTE -
nepoM B Python sBisercs cnmcok. CosaTh CIMCOK 1E/I0UUCIEHHbBIX 3HAYEHUI MOKHO
CIIEAYIOUM 0Opa3oM:

In[1]: L = list(range(10))
L

out[1]: [e, 1, 2, 3, 4, 5, 6, 7, 8, 9]
In[2]: type(L[@])

Out[2]: int

Win anaiorudHbIM 0Opa3oM — CIUCOK CTPOK:

In[3]: L2 = [strI for c in L]
L2

out[3]: ['@', '1', '2', '3', '4', '5', '6', '7', '8', '9']
In[4]: type(L2[@])
Out[4]: str

B cuny auHaMudeckoii Tunusanuy a3bika Python MosKHO co3maBaTh gake HEOLHOPOI-
HbIE CIIUCKU:

In[5]: L3 = [True, "2", 3.0, 4]
[type(item) for item in L3]

Out|5]: [bool, str, float, int] OgHako nogoGHAsT THOKOCTH UMEET CBOIO TIEHY: JIJIsT UC-
MOTb30BAHMST THOKUX TUTIOB TAHHBIX KayK/IBIH 9JIEMEHT CITICKA TOJKEH COEPIKATh MH-
(hopMaIuio o TUTIE, CYETUNK CCHITIOK U IPYTYIO HH(DOPMAIIUIO, TO €CTh KAJKIBIH SJIeMEHT
TIPEZICTABIISAET COOOM TENbIi 06BeKT st3bka Python. B actHOM ciyuae coBmaenms Tuma
BCEX MIEPEMEHHBIX GOJIBIITAsT YaCTh ATOH WH(bOPMAIN H30BITOYHA: HAMHOTO PAIHOHATb-
Hee XPaHUTD JAHHBIE B MACCHBE ¢ GUKCHPOBAHHBIM THITOM 3HaUYeHn . Pasiirdme Mesxy
CIIUCKOM € IMHAMUYECKIM THTIOM 3HAYEHW U CITUCKOM ¢ (PUKCHPOBAHHBIM THIIOM
(B ctuie 6ubsmoreku NumPy) mpowsLmiocTpupoBaHo Ha puc. 2.2,
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Maccus
13 61ubnmoTekn Cnuncok ssbika
NumPy Python
PyObject_HEAD > 1 PyObject_ HEAD
2 ——
[JaHHble T OnvHa E
4 [ ]
MN3mepeHus — ONeMeHThI » 0x310718
s _—
I 0x310748 I
LLlarn no nHaekcy 6 0x310730 —
7 0x310760 [
8 0x310700 ]
— 0x3106b8 -
0x3106d0 -
0x3106e8 -

Puc. 2.2. Paznnuve mexay cnuckamm B a3bikax C n Python

Ha yposuze peanuszaiinu MmaccuB (hakTUUECKU COAECPKUT OJMH yKa3aTeJb Ha HellPpepbIB-
HbIi 6710k manibx. Crincok B si3bike Python ske comepsxut ykasatess Ha 610K ykaszaTe-
JIell, KasK bl 13 KOTOPBIX, B CBOIO OUEPE/lb, YKa3hIBAaeT Ha IIeJIblil 00beKT s3bika Python,
HAMpUMep, 1eJI0e IUc0. [IpernMyIecTBO TAKOTO CITUCKA COCTOUT B €r0 THOKOCTH: pas3
KaKIBIH DJIEMEHT CIHUCKA — TTOJHOMACIITAOHAS CTPYKTYPA, COMEPIKAIIAT KaK TaHHbIE,
Tak U WHGOPMAIIUIO O TUTIE, CITUCOK MOYKHO 3aMOJHUTH JAHHBIMU JTI060TO TpeGyemMoro
tumna. MaccuBaMm ¢ puKcupoBaHHbIM THIIOM U3 6ubmnorekn NumPy HepocTaer aToii
rubKOCTH, HO OHM TOpa3/io d(hheKTUBHEe XPAHAT JaHHbIe U PabOTAIOT C HUMH.

MaccuBbl C PUKCMPOBAHHBLIM TUMOM B si3blke Python

SIsbik Python npegocrasiger HECKOIBKO BO3SMOMKHOCTEN /I XpaHEH s JaHHbIX B 9(-
(dexruBHO padoTatonux Gydepax ¢ GUKCUPOBAHHBIM TUIIOM 3HaueHUH. BeTpoeHHBII
MOJLyJib array (JoctyiieH HaunHas ¢ Bepeuu 3.3 si3bika Python) MOKHO UCIIOB30BATH
JUIS CO3/IAaHMS TJIOTHBIX MACCHBOB JJAHHBIX OJHOTO THIIA:

In[6]: import array
L = list(range(10))
A = array.array('i', L)
A

Out[6]: array('i', [0, 1, 2, 3, 4, 5, 6, 7, 8, 9])
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3zech 'i' — KOJI TUIIA, YKA3bIBAIOIIUIA, YTO COJIEPIKMMOE SIBJISIETCS 1IE€JTBIMU YUCTIAMU.

Hamnoro yzobHee o6bekt ndarray us 6ubanorexu NumPy. B 1o Bpems kak 00bekT
array sa3sbika Python obecrieunBaer apexTuBHOE XpaHeHue JaHHbIX B (hopMare Mac-
cuBa, oubmoreka NumPy 06aBiisteT erie U BO3MOKHOCTD BBITIOTHEHNUST 3(D(HEKTUBHBIX
onepayuill Hall STUMU JaHHBIMU. MBI PACCMOTPUM TaKK€ OTEPAIIE B CJIELYIONIIX Pa3-
JleJIax, a 371eCh MPOJEMOHCTPUPYEM HECKOJIBKO CII0c000B cosaannst NumPy-maccusa.

Hautnem ¢ 06braHOTO MMITOpTa Mmaketa NumPy 1101 ICEBIOHUMOM np:

In[7]: import numpy as np

Co3faHue MaccmBOB M3 CMMCKOB SA3blka Python
JLJist co31aHIsT MACCHBOB U3 CIIMCKOB s13bIKa Python MOKHO BOCIIOIB30BaThCST (PYHK-
IMeN np.array:

In[8]: # mMaccuB LENOYUCNEHHBIX 3HAYEHWI:
np.array([1, 4, 2, 5, 3])

out[8]: array([1, 4, 2, 5, 3])

B otsmmune ot crivickos sisbika Python 6ubaoreka NumPy orpanuyiBaeTcst MacCHBaMu,
coJiepKallliMU 3JIeMEHTBI OZIHOTO Thla. Eciy TuIipl ajeMeHToB He coBnafaioT, NumPy
MIOTIBITAETCS BBIIIOJHUTD [TOBbIIIAIONIee TIPUBeleHre TUIIOB (B IAaHHOM cJIydae 11eJ10-
YyucJIeHHbIe 3HAYeHUS IPUBOATCS K YUCJIAM C IIJIaBaloleil TOYKoil ):

In[9]: np.array([3.14, 4, 2, 3])
Out[9]: array([ 3.14, 4. , 2. , 3. 1)

Ecnn xe H€O6XOZ[I/IMO ABHbIM O6p3.30M 3a/laTb THUII JaHHbIX JJII UTOI'OBOIO MaCCHBa,
MOYKHO BOCIIOJIb30BaTbhCA KJIIOYEBLIM CJIOBOM dtype:

In[10]: np.array([1, 2, 3, 4], dtype='float32")
Out[10]: array([ 1., 2., 3., 4.], dtype=float32)

Haxower, B oinune ot ciuckos B si3bike Python maccussl 6ubinoreku NumPy mory
SIBHBIM 00PA30M ONUCHIBATHCSI KAK MHOTOMepHbIe. BOT o/i1H 13 criocoboB 3aianust 3Ha-
YeHU MHOTOMEPHOTO MacCHBa € IIOMOIIBIO CITMCKA CIIMCKOB!

In[11]: # BnoxeHHble CMUCKM Mpeobpa3ywTcA B MHOFOMEpHbIi Maccus
np.array([range(i, i + 3) for i in [2, 4, 6]])
Out[11]: array([[2, 3, 4],
[4, 5, 6],
[6, 7, 81])

Broskennbie criickn paccMaTpuBaIOTCA KaK CTPOKK B UTOI'OBOM JIBYMEPHOM MaCCHUBE.
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Co3gaHne MaccuBOB C HyNS

Boubiie maccuBbl aeKTUBHEE CO3/1aBaTh C HYJISI C TOMOIIBIO UMETONTUXCS B TIAKETe
NumPy metomoB. BoT HecKoIbKO TPUMEPOB:

In[12]: # Co3paemM MacCUB LeNbIX YUMcen ANUHb 10, 3anofiHeHHbIi HynAMKU
np.zeros(10, dtype=int)

out[12]: array([@, ©, ©, @, ©, 8, 8, 0, 8, 0])

In[13]: # Co3paem mMaccuB pa3MepoMm 3 X 5 3HayeHwit C nnaBalklwei TOYKOW,
# 3anosIHeHHbI eanHULaMK
np.ones((3, 5), dtype=float)
Out[13]: array([[ 1., 1., 1., 1., 1.],
1., 1., 1., 1., 1.1,
[1., 1., 1., 1., 1.1D)

In[14]: # Co3paem mMaccuB pa3MepoM 3 X 5, 3anosiHEHHbIn 3HayeHuem 3.14
np.full((3, 5), 3.14)

out[14]: array([[ 3.14, 3.14, 3.14, 3.14, 3.14],
[ 3.14, 3.14, 3.14, 3.14, 3.14],
[ 3.14, 3.14, 3.14, 3.14, 3.14]])

In[15]: # Co3paemM MacCUB, 3aMOJIHEHHbIN JIMHEWHOW MoC/nefoBaTeNbHOCTbIO,
# HayMHawwencs C @ ¥ 3aKaH4YMBawWenca 20, C warom 2
# (aHanornyHo BCTpoeHHoW ¢yHKuMM range())
np.arange(@, 20, 2)

Out[15]: array([ ©, 2, 4, 6, 8, 18, 12, 14, 16, 18])

In[16]: # Co3paeM MacCMB U3 MATU 3HAYEHWW,
# paBHOMepHO pacnosarawwmxca mexay 0 un 1
np.linspace(@, 1, 5)

Out[16]: array([ ©. , ©.25, ©.5, ©.75, 1. 1)

In[17]: # Co3paem mMaccuMB pa3MepoM 3 X 3 paBHOMEPHO pacrpenesieHHbIX
# cny4ailHbiXx 3HayeHus oT © go 1
np.random.random((3, 3))

Out[17]: array([[ ©.99844933, ©.52183819, ©.22421193],
[ 0.08007488, ©0.45429293, 0.20941444],
[ 0.14360941, ©0.96910973, 0.946117 ]])

In[18]: # Co3paem mMaccuB pa3MepoM 3 X 3 HOpMaJbHO pacnpefeneHHbIX
# cnydalHeIX 3Ha4YeHMA C MeAMaHoW © M CTaHAApPTHbIM OTKNOHeHMem 1

np.random.normal(e, 1, (3, 3))

Out[18]: array([[ 1.51772646, ©.39614948, -0.10634696],
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[ ©.25671348, ©0.00732722, ©0.37783601],
[ ©.68446945, ©0.15926039, -0.70744073]1])

In[19]: # Co3paeM MaccuB pa3MepoM 3 X 3 C/lyYalHbIX LesblX 4Yucnia
# B npomexyTke [0, 10)
np.random.randint (@, 10, (3, 3))

Out[19]: array([[2, 3, 4],
[5) 7) 8])
[0, 5, o]])

In[20]: # Co3paem efMHWYHYK MaTpuuy pa3mepom 3 X 3
np.eye(3)

Out[20]: array([ , 0., o.],

[ 1.
[ 0., 1., o.],
[e., o., 1.1])

In[21]: # Co34aeM HEUHWLUMANU3UPOBAHHLIA MACCUB U3 Tpex LeNOoYUCSIEHHbIX
# 3HayeHuit. 3HayeHumAMM OyayT MPOU3BOJIbHbIE, C/yYalHO OKasaBwMuecH
# B COOTBETCTBYHWMUX AYENKAX MaMATU AaHHble
np.empty(3)

Oout[21]: array([ 1., 1., 1.])

CraHgapTHble TUMbl AaHHbIX 6ubnnotekn NumPy

Maccusbt 6ubsmorexn NumPy coziepskar 3HaY€HHUS TPOCTIX THUIOB, TOITOMY BaKHO 3HATH
Bce oApoOHOCTH 00 ITHUX TUIIAX U UX orpanndenusx. [Tockonbky 6ubmnorexa NumPy Ha-
miicata' Ha si3bike C, 9TH TUIIBI OYIyT 3HAKOMBI TTI0JIb30BaTe/ M si3bikoB C, Fortran u fip.

CrangapTHbie TUIIb JaHHBIX OuboTekn NumPy nepeuncienst 8 Tabu. 2.1. O6parure
BHUMaHUeE, 4TO MIPH CO3/IAHUN MACCUBA MOKHO YKAa3bIBAaTh UX C TOMOIIIBIO CTPOK:

np.zeros(10, dtype='int16"')
WJTH COOTBETCTBYIOMETO 00BhekTa 13 6rubamorekn NumPy:
Np.zeros(10, dtype=np.int16)

Ta6nuua 2.1. CtaHaapTHble TUNbI AaHHbIX 6ubnnoTtekn NumPy

Tvun gaHHbIX | ONucaHue

bool Bysies tun (True winu False), xpaustuiics: B Buzie 1 Gaiira

TwuI 1eJI0YNCIEHHOTO 3HAYEHNUS TT0 yMOTYaHuIo (aHasorimden Ty long sizbika C;
int_ 06br9HO int64 nim int32)

intc Wpentnaen tuimy int si3pika C (00br4H0 int32 i int64)

! BopImei yacThio.
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Tun gaHHbIX | ONucaHue

HBJIO‘{I/IC]IGHHOG 3Ha4YeHue, UCI0Jib3yeMoe /11 UH/IEKCOB (aHaJIOFI/I‘{HO TUILy ssize_t

intp aspika C; 00b1uHO int32 nim int64)

int8 Baiitrossiit Tun (ot —128 5o 127)

int16 Ienoe uucyo (ot —32 768 1o 32 767)

int32 Ienoe anciao (ot —2 147 483 648 10 2 147 483 647)

int64 Ilesoe uncio (ot —9 223 372 036 854 775 808 10 9 223 372 036 854 775 807)
uint8 Bessnaxosoe 1esoe ynciio (ot 0 10 255)

uint16 Bessnaxosoe 1enoe ncsio (ot 0 10 65 535)

uint32 Bessnaxosoe 1esoe nciio (ot 0 10 4 294 967 295)

uint64 Bessnaxosoe 1esoe yncsio (ot 0 10 18 446 744 073 709 551 615)

float_ Coxkpaiienue s Hazatus tumna float64

YucJI0 ¢ I1aBaloNell TOYKOIL ¢ OJOBUHHON TOYHOCTDIO: 1 61T 3HAK, 5 OUT HOPSIOK,
float16 10 6ut ManTucca

Yucsio ¢ maBaiei TOUKol ¢ OMHAPHON TOUHOCTBIO: 1 GUT 3HAK, 8 GUT MOPSIOK,
float32 23 6ura MaHTHCCA

Yucio ¢ mIaBaioleil TOYKoii ¢ yABOeHHON TouHOCThI0: 1 61T 3HaK, 11 6uT nopsioK,
float64 52 6uTa MaHTHCCA

complex_ Coxparienue s HazBaHus Tina complex128

complex64 KomMruiekcHoe 4nciio, mpeacTaBientoe AByMs 32-OUTHBIMU YHCIaMU

complex128 | KoMmiiekcHoe YnCI0, PEACTABICHHOE ABYMsT 64-OUTHBIME YUCTAMEI

BosmoskHO 3amanne u 6ojiee CIOKHBIX TUIIOB, HATPUMED 3aJ[aHue YHCEN ¢ TPSIMbIM
W 0OPaTHBIM MOPSIKOM OaiiToB. [list osryyeHust Gosiee moApoOHON HHbOpMAIMN 3a-
[JISTHUTE B JOKyMeHTalwmo 1o makery NumPy (http://numpy.org/). Buboreka NumPy
TaKKe MOJJIEPAKUBAET COCTABHbIE THIIBI JAHHBIX, KOTOPbIE MbI PACCMOTPUM B pasjiesie
«CTpyKTypUpOBaHHBIE JJaHHBIE: CTPYKTYPUPOBaHHbIe MaccuBbl Onbmorekn NumPy»
JTAHHOU TJIaBHI.

BeeaeHne B Maccusbl 6ubnmotekn NumPy

Pa6ora ¢ nanubiMu Ha s3bike Python — npakrudecku cuHOHUM paboThI ¢ MacCHBaMU
6ubnmorekn NumPy: naxe 6ojiee HOBbIe YTUIUTHI, Hanipumep 6ubanoreka Pandas
(cMm. taaBy 3), ocHoBanbl Ha MaccuBax NumPy. B aToMm pasnese Mbl paccMOTpUM He-
CKOJIBKO IPUMEPOB MCIOJIb30BaHus MaccBOB Gubrorexku NumPy st jocTyia K 1aH-
HBIM U TIOIMACCUBAM, a TAKXKe CPe3bl, H3MeHeHUsT (DOPMBI U 0ObEITHHEHUST MACCUBOB,
XoTs IeMOHCTPUPYEMbIe TUIIBI OMEPAINI MOTYT [TOKA3aThCsI HECKOJIBKO CKYYHBIMU
U HEeJAaHTUYHBIMU, OHU SIBJSTIOTCS. CBOEOOPA3HBIME «KUPITMYUKAMITY JIJIST MHOKECTBA
NIPYTHUX IPUMEPOB U3 aTOM KHUTHU. VI3yunTe X XOpoIeHbKo!
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Mzl paccMOTPHUM HECKOJIBKO KaTETOPUI TPOCTEHIINX OMepaIiil ¢ MACCUBAMIL:

Q ampubymol Maccusos — onpeeseHre pazmepa, GopMbl, 06bEMa 3aHUMAEMOI TAMSTH
1 TUTIOB JJAHHBIX MACCUBOB;

a uHGeKcauwo Maccusos — IOJYyIEHNE N 3a/laHNE 3HAYEHUI OT/ICJIbHBIX 9JICMEHTOB
MacCCHBa;

Q cpe3vbL Maccusos — TOJyYeHUE U 3ajlaHne 3HAYEHU T TT0JIMAaCCUBOB BHYTPH GOJIBIIIOTO
MacCHBa;
Q usmenenue Qopmol Maccusos — n3MeHeHne (POPMbI 33JTAHHOTO MaCCHBa;

Q causnue upa36ueuue MACCUBOEB — O6’beﬂI/IHeHI/Ie HECKOJIbKMX MaCCHUBOB B OJIMH U Pa3-
JlejieHne 0JHOro MaccmnuBa Ha HECKOJIBKO.

ATpnbyTbl MaccmeoB 6Mbnunotekn NumPy

O6cyum HEKOTOPBIE aTPUOY T MACCUBOB., HauHeM ¢ OIMCAHUS TPEX MACCUBOB CJIyvali-
HBIX YHCEJ: O[THOMEPHOTO, IBYMEPHOTO U TPeXMepHOTO. Bocmosibayemcest reHepaTopoM
caydaitHbeix yucest 6ubmorekn NumPy, 3a1aB [/t Hero HavyaJbHOE 3HAYEHUE, YTOObI
rapaHTHPOBATh TEHEPAINIO OAHUX U TEX K€ MAaCCUBOB IIPU Ka’K/IOM BBITTOJTHEHUN KO/A:

In[1]: import numpy as np
np.random.seed(@) # HayanbHoe 3HayeHue ANA Leneil BOCNPOU3BOAUMOCTM

x1 = np.random.randint(10, size=6) # opHOMepHbIi Maccus
X2 = np.random.randint(10, size=(3, 4)) # pBYMepHbIi Maccus
X3 = np.random.randint(10, size=(3, 4, 5)) # TpexmepHblii Maccus

Y Ka)k0ro U3 MAaCCUBOB eCTh aTpubyThl ndim (pa3MepHOCTh), shape (pasMep Kaxk0ro
usMepeHust) u size (06N pasMep MaccuBa):

In[2]: print("x3 ndim: ", x3.ndim)
print("x3 shape:", x3.shape)
print("x3 size: ", x3.size)

x3 ndim: 3

x3 shape: (3, 4, 5)
x3 size: 60

Euie oaus mosiesHblil aTpubyT — dtype, THIT JaHHBIX MaccuBa (KOTOPBII Mbl yiKe paHee
obcyskaanu B paszese «PaboTa ¢ TUIIaMu IaHHBIX B s3bike Python» a0l riasbr):

In[3]: print("dtype:", x3.dtype)
dtype: inte4

Jlpyrue arpubyThl BKIOYAIOT itemsize, BHIBOAAIINIT pasmep (B GaiiTax) KaskAoro ae-
MeHTa MaccuBa, U nbytes, BBIBOJAAIINIT TTOJMHBII pasMep MaccuBa (B GaiiTax):

In[4]: print("itemsize:", x3.itemsize, "bytes")
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print("nbytes:", x3.nbytes, "bytes")

itemsize: 8 bytes
nbytes: 480 bytes

B obmiem snauenmue atprbyTa nbytes 0KHO OBITH PABHO 3HAUEHUIO aTpubyTa itemsize,
YMHOKEHHOMY Ha size.

NHpekcauua MmaccmBa: AOCTYN K OTAENbHbIM 3/1IEMEHTaM

Ecjii BbI 3BHAKOMBI ¢ MHEKCAL[MEN CTaHAAPTHBIX CIIMCKOB si3bika Python, To nHaexcars
6ubmmorext NumPy Gyjiet /7ist Bac npuBbIYHOI. B 0[HOMEPHOM MaccuBe 0OPaTUTHCST
K i-My (cumras ¢ () 3HAUEHUIO MOYKHO, YKa3aB TpeOyeMbIil HHIEKC B KBaJIPATHBIX CKOO-
Kax, TOYHO TaK JKe, Kak IIpu paboTe co crckamu si3bika Python:

In[5]: x1

Out[5]: array([5, @, 3, 3, 7, 9])
In[6]: x1[0]

out[6]: 5

In[7]: x1[4]

out[7]: 7

[l mHAeKcauu ¢ KOHIIa MacCUBa MOKHO MCIIOTb30BaTh OTPUIIATEIbHBIEC NH/IEKCHI:
In[8]: x1[-1]

out[8]: 9

In[9]: x1[-2]

out[9]: 7

O6pamaTbc;1 K 9JIeMEeHTaM B MHOTOMEPHOM MaCCHB€E MOKHO C ITOMOIIbIO pa3/I€JIEHHbBIX
3aIIATbIMU KOpTe}KEIl/)I NHIEKCOB:

In[10]: x2

out[10]: array([[3, 5, 2, 4],
[71 6, 8, 8])
[1, 6, 7, 71]1)

In[11]: x2[@, @]

out[11]: 3
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In[12]: x2[2, @]
out[12]: 1
In[13]: x2[2, -1]
out[13]: 7

Bbl Takske MOKeTe UBMEHUTh 3HAYEHMUs], UCIIO/Ib3YsI JIOOYIO U3 [ePEeYNCIeHHbIX BbIILIE
UHIEKCHBIX HOTAIINN.
In[14]: x2[0, O] = 12

X2

Out[14]: array([[12, 5, 2, 4],
[ 7,6, 8, 8],
[ 1,6, 7, 71D

He 3abbiBaiiTe, 4TO, B OTJIMYKE OT CIIMCKOB si3bika Python, y maccusos NumPy dukcu-
POBAHHBII TU IAHHBIX. [Py TOTIBITKE BCTAaBUTH B MACCHB TIEJTBIX YHCEJI 3HAUEHNE C TIIa-
BAIOIEel TOYKOIT 9TO 3HaYeHre Gy/eT He3aMeTHO ycedeno. He momaaurech B TOBYIIKY!

In[15]: x1[@] = 3.14159 # >3To 3Ha4yeHue byneT yceyeHo!
x1

Out[15]: array([3, ©, 3, 3, 7, 9])

Cpe3b| MaCCMBOB. AOCTYN K noagMaccnBam

AHAJIOTUIHO JOCTYITY K OTIETbHBIM 3JIeMEHTaM MacCHBa MOKHO MCITOJIb30BATh KBA/IpaT-
Hble CKOOKH JIJIST IOCTYTIA K TTOJIMACCUBAM € TIOMOTILIO ¢pe3os (slicing), obo3HadaeMbIx
sHakoM jBoerourd (:). CuHTakcuc cpes3os 6ubmmorekn NumPy cooTBeTcTBYET aHa0-
THYHOMY CUHTAKCHCY ST CTAHAAPTHBIX CITICKOB s13bika Python. JI7ist mocTyma k cpesy
MacCHBa X MCMOJNb3YHTe CHHTAKCHC:

Xx[Ha4vano:KoHey:war]

Ecii kakue-m160 13 9TUX 3HAUEHUI He YKa3aHbl, 3SHAYeHUS IPUMEHSIOTCS 110 YMOJIua-
HUIO: Ha4Yano = O, KoHel = pasmep coomBemcmBywuyezo usmeperus, war = 1. MbI pac-
CMOTPHUM JIOCTYII K MACCUBaM B OJJHOM M HECKOJIbKUX U3MEPEHUIX.

OpnHoMepHble NnogMaccmBbl

In[16]: x = np.arange(10)
X

Out[16]: array([e, 1, 2, 3, 4, 5, 6, 7, 8, 9])
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In[17]: x[:5] # nepBble NATb 3/1EeMEHTOB

Out[17]: array([e, 1, 2, 3, 4])

In[18]: x[5:] # 2nemeHTb Mnocne uHaekca = 5

Out[18]: array([5, 6, 7, 8, 9])

In[19]: x[4:7] # noamaccuB U3 cepenuHsbl

Out[19]: array([4, 5, 6])

In[20]: x[::2] # KaxAabli BTOPOW >SNEMEHT

Out[20]: array([e, 2, 4, 6, 8])

In[21]: x[1::2] # KaxAblli BTOPON 3NeMeHT, HayuHas C uHiekca 1
Out[21]: array([1, 3, 5, 7, 9])

[MoTeHTMaTbHO K HEGOIBIINON TyTAHWIIE MOKET MTPUBECTH OTPHUTIATENHHOE 3HAUEHTE
mapamMeTpa war. B aToM cirydae 3HaUCHNS TT0 YMOJTYAHHIO /IS Havasno U KoHew MEHAIOTCS
MecTaMu. ITO YAOOHBIH cOCO6 «ITepeBEePHYTH> MACCHB:

In[22]: x[::-1] # BCe 3nemeHTb B O6paTHOM nopaake
Out[22]: array([9, 8, 7, 6, 5, 4, 3, 2, 1, 0])

In[23]: x[5::-2] # Kkaxabli BTOpoOW 3neMeHT B obpaTHOM nopAaake,
# HaymMHaA Cc uHpekca 5

Out[23]: array([5, 3, 1])

MHoroMepHble nogMaccuBbl

MHoOroMepHble CPe3bl 3aAI0TCsI CXOKUM 06PasoM, ¢ pasieieHIeM CPE30B 3allsIThIMHU.
Hampuwmep:

In[24]: x2

out[24]: array([[12, 5, 2, 4],
[7, 6, 8, 8],
[1, 6 7, 71D

In[25]: x2[:2, :3] # pBe cTpoku, Tpu cTonbua

Out[25]: array([[12, 5, 2],
[ 7, 6, 811

In[26]: x2[:3, ::2] # BCe CTpPOKM, KaxzAplii BTOpoi cTonbel,
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out[26]: array([[12, 2],
[ 7, 8],
[ 1, 71D

MSMCPCHI/IH TIO/IMAaCCUBOB TaKKe€ MOJKHO «II€pEBOpavYnBaTb»:

In[27]: x2[::-1, ::-1]

Out[27]: array([[ 7, 7, 6, 1],
[ 8) 8} 6) 7])
[ 4, 2, 5,12]])

JlocTyn K cTpokaM 1 ctonbuam Maccuea

YacTo Bo3HMKaeT He0OXOAUMOCTb B JOCTYIIE K OTJEJIbHBIM CTPOKAM HJIM CTOJIOaM
MaccuBa. IIpeocTaBuTh OCTYII MOKHO IIyTeM KOMOMHAIIMK UHAEKCALIIH 1 CPe3a, € MO~
MOIIIBIO ITYCTOTO CPe3a, 33J[aBAEMOTO JIBOETOUMEM ( :):

In[28]: print(x2[:, ©]) # nepsbii cTonbey mMaccuBa x2
[12 7 1]
In[29]: print(x2[@, :]) # nepBas cTpoka MaccumBa X2

[12 5 2 4]

B CJIydae IpeoCTaBJaCHUA JOCTYIIa K CTPOKE HYCTOfI Cpe3 MOJKHO OIIYCTUTDb paan 6osee
JJAKOHMYHOI'O CUHTaKCuca:

In[30]: print(x2[@]) # skBUBaneHTHo x2[0, :]

[12 5 2 4]

MNMoagMaccuebl Kak NpeaHasHayvyeHHble TONbKO ANs YTEeHUS
npeacraBneHnd

Cpesbl MacCMBOB BO3BpalaioT npedcmasienus (views), a He xkonuu (copies) AaHHBIX
MaccuBa. DTUM cpe3bl MAcCUBOB Gubmorekrt NumPy OTJIMYAIOTCS OT CPE30B CIMCKOB
s3pika Python (B crimckax cpessl sIBJISIOTCS KOIMAME). PaccMOTPUM yiKe 3HAKOMBII
HaM JIByMEPHBII MaCcCHUB:

In[31]: print(x2)

1

N

[

—r——
=N

[ )N IV,
N oo N
N oo b
—
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N3BiieueM 13 HETO IBYMEPHBIN TOMACCUB 2 X 2

In[32]: x2_sub = x2[:2, :2]
print(x2_sub)

[[12 5]

[ 7 6]l

Terepn, ecii Mbl UI3BMEHUM 3TOT MOAMACCHUB, YBUIUM, YTO UCXOIHBII MAaCCUB TaKKe
nomensiiicsa! Cmorpure:

In[33]: x2_sub[@, @] = 99
print(x2_sub)

[[99 5]
[ 7 6]]

In[34]: print(x2)

[[9
[
[

P N O
()W) RNV, ]
N oo N
N oo b

]
]
11

Taxkoe nopejeHre M0 YMOJYAHUIO JEHCTBUTEILHO OYeHb yA00HO: npu pabore ¢ 60b-
My HabopaMu JaHHBIX He Tpebyercss KonupoBaTh 0a3oBblil Oydep gaHHbIX i 00-
palleHus K UX 4acTsaM 1 06paboTKU STUX YacTei.

Co3aaHue Konui MaccmBoB

HeCMOTpﬂ Ha BCe 3aMedaTeJIbHble BO3MOXHOCTHN HperLCTaBJIeHI/IfI MaCCUBOB, UHOT'/la
ObIBaeT yA06HO SBHBIM 00Pa3OM CKOIMPOBATh JaHHbIE U3 MACCHUBA WJIM [TOMAaCCHUBa.
ITO JIETKO MOKHO CIeJIaTh C IIOMOIIBIO MeTo1a copy ():

In[35]: x2_sub_copy = x2[:2, :2].copy()
print(x2_sub_copy)

[[99 5]
[7 e6]]

Ecom mbr TENEePb IIOMEHAEM STOT IMTO/IMACCUB, I/ICXO[[HI)Iﬁ MAaCCHB OCTaHETCA HEM3MEHHDBIM!

In[36]: x2_sub_copy[0, @] = 42
print(x2_sub_copy)

[[42 5]
[7 e6]]

In[37]: print(x2)

[[o
[
[

P N O
[e) RN RNV}
N oo N
N oo b

]
]
11
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N3mMeHeHune (bOpM bl MaCCMBOB

Erte oxtra ymobuas omeparust — n3Menenne (hopMbl MACCHBOB METOIOM reshape (). Ha-
puMep, ecyid BaM TpebyeTcst oMecTuTh ynciia ot 1 10 9 B Tabuuity 3 x 3, cenarh 910
MOSKHO CJIEYIOIUM 00Pa3oMm:

In[38]: grid = np.arange(1, 10).reshape((3, 3))
print(grid)

[[1 2 3]
[4 5 6]
[7 8 91]

Ob6paruTe BHUMaHUE, 9TO Pa3MepP UCXOJHOTO MACCHUBa J0JIKEH COOTBETCTBOBATD Pa3-
Mepy u3MeHeHHOT0. [10 BOBMOKHOCTH METO/I reshape Oy/IeT HCTIOJIb30BATH TIPEHA3HA-
YeHHbIE TOJBKO JIJIST YTE€HUsI IPE/ICTABJIEHNSI, HO HEIIPEPhIBHbIE OY(hepbl TaMsATH HAUTH
y/laeTcs He Bcerja.

Jlpyroii yacTo MCII0JIb3yeMblii ITaTTepH u3MeHeHus (POpPMbL — IIPeodpasoBaHue OLHO-
MEPHOTO MAcCUBa B IBYMEPHYIO MAaTPUILY-CTPOKY WJIM MaTpuUILy-croJberl. st atoro
MOKHO IIPUMEHUTH METOJI reshape, HO Jiydllle BOCIIOJIb30BATHCS KJIOYEBBIM CJIOBOM
newaxis IIpy BBIIIOJHEHUM OIlepalliy cpesa:

In[39]: x = np.array([1, 2, 3])

# MpeobpasoBaHne B BEKTOP-CTPOKY C nomouwbl reshape
x.reshape((1, 3))

Out[39]: array([[1, 2, 3]1])

In[40]: # Npeobpa3oBaHWe B BEKTOP-CTPOKY MOCPeACTBOM newaxis
x[np.newaxis, :]

out[4@]: array([[1, 2, 3]1)

In[41]: # MNpeobpa3oBaHue B BekTOp-cTonbey c nomowbk reshape
x.reshape((3, 1))

out[41]: array([[1],
[2],
[(311)

In[42]: # MpeobpasoBaHune B BeKTOp-cTonbeL MoCpefcTBOM newaxis
x[:, np.newaxis]

Out[42]: array([[1],
[2],
[31D

B Hareil kaure Mbl OyjieM 4acTo BCTpedaTh mogo6Hoe IpeobpasoBaHue.
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CnusHue n pasbueHne MaccuBoB

Bce mpenpiyiue omepaiiuu padoTanu ¢ oHIM MaccuBoM. Ho MOKHO 00beIMHITD
HECKOJIbKO MAaCCUBOB B OJMH U, HA00OPOT, pasbUTh eAUHBINA MACCHB Ha HECKOJIBKO MO
MacCHUBOB. JTHU OTIePaIliy Mbl PACCMOTPHUM JIaJiee.

CnnaHne maccmsoB

Cuustauie, uiu oObeIMHEHNE, IBYX MacCcUBOB B 6ubmoreke NumPy BbIOJIHSIETCST
B OCHOBHOM C IIOMOIIIbIO METOZIOB hp.concatenate, np.vstack u np.hstack. MeTop,
np.concatenate IpuHUMaET Ha BXO/le KOPTEXK UJIN CIIMCOK MaCCUBOB B Ka4eCTBe I1ePBO-
TO apryMeHra:

In[43]: x = np.array([1, 2, 3])
y = np.array([3, 2, 1])
np.concatenate([x, y])

Out[43]: array([1, 2, 3, 3, 2, 1])
MoskHO 00beAnHATH GoJiee IBYX MACCUBOB OTHOBPEMEHHO

In[44]: z = [99, 99, 99]
print(np.concatenate([x, y, z]))

[1 2 3 3 2 1999999]

I[JIE[ O6'b€[[I/IHeHI/I$I JBYMEPHBIX MaCCUBOB MOKHO TaK’Ke UCIIOJIb30BaTh np.concatenate:

In[45]: grid = np.array([[1, 2, 3],
[4, 5, 6]])

In[46]: # cnvAHMe NO NMepBON OCU KOOpAMHAT
np.concatenate([grid, grid])

out[46]: array([[1,
[41
[1)
[4,

2, 3],

5, 61,

2, 31,

5, 611)

In[47]: # cnuAHMe no BTOPOM OCU KoopauHaT (C WHAeKcoM ©)
np.concatenate([grid, grid], axis=1)

out[47]: array([[21, 2, 3, 1, 2, 3],
[4, 5, 6, 4, 5, 6]])

Jlist paboThI ¢ MACCUBAMU C PA3IMYAIONUMICS U3MEPEHUSAME yI00Hee U TIOHITHEE
UCTI0JIb30BaTh (DYHKIMHU np . vstack (BepTukaibHOe 0ObeiHeHre) u np . hstack (ropu-
30HTATBHOE OO BENHEHTTE):
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In[48]: x = np.array([1, 2, 3])
grid = np.array([[9, 8, 7],
[6, 5, 411)

# 06beAMHAET MaccuBbl NO BepTUKanu
np.vstack([x, grid])

out[48]: array([[1, 2, 3],
[9, 8, 71,
[6, 5, 411)

In[49]: # Ob6beauMHAET MacCUBbI MO TOPU3OHTaNU
y = np.array([[99],

[9911)
np.hstack([grid, y])

Out[49]: array([[ 9, 8, 7, 99],
[ 6 5,5 4,911

DynKIws np . dstack aHaIOTHYHO 00bEINHIET MACCUBBI 110 TPEThEH OCH.

PazbueHne maccmBoB

ITpOTHBOIIOIOKHOCTBIO CIAUSHUS ABJIsIeTCs pa3bueHne, BbIIOJHIEMOE € IIOMOIIbIO
dbyHKIMI np.split, np.hsplit 1 np.vsplit. Kaxoil u3 HUX HEOOGXOAMMO TIepeaBaTh
CIIMCOK MH/IEKCOB, 3a/[aI01INX TOYKU pasjieia;

In[50]: x = [1, 2, 3, 99, 99, 3, 2, 1]
x1, x2, x3 = np.split(x, [3, 5])
print(x1, x2, x3)

[1 2 3] [99 99] [3 2 1]

O6parute BauManue, uto N Touek paszena o3HadaoT N + 1 mogmaccus. CoOTBETCTBY-
formue yHKIUK np.hsplit u np.vsplit A€lCTBYIOT aHATOTUYHO:

In[51]: grid = np.arange(16).reshape((4, 4))

grid
Out[51]: array([[ ©, 1, 2, 3],
[ 4, 5 6, 7],
[ 8, 9, 10, 11],
[12, 13, 14, 15]])
In[52]: upper, lower = np.vsplit(grid, [2])
print(upper)
print(lower)
[[012 3]
[456 7]]

[[ 8 910 11]
[12 13 14 15]]
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In[53]: left, right = np.hsplit(grid, [2])
print(left)
print(right)

[[ 6 1]

[ 4 5]

[ 8 9]

[12 13]]

[[ 2 3]

[ 6 7]

[10 11]

[14 15]]

DyHKIMS np. dsplit aHATOTHYHO pas/essieT MACCUBBI TT0 TPEThEH OCH.

BbiNnONHEHNE BbIYMCNEHMIW HA4 MacCUBaMm
6nbnnotekn NumPy: yHMBepcanbHble (PyHKLMM

Bubimoreka NumPy npegocrasisier yaoOHbIH 1 ruOKuii mHTEpdEc A1 ONITUMUUPO-
BAaHHBIX BBIYUCJIEHNN HA/l MACCUBAMU JIAHHBIX.

BoinosiHeHne BbIYKMCICHUN Ha MaccuBamu OubmoTekt NumPy MoskeT ObITh OUeHb
OBICTPBIM ¥ OYEHb MeJIEHHBIM. KIiod K UX YCKOPEHUIO0 — MCIOTh30BaHNE BEKTOPH-
30BaHHbBIX OTI€PAINil, 0OBIYHO PEATU3YEMBIX TIOCPEACTBOM YHUBEPCATOHBIX (DYHKULUTL
(universal functions, ufuncs) si3pika Python. B nanaom paszuesie 6yaer 000CHOBAHO,
nmoueMy yHuBepcasbHbie QyHKIHN 6ubanotekn NumPy HeoGX0IUMbI U TIOYEMY OHU
MOTYT HAMHOI'O YCKOPUTD BbIIIOJIHEHME IIOBTOPSIIONIMXCS BBIUNCICHUN HAJl 9JIeMEeHTaMu
MAaCCHBOB, & TaKKe MO3HAKOMUM BaC C MHOJKECTBOM HanboJiee PacipocTpaHeHHbBIX | M0~
JIE3HBIX YHUBEPCAIBHBIX apuMerndeckux ¢hyHkiumi us 6ubamnoreku NumPy.

MeanuTenbHOCTb LMKIOB

Peanusanus sspika Python mo ymomuanuto (ussecrHas mox Hazsanuem CPython)
BBIIIOJIHSIET HEKOTOPbIE Ollepaliiy o4eHb Me/JIeHHO. JacTuuHO 9TO IPOUCXOUT M3-3a
JMHAMWYECKOM, HHTEPIPETUPYEMON IIPUPObI A3bIKa. [MOKOCTb THUIIOB 03HAYAET, UTO
IIOCJIe/IOBATEIbHOCTH OIIePAIIil Heslb3sT CKOMITMJINPOBATD B CTOJIb JKe IIPOU3BOANTEb-
HBIH MAaIMUHHBIT KO/, Kak B caydae si36koB C u Fortran. B mocientiee BpemMst 6b1T0
TPEATPUHATO HECKOIBKO TMOIBITOK CIPABUTLCS € ATOH POBIEMOii:

Q upoexr PyPy (http://pypy.org), peayusaius si3bika Python ¢ aunamudeckoii kommm-
JIALEI;

Q upoekr Cython (http://cython.org), ipeoGpasyiomiuii Koj Ha s3bike Python B kommnu-
JIMPyeMbIii Kozt Ha si3bike C;
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Q upoekt Numba (http://numba.pydata.org), iipeobpasyiominii (pparMeHThl Kojia Ha SI3bIKe
Python B Geictpsiit LLVM-6aiiTkoz.

Y KaxKJI0TO TIPOEKTa eCTh CBOU CHJIbHBIE U CJlabble CTOPOHBI, HO HY OJ[FH U3 HUX TTOKa He
oborren cranpapThbiii Mexauusm CPython mo nomysnsprocTu.

OTtHocuTebHAS MeTUTETBHOCTE Python 06braHO 06HAPYKIBAETCS IPU TIOBTOPEHUN
MHOKECTBA MEJIKUX OTIePaIlUii, HAllPUMEp MPHU BBITIOJHEHU 06pabOTKHU BCEX AJIEMEHTOB
MaccuBa B IukJie. [lycTh y HaC UMeeTCst MaCCHB 3HAYCHUIT U HEOOXOUMO BBIUMCIIUTD
06paTHYI0 BEIMUUHY Kask[0T0 U3 HuX. OUeBUIHOE pellieHne MOTJIO Obl BBITJISIETD Cie-
JYIOIUM 06pa3oM:

In[1]: import numpy as np
np.random.seed(9)

def compute_reciprocals(values):
output = np.empty(len(values))
for i in range(len(values)):
output[i] = 1.0 / values[i]
return output

values = np.random.randint(1, 10, size=5)
compute_reciprocals(values)

out[1]: array([ ©.16666667, 1. , ©0.25 , ©0.25 , 0.125 1

Taxast peajimzarusi, BEPOSITHO, K&JKETCST BIIOJIHE €CTECTBEHHON Pa3zpabOTUMKAM C OIIBITOM
paboThl Ha si3bikax mporpamvuposarus C i Java. OHAKO, OIEHUB BPEMsI BBITIOJIHE-
HUS 9TOTO KoJa J7ist 60JIbIIOro 06beMa JaHHBIX, Mbl OOHAPYIKIM, YTO JaHHAs Onepa-
114 BBITIOTHSAETCS KpaiiHe MeieHHO. O1leHUM 3TO BpeMs € IIOMOIIBI0 «MarnyecKoii»
dbyurumu %timeit obomouxu IPython (o6cyskaasieiica B pasaene «IIpodunuposanue
1 MOHUTOPUHT CKOPOCTH BBITTOJIHEHUS KOJIay T1aBbl 1):

In[2]: big_array = np.random.randint(1, 100, size=1000000)
%timeit compute_reciprocals(big_array)

1 loop, best of 3: 2.91 s per loop

BrimoTHeHMEe MUJITMOHOB OTepaIyii ¥ COXpaHEeHHe Pe3yJibTaTa 3aHsJI0 HECKOJIBKO
cekyHa! B Hauu gHU, Kor/a fake y cMapT(GOHOB GbICTPOAEHCTBIE HU3MEPSIETCS B TH-
racdrorncax (To ecTh MUJIIMAPAAX OTMepanuil ¢ TaaBaioieil TOYKOH B CEKYH/LY ), 3TO
MPEACTABIISIETCS MEJICHHBIM MTpakTHUecky 10 abcypaa. OkasbiBaercs:, mpobiemMa He
B CAaMUX OTEPAIsX, a B TPOBEPKE TUIIOB U IUCTIeTYepU3auu (DyHKITUH, BBITTOJTHIEMbIX
CPython npu kaskmaom mpoxoje nukia. Beskuil pas, Korja BeIYUCHAsieTcst oOpaTHast
BesmurHa, Python cHavyasma mpoBepsieT THIT 0GBEKTa 1 BBIMOJHSIET AHHAMUYECK I 10~
HCK TIOAXOATIEH 1715t aToro ThIa GyHKIIH. Eciin 661 Mbl paboTain ¢ KOMITHIHPYEMBIM
KOJIOM, CBEZICHUSI O THTIE O OBl H3BECTHBI JI0 BBITTOJHEHIS KO/IA, @ 3HAYUT, PE3yIbTaT
BBIYHCJISITICS OBl HAMHOTO 9(h(heKTUBHEE,
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BBeaeHune B yHMBepcasnbHble (PyHKLIUM

Bubmmorexa NumPy mpegocrap/iser /sl MHOIUX TUIIOB Olepaluii yaoOHbIii nurepdeiic
JUIST KOMITUJIUPYEMO TIPOTIEyPhl CO cTaThuueckoii Tutusareii. On u3BecteH 1moj Ha-
3BAHUEM 8eKMOPU308AHHOL OTiepaIvh. /[ 9TOTO 10CTATOUYHO TIPOCTO BBITIOJIHUTD OTIe-
PAIHIo ¢ MACCHBOM, KOTOPAst 3aTeM Oy/IeT TIPUMEHEHA JIJIST KaKOTO M3 €r0 5JIEMEHTOB,
BekTopr30BaHHBIIT TOIXO/T CIIPOEKTUPOBAH TAK, YTOOBI IEPEHOCUTD ITUKJ B CKOMITUJIH-
POBaHHBIN CJIOH, Jexkamuil B ocHoBe 6ubmorekn NumPy, uto obecriednBaet ropasio
6oJiee BBICOKYIO TPOU3BOAUTENHLHOCTD.

CpaBHuUTE pe3yabTaThl CIEAYIONMX IBYX (hparMeHTOB KOJA:

In[3]: print(compute_reciprocals(values))
print(1.0 / values)

[ 0.16666667 1. 0.25 0.25 0.125 1
[ 0.16666667 1. 0.25 0.25 0.125 1

MoskemM OTMETHUTD, UTO BEKTOPU30BaHHAS OTIePAIlNs BBITIOJHIETCS HAa HECKOJIBKO T10-
PSIIKOB ObICTpee, YeM CTaHAapTHBIN nuka Python:

In[4]: %timeit (1.0 / big_array)
100 loops, best of 3: 4.6 ms per loop

BekropusoBantbie onepanun B 6ubiarorexe NumPy peannsoBaHbl HOCPEACTBOM yHiL-
sepcanvivix Qynkuuil (ufuncs), rraBHas 3azaua KOTOPBIX COCTOUT B GBICTPOM BBITIOJI-
HEHWH MOBTOPSIONIUXCS OTIepallnii Ha/l 3HAYCHUAME U3 MaccuBOB Gubmorekn NumPy.
YuusepcaibHblie (GYHKIMH UCKIIOUUTETbHO THOKY. Bpiiire 6bita mokasama ornepanust
MEXK/y CKQJIAPHBIM 3HAY€HUEM U MAacCHBOM, HO MOKHO TaK’Ke BBIIIOJIHATD Ollepalun
HaJI IByMS MacCUBaMU:

In[5]: np.arange(5) / np.arange(1l, 6)
out[5]: array([ ©. , 0.5 , 0.66666667, 0.75 , 0.8 n

Onepaulxm C yHUBE€pCaJbHbIMN (byHKI_[I/IHMI/I HE€ OTrpaHn4nBaIOTCA OJHOMEPHBIMU Mac-
CUBaMU, OHU TaKKe MOT'yT pa6OTaTb 1 C MHOTOMEPHbIMMN:

In[6]: x = np.arange(9).reshape((3, 3))
2 ** x
out[6]: array([[ 1, 2, 4],
[ 8 16, 32],
[ 64, 128, 256]])

Borunciienus ¢ npuMeHeHrEM BEKTOPU3AIMU ITOCPEICTBOM YHUBEPCATbHBIX (PyHK-
Uil mpakTUyecku Beerna Gosee s MEKTUBHBL, YeM UX 9KBUBAJIEHTHI, PeaIN30BaHHbIE
¢ MOMOIIIBIO 1UKJI0B Python, ocobento 1pu pocre pasmepa MaccuBoB. CTONKHYBIIICH
¢ 10A00HBIM LUKJIOM B ClleHapuu Ha g3bike Python, cienyer o6aymaTh, He CTOUT Jn
3aMEHUTD er0 BEKTOPU30BAHHbBIM BbIPAXKEHUEM.
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0630p yHMBEpcanbHbIX GyHKUMA 6ubnmnotekn NumPy

CymiecTByerT /1Ba BU/ia YHUBEPCAIbHBIX (DYHKITUI: yHapHble YHUBEPCATbHBbIE (DYHKITNH,
C OJTHUM apryMeHTOM, U OUuHapHvie, C IBYMs apryMeHTaMu. Mbl PACCMOTPUM IIPUMEPbHI
060uX TUTIOB (hYHKITHIA.

ApundmMeTnyeckme yHKUMM Hag4 MaccMBamm

Yuusepcanbhbie pyarinu 6ubanorexn NumPy 04eHb 1IPOCTBI B UCTIOIB30BAHIH, T10-
CKOJIBKY IIPUMEHSIIOT HAaTUBHBIE apr(MeTHIecKre omepaTophl sti3bika Python. MosxHO
BBITIOJTHATH OOBIYHbBIE CTOKEHIE, BHIYUTAHUE, YMHOKCHIE U JICTICHIE:

In[7]: x = np.arange(4)

print("x =", X)
print("x + 5 =", x + 5)
print("x - 5 =", x - 5)
print("x * 2 =", x * 2)
print("x / 2 =", x / 2)
print("x // 2 =", x // 2) # LeneHue C OKPYr/JeHUEM B MEHblYH CTOPOHY

X = [0 12 3]

X +5=1[567 8]

X -5 =[-5-4 -3 -2]

X *2=1[0246]

x/2=[0. 0.5 1. 1.5]

x//2=1[0011]

CymecTByeT Takske yHapHAs YHUBEPCAIbHAS (QDYHKITH IS OTIepaliiy N3MEeHEHNS 3HAKA,
olepaTop ** /1 BO3BEJCHUS B CTEIIeHDb U OIlepaTop % /IS IeJIeHUS 110 MO/LYJIIO:

In[8]: print("-x =", -Xx)
print("x ** 2 =", x ** 2)
print("x %2 =", x % 2)

-X = [0 -1-2-3]

X ** 2 = [01409]

X%2 = [0101]

JIOTIOTHUTETHHO 9T OMEPAINT MOKHO KOMOUHUPOBATH JIOOBIME CIIOCOOAMU ¢ COOJITO-
JIEHUEM CTaHAaPTHOTO TIPUOPUTETA BBITIOJHEHUS OTePalluii:

In[9]: -(@.5*x + 1) ** 2
Out[9]: array([-1. , -2.25, -4. , -6.25])

Bce apudmernueckue onepaiun — ya00HbIe aanTepbl s BCTPOSHHBIX (BYHKIUI
6ubanorekrt NumPy. Hanpumep, omiepatop + SIBJISIETCST anTepoM st pyHKIn add:

In[10]: np.add(x, 2)

Oout[10]: array([2, 3, 4, 5])
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B Taba. 2.2 nepeuncaens peanusobanibie B Oubanoreke NumPy apudmernueckue
orepaTophl.

Tabnuua 2.2. PeanuzosaHHble B bubnmoteke NumPy apudmeTnyeckune onepaTtopbl

OnepaTtop |JkBMBaNeHTHasi YHMBepcasbHasa | OnucaHue
chyHKUMA

+ np.add Crosxenue (Hanpumep, 1 + 1 =2)

- np.subtract Boranranue (Hanpumep, 3 — 2 =1)

- np.negative YHapHas orepaiis I3MeHEHNs 3HaKa (Harpu-
mep, —2)

* np.multiply Ymuoxenue (Hanpumep, 2 * 3 = 6)

/ np.divide enenue (nanpumep, 3 /2 = 1.5)

// np.floor_divide [lenienue ¢ OKpyTrJaeHUEM B MEHbBIIYIO CTOPOHY
(nanpumep, 3 //2=1)

o np.power BosBezienue B crenens (Hanpumep, 2 ** 3 = 8)

% np.mod Mopmyb/octatok (Hampumep, 9% 4 = 1)

IToMUMO 3TOTO, CYIIECTBYIOT €llle JIOTHYECKUE/ TIOOMTOBbIE OMIEPAIII, KOTOPbIE MBI Pac-
cMOTpuM B pasjiesie «CpaBHeHMs , MAacKK 1 OyJieBa JIOTUKay» JIAHHOW TJIaBbl.

ABCONTHOE 3HAaYeHue

AHajiormaso Tomy, uto 6ubanoreka NumPy moHUMaeT BCTPOEHHbIE apru(pMeTHUECKIEe
OIIEPATOPDI, OHA TAKIKE TOHUMAET BCTPOEHHYIO (DYHKI[HIO aOCOTIOTHOTO 3HAUCHMST SI3bIKA
Python:

In[11]: x = np.array([-2, -1, o, 1, 2])
abs(x)

Out[11]: array([2, 1, o, 1, 2])

CoorsercTByolas yausepcaibHast pyukims 6ubanorek NumPy — np.absolute, 10-
CTYITHAd TaKsKe MO/l TICEBJOHUMOM np. abs:

In[12]: np.absolute(x)
Out[12]: array([2, 1, o, 1, 2])
In[13]: np.abs(x)

Out[13]: array([2, 1, o, 1, 2])

ITa yHnuBepcajibHasA (bYHKL[I/IH MOJKET TaKXe O6pa6aTbIB8.Tb KOMIIJIEKCHbIE€ 3HAYCHMA,
BO3Bpalilad UX MOIYJIb:

In[14]: x = np.array([3 - 4j, 4 - 33, 2 + 03, @ + 1j])
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np.abs(x)

Out[14]: array([ 5., 5., 2., 1.])

TpuroHoMeTpuyeckme byHKLUUM

Bubimoreka NumPy 1ipeiocTaBiisier MHOKECTBO YHUBEPCATIBHBIX (DYHKI[HIL, OHU 13
HarboJiee BA)KHBIX — TPUTOHOMeTpHrdecKre GyHKIK. HauneM ¢ OmicaHus MacCuBa
VIJIOB:

In[15]: theta = np.linspace(®, np.pi, 3)

Tenepb Mbl MOJKEM BbIYHMCJIUTH HEKOTOPbBIE TpI/II‘OHOMeTpI/ILIeCKI/Ie (l)yHK]_[I/H/I OT 9TUX
3HAYECHUN:

In[16]: print("theta ", theta)
print("sin(theta) ", np.sin(theta))
print("cos(theta) ", np.cos(theta))
print("tan(theta) ", np.tan(theta))

theta = [ e. 1.57079633 3.14159265]

sin(theta) = [ ©.00000000e+00 1.00000000e+00  1.22464680e-16]
cos(theta) = [ 1.00000000e+00 6.12323400e-17 -1.00000000e+00]
tan(theta) = [ ©0.00000000e+00  1.63312394e+16 -1.22464680e-16]

3HavYeHWST BBIYMCIIEHBI B TTPe/ieslaX TOUHOCTH KOHKPETHOHN BBIUMCIANTETbHON MAITIHBI,
MO3TOMY T€ M3 HUX, KOTOPBIE JOJLKHBI OBITh HYJIEBBIMH, HE BCET/[a B TOYHOCTH PABHbBI
HyJ110. JIOCTYITHBI JIJIsT KCIIOJIb30BAHUS TaKKe 00pATHbIE TPUTOHOMETPUYECKUE (DYHKITUI:

In[17]: x = [-1, @, 1]

print("x =", x)
print("arcsin(x) = ", np.arcsin(x))
print("arccos(x) = ", np.arccos(x))
print("arctan(x) = ", np.arctan(x))
X = [-1, @, 1]
arcsin(x) = [-1.57079633 0. 1.57079633]
arccos(x) = [ 3.14159265 1.57079633 0. ]
arctan(x) = [-0.78539816 ©. 0.78539816]

Moka3zaTesibHble YHKLMKU U norapudmbl

[TokazaTespHble yHKIMT — €l1le OJIMH PACIIPOCTPAHEHHBI TUIT OTIePAINIA, JOCTYITHBIN
B 6ubsmorexe NumPy:

In[18]: x = [1, 2, 3]

print("x =", Xx)
print("e*x =", np.exp(x))
print("22x =", np.exp2(x))

print("32x =", np.power(3, x))
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X = [11 2, 3]

enx = [ 2.71828183 7.3890561 20.08553692]
2™X =[ 2. 4. 8.]

37X =[ 3 9 27]

DyuKIK, 06paTHbIE K TOKA3aTEIbHBIM, U JIOTapU(pMbI TAKKE UMEIOTCs B GUOIMOTEKE.
[Ipocreitmas gyHKIMs np. log BO3BpalllaeT HATypasbHbIH Jorapudm yncna. Ecam Bam
Tpebyetcst gorapudm mo ocHoBarmio 2 uin 10, OHU TaksKe JOCTYITHDI:

In[19]: x = [1, 2, 4, 10]
print("x =", X)
print("1n(x) =", np.log(x))
print("log2(x) , np.log2(x))
print("logle(x) =", np.logle(x))

X [1, 2, 4, 10]

In(x) =[ o. 0.69314718 1.38629436 2.30258509]
log2(x) = [ . 1. 2. 3.32192809]
logle(x) = [ . 0.30103 0.60205999 1. ]

VMeloTest HEeKOTOpble Clielinajibible Bepcuu GyHKIMA, y100HbIe JJIs1 COXPaHEHUs TOY-
HOCTY TIPU OYEHb MAJIBIX BBOJIUMbIX 3HAUEHUSX:

In[20]: x = [0, ©.001, 0.01, 0.1]
print("exp(x) - 1 =", np.expml(x))
print("log(1 + x) =", np.loglp(x))

exp(x) - 1
log(1 + x)

[ o. 0.0010005 ©.01005017 0.10517092]
[ o. 0.0009995  ©.00995033 0.09531018]

[Tpu oueHb MaJIBIX 3HAUEHWSIX HJIEMEHTOB BEKTOPA X JIaHHbIE (DYHKIIMHM BO3BPAIIAIOT
HAMHOTro GoJiee TOUHbIE Pe3yJIbTaThl, YeM 0ObIuHbIe (DYHKIMKU np.log 1 np.exp.

CrneumnanmsmpoBaHHble YHUBepcasibHble hyHKLUM

B 6ubanoreke NumPy nmeercst Hemaio Apyrux YHUBEPCAAbHBIX (DYHKIIMH, BKIIOYAsT
rumepOOTMIeCcKre TPUTOHOMETPUYECKUE (QYHKITUH, TIOPA3PSITHYIO api(hMETHKY, OTlepa-
TOPBI CPABHEHTSI, TTPeOOPA3OBAHIIST U3 PATMAHOB B TPALYCHI, OKPYTJIEHIE 1 OCTATKH OT
NIeTIEHNST, & TAKKe MHOTO€ IpyToe. ECJi BBl 3arisiHeTe B JOKYMEHTAITUIO O GHOTHOTEKE
NumPy, To otkpoerte st cebst HeMao HHTePeCHON (PYHKIIMOHATBHOCTH.

Ecau onnn 3amevaTesbHBIN MCTOYHUK CHEIMAJU3UPOBAHHBIX U CJIOKHBIX YHUBEP-
caslbHbIX (DYHKIMH — IIOAMOLYJIb scipy.special. Eciiu BaM HE0OXOAMMO BBIYUCIUTh
3HaUYeHMe KaKOW-TO XUTPOU MaTeMaTndecKol (hyHKIMU Ha BaIllUX JaHHBIX, O4€Hb BO3-
MOJKHO, UTO 3Ta (DYHKIIMOHAIBLHOCTD y>Ke peaTnu3oBaHa B scipy.special. Cuenyronuii
¢parMeHT Kojia IEMOHCTPUPYET HECKOJIBKO (DYHKINI, KOTOPbIE MOTYT IIPUTOUTHCS JIJIsT
CTaTUCTUYECKUX BbIUYNUCJIEHUIA:
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In[21]: from scipy import special

In[22]: # Famma-¢yHkuun (0bobweHHble GakTopuanbl) U TOMy MOAO6HbIe GYHKLMM
x = [1, 5, 10]

print("gamma(x) =", special.gamma(x))
print("ln|gamma(x)| =", special.gammaln(x))
print("beta(x, 2) =", special.beta(x, 2))
gamma(x) = [ 1.00000000e+00 2.40000000e+01 3.62880000e+05]
In|gamma(x)| = [ o. 3.17805383 12.80182748]
beta(x, 2) = [ 0.5 ©.03333333  0.00909091]

In[23]: # OyHKuMAa owmbok (MHTerpan oT layccoBon ¢yHKUMM),
# ponosHUTeNbHaA M obpaTHaa K Hel ¢yHKUUM
X = np.array([0, 0.3, 0.7, 1.0])
print("erf(x) =", special.erf(x))

print("erfc(x) =", special.erfc(x))
print("erfinv(x) =", special.erfinv(x))

erf(x) = [ O. 0.32862676 0.67780119 0.84270079]
erfc(x) = [ 1. 0.67137324 0.32219881 ©.15729921]
erfinv(x) = [ @. 0.27246271 0.73286908 inf]

B 6ubanorekax NumPy u scipy.special UMeETCsSI MHOTO YHUBEPCAAbHBIX (DYHKIIUA.
[loxymenTarus 1o HuM joctynsa B lHTepHere.

MpoABMHYTbIE BO3MOXHOCTW YHUBEPCA/bHbIX (DYHKLMM

Muorue moab3oBarenn makera NumPy paboTaioT ¢ yHuBepcasbHbIMu (GYHKITUAMH,
Jlaske He T0/103peBast 000 BCeX MX BO3MOXKHOCTSIX. Mbl BKpaTiie PACCMOTPUM HEKOTOPBIE
CTIeINaTN3NPOBaHHbBIE BO3MOKHOCTH YHUBEPCATbHBIX (DYHKITHH.

YKasaHue MaccuBa Ans BbiBOAaA pe3ysbTaTa

ITpu 6OIBIINX BEIYMCAEHUAX YA0OHO 3a1aTh MACCUB, B KOTOPOM OyIeT COXpaHeH pe3yJib-
TaT BbIYUCJICHUA. BMGCTO TOTO LITO6bI CO3/1aBaThb BpeMeHHbeI MaCCHB, MOKHO BOCITOJIb-
30BaThCsI 9TOI BO3BMOKHOCTBIO [IJISI 3aIIUCU PE3YJIbTATOB BHIUMC/IEHHIT HEIIOCPEICTBEHHO
B HY’KHOE BaM MecTO TamMsATi. Cliesiath 9T0 [ist J11060i yHUBEPCAIbHOM (hYHKIIMU MOKHO
C TIOMOII[BIO apTYMEHTa out:

In[24]: x = np.arange(5)
y = np.empty(5)
np.multiply(x, 10, out=y)
print(y)

[ o. 10. 20. 30. 40.]

ITY BO3MOKHOCTb MOXKHO HUCIOJIb30BATD JIasKe BMECTE C TPEICTABICHUSMU MAaCCUBOB.
Hampumep, MOKHO 3amucaTh Pe3yJIbTaThl BBIYUCIEHUN B KaXK/bII BTOPOU 271eMEHT 3a-
JTAaHHOTO MacCUBa:
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In[25]: y = np.zeros(10)
np.power(2, x, out=y[::2])
print(y)

[ 1. e©. 2. o©. 4. . 8. 0. 16. 0.]

Eciin 6b1 MBI BMECTO TOr0 Hanucauu y[::2] = 2 ** x, Obl1 Obl CO31aH BPEeMEHHbII
MaCCHUB JIJIs1 XpaHEHUsI Pe3yJIbTaTOB OIePalNi 2 ** X C [OCJeyI0INM KOITNPOBaHNEM
9TUX 3HAYEHUN B MaccuB y. [IJIs1 CTOJIb HE3HAYMTEIbHBIX 00HEMOB BBIYUCIEHUN 0CO00M
Pas3HUIIBI HET, HO JIJIsT OYeHb OOJIBIINX MACCUBOB 9KOHOMUSI MTAMSITH 32 CYET AKKYPAaTHOTO
WCIIOJIb30BAHMS apTyMeHTa out MOXKET 0Ka3aThCsl 3HAUUTETbHOM.

CBoOAHble NMokasaTenu

VY GuHApHBIX YHUBEPCATbHBIX (DYHKIIUH €CTh BO3MOKHOCTD BHIUMC/IATH HEMTOCPEICTBEH-
HO Ha OCHOBe 0ObEKTa HEKOTOPBIE CBOJIHBIE IaHHble. Harpumep, eciii HaMm HYKHO Pejy-
IIUPOBATh MAaCCUB C MMOMOIIBIO JJAHHOW KOHKPETHON OTIeparuu, MO;KHO BOCTIOJIb30BAThHCS
METOJIOM reduce COOTBETCTBYIONIEeH yHUBepcaabHOl (yHKIMKU. Otneparus reduce
MHOTOKPATHO TIPUMEHSIET 3a/IaHHYI0 OTIEPAINIO K SJIeMEHTaM MacCHBa JI0 TeX Mop, TIOKa
He OCTAHETCSI TOJBKO OJIUH Pe3yJIbTar.

Harmpumep, BbI30B MeTo/1a reduce JIJIsl yHUBEPCATBHON (DYHKIINN add BO3BpAIAET CyMMY
BCEX HJIEMEHTOB MacCUBa:

In[26]: x = np.arange(1, 6)
np.add.reduce(x)

out[26]: 15

AnayiornyHo BbI30B METO/Ia reduce JIJisl yHUBEPCAJIbHOM pyHKImu multiply Bo3Bpariaer
IIpOU3BeeHIE BCEX DJIEMEHTOB MACCHUBA:

In[27]: np.multiply.reduce(x)
out[27]: 120

Eciu sxe Mbl XOTM COXPaHUTD BCE MPOMEKYTOUHbIE Pe3yJIbTaThl BBIUYMCIEHUH, MOKHO
BMECTO reduce BOCIIOTb30BaThes (hyHKIINEH accumulate:

In[28]: np.add.accumulate(x)

Out[28]: array([ 1, 3, 6, 1o, 15])
In[29]: np.multiply.accumulate(x)
Out[29]: array([ 1, 2, 6, 24, 120])

O6paTuTe BHUMAHWE, YTO B IAHHBIX KOHKPETHBIX CIYUYasIX I BBIYUCICHUST 9TUX 3Ha-
YeHUIT CYIIeCTBYIOT U cliennain3upoBanubie pyukiun 6ubanorek NumPy (np. sum,
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np.prod, np.cumsum, np. cumprod), KOTOPbIE MbI PACCMOTPUM B pasjiejie « ArperupoBaHue:
MUHUMYM, MAKCUMYM U BC€, YTO TIOCEPEINHE> TAHHON TJIaBbI.

BekTopHble Npou3BeaeHus

Bce ynuBepcaspabie hyHKITUN MOTYT BBIBOAUTH PE3YJIbTAT IIPUMEHEHHST COOTBETCTBRY -
I0II[el oTIepaIy KO BCEM MapaM JIBYX apryMeHTOB C TOMOIIbIO MeTO/Ia outer. DTO aeT
BO3MOKHOCTb OJJHOI CTPOKOI KOZIa CO3[]aBaTh, HAIIPUMED, TaOIUILY YMHOKEH:

In[30]: x = np.arange(1l, 6)
np.multiply.outer(x, x)

)

, 10, 15, 20, 25]])

out[30]: array([[ 1, 2, 3, 4, 5],
[ 2, 4, 6, 8, 16]1
[ 3, 6, 9, 12, 15],
[ 4 8, 12, 16, 20],
[ 5

Ouenb y00HBI METOIBI ufunc. at 1 ufunc. reduceat, KOTOPbIE MBI PACCMOTPUM B PasjieJie
«“ITpuxoryuBas” UHEKCAIMS> JAHHOU TJIaBbI.

Yuuepcaabhbie GYHKIUU JAI0T BO3MOKHOCTb paboTaTh ¢ MACCUBAMK Pa3IMYHBIX
pasMepoB u HopM, UCTIOTB3YST HAGOP OTEPATINil IO Ha3BAHUEM MPAHCIUPOBAHUE
(broadcasting). ta Tema 10CTATOYHO BasKHA, TAK YTO €l GyeT MOCBATIEH TIEIbIH pasie
(cMm. «Omepanum Haj MaccuBamMu. TpaHCIMPOBaHUEY JAHHON TJIABHI ).

YHMBepcasnbHble hyHKUUW: AanbHenwas nHhopMaLums

Ha cafirax moxymenrarmu 6ubmnorek NumPy 1 SciPy MOJKHO HAfTH TOTIOTHUTETHHYTO
uHMGOPMAIIIO 00 YHUBEPCATbHBIX DYHKIMAX (BKIIOYAST MOTHBIH CITMCOK MMETOTIIXCST
ynKIIII).

TMosyuuTh 1OCTY K 3TOH MHMOPMAIIMN MOKHO HEMIOCPEACTBEHHO 13 000104k [Python
MyTeM UMIIOPTA ATUX MAKETOB ¥ UCIIOJIb30BAHUSI aBTOOTIONHEHUsT Tabysiiineid (Kiia-
BuIa Tab) 1 cipaBoyHOM (hyHKIIMOHAMBHOCTH (?), Kak onucano B paszene «CrpaBka
U JJOKyMeHTalus B 000s10uke Pythons riassr 1.

ArpervpoBaHue: MUHUMYM, MaKCUMyM
“ BCE, YTO nocepeanHe

OueHb 4acTo 1ipu pa60Te ¢ 60bIIIMH 0ObeMaM1 JIaHHBIX HepBbIﬁ iar 3ak/jarodaeTcAa
B BBIUMCJIEHNH CBOAHBIX CTATUCTUUECKUX IMOKA3aTeJael Mo 9TUM JaHHBIM. CpeﬂHee
3HaY€HNE N CTaH/IapTHOE OTKJIOHEHHWE, TTO3BOJIAIONINE BbISAIBUTD «TUIIMYHBIC» 3HAYCHUA
B Ha6ope JTaHHBbIX, — naubosee PpacImpoCTpaHEeHHbBIE CBO/ITHbIEC CTATUCTUYECKME TTOKa3aTe-
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JI, HO 1 IpyTHE CBOJIHDIE TTOKa3aTe/J I TaKKe TTOJIE3HbI (CyMMa, npousBeneHne, Me/inana,
MUHUMYM 1 MAKCUMYM, KBAaHTWUJIN U T. II.).

B 6ubamnorexe NumPy vmMeiorcst GbicTpbie (hyHKITMT arperupoBaHus 17t paboThi ¢ Mac-
cuBamu. [IpoeMOHCTPUPYIO HEKOTOPbIE U3 HUX.

CyMMMpOBaHWe 3Ha4YeHMI U3 MaccuBa

B xavecTBe mprMepa pacCMOTPHUM BBIUHCJIEHNE CyMMbI 3HaYeHUI MaccuBa. B «anctom»
st3bike Python 910 MOKHO cies1aTh ¢ TOMOIIBIO BCTPOEHHON (hYHKIIH Sum:

In[1]: import numpy as np

In[2]: L = np.random.random(100)
sum(L)

Out[2]: 55.61209116604941

CuHTaKcHuC OYeHb TTOX0K Ha hyHKIUIO sum 6ubinorekn NumPy, u pesysibrar B po-
cTeineM ciaydae TOT JKe:

In[3]: np.sum(L)
Out[3]: 55.612091166049424

OpHako, MOCKOMBKY (hYHKITHST Sum BBITIOJTHSIET OTIEPAITIIO B CKOMITIJIHPOBAHHOM KOJIE,
Bepcust oubmmoreku NumPy fganHoi ornepanuu paboTaeT HaMHOTO ObICTpEE:

In[4]: big_array = np.random.rand(1000000)
%timeit sum(big_array)
%timeit np.sum(big_array)

10 loops, best of 3: 104 ms per loop
1000 loops, best of 3: 442 ps per loop

ByabTe ocTOpOKHBI: (DYHKIIUK sum U np.sum He UIEHTUYHbI. Hampumep, cMbICT UX
HeoOS3aTeIbHBIX aPIYMEHTOB Pa3indeH u (hYHKIHs np.sum yMeeT paboTaTh ¢ MHOTO-
MEpPHBIMHU MacCUBaMMU.

MWHUMYM N MaKCUMYM

B «uncrom» s3pike Python nmerorest Berpoentbie (hyHKITMM min 1 max, HCIOTb3yEMbIe
JUUTST BBIYUCIEHTST MUHUMATHFHOTO 1 MAKCMATBHOTO 3HAUEHNUTT TI000TO 33/TAHHOTO Mac-
cuBa:

In[5]: min(big_array), max(big_array)

Out[5]: (1.1717128136634614e-06, ©.9999976784968716)
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CHHTaKCUC COOTBETCTBYIOMMX (yHKIMI 13 oubanorexn NumPy anasorndyeH, npudyem
OHU TaKKe PaboOTAIT HAMHOTO OBICTpEE:

In[6]: np.min(big_array), np.max(big_array)
Out[6]: (1.1717128136634614e-06, ©.9999976784968716)

In[7]: %timeit min(big_array)
%timeit np.min(big_array)

10 loops, best of 3: 82.3 ms per loop
1000 loops, best of 3: 497 ps per loop

[l min, max, sum 1 ele HECKOJIBKUX (DYHKITMI BBIUMCIEHUS CBOJAHBIX TTOKa3aTesein
6ubanorek NumPy cylecTByeT cokpallleHHas 3aluch Olepaiuy IyTeM IPUMEHEHHsI
METOJIOB CAaMOr0 0ObEKTa MaCCHBa;

In[8]: print(big_array.min(), big_array.max(), big_array.sum())
1.17171281366€-060.999997678497499911.628197

I[Ipu pabote ¢ maccusamu Gubanorekn NumPy 06s3aTeIbHO TIPOBEPSINTE, NCTIOIb3yeTe
s Bt NumPy-Bepcuio hyHKIMI 1719 BBIYUCICHUS CBOJHBIX TTOKa3aTeseii!

MHoromepHble CBOAHbIE NoKa3aTenm

ArperupoBatue 1o cToJIOIy WK CTPOKE — OJINH 13 YacTO IPHMEHSIEMbBIX BHIOB OIepaIinit
arpernposamvist. [TycTh UMeIoTCsT Kakve-6o TaHHbIe, HAXOSTIUECS B IBYMEPHOM MAaCCHBE:

In[9]: M = np.random.random((3, 4))
print(M)

[ 967576  ©.03783739 ©0.75952519 0.06682827]

[ 0.8
[ 0.8354065 0.99196818 0.19544769 0.43447084]
[ 0.66859307 ©.15038721 ©.37911423 0.6687194 ]]

TTo ymorgammio Bce GyHKITNN arperupoBanms 6ubarnorext NumPy Bo3Bparaior cBozI-
HBIH TTOKa3aTesTb 110 BCEMY MacCHBY:

In[10]: M.sum()
Out[10]: 6.0850555667307118

Ho ¢yukiun arperupoBanus IpUHUMAIOT HA BXO/IE IOTIOJHUTEIbHBIN apTyMEHT, 110-
3BOJIAIONININ YKA3aTh 0Cb, 10 KOTOPOH BBIYMCJIAETCA CBOAHBIN 1T0Ka3aTesb. Hanpumep,
MOJKHO HalTH MUHUMAJIbHOE 3HAYCHME KAKIOTO U3 CTOJIOIOB, YKa3aB axis=0:

In[11]: M.min(axis=0)

Out[11]: array([ ©.66859307, ©.03783739, 0.19544769, 0.06682827])
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chHKL[I/IH BO3BpallaeT Y€TbhbIPE€ 3HAYECHU A, COOTBETCTBYIOMINE YETHIPEM CTOJI6LIaM qHcCeJL.
AHAIOTMIHO MOKHO BBIYHUCIUTH MAaKCUMaJIbHOE 3HAYeHNE B KayKI0H 13 CTPOK:

In[12]: M.max(axis=1)
out[12]: array([ ©.8967576 , ©.99196818, ©.6687194 ])

Crocob 3a1aHvist OCH B 3THX MPUMeEPaX MOXKET BBI3BATD 3aTPYIHEHUS ¥ TTIOJH30BATEEN,
paboTaBIMIX paHee C IPYTUMHU S3bIKAMU TTporpaMMupoBanist. KiroueBoe ¢10Bo axis
3aJlaeT UsMepenie MAccusd, Komopoe 6ydem <CXI0NHYmo», a He BO3BPAIaeMoe M3Me-
pere. Tak 4ToO yKazaHue axis=0 03HAYAET, YTO TEPBAST OCH OYIET «CXIOMHYTA: [JIsT
JIBYMEPHBIX MACCHBOB 3HAYEHUST B KAKIOM U3 CTOJOIOB GY/IyT arpernpoBaHbI.

Apyrue dyHKUUM arpermpoBaHums

Bubimorexa NumPy 1ipejocrasisier MHOTO APYIUX arperupyomux GyHKIii. Y 60Jb-
MIUHCTBA ecTh NaN-6e301acHbIi 9KBUBAJIEHT, BEIYUCIISIONUI PE3yIbTaT ¢ MTHOPUPO-
BaHWEM OTCYTCTBYIONIUX 3HAYECHUN, TOMEYEHHBIX CIEIUATbHO ONpe/leJIEHHBIM Opra-
nusanueil IEEE snauennem ¢ mnasaronieii Toukoil NaN (cMm. B pasaese «O6paborka
OTCYTCTBYIONIMX JAHHBIX» TJaBbl 3 GoJiee moapobHOe 00CYKIAEHUE ITOTO BOIPOCa).
Hexoropbie u3 NaN-6e3onacHbIX (yHKIMN ObLIu J06aBIeHbI TOIBKO B Bepcuu 1.8 6u-
6morexrt NumPy, TI09TOMY OHU HEJIOCTYITHBI B PAHHUX BEPCUSIX.

B Tabu1. 2.3 npuBe/ieH CIIMCOK MOJIE3HBIX arPerupyonux (hyHKINN, TOCTYMHBIX B OU-
6morexe NumPy.

Ta6nuua 2.3. JoctynHble B 6ubnunoteke NumPy dyHKUMM arpervpoBaHms

WUmsa byHkumn | NaN-6e3onacHas | OnucaHue
Bepcus
np.sum np.nansum Brrunciser cymmy anemenTos
np.prod np.nanprod Brrumcisier mponsBeeHne 31eMeHTOB
np.mean np.nanmean Berancisier cpentee 3HaueHNe 3JIeMEHTOB
np.std np.nanstd Beruncisier cranapTHOE OTKJIOHEHUE
np.var np.nanvar Beruncisier qucnepcuio
np.min np.nanmin Brrunciser MunnManbioe 3HaYeHne
np.max np.nanmax Bprunciser MakcuMasibHOE 3HAYEHUE
np.argmin np.nanargmin Bosspamaer nxiexc MUTHIMATLHOTO 3HAUEHNST
np.argmax np.nanargmax Bosspammaer nniekc MaKCHMaIbHOTO 3HAUCHNS
np.median np.nanmedian Boruncasier Mmesinany ajieMeHTOB
np.percentile np.nanpercentile Boruncisier KBaHTHIIN 9J1EMEHTOB
np.any N/A [IpoBepseT, CyIIeCTBYIOT JIN 2JIEMEHTBI CO 3HAYECHUEM true
np.all N/A ITpoBepsiert, Bce i a1€MEHTBI UMEIOT 3HaYeHHe true

Mbi yacTo GyjieM BCTPEYaThCs ¢ STUMU arperupyomumMu GyHKIUAMEI B AaTIbHEHIIEM.
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MpuMep: YeMy paBeH cpeaHui
pocT npe3suaeHtos CLLA

Nwmetomuecst B 6ubimioreke NumPy GhyHKIINT arperupoBAHUST MOTYT OY€Hb ITPUTOUTHCST
Juis 00o6enns Habopa 3HadeHuil. B kauecTBe pocToOro nmpumepa paccMOTPUM POCT
Bcex npe3usieHToB CHIA. OTu nannble qocTymnHbl B aiiyie president_heights.csv,
pezicTaBIgionieM coO0l IPOCTOil pas/e/IeHHbII 3alATBIMU CIIUCOK METOK ¥ 3HAYEHUIL:

In[13]: 'head -4 data/president_heights.csv

order,name,height(cm)
1,George Washington,189
2,John Adams,170
3,Thomas Jefferson,189

MpsI BocriosibayeMcs nakeroM Pandas, Kotopblit usyunm GoJiee eTaibHo B riase 3, [1ist
yrenus Qaiina u usBIeYeHUs TaHHOM uHdopManuu (o6paTuTe BHUMAHUE, YTO POCT
yKa3aH B CAaHTUMETPax):

In[14]: import pandas as pd
data = pd.read_csv('data/president_heights.csv')
heights = np.array(data[ 'height(cm)'])
print(heights)

[189 170 189 163 183 171 185 168 173 183 173 173 175 178 183 193 178 173
174 183 183 168 170 178 182 180 183 178 182 188 175 179 183 193 182 183
177 185 188 188 182 185]

Tenepb, TMOJIy4nB TaKO MacCHUB JaHHbIX, MBI MOKEM BbBIYMCJINTHD MHOKECTBO CBOAHBIX
CTaTUCTUYECKUX TTOKa3aTeIei:

In[15]: print("Mean height: ", heights.mean())
print("Standard deviation:", heights.std())
print("Minimum height: ", heights.min())
print("Maximum height: , heights.max())

Mean height: 179.738095238
Standard deviation: 6.93184344275
Minimum height: 163
Maximum height: 193

O6paruTe BHUMaHKE, YTO B KAXK/IOM CJIydae Oleparns arpernpoBaHus PeAYIUPYET BECh
MAaCCHB K OTHOMY NTOTOBOMY 3HAYEHUIO, IAfOIIIEMy HaM MH(DOPMATINIO O pacTpe/iesleHnN
3HaueHU. BO3MOXKHO, HAM 3aX04eTCs TaKKe BBIUUCAUTD KBAHTUIIM:

In[16]: print("25th percentile: ", np.percentile(heights, 25))
print("Median: ", np.median(heights))
print("75th percentile: ", np.percentile(heights, 75))

25th percentile: 174.25

Median: 182.0

75th percentile: 183.0
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Buum, uyto mepunana pocra npesuentoB CIITA cocrasisier 182 cucreM, TO eCTh Uy Th-
YyTh HE TOTSTUBAET JI0 TIEeCTH (PYTOB.

Muorza nosiestee BUAETH TpadUYeCcKOe MPEICTaBICHIE TIOA0OHBIX JIAHHBIX, KOTOPOE MO3K-
HO II0JIy4UTh ¢ TIOMoIIbIo yTuinT 13 Matplotlib (ogpo6ree Mbr pacemorprum Matplotlib
B raBe 4). Hanmpumep, caeytommnii Koz reHepupyeT rpaduk, moKa3aHHbIl Ha puc. 2.3:

In[17]: %matplotlib inline
import matplotlib.pyplot as plt
import seaborn; seaborn.set() # 3apmaeT cTunb rpaduka

In[18]: plt.hist(heights)
plt.title('Height Distribution of US Presidents') # Pacnpepenenue pocTa
# npe3sunpenTos ClIA
plt.xlabel('height (cm)"') # PocT, cm
plt.ylabel('number'); # KonuyectBO

PacnpepeneHue pocta npe3vaeHtos CLUA

12

10

Konnyectso
()]

0
160 165 170 175 180 185 190 195
PocT, cm

Puc. 2.3. 'mctorpamma pocTa npesnaeHTos

ITH CBOJHBIE MTOKA3aTeIN — GA30BBIE DJIEMEHTDHI TaK HA3bIBAEMOIO Pa3BeA0UHOIO aHa-
yusa gannbix (exploratory data analysis), KOTOPBIN MBI pacCMOTPUM ITOAPOOHEE B CJie-
JYIOIUX TJTaBaX KHUIH.

Onepauun Haa MaccuBamn. TpaHCIMPOBAHMUE

B npeapiayiieM pasiesie Mbl PACCMOTPEH, KAKKUM 00pa3oM MOKHO UCIIOJIb30BaTh YHI-
Bepcaibible pyHkuuyr 6ubamnorexn NumPy s eexkmopusayuu omepaimii, a cjiegoBa-
TEJIbHO, YCTPaHEHUsT MeJIEHHBIX CTaHAAPTHBIX HUKJIOB a3bika Python. Emte oxus crio-
€00 IIpUMeHeHNs onepannii BEKTOPU3alii — UCII0Ib30BaTh UMEIOIecs B OMOInoTeKe
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NumPy BosmoskHOcTH Tparcauposanust (broadcasting). TparcaupoBaHue mpeacTas-
Jsiet 060t HaboP MPaBUJI MO MPUMEHEHNIO OWHAPHBIX YHUBEPCANBHBIX (QYHKITUI
(cnoxeHVe, BBIMUTAHNE, YMHOKEHIE U T. /I.) K MACCHBAM Pa3JIMYHOTO pa3Mepa.

BeBeaeHue B TpaHCAMpOBaHUeE

[[JIH MaCCHBOB O/[HOT'O padMepa 6I/IHaprI€ oTiepal BbIITOJIHAIOTCA TMTO3JIEMEHTHO!

In[1]: import numpy as np

In[2]: a = np.array([0, 1, 2])
b = np.array([5, 5, 5])
a+b

Out[2]: array([5, 6, 7])

TpancaupoBaHe 1aeT BO3MOKHOCTD BBITIOIHSTH TTOI00HBIE BUIbI GUHAPHBIX OTeparinii
HAaJl MACCUBaMU PA3JIMIHbBIX PA3MEPOB, HAIIPUMED, MOKHO JIETKO TPUOABUTH CKAJISIPHOE
3HaueHue (paccMaTpuBasd €ro Kak HyJIbMepPHBII MacCUB) K MaCCUBY:

In[3]: a + 5
Out[3]: array([5, 6, 7])

Mo:xHO paccMaTpUBaTh TPAHCANPOBAHIE KaK OTEPAIIio, TPEBPAIIAIONIYIO TyTeM pac-
TaruBanus (UK IyOIMpoBaHist) 3HaUEHIE 5 B MACCHB [3, 5, 5], TIoCIe 4ero CKIaIbiBa-
IOIILYIO MTOJIyYEHHBIH pe3yibTaT ¢ MaccuBOM a. [IpenmytiiectBo NumPy-TpancianpoBanms
3aKJIIOYAETCS B TOM, 4TO AyOIMPOBAHIE 3HAUYCHU HA CAMOM JIEJIE He BBITTOJIHSIETCST, 3TO
JIATITS YAOOHAsT HAM YMO3PUTENHHAST MOTIED.

AHAJIOTHYHO MOKHO PACPOCTPAHUTH TPAHCIUPOBAHUE HA MACCUBBI HOJIBINEH pasMep-
noctu. [TocmoTpuTe Ha pe3ysbTaT CJI0KeHUsT OJ[HOMEPHOIO U JIBYMEPHOI'O MaCCUBOB:

In[4]: M = np.ones((3, 3))
M
Out[4]: array([[ 1., 1., 1.],
1., 1.1,
1., 1., 1.1D

—
=
-

In[5]: M + a

Out[5]: array([[ 1., 2., 3.],

[ 1., 2., 3.1,

[ 1., 2., 3.1D

371eCch OTHOMEPHBINT MACCUB a pacTATHBaeTcs (TPAHCANPYeTCs ) Ha BTOPOe U3MepeHue,

4TOOBI COOTBETCTBOBATH (hOpME MaccuBa M.
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ITH TIPUMEPBI TIPOCTHI U IOHATHBI. BoJiee CI0KHbIE cydan MOTYT BKJIIOYATH TPAHC-
JIIpOBaHue 060X MAaCCUBOB. PaccMOTpUM cJretyoIuii ipuMep:

In[6]: a = np.arange(3)
b = np.arange(3)[:, np.newaxis]
print(a)
print(b)
[0 1 2]
[[e]
[1]
[2]]
In[7]: a + b

Out[7]: array([[e, 1, 2],
[1, 2, 3],
[2, 3, 4]1])

AHaJIOrMYHO TOMY, KaK MBI PAHBIITE PACTSTHBAIHN (TPAHCIUPOBAIIN) OJUH MACCUB, 4TOOBI
OH COOTBETCTBOBAJ (hOpPMeE JIPYTOTO, 31€Ch MbI PACTATUBAEM 06a MACCHBA a U b, 4TOObI
npuBecTy ux K obieii hopme. B pesysbrare Mbl TiosryyaeM aByMepHbiil Mmaccus! Teo-
METPUST ITUX IIPUMEPOB HATJISIIHO TIOKa3ana Ha puc. 2.4,

np.arange(3)+5

phfef  GLEeT

np.ones((3,3))+np.arrange(3)

Puc. 2.4. Buzyanusaums TpaHCIMpOBaHUs MaccvBoB 6ubnuotekoit NumPy

' Ko, KOTOpbIii b IPUMEHEH JIJIsI CO3/IaHIsI HTOU JMarpaMMbl, MOKHO HAUTH B OHJIAMH-TIPU-
soskerun. OH GbLT AIANITUPOBAH U3 UCTOUHUKA, OMYOINKOBAHHOTO B IOKYMEHTAIIUI K MOJLYJTIO
astroM L. Ucniompayetcs ¢ pasperienus. — [pumeu. agm.
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IMomympo3paynbie KYOUKN TIPEACTABISIOT COOON TPAHCIUNPYEMbIe 3HAUEHUST: COOTBET-
CTBYIOIIAs IONOJTHUTEIbHAS TaMATh (PaKTUYECKHU He BbIIEJIeTCs B X0/Ie Ollepaliu, HO
MBICTIEHHO YI0OHO MPENCTABIATH cebe, YTO TaK U MTPOUCXO/IHT.

[NpaBuna TpaHCAMpPOBaHUSA

Tpancauposanne B 6ubmnoteke NumPy cieyer ctporoMy Habopy MTPaBI, OTPEesi-
I0ITEMY B3aUMOJICHCTBHE JIBYX MAacCUBOB.

Q Ilpasuno 1:ecau pasMepHOCTD JIBYX MAaCCUBOB OT/IMYaeTcs, opMa MaccuBa ¢ MEHb-
1€l PasMEPHOCTBIO J0NOIHsIeM s eINHIIIAMHE C BeyIieil (JIEBOI) CTOPOHBIL

Q Ilpasuno 2: ecaut hopma IByX MACCUBOB He COBIIAIAET B KAKOM-TO U3MEPEHUH, MACCHB
¢ (hopmoii, paBHOIT 1 B TaHHOM U3MEPEHUH, PACTSATHBAETCS BIJIOTD /10 COOTBETCTBUS
(opme npyroro maccusa.

Q IIpasuno 3: eciivi B KAKOM-JIMO0 U3MEPEHUN PA3MEPBl MACCUBOB PA3JINYAIOTCS U HU
OZIMH He paBeH 1, reHepupyetcst ommoKa.

ZIJIH Pa3bACHEHUA 3TUX IMTPaBUJI PACCMOTPUM HECKOJIbKO ITPMMEPOB.

TpaHcnuposaHue. lNMpumep 1

PaCCMOTpI/IM CJIOJKEHME IBYMEPHOT'O MaCcCHBa C OJJTHOMEPHBIM!

In[8]: M
a

np.ones((2, 3))
np.arange(3)

Pacemotpum aty omepartiuio moapobHee. DopMbl MACCHBOB CJIe/IyOIIHE:

M.shape = (2, 3)
a.shape = (3,)

ITo IIpaBuJIy 1, ITOCKOJIbKY pPa3dMEpPpHOCTb MaCCUBa a MEHbIIIE, Mbl JIOTIOJIHAEM €TI0 13-
MEpEHUAMU CJeBa:

M.shape -> (2, 3)
a.shape -> (1, 3)

[To npaBuuy 2 MBI BUZIMM, YTO TIEPBOE U3MEPEHUE MACCUBOB PA3JIMYAETCS, TAK YTO MBI
pacTATUBaeM €ro BILIOTH /10 COBIIAJICHU:

M.shape -> (2, 3)
a.shape -> (2, 3)

DopMBI COBIAIAIOT, U MBI BUIMM, 4TO HTOTOBast hopma Oyzer (2, 3):
In[9]: M + a

Out[9]: array([[ 1., 2., 3.1,
[ 1., 2., 3.]1D)
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TpaHcnvposaHue. Mpumep 2

PaccMoTpuM mpumep, B KOTOPOM HEOOXOAUMO TPaHCIMPOBaTh 06a MaccuBa:

In[10]: a
b

np.arange(3).reshape((3, 1))
np.arange(3)

Haunewm c 3armmucn (I)OprI HalllUX MaCCHUBOB:

a.shape (3, 1)
b.shape = (3,)

HpaBI/I]IO 1 I'JIaCUT, YTO MbI JOJI?KHBI JOITIOJTHUTD Q)OpMy MaccuBa b eIMHUIIAMI:

a.shape -> (3, 1)
b.shape -> (1, 3)

HpaBI/IJIO 2 TFOBOPUT, YTO HYKHO YBE€JIMYNBATb 3TU €/IMHUIIbI BIJIOTb /10 COBIIa/ICHU S
C pa3MEpPOM /IPYTOTO MaCCUBa:

a.shape -> (3, 3)
b.shape -> (3, 3)

[TockonbKy pe3yabTaTsl COBIAMAIOT, (hopmbl coBMecTUMBIL. [Tomydaem:
In[11]: a + b
Out[11]: array([[0, 1, 2],

[1, 2, 31,

[2, 3, 41D)

TpaHcnvposaHue. Npumep 3

PaccmoTpum ripumep, B KOTOPOM /[Ba MACCHBA HECOBMECTUMBI:

In[12]: M
a

np.ones((3, 2))
np.arange(3)

ITa CUTYyaIng JUIb HEMHOTO OTJINYaeTcs OT ipuMepa 1: MaTpuiia M TpaHCIIOHUPOBAHA.
Kakoe ke BiusiHIE 9TO OKaxKeT HA BhlurcaeHus? MopMbl MACCUBOB CIIEYIOIIHE:

(3, 2)
(3,)

M.shape
a.shape

[Tpasuiio 1 tpebyer oT HAC JONOTHUTH (HOPMY MACCHBA @ €IMHUIIAMU:

M.shape -> (3, 2)
a.shape -> (1, 3)

CoracHo IIpaBUJIy 2 IepBo€e N3MepeHre MaCCrBa a PaCTATMBa€eTCAd, 4TOOBI COOTBETCTBO-
BaTh TAKOBOMY MacCHUBa M:
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M.shape -> (3, 2)
a.shape -> (3, 3)

Ternepb BcTymaeT B elicTBUE MPABUIO 3 — UTOTOBBIE (POPMBI HE COBIIA/IAIOT, TAK YTO
MacCHUBbI HECOBMECTHUMBI, YTO MbI U BUJUM, MOTBITABIINCH BBITIOJHUTD JJAHHYIO OITe-
panuro:

In[13]: M + a

ValueError Traceback (most recent call last)

<ipython-input-13-9e16e9f98da6> in <module>()
---->1 M+ a

ValueError: operands could not be broadcast together with shapes (3,2) (3,)

Ob6parure BHUMaHWe Ha UMEIOMIMICS HOTeHIMANbHBIA MCTOYHUK OMIMOKN: MOKHO
ObL10 ObI C/IeJIaTh MACCUBBI @ U M COBMECTUMBIMH, CKaKeM IIyTeM A0N0JHeHNs (DOPMBbI a
eIMHULIAMK CIIpaBa, a He cjeBa. Ho npasuia tpancaupoBanus paboTaior He Tak!
Ecnu Bam x0oueTcsa mpuMeHUTDh TPABOCTOPOHHEE OTIOTHEHUE, MOXKETe CleTaTh 3TO
SABHBIM 00pas3oM, oMeHdB (popmy MaccuBa (Mbl BOCIIOJIb3yEeMCsl KJIIOUYEBbIM CJIOBOM
np.newaxis, olucaHHbIM B pasjee «Bsezenne B MaccuBbl 6ubanorexku NumPy»
JTAHHOI TJIaBHI):

In[14]: a[:, np.newaxis].shape
out[14]: (3, 1)
In[15]: M + a[:, np.newaxis]

Out[15]: array([[ 1., 1.],
[ 2., 2.

[ 3., 3.1D
XOTst MBI COCPEAOTOUMIM BHUMAHUE HA OTIEPATOPE +, TAHHBIE [TPABUJIA TPAHCIMPOBAHNST
NPUMEHUMBI KO 6cem GMHAPHBIM yHUBEPCANbHbIM (yHKIMsAM. Harpumep, paccMoTpum
dbyurmio logaddexp(a, b), Berancisonyio log(exp(a) + exp(b)) ¢ Goubliiieil TOUHO-
CTBIO, YEM IIPU CTAHAAPTHOM TTOAXO/IE:

In[16]: np.logaddexp(M, a[:, np.newaxis])

out[16]: array([[ 1.31326169, 1.31326169],
[ 1.69314718, 1.69314718],
[ 2.31326169, 2.31326169]])

[lns mosryuenust fanbHeiieit nHOOPMAIUT [0 MHOKECTBY JIOCTYITHBIX YHUBEPCATHHBIX
dbyHKIUi cM. pase «BoioiHeHre BIYucAeHn i Hajt MaccuBamu Oubsmorekn NumPy:
YHUBEPCAIbHbIE (DYHKIIUW»> TAHHON TJIABBL.
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TpaHCIMpoBaHME Ha NpPaKTUKe

Ornepanuy TpaHCAUPOBAHUS — OCHOBHOE SI/I[PO MHOKECTBA IIPUMEPOB, IPUBOIUMbIX
B JlaJIbHEIIIIEM B Hallleil Kuure. PaccMOTPUM HECKOJIBKO TIPOCTBIX TPUMEPOB cep nx
BO3MOSKHOTO ITPUMEHEHMUSI.

LleHTpupoBaHMe Maccuea

Baaromaps yHuBepcanbHbiM (GYHKIMAM M0Jb3oBaTen 6ubanorekn NumPy uzbasiis-
I0TCS1 OT HeOOXOAUMOCTH [IUCATh IBHBIM 00pa3oM MeJIEHHO PadOTaIONINE IIUKJIBI SI3bIKA
Python. TpancimpoBatue pacimpsier 9Tu BosMoKHOCTH. OJIMH U3 4aCTO BCTPEYAIOIIIXCSE
MIPUMEPOB — IIEHTPUPOBaHUe MaccuBa. [TycKail y Bac eCTh MACCUB U3 JIECSITH HAOMTIOIEHNI],
KaskKZI0€ COCTOUT U3 TpexX 3HaueHuil. Vlcrmomb3ys ctangaptHbie cornamenus (cMm. «IIpe-
crasyienne gannbix B Scikit-Learn» riaBbl 5), COXpaHuM 9TH JaHHbie B Maccuse 10 x 3:

In[17]: X = np.random.random( (10, 3))

BorumeuTh cpeiHee 3HaUEHUE KAXKIOTO TTPU3HAKA MOYKHO, IPUMEHEHUB (DYHKIIUTO
arperupoBAHMS mean 110 TEPBOMY U3MEPEHUIO:

In[18]: Xmean = X.mean(9)
Xmean

Out[18]: array([ ©.53514715, ©0.66567217, ©.44385899])

Terepp MOXKHO HEHTPUPOBATH MACCHB X ITyT€M BBIUUTAHUSI CPEHETO 3HAUEHUST (3TO
oneparus TPAHCJIUPOBAHUA ):

In[19]: X_centered = X - Xmean

Yr1o6bI y6€III/ITbC§I B ITPpaBUJIbHOCTHX BBITTOJTHEHU A lIaHHOﬁ oTiepanynu, IpoBepbTE, 4TOOBI
cpeiHee 3HauyeHne HeEHTpUPOBAaHHOI'O MaCCBa 661710 6/113K0 K 0:

In[20]: X_centered.mean(®)
Out[20]: array([ 2.22044605e-17, -7.77156117e-17, -1.66533454e-17])

B Ipeaeaax MaIIMHHON TOYHOCTHU cpejiHee 3HaYeHMEe MaCCHBa TEIlEpb PaBHO 0.

MocTpoenne rpacduka ABYMEPHON yHKLIMK

Opha u3 yacThix chep IPUMEHEHUST TPAHCIMPOBAHUS — BU3yaM3anust U300 pakeHmii
Ha OCHOBe JIByMepHbIX (yHKuil. Eciiun Ham tpebyercst ornmcats GyHKIN0 z = f(x, ),
MOKHO BOCTIOJTb30BATHCA TPAHCTINPOBAHNEM JIJII BBIYMCIICHUS 3HaquI/Iﬁ 3T0ﬁ (byHKHI/II/I
Ha KOOPAMHATHOH CeTKe:

In[21]: # 3apaem AnAa X M y 50 waroB oT @ Ao 5
X = np.linspace(9, 5, 50)
y = np.linspace(®, 5, 50)[:, np.newaxis]

N
1}

np.sin(x) ** 10 + np.cos(10 + y * x) * np.cos(x)
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Bocnombayemest bubnuorexoit Matplotlib mist moctpoenus rpaduka 1BymMepHOTO
MaccrBa (MBI OOGCY/IUM 9TH MHCTPYMEHTBI TTOAPO6HO B paszere «Ipaduku miroTHOCTH
U KOHTYPHbIE TPaUKU» TIaBbI 4):

In[22]: %matplotlib inline!
import matplotlib.pyplot as plt

In[23]: plt.imshow(z, origin='lower', extent=[0, 5, @, 5], cmap='viridis"')
plt.colorbar();?

Pesyabrar, mokaszaHHbIi Ha puc. 2.5, TIPEACTABISIET COOON BEIUKOJICTHYIO BU3yaIn3a-
U0 IByMEPHOI (DYHKITNH.
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0.25
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0.25
0.50
0.75

Puc. 2.5. Busyanvsaums ABymepHOro Maccmsa

CpaBHeHUs1, Macku 1 bynesa formka

B atom pasjiesie okazaHo UCIOAb30BaHKe OYIEBbIX MACOK JIJIsE TPOCMOTPA U UBMEHEHUS
snavennii B NumPy-maccuBax. MackupoBatiie yI00HO ST U3BJIeUEH s, MOAM(UKa-
MM, TIOJICYETA UJIH IPYTUX MAHUTTYJIAINI CO 3HAYECHUSIMU B MACCUBE M0 KAKOMY-JTN60
kputeputo. Harmpumep, BaM MOKET MOHA00UTHCS TIOJCUYUTATH BCE 3HAUEHVSI, TPEBBI-
IIAOIIIE OMPEIETEHHOE YKCIIO, MK, BO3ZMOKHO, YIAIUTh BCE AaHOMATbHbIE 3HAYEHUS,
NPEeBBIIAIIINE KaKy0-1u60 moporoyio seaunuuny. B 6ubanorexe NumPy 6yseBb
MAaCKH 324aCTyTI0 CaMBIil 9 (heKTUBHBIH CITOCOO PETTEH st TIO0OHBIX 3a/1a9.

MpuMep: NOACYET KONNYECTBA A0XKA/IMBbLIX AHEN

HYCKaﬁ Yy BaC €CTb I10CJIe/I0OBATEIbHOCTH JTaHHbIX, OTPpakalolre KOJINIECTBO OCa/IKOB
B KaK/IBIN JIeHD ro/ia /IJIsd KOHKPETHOI'O ropo/ja. HaHpI/IMep, C ITIOMOIIbIO oubanoTexn

! lannas komania paboTaer He B KoMaHIHOH cTpoke IPython, a Tosibko B 6i10KHOTE.
2 O6paruTe BHUMAHNE, YTO OTH ABE KOMAH/bl HEOOXOANMO BBIOJHATH BMECTE, a HE TI0 OTIEIb-
HOCTH, 4TOODI HE MOJYYNUTH OMINOKY.
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Pandas (paccmarpuBaemoii moapobHee B riiaBe 3) Mbl 3aTPY3UJIH €KEIHEBHYIO CTATH-
ctuky no ocazkam st Cuatna 3a 2014 rog:

In[1]: import numpy as np
import pandas as pd

# Wcnonb3yem Pandas nns u3BnevYeHWs KONMYeCTBA OCALKOB B JAwMMax
# B Buae NumPy-maccuBa

rainfall = pd.read_csv('data/Seattle2014.csv')['PRCP'].values
inches = rainfall / 254 # 1/10mm -> inches

inches.shape

out[1]: (365,)

ITOT MacCUB COMEPKUT 365 3HAUEHNUI, COOTBETCTBYIONINX €KETHEBHBIM OCaIKaM B IO -
Mmax, ¢ 1 ausaps o 31 gexabps 2014 roza.

B kagecTBe nepBoii npocTeiineil BU3yaausaluy paCCMOTPHM TUCTOTPAMMY TOKITUBBIX
JIHEIl, OKa3aHHYI0 Ha puc. 2.6, CreHepupOBaHHYIO ¢ moMolibio 6ubmoreku Matplotlib
(nozpobHee 3TOT MHCTPYMEHT MbI M3YUUM B TJIaBe 4):

In[2]: %matplotlib inline

import matplotlib.pyplot as plt

import seaborn; seaborn.set() # 3agaem cTuau
In[3]: plt.hist(inches, 40);

Ara rucrorpaMmma gaeT oolee IpecTaBieHre 0 TOM, YTO TAKOe HAIlU JaHHbIe: HECMOTPS
HA PEITyTaIIi0, U3MEPEHHOE KOJMUYECTBO 0CAAKOB B CUaTiIe B aOCOMIOTHOE GOJIBITMHCTBO
nueit 8 2014 roay 6susko k Hy 0. Ho oHa 1m1oxo orpakaer Hy;KHYI0 HHDOpPMAIIIIO: Ha-
[IPUMEP, CKOJIBKO OBLIO 0K INBbIX AHEH? KakoBo GbLIO cpeiHee KOJINYeCTBO 0CaLKOB
B 9T A0k uBbIe 1HU? CKOJIBKO ObLIO AHEl ¢ 6oJiee yeM TTOJOBUHON 10iiMa 0CaIKOB?
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Puc. 2.6. [vctorpamma ocaakos B 2014 rogy B CuaTne
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Yray6asieMcsa B uaydenue qanubix. OUH 13 BO3MOKHBIX IIOAXOI0B COCTOUT B OTBETE
Ha 3TU BOITPOCHI «BPYUYHYIO»: OPraHN30BaTh IUKJI 110 JaHHBIM, YBEJINYNBasA CHETUNK Ha
eIMHUITY BCAKWI Pa3 P MOTa/JaHK Ha HAXOSAIIAECS B HY;KHOM [IMATTa30HE 3HAUCHUS.
ITo ysxe 06CyKIaBIIMMCS B 9TOM IJIaBe IIPUYMHAM TaKOH IOAXO0/ OKaKeTCs O4eHb He-
a(hEeKTUBHBIM KaK C TOYKN 3PEHUS BPEMEHU, 3aTPAYCHHOTO Ha HAMMCAaHUE KO/Ia, TaK
" BpEMEHU Ha BbIYUCJIEHNE pe3yJjbTaTa. KaK MbI BU/IEJIN B pa3/ieJie «Bplmiostierine BbI-
wrcJaeHnit Haj MaccuBamu 6ubsanoreku NumPy: yHuBepcaibHbie (GYHKIUU» TaHHON
TJIABbBI, MOJKHO BOCIOJIb30BAThCSI YHUBEPCAIbHBIMU (DYyHKIMsIMU Oubinorekn NumPy
BMECTO IMUKJIOB /1JI51 BBITIOJTHEHW A 6bICprIX II02JIEMEHTHbBIX apI/ICI)METI/I‘{eCKI/IX onepaqu/’I
Ha/l MaccuBaMu. B To ke BpeMst MOKHO UCTIOIb30BaTh IPyTHe YHUBEPCATbHBIC (DYHKITUN
IS TIOBJIEMEHTHBIX CPABHEHUT] B MACCUBAX, TIOCJIE YETO TPUMEHSTD PE3YJIbTAT JIJIs OTBETA
Ha MHTEepecyIole Hac BOTTPOCHL. MBI HEHAIOJATO OTIOKUM HAIU JaHHbIE B CTOPOHY
1 00CYIMM HEKOTOPBIE 00111e HHCTPYMeHTBI OrbnoTekr NumPy, TI03BOJISIONTIE TTPU-
MeHATh Mackuposanue (masking) s OGbICTPOro 0TBETa Ha MOL00HBIE BOIIPOCHI.

OnepaTopbl CpaBHEHNS KaK YHUBepCa/ibHble (PYHKLUUK

B paszeie «BblnosiHnenne BbiuncAeHNI Hag MaccuBamu 6ubanoreku NumPy: yHuBep-
casibHble (DYHKIUUY> TAHHOI TJIaBbI BB MO3HAKOMUJIICH C YHUBEPCATBHBIMI (DYHKIIH-
SIMU, COCPEJIOTOYUB BHUMAaHMe HA apuPMeTHIeCKUX ollepatopax. Bel yBumeau, yto
UCIIOJIb30BAHUE OIIEPATOPOB +, -, *, / U IPYTHX /IS OTIEPAII HAaJl MACCUBAMU IIPUBOIHT
K TI03JIEMEHTHBIM otieparusim. B 6ubmmoreke NumPy Takske peaqn3oBaHbl omepaTtopb
CPaBHEHUs, TaKWe Kak < («MeHbIie» ) 1 > («60JIbliie» ) B BU/IE TI0JIEMEHTHBIX YHUBEP-
capHBIX (DYHKIMIT. Pe3ysbprar aTHX 01epaTopoB CPaBHEHUS BCETA MPEACTABIISIeT
coboii MaccuB ¢ GyJIEBBIM THITOM JaHHBIX. [[OCTYIIHBI U1 UCIIOTB30BAHUS BCE TIECTh
CTAHJAPTHBIX OTIEPATOPOB CPABHEHUS:

In[4]: x = np.array([1, 2, 3, 4, 5])

In[5]: x < 3 # MmeHble

Out[5]: array([ True, True, False, False, False], dtype=bool)
In[6]: x > 3 # 6onble

Out[6]: array([False, False, False, True, True], dtype=bool)
In[7]: x <= 3 # MeHblle I paBHO

Out[7]: array([ True, True, True, False, False], dtype=bool)
In[8]: x >= 3 # 6onblle UM paBHO

Out[8]: array([False, False, True, True, True], dtype=bool)

In[9]: x != 3 # He paBHO
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Out[9]: array([ True, True, False, True, True], dtype=bool)
In[10]: x == 3 # paBHO
Out[10]: array([False, False, True, False, False], dtype=bool)

MoskHO TaKkKe BBITTOJHATD IT02JIEMEHTHOE CpaBHEHHNE ABYX MACCUBOB N MCHOJb30BATDH
COCTaBHbIE BbIPDAKEHUA:

In[11]: (2 * x) == (x ** 2)
Out[11]: array([False, True, False, False, False], dtype=bool)

Kak u B corygae apudMeTHIecKuX OMepaTopoB, OepaTOPbl CPABHEHUST PEaTU30BaAHbI
B 6ubsmoreke NumPy kak ynusepcasibhbie pyHkuun (tabu. 2.4). Hampumep, koraa
BBI muiere x < 3, 6ubaumoreka NumPy Ha caMOM JieJie UCTIONIb3yeT BHYTPH (DYHKIIHIO
np.less(x, 3).

Ta6nuua 2.4. KpaTkuii CMCOK OMNepaTopoB CPaBHEHWUS! U SKBUBANIEHTHbIX MM YHUBEPCasbHbIX (yHKLWI

Onepatop SKBMBaJIEHTHasl YHMBepcasnbHas (pyHKUns
== np.equal

1= np.not_equal

< np.less

<= np.less_equal

> np.greater

>= np.greater_equal

Kax n B caydae ¢ apupMeTHUYECKUMH YHUBEPCATbHBIMU (QYHKI[USIMH, OHU MOTYT
paboTath ¢ MaccuBaMu J060T0 pazmepa 1 GhopMbl. BoT mpumep st IByMepHOTO
MaccHBa:

In[12]: rng = np.random.RandomState(0)
X = rng.randint(10, size=(3, 4))
X

Out[12]: array([[5, @, 3, 3],
[7, 9, 3, 51,
[2, 4, 7, 6]1])

In[13]: x < 6
Out[13]: array([[ True, True, True, True],
[False, False, True, True],

[ True, True, False, False]], dtype=bool)

Bo Bcex cirydasix pesysbraT mpezcrasisieT coboii 6yJieB maccus, u B Oubimorexe NumPy
nMeercs Habop MPOCTBIX MATTEPHOB /151 pa0OThI ¢ STUMK OYJIEBBIMU PE3yIbTaTaMHU.
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PaboTa ¢ 6ynesbiMn MaccMBamm

B ciayuae OysieBa MaccuBa CyIIeCTBYET MHOKECTBO JIOCTYITHBIX U YIOOHBIX OEPAIIUil.
Mbi Gyzem paboTath € x — CO3/IaHHBIM HAMU PAaHee JBYMEPHBIM MACCHBOM.

lMoacyeTt KonnyecTsa 3/1IEMEHTOB

Jlist moficueTa KOJIMYeCTBA HIEMEHTOB True B OYIeBOM MACCHBE YIOOHO UCTTOTb30BATH
(ynkImio np. count_nonzero:

In[15]: # CKONbKO 3HA4YeHM MaccuBa MeHblle 6?
np.count_nonzero(x < 6)

Out[15]: 8

Mo:KHO YBUIETB, YTO B MACCUBE €CTh BOCEMb 2JIEMEHTOB, Ybe 3HAUEeHNE MeHbIIe 6. /[py-
roii crrocod MOMYIUTh 9Ty HHGOPMALIMIO — BOCIIOIb30BaThes (DYHKIIMEl np. sum. B aToM
ciydae False MHTEPIIPETUPYETCS KakK @, a True — Kak 1:

In[16]: np.sum(x < 6)
Out[16]: 8

[MpenmyecTBO (DYHKITMH np . sum 3aKTIOYAETCS B TOM, UTO, TOA0OHO APYTUM (DYHKITHSIM
arpernposantist 6Gubmorekn NumPy, 970 cyMMUpPOBaHHE MOKHO BBITTOJIHATH TAKIKE TIO
CTOJIOIIAM ITH CTPOKAM:

In[17]: # CKONbKO 3HA4YeHWW MeHblle 6 COAEPXUTCHA B KaxAoih cTpoke?
np.sum(x < 6, axis=1)

Out[17]: array([4, 2, 2])

ITOT ONEepPaTop MOACYNTHIBACT KOJTMUECTBO 3HAUYCHUH MEHbIIE 6 B KaXKI0# CTPOKe Ma-
TPUILBL.

Eciin BaM Heo6X0UMO OBICTPO IIPOBEPUTH, CYIIECTBYET JIM XOTh OJHO UCTMHHOE 3Ha-
yeHue, NN BCe JIU 3HAUEHUS UCTUHHBI, MOKHO BOCIIOJIb30BAaThCA (KaK BBl HaBEPHSIKA
Jlorajiayiuch ) yHKIusMu np.any () unp.all():

In[18]: # VmewTCs NM B MaccuBe Kakue-nubo 3HaYeHus, npesbliawwme 8?
np.any(x > 8)

Out[18]: True

In[19]: # WmewTcAa NM B MaccuBe Kakue-snbo 3HAYEeHWA MeHble O?
np.any(x < 0)

Out[19]: False
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In[20]: # Bce nu 3HayeHua MeHblwe 10?
np.all(x < 10)

Out[20]: True

In[21]: # Bce nuM 3HaYeHUA paBHbl 6?
np.all(x == 6)

Out[21]: False

Dyukimu np.any () 1 np.all() Takke MOKHO UCIOJb30BATH IO KOHKPETHBIM OCSIM.
Hanpuwmep:

In[22]: # Bce 5nn 3HayeHMs B KaxAoOW CTpoke MeHble 8?
np.all(x < 8, axis=1)

Out[22]: array([ True, False, True], dtype=bool)
B mepBoii 1 TpeTheli cTpoKax MMEIOTCS 3HAUEHUsT MEHBIIE 8, a BO BTOPOIT — HET.

Haxomert, He60IbIIIOE IPEyPEsKAICHIE: KaK YITIOMUHAJIOCH B pasjielie « ArperupoBatue:
MUHUMYM, MAKCUMYM U BCE, 4TO TIOCEPE/IMHE JAHHOM IJIaBbl, B s13bike Python nmerorest
Bcrpoennble (pynkuuu sum(), any() 1 all(). FIx cuntakcuc oTjim4aeTcs OT aHaJIOrMYHbIX
dyuxuuit Gubmorexr NumPy. B wactHocTH, oHU Gy/IyT BbIaBaTh OMMOKY W HEOKHU-
JIAHHBIE PE3YJIbTATHI [IPU UCIIOIb30BAHUN JIJIsT PAOOTHI ¢ MHOTOMEPHBIMU MAaCCHBAMHU.
Y6enurech, 4TO BbI IIPUMEHSIETE JIJISA TAHHBIX TIPUMEPOB (DyHKIUK np.sum(), np.any ()
unp.all().

bynesbl onepaTtopbl

Bur yike 3HaeTe, Kak MOYKHO TIOZICYUTATh BCE THU C OCAJIKAMU MeHee YeThIPeX MI0IMOB
WJIM BCE JIHU C ocajikamu Oodiee ABYX [MoiiMoB. Ho uto, ecn Hy:xHa wHGOpMatus 060
BCEX JIHAX C TOJIIUHO CJI0S1 OCAJIKOB MEHEE YeThIPEX IOUMOB 1 GoJiee 0IHOTO oiiMa?
ITO MOKHO CHEJIaTh C TIOMOIIBIO 706umosvix aozuveckux onepamopos (bitwise logic
operators) siabika Python: &, |, » 1 ~. AHaJIOTIYHO OOBIYHBIM apU(METHIECKIM OIlepaTo-
pam 6ubsmorexka NumPy meperpyskaer ux Kak yHUBepcaibHble (DYHKIIUH, T09JIEMEHTHO
paboraotue ¢ (00bIYHO OYIEBBIMU) MACCUBAMHI.

Hanpumep, MOKHO penmuTh Mog00HY0 COCTABHYIO 3324y CIEAYIOIINM 00PasoM:
In[23]: np.sum((inches > 0.5) & (inches < 1))
out[23]: 29

Buanwm, uto B 2014 tomy B Cuatite 651710 29 fieii ¢ ToAmuHOM crost ocankos ot 0.5 10
1 moiima.
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OG6paTrTe BHUMAaHKE, 9TO CKOOKH 371€Ch Ba’KHBI B CILY IIPABII IIPHOPUTETA OIIEPATOPOB,
6e3 CKOOOK 3TO BBIPAKEHIE BBIYKMCIISAIOCH Obl CIEAYIONINM 00Pa3oM, UTO TIPUBEIO Obl
K OIINOKeE:

inches > (0.5 & inches) < 1

Bocmonb3oBaBmuch 9KBUBaJEHTHOCTHIO BRIPAKEHU A U B 1 HE(A WIN B), 0 KOTOPOI
BbI, BO3MO’KHO, IOMHUTE U3 BBOJIHOTO KyPca MaTeMaTUYECKON JIOTMKH, MOKHO BbIUKC-
JIUTD TOT K€ Pe3yJIbTaT U APYrUM 00pasoM:

In[24]: np.sum(~( (inches <= 0.5) | (inches >= 1) ))
out[24]: 29

OO06benHUB OIIEPATOPHI CPaBHEHUSI 1 OYJIEBBI OMEPATOPBI IPU paboTe ¢ MAaCCUBaMH,
MOJKHO TIOJTYUUTD HEeJbIH nana3on ahPeKTUBHBIX JJOTHYeCKUX onepatuii (tabi. 2.5).

Ta6nuua 2.5. MNobuTosble Bynesbl onepaTopbl U 3KBMBANEHTHLIE UM YHUBEPCASIbHbIE PYHKLMN

OnepaTtop JKBMBaJIEHTHasA yHUBepcasibHasa pyHKUMA

& np.bitwise_and

| np.bitwise_or

» np.bitwise xor

~ np.bitwise not

C 11oMOTITBIO ATUX MHCTPYMEHTOB MOKHO HAYaTh OTBEYATh HA PA3JTUYHbIE TUTTBI BOTIPOCOB
OTHOCHTEJIbHO HAIIWX JIAHHBIX 110 0caikaM. BOT IpuMepbl pe3yabTaToB, KOTOPbIE MOKHO
BBIYUCJTUTD ITyTEM COYETAHUST MACKUPOBAHUS C arPErMPOBAHUEM:

In[25]: print("Number days without rain: ", np.sum(inches == 0))
print("Number days with rain: ", np.sum(inches != 0))
print("Days with more than ©.5 inches:", np.sum(inches > ©.5))
print("Rainy days with < 0.1 inches :", np.sum((inches > @) &

(inches < 0.2)))

Number days without rain: 215

Number days with rain: 150

Days with more than 0.5 inches: 37

Rainy days with < ©.1 inches : 75

By.ﬂeBbI MaCCuBbl KaK MaCKu

B MpeabIAYIIEM pa3/iejie Mbl paCCMaTpUBaJ/JI CBO/JHbIE ITOKa3aTe/IN, BbIYMCJIEHHbIC HE-
TIOCPEACTBEHHO 13 6y]IeBI)IX MaCCHBOB. Fopasﬂo 60J1bIlIe BO3MOMKHOCTEI J1a€T UCIIOJIb30~
BaHnue 6yJIEBbIX MaCCHUBOB B Ka4e€CTBE MACOK, IJId BbI60pa HY/KHBIX TTOJIMHOKECTB CaMUX
JTaHHbIX. BepHeMCH K MaCCHBY X 1 IOITyCTUM, YTO HaM HCO6XOI[I/IM MAaCCHUB BCeX 3HaUeHUI
13 MaccuBa X, MEHbIIIE UeM, CKa’KeM, 5:
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In[26]: X
out[26]: array([[5, O,
[7J 9)
[2) 4)

1

Kaxk MbI yyKe BUIEIIH, MOKHO JIETKO TTOJIYIUTh OYJI€B MACCHB JIJIST 9TOTO YCJIOBUST:

N W w
o Ul w

]
]
]

3
)
)

In[27]: x < 5

Out[27]: array([[False, True, True, True],
[False, False, True, False],
[ True, True, False, False]], dtype=bool)

YT00bI BbIOpamMb HyKHbIE 3HAYEHS] U3 MACCHBA, JOCTATOYHO MIPOCTO TPOUHIEKCHPO-
BaTh UCXOHBINA MACCHB X IO 3TOMY OysieBy MaccuBy. Takoe JieficTBIe HOCUT Ha3BaHUe
ollepaluy Hal0NCeHUs MACKU WU MACKUPOBAHUSL:

In[28]: x[x < 5]
Out[28]: array([@, 3, 3, 3, 2, 4])

ITpu oToM ObLI BO3BpAlleH OJHOMEPHBII MAaCCUB, 3AII0JJHEHHbIII BCeMU 3HAYEHUSIMU,
YIIOBJIETBOPSIONIMMU HallleMy YCJI0BUIO. [[pyruMu ci0BaMy, Bce 3HaYeHUs1, HaXo/s1ine-
€51 B MacCUBe X Ha IT03UIIMAX, Ha KOTOPBIX B MacCUBE-MacKe HaX0/A4TCs 3HadyeHus True.

IToce aToro MoxkHO MOCTYHAaThb C 9TUMU 3HAYCHUAMMU TaK, KaK HaM 6leeT HYXHO. Ha-
npuMep, MOKHO BBIYHCINTD KaKOIL/,I-HI/I6leb COOTBeTCTByIOH_[I/Iﬁ CTaTUCTUYECKUH TTOKa-
3aTeJib Ha HalllUX JaHHbBIX O JJOXK/IAX B Cusrie:

In[29]:

# co3paem macky Ans BCeX LOXAJMBLIX AHei

rainy = (inches > 0)

# co3paem Macky AnA Bcex NeTHUX aHei (21 uwHa' - 172-1 feHb)
summer = (np.arange(365) - 172 < 90) & (np.arange(365) - 172 > 9)

print(“"Median precip on rainy days in 2014 (inches): ",
np.median(inches[rainy]))

print(“"Median precip on summer days in 2014 (inches): ",
np.median(inches[summer]))

print("Maximum precip on summer days in 2014 (inches): ",
np.max(inches[summer]))

print("Median precip on non-summer rainy days (inches):",
np.median(inches[rainy & ~summer]))

Median precip on rainy days in 2014 (inches): ©.194881889764
Median precip on summer days in 2014 (inches): 0.0

Maximum precip on summer days in 2014 (inches): 0.850393700787
Median precip on non-summer rainy days (inches): ©0.200787401575

! ACTPOHOMI/I‘IBCKOB JIETO B CeBepHOM TIoJiymapuu Ha4ynHaeTCsAa 21 HUIOHA, B IEHDb JIETHET'O

COHIIECTOAHMA.
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ITyTem coderanus GyJeBbIX Olepaiyii, onepamnnii MACKUPOBAHKUSA U arperupoBaHus
MOKHO OU€Hb OBICTPO U JIETKO OTBEYATh HA TIOI00HDIE BOTIPOCHI OTHOCUTEIHHO HATIIETO
HabOpa JIaHHbIX.

Hcnonb30BaHNe KIIOUYEBbIX CJI0B and /or 0 CPaBHEHHIO C HCIIOIb30BAHNEM
oneparopos &\|

Paznuia mesky Karo4eBbIME cI0BaMu AND 1 OR U OIlepaTopaMu & U | — pacinpocTpaHeH-
HBII NCTOYHUK IyTaHUIBL. Kakue 13 HIX 1 KOT/ia CJIelyeT UCII0Ib30BaTh?

Paznuune 3akjio4aercs B CIeAyIOIEM: KIOYeBble coBa AND U OR OIIpee/IaioT MCTUH-
HOCTD WJIU JIOKHOCTD BCETO 0OBEKTA, OTIEPATOPDI & U | ONEPUPYIOT 0mOesbibiMmiu GUMAMU
BHYMPU KaHCD020 U3 006eKMOo8.

Vcrosib3oBanne KI0UeBbIX ¢JI0B and 1 Or IPUBOAUT K TOMY, uTo A3bik Python 6ymer pac-
cMaTpuBaTh OOBEKT Kak oy OyJieBy cymHocTh. B Python Bce HenyJieBbie 1esbie yucia
GyayT paceMarpuBaThest Kak True. Takum o6pasom:

In[30]: bool(42), bool(0)

Out[30]: (True, False)
In[31]: bool(42 and 9)

Out[31]: False
In[32]: bool(42 or 9)

Out[32]: True

[Ipu ucnonb30BaHUM ONEPATOPOB & U | it paBOTHI € HEIBIMUI YUCIAMU BbIPAsKEHIEe
olepupyeT paspsaMu JeMeHTa, GaKTHYeCKH IIPUMEHsS orepanuu and u or K cocTas-
JISTIOLIMAM YUCJIO OT/CJbHBIM OUTaM:

In[33]: bin(42)
Out[33]: 'ebleiele’
In[34]: bin(59)
out[34]: 'ebllie1l’
In[35]: bin(42 & 59)

Out[35]: 'ebleie1e’
In[36]: bin(42 | 59)
Out[36]: 'ebllle1l’

OG6paTuTe BHUMaHME, YTO [JIs TIOJIYYEHUS Pe3YJIbTaTa CPABHUBAIOTCSI COOTBETCTBYIOIIME
OGUTHI IBONYHOTO TIPEJICTABIEHUST YICEIL.
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Maccus GyseBbix 3Hadenuii B 6ubaoreke NumPy MOKHO paccMaTpuBaTh Kak CTPOKY
6utos, rael = Trueu ® = False, a pesysbTaT IPUMEHEHUS OILIEPATOPOB & U | aHajIo-
THYEH BBIIIETIPUBe/IeHHOMY:
In[37]: A = np.array([1, 0, 1, 0, 1, 0], dtype=bool)

B = np.array([1, 1, 1, 0, 1, 1], dtype=bool)
Al B

k)

Out[37]: array([ True, True, True, False, True, True],
dtype=bool)

HVcrosrb3oBanme ke KJIIOYEBOTO CI0Ba Or JJIT 9TUX MAaCCHUBOB TIPUBEJET K BbIYMUCJ/IEHUIO KUC-
TUHHOCTH UJIN JIOKHOCTU BCEro 00beKTa MaccuBa — He olpeaejeHHoro (pOpMaJIbHO 3Ha4YeHu:A:

In[38]: Aor B

ValueError Traceback (most recent call last)

<ipython-input-38-5d8e4f2e21c@> in <module>()

---->1 Aor B

ValueError: The truth value of an array with more than one element is...
ITpu cosmanuu OysieBa BEIPasKEHMs ¢ 3alaHHBIM MACCHBOM CJIE[yeT UCIIOJIb30BaTh Ollepa-

TOPHI & U |, a He oneparuu and uin or:

In[39]: x = np.arange(10)
(x > 4) & (x < 8)

Out[39]: array([False, False, ..., True, True, False, False],
dtype=bool)
[TombITKA K€ BBIUUCAUTD UCTUHHOCTD UJIH JIOKHOCTH BCEr0 MacCuBa IIPUBEJIET K yiKe Ha-

OsroaBlIeiica HaMu Bolie omnOke ValueError:

In[40]: (x > 4) and (x < 8)

ValueError Traceback (most recent call last)

<ipython-input-40-3d24f1ffd63d> in <module>()
---->1 (x > 4) and (x < 8)

ValueError: The truth value of an array with more than one element is...

Urak, sanomMuute: onepanuu and 1 or BBIYUCJAAIOT eUHOe OYJIEBO 3HAUECHUE /I BCETO
00bEKTa, B TO BPEMs KAK OTIEPATOPDI & U | BBIUMCIAIOT MHOTO GYJIEBBIX 3HAYCHUTT /17151 CO-
JepsKIUMOro (OTAeIbHBIX OUTOB Win 6aiiToB) 00beKkTa. BTopoil 13 9THX BapUAHTOB MpaK-
THYECKU Beeraa OyeT MMEHHO TOH oreparuei, Kotopast OyIeT BaM HY)KHa 1pu pabore
¢ GyseBbiMu MaccuBamu 6ubnorex NumPy.
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«[1pnxoTnmBasa» nHaeKcaums

B npeapiynmx paszesax Mbl pacCMOTPEJIN IOCTYII M UI3MEHEHNe YacTell MacCuBa ¢ 110-
MOTITIO TIPOCTHIX MHIEKCOB (Harmpumep, arr[0]), cpe3os (HampuMmep, arr[ :5]) 1 OyIeBbIx
Macok (Hanpumep, arr[arr > 0]). B aToM paszesie Mbl U3yYUM APYTYIO PAa3HOBUIHOCTD
WHJIEKCAIIUU MaCCUBOB, TAK Ha3bIBaeMYI0 npuxomiueyto undexcayuro (fancy indexing).
«IIpuxoTnuBagy unjeKkcalud MoX0Xa Ha yKe pacCMOTPEHHYIO HaMU IIPOCTYIO HHJIeKca-
IO, HO BMECTO CKaJISIPHBIX 3HAUYEHUH TIepelaloTCd MaCCUBBI MHJIEKCOB. JTO JIaeT BO3-
MOKHOCTB OUeHB GBICTPOTO JOCTYIIA U MOIU(DUKAIINI CJIOKHBIX TIOJIMHOKECTB 3HAYCHN I
MaccHBa.

Nccnegyem BO3MOXHOCTU <<I'IpMXOTJ'IMBOl7I>> MHAEKCaLl K

CyTh «IIPUXOTJINUBOI» WHECKCAIINN TTPOCTA: OHA 3aKJII0UaeTCs B Iepeiaue MacCuBa
MH/IEKCOB C TIeThI0 OTHOBPEMEHHOTO /IOCTYTIA K HECKOJIBKIM aJleMeHTaM MaccrBa. Ha-
[IpUMep, PACCMOTPUM CJIeYIONTUI MACCUB!

In[1]: import numpy as np
rand = np.random.RandomState(42)

x = rand.randint(100, size=10)
print(x)

[51 92 14 71 60 20 82 86 74 74]

Jlomyctum, Ham TpeGyeTcst 06paTUTHCS K TPeM PasJIndHbIM 2/1eMeHTaM. MOKHO cearh
9TO CJIEAYIONUM 00PA3OM:

In[2]: [x[3], x[7], x[2]]
out[2]: [71, 86, 14]

C pyTo# CTOPOHBI, MOKHO TIepeIaTh eIMHBIN CTUCOK WHEKCOB W TIOJYYUTh TOT Ke
pe3yJbTarT:

In[3]: ind = [3, 7, 4]
x[ind]

Out[3]: array([71, 86, 60])

B cayyae «npuxoTauBoii» unaekcauu popmMa pesyJsbTata oTpazkaeT (opMy MAcCueos
undexcos (index arrays), a He (HOPMY UHOEKCUPYEMOZ0 MACCUBA:

In[4]: ind = np.array([[3, 7],

[4, 511
x[ind]
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Out[4]: array([[71, 86],
[60, 20]])

«IIpuxoriuBasi» UHAEKcAUs paboTaeT U B CJIy4ae MHOTOMEPHBIX MacCHBOB. Paccmo-
TPUM CJIeLyIOLUI MacCUB:

In[5]: X = np.arange(12).reshape((3, 4))

X
Out[5]: array([[ ©, 1, 2, 3],
[ 4, 5, 6, 7],
[ 8 9, 10, 11]])

AHasornuao oObIMHOI MHAEKCALIMI EPBBIIA HHAEKC OTHOCUTCS K CTPOKAM, 8 BTOPOii —
K CTOJIOLAM:

In[6]: row = np.array([0, 1, 2])
col = np.array([2, 1, 3])
X[row, col]

out[6]: array([ 2, 5, 11])

[TepBoe 3Hauenme B pesyabTaTe — X[0, 2], BTopoe — X[1, 1], u Tpetbe — X[2, 3].
CocraBienne map WHAEKCOB NP «IIPUXOTIUBON» WHACKCAITUHT TTOAYUHSIETCS BCEM
MpaBUJIAM TPAHCIMPOBAHUS, OTIMCAHHBIM B pasjiesie «Oreparn Hajt MaccuBaMu. Tpanc-
JINPOBaHNe» JAHHOI I1aBbl. Tak, HaIpuMeD, e/ Mbl CKOMOMHKMPYEM BEKTOP-CTOJIOEI]
U BEKTOP-CTPOKY B MHJIEKCAX, TO TIOJIYYUM JABYMEPHBIN Pe3yJIbTart:

In[7]: X[row[:, np.newaxis], col]

Out[7]: array([[ 2, 1, 3],

[ 6 5, 7],

[10, 9, 11]])
Kaskioe cTpouHOe 3HAYEHNE COEIUHSIETCS ¢ KAK/IBIM BEKTOPOM-CTOJIOIIOM TOUHO TaK Ke,
KaK TIpU TPaHCIMPOBaHUY apudmerndeckux onepanuii. Hanpumep:

In[8]: row[:, np.newaxis] * col

Out[8]: array([[e, o, 0],
[2, 1, 3],
[4, 2, 6]])

[Tpu pabore ¢ «IPUXOTIMBON» WHIEKCAI[HEH BaKHO HUKOT/IA He 3a0bIBaTh, YTO BO3-
BpallaeMoe 3HaYEeHe OTPAKAET MPAHCIUPYEMYIO PopMY undexcos, a He GOpMyY MHIEK-
CUPYEMOTO MacCHBa.

KoMbuHMpoBaHHas nHaekcaums

,Z[JIH peasim3aliu enie 6oJ1ee CJI0KHBIX onepaunﬁ <IIPUXOT/IMBYIO» MHAEKCAIINIO MOKHO
NCIIOJIb30BATH COBMECTHO C /IPYTUMU CXEMaMU NHIECKCAI[N N
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In[9]: print(X)

[0 1 2 3]
[4 5 6 7]
[ 8 9 10 11]]

MoO:KHO TPUMEHSTH COBMECTHO «IIPUXOTJIUBbBIE» U TPOCTBIC UHIEKCHI:
In[10]: X[2, [2, @, 1]]

Out[10]: array([10, 8, 9])

Mo:KHO Tak:Ke UCTI0/IHh30BaTh COBMECTHO «ITPUXOTANUBBIE» MHEKCHI U CPE3BI:
In[11]: X[1:, [2, @, 1]]

Out[11]: array([[ 6, 4, 5],
[1e, 8, 91D

U mozxHO IIPUMEHATH COBMECTHO «IIPUXOTJIMBYIO» NH/EKCAIINIO 1 MACKUPOBaHUE:

In[12]: mask = np.array([1, ©, 1, @], dtype=bool)
X[row[:, np.newaxis], mask]

out[12]: array([[ @, 2],
[ 4, 6],
[ 8, 10]])

Bce st BapMaHTbI MHACKCAITUN BMECTE 066CH6'-II/IBaIOT Ha60p IIPGBBI)I‘{.’:lll/)IHO I‘I/I6KI/IX

onepaulxlﬁ 110 JOCTYIIY K 3HAaY€HUAM MaCCUBOB U X N3MECHECHUIO.

Mpumep: BbIBOpKa CryYalHbIX TOYEK

Yacras chepa IPUMEHEHUS <ITPUXOTIMBON» WHAEKCAIIME — BIOOPKA TIOAMHOKECTB
CTPOK U3 MaTpuIlpl. IlycTb y Hac nMeeTcd MaTpuiia pasMepoM N Ha D, Tpe/iCTaBIsAIoNas
N Touek B D M3MepeHusX, HallpuMep CJIelyiolue TOUKH, oJTydeHHble U3 IBYMEPHOTO

HOPMAJTbHOTO PaCTIpeie/ICHUST:

In[13]: mean = [0, @]
cov = [[1, 2],
[2, 5]]
X = rand.multivariate_normal(mean, cov, 100)
X.shape

out[13]: (100, 2)

C 110MOIIIbI0 MHCTPYMEHTOB PUCOBAHMS IPadUKOB, KOTOPbIe Mbl 0OCYAUM B TJiaBe 4,

MOKHO BU3YaJIM3UPOBATh 9TH TOUKHU B BUJIE IMarpaMMbl paccesinust (puc. 2.7):
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In[14]: %matplotlib inline
import matplotlib.pyplot as plt
import seaborn; seaborn.set() # for plot styling

plt.scatter(X[:, 0], X[:, 1]);
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Puc. 2.7. HopManbHO pacnpegeneHHble TOUKK

BocnosbayemMcst «IpuxoTinBoily nHjekcaiuei st Bbibopku 20 ciydaifHbIX TOUYEK.
Mbl cietaem 9TO ¢ TTOMOTIBIO BbIOOPaA mpeaBaputeabHo 20 caydallHbIX UHIEKCOB
6€e3 MOBTOPOB U BOCIIOJB3YEMCST 9TUMU MHAECKCAMU JIJIsT BBIOOPA 4aCTH MCXOAHOTO
MaccuBa:

In[15]: indices = np.random.choice(X.shape[@], 20, replace=False)
indices

Out[15]: array([93, 45, 73, 81, 50, 10, 98, 94, 4, 64, 65, 89, 47, 84, 82,
80, 25, 90, 63, 20])

In[16]: selection = X[indices] # TyT ucnonb3yeTca «NpuUXOTAUBAA» WUHAEKCAUUSA
selection.shape

out[16]: (20, 2)

Yto6bl TOCMOTPETD, KAKKME TOUKHU OB BHIOPAHbI, HAPUCYEM TIOBEPX MEPBOI Auarpam-
MbI OOJIBIITHE KPYTH B MECTAX PACIIOJIOKEHUS BBIOPAHHBIX Touek (puc. 2.8).

In[17]: plt.scatter(X[:, @], X[:, 1], alpha=0.3)
plt.scatter(selection[:, @], selection[:, 1],
facecolor="none', s=200);
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Puc. 2.8. CnyyaiiHo BbiGpaHHbIE TOYKM

ITomobHast cTpaTerust YacTo MCIOJIb3YETCs st OGBICTPOTrO CEKIIMOHUPOBaHUs HAGOPOB
JIAHHBIX, 4aCTO TPeOYEMOTO TIPH Pa3/ie/IeHUH Ha 00yUAIOIIYI0/TECTOBYIO MTOCJIEI0BATE N b-
HOCTH /151 IPOBEPKHU CTaTUCTUUECKUX Mojiesieil (cM. pasziest «I'uneprapamerpsl 1 1po-
BepKa MOJIEJIN» TJIABbI 5), @ TAKKe B BBIOOPOUHBIX METO/AX OTBETA HA CTATHCTHUECKUE
BOIIPOCHI.

I3MeHeHne 3Ha4eHuI C noMoLbio I'IpMXOTﬂMBOl\;i

MHAEKCaLl K

AHAJIOTHYHO TOMY, KaK «[IPUXOTJIUBYIO> HHIEKCAINIO MOKHO HCIIOJIb30BATD JIJISI [10-
CTYTIA K YaCTSIM MAaCCHUBA, €€ MOXKHO MPUMEHSTD 1 JIJIsE MOANDUKAINK YacTeil MacCHBa.

HaHpI/IMep, JAOITyCTUM, 4YTO Y HaC €CTb MaCCUB NH/IEKCOB U HaM HY’KHO ITPUCBOUTD COOT-
BETCTBYIOIIUM 9JIEMEHTAM MaCCUBA KaKMNE-TO 3HAYCHUA:

In[18]: x = np.arange(10)
i = np.array([2, 1, 8, 4])

x[i] = 99
print(x)

[ 9999 399 5 6 799 9]
[[JIH 3TOTO MOYKHO UCII0JIb30BaTh JI000i 13 OIIEpaTOPOB IMPpUCBanBaHU . HaHpI/IMepI

In[19]: x[i] -= 1@
print(x)

[ @68 8 38 5 6 789 9]
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3amMeuy, OJHAKO, YTO HOBTOPSIONMECS UHIAEKCHI IPU MOAO0OHBIX OllepaIUsX MOIYT
MPUBECTU K HEKOTOPBIM MMOTEHI[MATbHO HEOKUITAHHBIM pe3yJibTaTaMm. PaccMoTpum
CJIeYIONINH TIPUMep:

In[20]: x = np.zeros(10)
x[[e, e]] = [4, 6]
print(x)

[6. 0. ©. ©. 0. 0. 0. 0. 0. 0.]

Kyna nponasio 4? B pesyJibraTe 9TOI omepalinu cHavyaja BITIOJTHSIETCS TIPUCBABaHNE
x[@] = 4 cmocyenyIomuM IprcBanBanneM x[@] = 6. B utore x[@] copep:KuT 3HAYCHUE 6.

JlOBOJIbHO JIOTHYHO, HO PACCMOTPUM TAKYIO OIIEPAIUIO:

In[21]: i = [2, 3, 3, 4, 4, 4]
x[i] += 1
X

out[21]: array([ 6., ©., 1., 1., 1., ., @., ., 0., 0.])

MoskHO OBLIO 0KK/IaTh, 4TO X[ 3] Oy/IeT cogepsKaTh 3HadeHue 2, a x[4] — 3HaueHue 3, TaK
KaK UMEHHO CTOJIbKO Pa3 MOBTOPSIETCS KaK/IbIH M3 3TUX MHAEKCOB. [louemy ke aTo He
tak? Ilo cyTu, He U3-3a TOTO, YTO BhIpakeHue x[i] += 1 3aJyMbIBaJIOCh KaK COKpaIlleH-
Has ¢opma 3anucu i x[1] = x[i] + 1. Beruucasiercs Boipakenue x[i] + 1, ocJie
YEro pe3yJbTaT IMPUCBANBAECTCS COOTBETCTBYIOIINM MHAEKCAM 9JIEMEHTAM B MAaCCUBE X.
[TomyuaeTcst, 9TO 3TO He BBIMOJTHSIEMBIN HECKOJIBKO Pa3 MHKPEMEHT, a IPUCBaNBaHNE,
IPUBO/AIIEE K MHTYUTUBHO HE OYEBU/IHBIM PE3yJIbTaTaM.

Y10 ke fenaTh, eciu TpebyeTcs Ipyroe MoBeeHUE MPH MOBTOPSIONIENCST Omeparin?
B aToMm ciryuae MOXKHO BOCIOJIb30BATLCS METOJIOM at () YHUBEPCATbHBIX (hyHKIMI (710-
cTyneH HauwHas ¢ Bepeun 1.8 6ubmmorexun NumPy) u cienars cirenyoniee:

In[22]: x = np.zeros(10)
np.add.at(x, i, 1)
print(x)

[0. 0. 1. 2. 3. ©. 0. 0. 0. 0.]

Mertop at() IpuMeHsIeT COOTBETCTBYIOIIHIT OTIEPATOP K 3JIeMeHTaM C 33JIaHHBIMU WH/IEK-
camu (B IAHHOM CJIyuae i) ¢ MCToIh30BaHNEM 33/IaHHOTO 3HaUYeHUS (B TaHHOM cirydae 1).
AHAJTOTHYHBII IO yXy METOJT YHUBEPCATbHBIX (GYHKINI reduceat(), 0 KOTOPOM MOKHO
IpOYKTaTh B fOKyMeHTarnuu 6ubanorex NumPy.

Mpumep: pasbueHne AaHHbIX Ha UHTEPBasbl

MO3KHO UCTIOB30BATD AT UjeH s 3(DHEKTUBHOTO Pa3OMEHIs TaHHbBIX C I[EJbI0 TT0-
CTpOeHUs TUCTOrpaMMbl Bpyunyio. Hanpumep, mycts y Hac ects 1000 3Hauenuii u Ham
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HEOOX0MMO GBICTPO BBISICHUTD, KAK OHU PACIIPEIEIAIOTCS 110 MACCUBY MHTEPBAJIOB.
ITO MOKHO CZIE/IATh € IOMOIIBIO METO/IA at () yHUBEpPCAIbHBIX (PYHKIMA CIIELYIOIIM
o6pasom:

In[23]: np.random.seed(42)
X = np.random.randn(100)

# PaccuuTbiBaeM rucTorpamMmmy BpYuHYH
bins = np.linspace(-5, 5, 20)

counts = np.zeros_like(bins)

# Mwem noaxonswuii MHTepBan ANA KaxAoro X
i = np.searchsorted(bins, x)

# [lobaBnsem 1 K KaxAoMy W3 MHTepBanoB
np.add.at(counts, i, 1)

[Tosryyennble yncia OTPaKaOT KOJUYECTBO TOYEK B KAJKIOM U3 WHTEPBAJIOB, IPYTUMUI
cJoBaMu, TuctorpamMmy (puc. 2.9):

In[24]: # Busyanusupyem pe3synbTaThl
plt.plot(bins, counts, linestyle='steps');

25

20

15

10

-6 -4 -2 0 2 4 6
Puc. 2.9. BbluncneHHas Bpy4dHyo rmctorpamMmMa
TMomy9aTh KaKABIH Pa3 THCTOTPAMMY TaKMM 00pa3oM HeT HeoOxoammMocTi. bubmoreka

Matplotlib mpenocrasiager npoueaypy plt.hist(), KOTOpas AeIaeT TO xKe caMoe OQHOI
CTPOKOM Koja:

plt.hist(x, bins, histtype='step');
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Ita QYHKIUS CO3/IaCT MPAKTUIECKU TOYHO TAKYIO JKe [uarpaMmy, Kak Ha puc. 2.9. /lusa
pacuera pasbuenus 110 uHTepBajam oubanoreka Matplotlib ucronbsyer dyHknuto
np.histogram, BHIIOJHSIONIYIO BHIYKMCAEHM, OU€Hb IIOX0KKE HA CAETAHHbIE HAMMU.
JlaBaiiTe cpaBHUM HX:

In[25]: print("NumPy routine:")
%timeit counts, edges = np.histogram(x, bins)
print("Custom routine:")
%timeit np.add.at(counts, np.searchsorted(bins, x), 1)

NumPy routine:
10000 loops, best of 3: 97.6 ps per loop
Custom routine:
10000 loops, best of 3: 19.5 ps per loop

Hai co6cTBEHHBIN 0JHOCTPOUHBII alrOpUTM paboTaeT B HECKOJIBKO pas GbicTpee, ueM
ONTUMU3UPOBAHHBIN asroput™ u3 6ubmmoreku NumPy! Kak 310 Bo3MoxH0? Eciii Mbr
3arJIsTHEM B MICXO/HBII KOJI TIPOIIEyPhI np. histogram (8 o6osouke IPython aTo MOKHO
c/lesiaTh, BB/ KOMaHay np.histogram? ?), TO YBU/IUM, YTO OHA TOPa3/10 CJA0KHEe IIPOo-
CTOr'0 IIOUCKA-KM-110/ICYETa, BBIIOJHEHHOrO HaMu. [[eJ10 B TOM, 4TO aJropuT™ 13 O6ubJim-
orexr NumPy 6oJiee THOOK, TIOTOMY 4TO paspaboTaH ¢ opueHTanueii Ha 6oJiee BBICOKYIO
[POU3BOIUTEILHOCTD [IPU 3HAUUTEJHHOM YBEJNYEHNU KOJIMUECTBA TOUEK JJAHHbBIX:

In[26]: x = np.random.randn(1000000)
print("NumPy routine:")
%timeit counts, edges = np.histogram(x, bins)

print("Custom routine:")
%timeit np.add.at(counts, np.searchsorted(bins, x), 1)

NumPy routine:

10 loops, best of 3: 68.7 ms per loop
Custom routine:

10 loops, best of 3: 135 ms per loop

ITO cpaBHEHUE JIEMOHCTPUPYET HaM, 4TO 3(h(HEeKTUBHOCTD aJITOPUTMA TTOYTH BCET/IA He-
pocToil Borpoc. IHGeKTUBHBIN st 6OBIIIX HAGOPOB JAaHHBIX aJITOPUTM HE BCera
OKaXKeTCst ONTUMAIBHBIM BAPUAHTOM JIJIsT MAJIEHbKUX, 1 Ha060poT (cM. Bpe3ky «Hota-
st “O-6oabinoro”s gasee). Ho IperMyIiecTBo caMOCTOSITETBHOTO TPOTPAMMUPOBAHIIST
3TOTO AJTOPUTMA 3aKJIIOYAETCS B TOM, YTO, MOJYYUB MOHUMAHUE PabOTHI TTOJ0OHBIX
MIPOCTBIX METO/IOB, BBl CMOJKETE «CTPOUTH» U3 ITUX «KUPIUIYUKOB» OU€Hb UHTEPECHDIE
BapHaHTHI TOJB30BATEIbCKOTO TTOoBeieHNs. Kitou K ad(heKTHBHOMY MCIIOTh30BAHIIO
aspika Python B nmpunoxkenusax, rpebyomux o6paboTku 6oabmnux 06beMOB JaHHBIX,
3aKJII0YAETCS B TOM, YTOOBI 3HATH O CYNMIECTBOBAHNHN YAOOHBIX TIPOIENYP, TAKAX KaK
np.histogram, u chepax ux ucrosnbzoBanus. Kpome Toro, Hy:kKHO 3HATh, KAK IPUMEHSITh
HU3KOYPOBHEBYIO (DYHKIIMOHAJILHOCTD MPU HEOOXOAUMOCTY B Y3KOHAIIPABJIEHHOM I10-
BEJIEHUT.
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CopTnpoBKa MaCcCMBOB

o cux mop Mbl 3aHUMAJIMCh B OCHOBHOM MHCTPYMEHTAMHU JOCTYIIA U U3MEHEHUS
JaHHBIX MACCUBOB € TIOMOIILIO 6ubanorexn NumPy. ITor paszsen oxBaTbIBaeT aj-
TOPUTMBI, CBSI3aHHBIE C COPTUPOBKON 3HaueHMit B MaccuBax 6ubanorexn NumPy.
JlanHbie aJTOPUTMBI — M3JII00JICHHASA TeMa BBOJIHBIX KYPCOB MO BBIUNCIUTEIHHOM
texuuke. Ecau Bbl Korga-nnbo 6N CIayImaTeseM Takoro Kypea, To BaM, HaBEpPHOE,
CHUJINCD CHBI (B 3aBUCUMOCTHU OT BalIero TeMilepaMeHTa, BO3MOKHO, KOIIMapbl) O CO-
PTHUPOBKE BCTaBKOH, COPTUPOBKE METOIOM BBHIGOPA, COPTUPOBKE CAUAHIEM, OBICTPOT
COPTUPOBKE, ITy3bIPLKOBOI COPTUPOBKE U MHOTUX APYTUX. Bce oHu mpeacTaBiagior
coboil cpe/cTBa s PENIEHUs OJIHOM W TOI JKe 3a/[a4¥l — COPTUPOBKM 3HAYCHUIA
B CITMCKE MJITU MacCHUBe.

Hanpumep, npocrag copmuposka ecmasxou (insertion sort) MHOrOKpaTHO HAXOAUT
MUHUMaJIbHOE 3HAUYEHHUE U3 CIIMCKA U BBITIOJHAET IIePECTAHOBKH /10 TeX 110P, IOKa
CIUCOK He Gy/IeT OTCOPTUPOBAH. DTO MOKHO 3aI[POrPAMMUPOBATH ¢ MOMOIIBIO BCETO
HECKOJIbKUX CTPOK KOJa Ha si3bike Python:

In[1]: import numpy as np

def selection_sort(x):
for i in range(len(x)):
swap = i + np.argmin(x[i:])
(x[i], x[swap]) = (x[swap], x[i])
return x

In[2]: x = np.array([2, 1, 4, 3, 5])
selection_sort(x)

Out[2]: array([1, 2, 3, 4, 5])

CoprupoBKa BCTaBKOU y00Ha U3-3a CBOEH MPOCTOTHI, HO CJAUIIKOM MEJIUTEIbHA,
9TOObI OAXOAUTH JJIs MACCUBOB 00JIbilero pasmepa. Jjis cicka us N 3HaueHuit oHa
notpebyer N UKJIOB, KasK/Iblil 113 HUX BBITTOJHSIET MOPsifika ~N cpaBHEHUH /IS TONCKA
3HAYEHIsI, KOTOPOE Hy)KHO nepectaButh. Ha s3bike HoTamu «O-001bIIOr0», 4acTo uc-
MOJIb3YEMOTT [IJIsT OTTUCAHMS XaPaKTEPUCTUK ITUX aJropuTMoB (cM. Bpe3ky «Horarus
“O-60bI0r0” > 1AJIEE ), BpEMEHHAsE CJIOKHOCTh COPTUPOBKHU BCTABKOU B CPEJIHEM UMEET
nopsiziok O N?|: pu yIBOEHUN KOJIMYECTBA JIEMEHTOB CITHCKA BPEMSI BBITIOTHEHIIST BbI-
pacTteT IpUMEPHO B YETHIPE pasa.

Jlaske copTHPOBKA BHIOOPOM TOPA3/0 JIydliie MOero (haBOPUTA CPEIU BCEX AJITOPUTMOB
COPTUPOBKY — cayuainol copmuposku (bogosort):

In[3]: def bogosort(x):
while np.any(x[:-1] > x[1:]):
np.random.shuffle(x)
return x
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In[4]: x = np.array([2, 1, 4, 3, 5])
bogosort(x)

Out[4]: array([1, 2, 3, 4, 5])

ITOT aJITOPUTM COPTUPOBKHU OITIPAETCS B CBOEH paboTe Ha YMCTOE BE3eHUE: OH MHOTO-
KPaTHO MEPEeTacoOBBIBAET MACCHB CTYYalHBIM 06Pa30OM JI0 TEX TIOP, MOKa Pe3yabTaT He
OKakeTcst oTcopTUpoBaHHbIM. [Ipu cpemneii caoxxunoctu nopsaka O[N x N!]: (ato N ym-
HOXUTD Ha N (hakTOpHas) ero He CTOUT MCHOIb30BATD HU /7T KAKUX PEATbHBIX PACyeTOB.

B Python nmerorcst Hamnozo Gosee ahhekTHBHBIE BCTPOEHHbIE AJITOPUTMbI COPTUPOBKU.
HauHeM ¢ M3ydeHns1 BCTPOEHHBIX aITOPUTMOB si3bika Python, mocJie yero paccMoTpuM yTu-
JIATHI, BKITIOYeHHbIe B 6116noreky NumPy u ontumusuposaiusie mo NumPy-MaccHBbI.

bbicTpas coptuposka B 6ubnunoteke NumPy: dyHKUMM
np.sort n np.argsort

Xots B g3bike Python umerorcst Berpoennbie pyHKINMM sort U sorted j1st paboThI CO
CIMCKaMM, MbI He Oy/IeM MX pacCMaTpUBaTh, IOCKOIBKY (yHKIus Oubimorekn NumPy
np.sort okasbiBaeTcs HAMHOTO 6oJiee 9 GEKTUBHON U MOAXOASAIIEH /I HALTKMX TIeJIe.
ITo ymosuanuio hyHKIUs np.sort ucnoyib3yer umeonuii ciokuocts O[N log N:
AJITOPUTM Ovicmpoti copmuposku (quicksort), XOTst ZOCTYIHBI [JIST UCIIOJIb30BAHMS
TaKKe aJTOPUTMbI COPTUPOBKU CAustiuem (MErgesort) u nupamudaiviotl CopmuposKu
(heapsort). [lsist 60JIbIIMHCTBA IIPUIIOKEHUI UCIIOIb3YEMOM 110 YMOJIYaHUIO OBICTPOI
COPTUPOBKH HoJIee YeM JTOCTATOTHO.

YTo6bI OJYIUTH OTCOPTUPOBAHHYIO BEPCUIO BXOJHOTO MaccuBa €3 ero u3MeHeHus,
MO>KHO HCITOJIb30BaTh (DYHKITHIO np. sort:

In[5]: x = np.array([2, 1, 4, 3, 5])
np.sort(x)

out[5]: array([1, 2, 3, 4, 5])

Ecau ke BB IIpeAIoYnuTaecTe OTCOPTUPOBATH I/IMeIOIHHfICH MacCCHB, TO MOKHO BMECTO
3TOr'0 IPUMEHATH METO/T Sort MacCHUBOB:

In[6]: x.sort()
print(x)

[12345]

IIMeeTCﬂTaKX«epoaCTBeHHaﬂ(byHKuywlargsort,B03BpaunnouuvluHaeKCbLOTcopTHpo-
BaHHBIX 3JICMECHTOB:
In[7]: x = np.array([2, 1, 4, 3, 5])

i = np.argsort(x)

print(i)

[10324]
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HepBbeI QJIEMEHT 9TOTO pe3yJibTaTa COOTBETCTBYET MHAECKCY MUHUMaJIbHOTO 3JIEMEHTA,
BTOpOfI — WHAEKCY BTOPOTO I10 BeJIMYUHE U T. /1. B Z[aﬂbHefIMEM 9TN MHEKCHI 1PN Ke-
JIJaHUW MOKHO 6y11eT HCITIOJIb30BaTh /IJIA IMTOCTPOCHUS (HOCpelICTBOM «HpHXOT]IHBOfI»
I/IHIIeKcaLII/H/I) OTCOPTUPOBAHHOTO MaCcCHBa:

In[8]: x[1i]
Oout[8]: array([1, 2, 3, 4, 5])

CopTHpOBKa 110 CTPOKaM U CTOJIOHAM. Y aJlTOPUTMOB COPTUPOBKH OubmmnoTekn NumPy
UMeeTCs yaoOHasd BO3MOKHOCTD BBIIOJHATH COPTUPOBKY [0 KOHKPETHBIM CTPOKAM KM
cTo611aM MHOTOMEPHOI'O MacCHBa IIyTeM 3aJaHus apryMenTa axis. Hanpumep:

In[9]: rand = np.random.RandomState(42)
X = rand.randint(e, 10, (4, 6))

print(X)
[[63746 9]
[267 43 7]
[725417]
[514095]]

In[10]: # CopTupyem Bce cTonbubl maccuBa X
np.sort(X, axis=0)

Out[10]: array([[2, 1
[5) 21
[6) 3)
[7, 6

1, 5],
3, 7],
6, 7],
9, 911)

3 k)

-

)

)

-

NN U b
B )
-

-

3 k)

In[11]: # CopTupyem BCe CTpoku maccuBa X
np.sort(X, axis=1)

Out[11]: array([[3, 4, 6
[2) 31 4)
[1) 2) 4)
[0) 1) 4

B Bl 71 9])
) 7) 7])
7
5

) 7])
> 911)

3

(%21V2 e) o))

k) k]

He 3a6biBaiiTe, 4TO IPU 9TOM BCe CTPOKH UJIU CTOJIOIBI PACCMATPUBAIOTCST KaK OT/IENb-
HbIE MACCUBBI, TAK YTO JIIOOBIE BOBMOKHbBIE B3AUMOCBSI3U MEK/LY 3HAYEHUSAMU CTPOK HJIH
CTONOIOB OYIYT YTEPSIHBL.

YacTnyHble COPTHUPOBKU. CEKLUNOHNPOBAHNE

WHorga HaMm He TpeOyeTcs COPTUPOBATh BECh MACCHB, a IIPOCTO HYKHO HAlTH K Hau-
MEHBIINX 3HaUeHMiT B HeM. bubsmorexka NumPy npegocraBisiet st 31Ol ey hyHK-
1o np.partition. @yHKIMS np.partition MpuHUMAET Ha BXO/E MACCUB U YNCJIO K.
Pesyuibrar npeicrasisier co00il HOBbII MacCHB ¢ K HAMMEHbIINME 3HAYeHUAMU CJIeBa
OT TOYKY PasOMEHSI U OCTAbHbIE 3HAYEHUST CIIPABa OT Hee B TIPOU3BOJBLHOM TTOPSI/IKE:
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In[12]: x = np.array([7, 2, 3, 1, 6, 5, 4])
np.partition(x, 3)

Out[12]: array([2, 1, 3, 4, 6, 5, 7])

HepBbIe TPHU 3HAYECHUA B UTOTOBOM MaCCHUBE€ — TP HAMMEHDBIINX 3HAYCHWA B HEM, a Ha
OCTaJIbHBIX ITO3NIUAX MaCCHBa paCItosraratfoTcAa BCE IpoYne 3Ha4eHUA. BHyTpI/I Ka)KlIOfI
13 /IByX CeKHI/Iﬁ JJIEMEHTDBI PaCIloIaraloTCsa B IPOU3BOJIBHOM ITOPAJLKE.

AHAJIOTUYHO COPTUPOBKE MOKHO CEKI[MOHUPOBATD 11O TPOU3BOJIBHON OCH MHOTOMEP-
HOTO MacCHBa:

In[13]: np.partition(X, 2, axis=1)

Out[13]: array([[3, 4, 6
[2, 3, 4,
[1) 2) 4J
[6, 1, 4

> 91,
) 7])
) 7]J
» 511)

PeSy]IbTaT NpeACTaBJIAECT coboii MaCCHB, B KOTOPOM Ha IEPBLIX /IBYX MMO3UIUAX B KaXK-
,JIOI?I CTPOKE HaXOAATCA HaUMEHbIINE 3HAYE€HU S 13 3TON CTPOKH, a OCTAJIbHbIE 3HAYECHUA
3allOJIHAIOT ITpOYne MecTa.

3 k)
)

)

Ul Ul NN
(=B N e ) Ie)}

3 k)

Haxkonerr, anasornaHo (GyHKIUH np . argsort, BEIYUCJSIONIEH HH/EKCH /7T COPTHPOBKT,
cytiecTByeT (yHKIINS np.argpartition, BBIUUCISIONIAS MHAEKCHI J71sT ceKItnu. Mbr yBu-
JIIM €€ B JICHCTBUU B CJICIYIOINIEM pas/ielie.

Mpumep: K 6nvkanwmnx coceaen

JasaiiTe BKpaTIiie pacCMOTPUM, KaK MOXKHO UCIIOJIb30BaTh (DYHKIMIO np.argpartition
10 HECKOJIBKUM OCSM JIJIsk TOMCKA OJIMKANIINX coceieil KaskI0i TOUKK U3 Ollpe/ie/ieH-
Horo Habopa. HauneM ¢ co3maniist cyqaiinoro Habopa 13 IecsSTH TOUeK Ha IBYMEPHOIT
mrockocT. T1o cTaHAapTHBIM COTTaNeHsIM obpasyeM n3 Hux Maccus 10 x 2:

In[14]: X = rand.rand(10, 2)

Yro6bl HAIJISAHO HPENCTaBUTDH cebe PaciooKeHe ITUX TOYEK, HApUCYeM JIJIs HUX
nuarpammy paccesuus (puc. 2.10):

In[15]: %matplotlib inline
import matplotlib.pyplot as plt
import seaborn; seaborn.set() # Plot styling
plt.scatter(X[:, 0], X[:, 1], s=100);

Terepb MOKHO BBIUUCJIUTD PACCTOSTHIE MEXK/y BCEMU TTapaMy Touek. BecmoMunaem,
YTO KBAAPAT PACCTOSIHUS MEXKIY IBYMs TOUKAMU PABeH CyMMe KBaJPaTOB PacCTOsI-
HUH MEXIYy HUMHU TI0 KaKI0H U3 KoopAnHAT. BoCmoab30BaBIINCh BOZMOKHOCTSIMU
acdexTrBHOTO TpaHcaupoBanus (cM. «Oteparu Hajl MaccuBaMy. T paHcapoBaHues
ATOM IJIaBbl) U arPeTNPOBaHU (CM. «ATPerIpoBaHNe: MUHIMYM, MAKCHIMYM U BCE, UTO
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nocepeauHe» AaHHON IJIABbI), IpefocTaBsieMbiMu 6nbanorexoit NumPy, Mbl MOKeM
BBIYMCITUTH MATPUILY KBAIPATOB PACCTOSTHNI € TIOMOTIIBIO OJTHOHM CTPOKN KOIA:

In[16]: dist_sq = np.sum((X[:,np.newaxis,:] - X[np.newaxis,:,:])
*¥* 2, axis=-1)

1.2

1.0 ®
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Puc. 2.10. Busyanusaums Touek B npumepe K cocenei

ITa omepanus A0BOJIBHO CJIO0XKHA IT0 CHHTAKCHUCY ¥ MOKET IIPUBECTH BaC B 3aMelaTeb-
CTBO, €CJIM BbI MJIOXO 3HAKOMBI ¢ IPaBUJIAMU TpaHcaupoBatus 6ubanorekn NumPy.
B nmoo6HbIX carydasx moJie3Ho pasbuTh OMepaIiuio Ha OTAeTbHbIE AT

In[17]: # [na Kaxaoh napbl TOYeK BblYUC/ISEM Pa3HOCTU UX KOOPAWUHAT
differences = X[:, np.newaxis, :] - X[np.newaxis, :, :]
differences.shape

out[17]: (1@, 1@, 2)

In[18]: # Bo3BOAMM pa3HOCTM KOOpAMHAT B KBajpaT
sq_differences = differences ** 2
sq_differences.shape

out[18]: (10, 10, 2)

In[19]: # Cymmupyem KBagpaTbl pa3HOCTei KoopauHaT
# AnAa nonyyveHua KBaApaTa pacCTOAHUA
dist_sq = sq_differences.sum(-1)
dist_sqg.shape

out[19]: (1@, 1)

Ha Bestkuil corydail IJist KOHTPOJISI TPOBEPHM, UTO IHAarOHAJb MATPUILBI (TO €CTh HAOOP
PacCTOSTHUN MEXKLY KasKI0W TOYKOW U el caMO¥l) COCTOUT U3 HYyJIeH:
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In[20]: dist_sq.diagonal()
out[20]: array([ ©., ©., ©., ©., 0., ©., 0., 0., 0., 0.])

[Tposepxka npoiigenal Terepn, MOJy4UB MATPUILy KBAJAPATOB PACCTOSIHUN MEK/Y B3si-
TbIMH IIOIIaPHO TOYKaMM, Mbl MOKEM BOCIIOJIb30BATbCA CI)yHKHPIefI np. argsor‘t JJIA
COPTUPOBKHU 110 Kax 0l cTpoke. Kpaiinue ciesa ctoab1bl OyayT HpeacTaBisTh coOoi
MHZIEKChI OJIMKaRIINX cocelieil:

In[21]: nearest = np.argsort(dist_sq, axis=1)

print(nearest)
[[39714256 8]
[147936850 2]
[2146308975]
[397014586 2]
[4185679380 2]
[586417932080]
[6854179320]
[7931405386 2]
[856417932080]
[973014586 2]]

OO6patTure BHUMaHUE, YTO MEPBBII cTos0el peacTasiger coboii uncia ¢ 0 10 9 B 1o-
Ps/IKe BO3pACTaHMA: 9TO IIPOUCXOJUT U3-3a TOTO, YTO OJIMKAMIIIIL coces KaxK 0l TOY-
KU — OHa caMa, KakK M MOKHO OBLJIO O3KU/IATh.

BBITIOTHUB TIOJTHY10 COPTUPOBKY, MBI ITPOJIEJIANH JUIHIW paboty. Eciu Hac uHTEpe-
coBasu K GJIMKalmmx cocesiel, ObLI0 0CTATOUHO CEKITHOHUPOBATH BCE CTPOKH TaK,
4TOObI CHAYAJA LT K+1 MUHIMATbHBIX KBA/[PATOB PACCTOSTHUIL, @ OOIbIINE PACCTOSTHIIST
3ATIOJTHSJIN OCTABINUECS TTO3UITNN MaccuBa. Ciemath 3T0 MOKHO € TOMOTIBIO (PYHKITUN
np.argpartition:

In[22]: K = 2
nearest_partition = np.argpartition(dist_sq, K + 1, axis=1)

Yro6Bl BU3YATU3UPOBATH TY CETKY COCe/eil, BBIBEEM Ha AMATPaMMYy TOUKH BIOJH
JINHUI, CBA3BIBAIONINX KaKIyI0 TOUKY ¢ ee Oumskaiimmnmu AByMst cocegamu (puc. 2.11):

In[23]: plt.scatter(X[:, @], X[:, 1], s=100)

# PUCyeM NMHUM U3 KaxAoW TOYKM K ee ABYM 6auxaiwumm cocenam
K =2

for i in range(X.shape[0@]):
for j in nearest_partition[i, :K+1]:
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# yeptum nunHuw ot X[i] mo X[j]
# Mcnonb3lyem Ana 3TOro «marumyeckyw» QyHkuuw zip:
plt.plot(*zip(X[j], X[i]), color='black")

OT Kak0il HAPUCOBAHHOI Ha AUArpaMMe TOUYKK BeAyT JUHUK K IBYM ee OJIMKaiimm
coceisiM. Ha riepBblii B3TJISIT MOKET TIOKA3aThCsI CTPAHHBIM, YTO U3 HEKOTOPBIX TOUEK
otxoauT GoJiee IBYX JMHUHN. J[€10 B TOM, 4TO, €CJIN TOUKa A — OJ[MH U3 ABYX OJIMKail-
KX cocezieli Touku B, BoBce He 00s13aTe1bHO, 4TO TOuKa B — ouH us aByx GmsKaiimmx
cocezieil TOuKH A.

XoTst ipuMeHsieMble TIPU 9TOM TPAHCJIUPOBAHUE U MOCTPOUHAS] COPTUPOBKA MOTYT
MOKA3aThCsT HOJIee 3AMyTAHHBIM TTOIXOIOM, Y€M HAMMHNCAHUE TIIKIA, OKa3bIBAETCST, ITO
Takoit crocob paboTh ¢ TOAOGHBIMI TaHHBIMU Ha si3bike Python Becbma achdexrusen.
Kak Obl HU OBLIIO 3aMaHYUBO CJIEJIATh TO JK€ CaMOe, BPYYHYI0 OPraHU30BaB IUKJI 110
MaHHBIM U COPTUPOBKY Kaska0To Habopa cocellell OTAeNbHO, TOTYYUBITHIICS B UTOTE
QJITOPUTM IIOYTU HaBepHsKa OyaeT paboTaTh MeAJEHHee, YeM PACCMOTPEHHAsI BbIIIE
BEKTOpU30BaHHast Bepcus. Kpacora Takoro 1mojxo/a — B ero He3aBUCUMOCTH OT pPas-
Mepa BXOJIHBIX JIAHHBIX: MOYKHO C OJIMHAKOBOM JIETKOCTHIO BBIYUCTUTD COCEIEN Cpe/IH
100 wiu 1 000 000 Touek B JIOGOM KOJMUYECTBE U3MEPEHHT, U KO OY/€T BBITJISIETh
TOYHO TaK JKe.
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Puc. 2.11. Busyanusaumsi cocegein Kaxzaom Touku

Haxkosert, oT™Meuy, 4To [/t BBIIOJIHEHUSI TIOMCKOB COCEIEH B 0UeHb GOJIBIITNX MACCHBAX
JTAHHBIX CYIIECTBYIOT OCHOBAaHHBIE HA [IEPEBBSIX U/MJIU ANMIPOKCUMAINOHHBIE aJITO-
purmbl, Macttabupyionmecst kak O[N log N]: unn gaxe jydiie, B otsimaue ot rpy6boro
nozaxozaa O N?|.. Oaue u3 mpuMepoB Takux anroputMoB — K-meproe nepeso (KD-tree),
peanuzoBannoe B bubsmorexe Scikit-Learn.
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Hotauusa «O-60apmoros»

Horaius «O-6071b1110r0» — CPeICTBO, MO3BOJISIONIEE OMUCHIBATH POCT YHCJIa Olepa-
Vi, HEOOXOMMMBIX JIJIs BBITOJHEHUS aJITOPUTMA, 110 Mepe pocTa 00beMa BXOJIHBIX J[aH-
HbIX. [[J1s IPaBUIBHOTO MCIIOJIB30BAHUS HYKHO HEMHOTO YIJIYOUTHCS B TEOPHUIO BbI-
YUCJAUTEJNbHON TEXHUKH U YMETb OTJNYATh JAHHYIO HOTAIIUIO OT POJCTBEHHBIX HOTAINI
«O-MAJIEHBKOT0», «0-60JIbIIOT0», «Q-60JIBIIOT0> 1, BEPOSTHO, MHOKECTBA UX THOPU/IOB.
XOTst 3TN BapUAHTHI TTO3BOJISTIOT ¢ GOJIBIIEI TOYHOCTHIO BBIPAsKATh HH(MOPMAIIHIO O Mac-
MITabUpPyeMOCTH AJITOPUTMOB, TTOMUMO 9K3aMEHOB 10 TEOPHHU BBIYMCIUTENBHOI TEXHUKI
U 3aMeYanuil NeJJaHTUIHBIX KOMMEHTATOPOB B GJIOTAX, UX PEKO T€ MOKHO YBHUIETh.
Hawmmoro 6oJiee pactipocTpaHeHHO B MUPe HAYKU O JIAHHBIX sIBJIsteTcst Gosiee rubKast Ho-
taist «O-60Jb110r0»: 0611ee (XOTs U He TaKoe TOYHOE) OMUCAHNE MAaCHITabUPyeMOCTH
anroput™a. [IpocTure nac, TeopeTuku M nejanTbl, HO UIMEHHO 3TY MUHTEPIIPETAIINIO MbI
u GyIeM HCII0JIb30BaTh B IAHHO KHHTE.

Horaiust «O-60J1b1110r0» MoKasbiBaeT, BO CKOJIbKO pa3 6oJiblile BpeMeHU OyIeT 3aHUMATh
BBITIOJIHEHUE AJITOPUTMA TIPU POCTe KosinuecTBa fanubix. Ecan Bar anroputm O[N] (un-
Taercs «mopszaka N») Boinosnsiercs 1 cexynay npu pabore co cnmckoM aauibl N = 1000,
TO CJIE[IyeT OKU/ATh, YTO €T0 BBIMIOTHEHIE 3aiiMeT TPUMEPHO d CEKYH]T JIJIsT CIIUCKA JIJIU-
noit N=5000. Eciiu sxe y Bac anroput™ O[N?| (uurtaercst «mopsizika N KBaJipaTs ) BBITIOJI-
nseres 1 cexynmy npu pabote co crimckoM aausabl N = 1000, To cieayeT 0KuaaTh, 4To ero
BBITIOJTHEHUE 3aliMET IPUMEPHO 25 ceKyH 1 st criucka mnHoit N = 5000.

Jlnst vamux neseit N Oyzer o6biaHO 0603HaUYATh KaKOU-IMO0 aclekT pasmepa Habopa
JTAHHBIX (KOJNYECTBO TOUYEK, KOJTMIECTBO U3MEPEHUN 1 T. 11.). [Ipu monbITKe aHammsa M-
JIMApP/IOB WJIU TPUJLIKOHOB BBIGOPOK pasHuIla Meskay ciiokHOCcTbio O[N] 1 O N?] mosxer
6bITh GOJIeE UeM CYIeCTBEHHOI!

O6parute BuuManue, 4to HoTaius «O-6oJbIIoro» cama mo cebe HUYEro He TOBOPUT
0 (haKTHIECKOM BPEMEHH BBITIOJHEH S BBIYUCIEHUH, a TOJIBKO O €r0 MacIITabupoBaHu
npu uamereHnn N. O6bIYHO, HATPUMED, AJITOPUTM €O cJI05KHOCTBIO O] N| cunraetcst 1yd-
1re MacitabupyeMbim, yeM asroputy ¢ O] N?], i Ha To ecTb Beckue ipuanibl. Ho, B acT-
HOCTH, JUUIsI MATIEHbKUX HAG0POB JIAHHBIX JIyYIlle MacITabupyeMblii alrOpUT™M He 00si3a-
TesbHO Oyzet Gosee GuicTpbiv. Hanpumep, npu pabote ¢ KOHKPETHOMN 3a1a4eii alropuT™
¢ O[N?] mosket Boinogiasitbest 0,01 cexynpl, a «ayutniuity anroput™m O[N] — 1 cexynuy.
Veemuubre, oxHako, N Ha Tpu nopsiaika, 1 anroputm O[N] okaxercs mobeanTesiem.

Jasxe Takas ynpouieHHas Bepcust Hotaiuu «O-60JbIIOr0» MOKET 0Ka3aTbhCsl OYEHb
YIOGHOH JJIst CPaBHEHUST TPOU3BOAUTETBHOCTH AJITOPUTMOB, 1 MbI OyIEM UCIIOJIb30BATD
9Ty HOTAIUIO B HAIEH KHUTE, re OyIeT UATH PeYb O MACIITaOUPYEMOCTU AJITOPUTMOB.

CTpYKTYypUpOBaHHbIE aHHbIE: CTPYKTYPUPOBAHHbIE
MaccmBbl 6ubnnotekn NumPy

YacTo ganHble MOXKHO MIPEICTABUTD € IIOMOIIBIO OJHOPOJHOIO MacCuBa 3HAYEHU, HO
WMHOT/IA 3TO He yjaercd. B aTom pasjiesie 1eMOHCTPUPYETCS UCIIOJIb30BAHUE TAKUX BO3-
MoskHOCTel 6ubnnoreku NumPy, kak cmpyxmypuposanvie maccuswt (structured arrays)
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u maccusvt sanuceti (record arrays), obecrieunBaronux shHEKTUBHOE XPAHUIIUTILE JIJIsT
CJIOJKHBIX HEOJHOPOHBIX JaHHBIX. XOTS IEMOHCTPUPYEMbBIE TTATTEPHDI YIO0HBI JJIst
MPOCTBIX OTEPAIINH, TOJOOHBIE CIIEHAPUY YACTO IPUMEHSIOTCST 1 TIPH paboTe CO CTPYK-
TypaMu JIaHHbIX DataFrame u3 6ubsmorekn Pandas, KOTOpbie MbI pACCMOTPUM B TJiaBe 3.

ITycxkaii y Hac muMeeTcs HECKOJBKO KaTeTOPU JAHHBIX (HAaITpUMep, UMs, BO3PACT 1 BEC)
O HECKOJIbKUX JIIO/IAX U Mbl XOTeJIN 6])1 XPaHUTDb 3TU 3HAYEHUA /114 NCITOJTb30BaHUA
B mporpamme Ha si3bike Python. MoKHO COXpaHUTH UX B OT/IEJIBHBIX MACCHBaX:

In[2]: name = ['Alice', 'Bob', 'Cathy', 'Doug']
age = [25, 45, 37, 19]
weight = [55.0, 85.5, 68.0, 61.5]

OnHako 3TO He OYeHb IpaBUJIbHOE peliierre. HU4To He yKa3bIBaeT Ha TO, YTO MACCUBbI
KaK-TO CBS3aHbl, JIy4llie ObLI0 Obl UCIIOIb30BATh /I XPAHEHUS 9TUX JAHHBIX €JUHYIO
cTpykTypy. Bubimoreka NumPy MoskeT 5T0 0CyIeCTBUTD IOCPEACTBOM IIPUMEHEHUS
CTPYKTYPUPOBAHHBIX MACCUBOB, IIPEACTABJISIONINX COOON MACCHBBI C COCTABHBIM THIIOM
JTaHHBIX.

BcriommmTe, 94To patee MbI CO3/[aBaJIU TIPOCTOM MACCHUB C MMOMOTIIBIO CJIEYIOIIETO BbI-
PaKEHILST:

In[3]: x = np.zeros(4, dtype=int)

AHaJOTUYHO MOZKHO CO3/IaTh CprKTypI/IpOBaHHLIﬁ MacCCUB, IIPUMEHAA CHeI_[I/I(I)I/IKaL[I/IIO
CJIOKHOTI'O THITA JaHHbIX:

In[4]: # Wcnonb3yem Ans CTPYKTYPUPOBAHHOIO MAacCMBA COCTABHOW TWUM AaHHbIX
data = np.zeros(4, dtype={'names':('name', 'age', 'weight'),
"formats':('Ul0', 'i4', 'f8')})
print(data.dtype)

[('name', '<U10'), ('age', '<i4'), ('weight', '<f8")]

'U1@' o3HauaeT «CTPOKY B koguposke Unicode Makcumasbuoil mumabl 10>, 'i4' —
«4-6aiitHoe (To ecThb 32-6UTHOE) 11EJI0€ YNCI0>, a ' £8' — «8-6aliTHoe (T0 ecTb 64-6UT-
HOE) 4HCJIO € IUIABAIOILEH TOUKOiT». MbI 00Cy UM APyTUe BapUaHThI II040OHOT0 KOAU-
POBaHUS TUIIOB B CJIEyTOIIEM pasjielie.

Co3spiaB 1mycToit MacCUB-KOHTENHEDP, Mbl MOKEM 3ATIOJIHUThH €r0 HAIUM CIIMCKOM 3Ha-
YeHUN:

In[5]: data['name'] = name
data['age'] = age
data['weight'] = weight
print(data)

[('Alice', 25, 55.8) ('Bob', 45, 85.5) ('Cathy', 37, 68.9)
('Doug', 19, 61.5)]
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Kaxk MbI 1 XOT€JIH, IAHHbIE TEMEPh PACIIOIATAIOTCS BCE BMECTE B OJTHOM YI00HOM OJIOKe
TTaMSITH.

B cTpyKTYypUPOBAaHHBIX MACCHBAX YI00HO TO, YTO MOKHO CCHLIATHCST HA 3HAYEHISI U 110
WMEHU, U 110 UHJICKCY:

In[6]: # V3BnNe4yb BCe WMMeHa
data[ 'name']

Out[6]: array(['Alice', 'Bob', 'Cathy', 'Doug'],
dtype='<U10")

In[7]: # V3Bne4b nNepByw CTPOKY AAHHbIX
data[e]

Out[7]: ('Alice', 25, 55.9)

In[8]: # W3BneYyb uMA U3 nocnegHel CTPOKM
data[-1][ "'name']

Out[8]: 'Doug'

[TostBIIsIETCST BO3MOKHOCTD € MTOMOTIBIO OyJieBa MACKMPOBAHUSI BBITOJHATH U OoJice
CJIOJKHBIE OIIePAINH, TAKUe KaK (DUIbTPAIUS 110 BO3PACTY:

In[9]: # V3Bne4yb UMeHa NAaeil C BO3pacToM MeHee 30
data[data['age'] < 30]['name']

Out[9]: array(['Alice', 'Doug'],
dtype="<U10")

Jlst BoIIOIHEHUs GoJiee CI0KHBIX Ollepalluii Jydlie UCIloab30oBaTh naker Pandas,
KOTOPBIH OyzeT paccMoTper B riiase 3. bubnuoreka Pandas npegocrasisier 06beKT
DataFrame — OCHOBaHHYIO Ha MaccuBax Oubanorexu NumPy cTpykrypy, 00/1a1a1011y 10
Maccoii 0J1e3HON (PYHKIMOHAIBHOCTH 110 paboTe ¢ JaHHBIMU.

Co3fiaHne CTPYKTYPUPOBAHHBIX MacCMBOB

Tutbl TaHHBIX JJISE CTPYKTYPUPOBAHHBIX MACCMBOB MOKHO 33/1aBaTh HECKOJbKUMU
criocobamu. Paree Mbl paCCMOTPEJIH METOJT ¢ UCTIOJIb30BAHUEM CJIOBAPSI:

In[10]: np.dtype({'names':('name', 'age', 'weight'),
'formats':('Ul0', 'i4', 'f8')})

Out[10]: dtype([('name', '<U10'), ('age', '<i4'), ('weight', '<f8"')])

JlJa ICHOCTH MOKHO 3aaBaTh YMCJIOBBIE TUIIBI KaK C IPUMEHEHEeM TUIIOB JaHHbBIX
sspika Python, tak u Tunos dtype 6ubinorexu NumPy:
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In[11]: np.dtype({'names':('name', 'age', 'weight'),
"formats':((np.str_, 10), int, np.float32)})

Out[11]: dtype([('name', '<U10'), ('age', '<i8'), ('weight', '<f4')])
CocraBHble TUIIbI JIAHHBIX MOKHO 33/1aBAaTh B BU/IE CITHCKA KOPTEXKEN:

In[12]: np.dtype([('name', 'S10'), ('age', 'i4'), ('weight', 'f8')])
Out[12]: dtype([('name', 'S10'), ('age', '<i4'), ('weight', '<f8"')])

Ecim HazBanus Turon VI BaC HE Ba’KHbI, MOJKETE 3a/aTb TOJIbKO CaMU TUIIbI JaHHbIX
B paBI[EJIEHHOf/'I 3allsITbIMU CTPOKeE:

In[13]: np.dtype('S10,i4,f8")
out[13]: dtype([('f0', 'S10'), ('f1', '<i4d'), ('f2', '<f8')])

CoxpalieHHbIe CTPOKOBBIE KOZBI (DOPMATOB MOTYT TIOKA3aThCs 3AIlyTAHHBIMU, HO OHU
OCHOBaHbI Ha IPOCTHIX NpuHIKIaX. [TepBbiii (Heobsa3aTebHbIN) CUMBOI — < WU >,
03HAYAET «YHCJIO C MPAMBIM TIOPSIAKOM GalTOB» UITH «UHCII0 ¢ 0OPATHBIM MOPSAKOM Gaii-
TOB» COOTBETCTBEHHO U 33/Ia€T TOPSAN0K 3HaUan X 6utoB. Ceyomnuii CHMBOJI 32/[a€T
THIT IAHHBIX: CUMBOJIBI, GAHTOBBIN THII, TEJTbIE YKCJIA, YMCIIA C TIABAIOIIEH TOUKOH ¥ T. 1.
(1abu. 2.6). Iocae il CUMBOJI HJIM CUMBOJIBI OTPAsKAIOT pasMep oObeKTa B OaiiTax.

Ta6bnuua 2.6. Tunbl AaHHbIX 616nMoTekn NumPy

CumBon OnucaHue Mpumep

b’ BaiitoBblii TuI np.dtype('b")

T 3HAKOBOE 1[eJ10€ YHCJI0 np.dtype('i4") == np.int32

u' Bessnakosoe 1esoe ynciio np.dtype('ul") == np.uint8

'’ Yuco ¢ miaBaonieit TouKoil np.dtype('f8") == np.int64

¢’ Komruiekcroe umcsio ¢ muasatoiieil Toukoil | np.dtype('c16") == np.complex128
'Sl Crpoka np.dtype('S5")

U Crpoka B koauposke Unicode np.dtype('U") == np.str_

V' Hedopmaruposantbie gannbie (tur void) | np.dtype('V') == np.void

bonee npoaBUHYTbIE TUMbI AAHHbIX

MosKHO OImChIBaTh U enle Oojiee IMPOABUHYTHIE TUIIBI JaHHBIX. Hampumep, MOKHO
€O3/1aTh TUI, B KOTOPOM KQK/IBIif 3JIEMEHT COJIEPKUT MACCUB MJIM MATPUILY 3HAYEHUIA.
B caenyioreM npuMepe Mbl CO3/[aeM THIT IAHHBIX, COJEPIKAIINI KOMIIOHEHT mat, co-
CTOSITITUI M3 MATPUILHI 3 X 3 3HAYEHUS C TIIIaBAIOIIEe TOUKO:

In[14]: tp = np.dtype([('id', 'i8"'), ('mat', 'f8', (3, 3))1])
X = np.zeros(1l, dtype=tp)
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print(X[@])
print(X['mat'][@])

(0, [[0.0, 0.0, 0.0], [0.0, 0.0, 0.0], [0.0, 0.0, 0.0]])
[[ 0. ©. o.]
[ 6. ©. 0.]
[ 6. 0. 0.]]

Ternepb KaXk/(bIil 2JIEMEHT MACCUBA X COCTOUT U3 11€JI0T0 urcJia id u maTpuilst 3 x 3. [To-
YeMy TaKOI MacCUB MOKET OKa3aThCs MPeNIoYTUTebHee, 4eM ITPOCTON MHOTOMEPHBIT
MACCHUB WJIH, BO3MOKHO, cJioBapb si3bika Python? /lesio B ToM, uto dtype 6ubmorexu
NumPy nanpsgamyio coorBeTcTBYyeT OIIMCAHUIO CTPYKTYPbI U3 A3bIKa C, TaK YTO MOKHO
obparmarbes K cofiepskaiieMy aToT MaccuB Oydepy maMsaTi HEIOCPEACTBEHHO U3 COOT-
BETCTBYIONMM 006pPa30M HallMCaHHOI porpaMMbl Ha st3bike C. Ecii Bam moHao6utest
HamcaTh Ha s3bike Python maTepdeiic K yke cymecTByiomieil OubIMOTEKe Ha S3bI-
ke C unm Fortran, kotopast paboTaer co CTpyKTYPUPOBAHHBIMU JAHHBIMU, BEPOSTHO,
CTPYKTYPUPOBAaHHbBIE MACCUBBI OY/IyT BaM BECbMa MOJIE3HDI!

MaccuBbl 3anncen: CTPYKTYPUPOBAHHbIE MACCUBbI
C AONOJIHUTENBbHBbIMKN BO3MOXXHOCTAMMU

Bu6anoreka NumPy npegocrasiiser Kiace np.recarray, NPaKTUYeCKUA UICHTUYHBII
TOJIBKO YTO OIMMCAHHBIM CTPYKTYPUPOBAHHBIM MacCHBaM, HO C OI[HOﬁ IIOHOJIHI/ITG]IBHOfI
BO3MO’KHOCTBIO: ZIOCTYII K IOJISIM MOKHO OCYILECTBJISITh KaK K aTpuOyTaM, a He TOJIbKO
Kak K KJIo4aM c1oBapst. Kak Bbl HoMHUTE, paHee Mbl 0OpaIaIich K 3HAYEHUAM BO3PacTa
IyTeM HAIMCAHUS CJeyTONIeH CTPOKH KOJia:

In[15]: data['age']
Out[15]: array([25, 45, 37, 19], dtype=int32)

Ecnm ke TIPE/ICTaBUTDH HAIlIN /TAaHHBIE KaK MaCCHB sarH/Iceﬁ, TO MOKHO O6p3H_IaTbCH K 9TUM
MaHHBIM C TTIOMOIIBIO 9YTh 6outee KOPOTKOI'O CMHTaKCHCa:

In[16]: data_rec = data.view(np.recarray)
data_rec.age

Out[16]: array([25, 45, 37, 19], dtype=int32)

HeI[OCTaTOK TAaKOTO I10/IX0/[a COCTOUT B TOM, UTO IIPM AOCTYIIE€ K ITOJIAM MaCCHUBOB 3a-
nuceil Hen30eKHbI JOIIOJTHUTEJIbHBIC HaK/Ia/IHBbIC PAaCXO/Ibl, /IaKe ITPU UCITOJIb30BaHUN
TOTO JKe CHHTaKcuca. ITo BU/THO 13 CJICIYIOIIETO!:

In[17]: %timeit data['age']
%timeit data_rec['age']
%timeit data_rec.age
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1000000 loops, best of 3: 241 ns per loop
100000 loops, best of 3: 4.61 ps per loop
100000 loops, best of 3: 7.27 us per loop

VIMeeT Jii CMBICJT KePTBOBATH JOMOJHUTEIbHBIM BpeMeHeM pajiu OoJiee YII0OHOTO CHH-
TaKCHCA — 3aBUCUT OT BAIlleTO TIPUIOKEHU.

Bnepeg, k Pandas

ITOT paszies Mo CTPYKTYPUPOBAHHBIM MACCHBAM M MACCHBAM 3alMCENl He CAYJYaiiHO
CTOUT B KOHI[E ATOW TJIaBbl, MOCKOJIbKY OH YAUHO MOJABOUT HAC K TEME CJIE/YIONIEro
paccMaTpuBaeMoro makera — Oubiunoreku Pandas. B ompesiesieHHbIX corydasix He moMe-
IIaeT 3HATh O CYIMECTBOBAHUY OOCY/KAABIIUXCS 371€Ch CTPYKTYPUPOBAHHBIX MACCUBOB,
0COOEHHO ecIM BaM HYKHO, 4T0OBI MaccuBbl Oubamorexkn NumPy cooTsercTBOBaIN
mBondHbIM (hopmatam ganubix B C, Fortran uii Apyrom si3bike IporpaMMUPOBAHUSL.
Jlns perynsipHoii paboThl O CTPYKTYPUPOBAHHBIMU JAHHBIMU HAMHOTO y00Hee Hc-
M0JIb30BaTh aket Pandas, KOTOPBIN MbI TOAPOOHO PACCMOTPHUM B CJIEAYIOIIEN TIaBe.



MaHnnNynaunn Haa AaHHbIMY
C NOMOLLbIO NakeTa Pandas

B npeapiaymieii riase Mol pacemorpenu 6ubanoreky NumPy u ee 00bekT ndarray, o6e-
crieunBaronii a3 heKTUBHOE XPaHEHHUE TJIOTHBIX MACCUBOB U MAHUTIYJISIIIUU HAJl HUMU
B Python. B 57011 r/1aBe Mbl, 0CHOBBIBAsICh Ha 9TUX 3HAHUSIX, J€TaJIbHO O3HAKOMUMCS CO
CTPYKTypamu JanHbix Oubinorekn Pandas.

Pandas — Gosee HOBBII ITaKeT, HaACTPoiika Haj 6ubaorexkoit NumPy, obecrednBaionmit
s deKTUBHYIO peanu3anuio Kiacca DataFrame. OObeKkThl DataFrame — MHOTOMEPHBIE
MACCHUBBI ¢ METKAMHU JIJIST CTPOK U CTOJIOIIOB, @ TAKKE 3a4aCTYIO ¢ HEOTHOPOHBIM THITOM
JIAHHBIX U/UJIA MPOTYIEHHBIME JaHHBIMU. [ToMuMO yo0HOTO nHTEpdeiica 1 Xpa-
HEHUST MAaPKUPOBAHHBIX JIaHHbBIX, OubanoTeka Pandas peaimsyer MHOKECTBO oreparuit
J1UIsT pabOTHI ¢ IAHHBIMHU XOPOIIIO 3HAKOMBIX TI0JIb30BATENISIM (PPEMBOPKOB 6a3 JTaHHBIX
1 JIEKTPOHHBIX TabJIHIL

Crpykrypa ganHbix ndarray 6ubanorekn NumPy npegocraisieT Bece HeOOXOUMbIE
BO3MOKHOCTH J1J1s1 pabOThI € XOPOILIO YIIOPSAZLOYEHHBIMU JAaHHBIMHU B 3a/1a4aX YHUCJICHHBIX
Bbrurcsienuii. [y aroi e 6ubnnoreka NumPy OTIMYHO MOAXOAUT, OZHAKO UMEET
CBOM OTPaHUYEHUS, KOTOPbIE CTAHOBSTCS 3aMETHBIMMU, Yy Th TOJBKO HaM IIOTpebyeTcs He-
MHOTO (0J1bIIe THOKOCTH (MapKUPOBaHIe JaHHbIX, pab0Ta ¢ IPOIYIIEeHHbIMU JAHHBIMU
U T.[.). ITU OTPAaHUUYEHUS TIPOSIBISAIOTCS TAKKe MIPHU MOTBITKAX BBITOJTHEHUS OIepa-
U, HETIOAXOISIIINX JIJIST TIOBJIEMEHTHOTO TPAHCAUPOBaHUs (TPYTIITUPOBKH, CO3AHIE
CBOJHBIX Tab/uI U T. /1.). Takue onepaiyuu BJISIOTCSA BaKHON YaCThIO aHaIM3a JaHHbIX
C MeHbIIEN CTeNeHbI0 CTPYKTYPUPOBAHHOCTH, COJEPKANIUXCSA BO MHOTUX (hopMax
okpyskatrero mupa. bubsmoreka Pandas, ocobeHHO ee 00beKThI Series 1 DataFrame,
OCHOBaHa Ha CTPYKTypax MaccuBoB 6ubsmmorekrt NumPy u obecrieunBaet ahpeKTHBHYIO
paboTy Hajl HOAOOHBIMU 3aa4aMU «OUMCTKU TaHHBIX>.
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B 57011 ry1aBe MBI COCPEOTOUNMCS Ha CTAHIAPTHDIX TIPHEMAX UCII0JIb30BaHMs 00HEKTOB
Series, DataFrame U CBSI3aHHBIX ¢ HUMU CTPYKTYP. Ilo Mepe BO3MOKHOCTH MbI 6y/:[eM
MPUMEHSITH B3sIThIC M3 PEaJbHBIX HAOOPOB JaHHBIX MPUMEPHI, HO OHU HE SIBJISIOTCS
Hallen 1eJblo.

YcTaHoOBKa U Ucnonb3oBaHue bubnuortekm Pandas

Iliast yeranoBku nmakera Pandas HeoOX0AMMO HaJU4He B Balllell cuCTeMe MaKeTa
NumPy, a eciiu BbI BbInojiHgeTe cOOPKY OMOIMOTEKN 13 MCXOAHOTO KOJa, TO 1 COOT-
BETCTBYIOIIMX YTUJIUT JJIs KOMIMJILAIUNA UCXOAHBIX Ko0B Ha s3bikax C 1 Cython,
u3 KoTopbix coctout Pandas. IToapo6Hble HHCTPYKIIMHU 110 YCTAHOBKE MOKHO HAiTH
B oKyMeHTaluu 1makera Pandas (http://pandas.pydata.org/). Eciiu ske BbI mocjieoBain
COBETY M3 MPEANCIOBUS U BOCIOJb30BaICh cTekoM Anaconda, To maker Pandas
Yy Bac yxKe uMeeTcs.

ITocne ycranoBku makera Pandas MOJKHO HMITOPTHPOBATD €0 ¥ IIPOBEPUTH BEPCHIO:

In[1]: import pandas
pandas.__version__

out[1]: 'e.18.1"

AHaJIOTMYHO TOMY, KaK MBI UMITOPTUPOBaK TTakeT NumPy 1101 iceBIOHUMOM np, TTaKeT
Pandas uMImiopTupyem 1o/ ceBIOHIMOM pd:

In[2]: import pandas as pd

Mur 6yIIEM HCITOJIb30BaTh 3TN YCJIOBHbIE 0603HaYEHUA JUTA MMITOPTa Jajiee B KHUTE.

Hanomunanue o BCTpOCHHOﬁ AOKYMEHTallun

O6osouka IPython npegocrapisier BOSMOKHOCTD OBICTPO [IPOCMATPUBATD COIEPKIMOE
ITAKeTOB (C OMOIIbIO KJIaBuIK Tab), a Takke JOKYMEHTAIUIO 110 Pa3INYHbIM (QYHKIIUAM
(ucmonb3yst cuMBoI ?). 3arsisinuTe B pasjiet «CripaBka U JIOKyMeHTAIMsi B 000JI04Ke
Python» riaBsl 1, eciin BaM HYKHO OCBEKHTD B AMSITH 3TH BO3MOKHOCTH.

Jliist 0TOOpasKeHUsT BCETO COAEPAKUMOTO TIPOCTPAHCTBA UMEH NUMPY MOKETE BBECTH CJie-
JYIOILTYIO KOMaHIY:

In [3]: np.<TAB>

Jlnst oroOpaskeHust BCTPOEHHON JoKyMeHTaluy naketa NumPy ucionbayiite Komanmy:
In [4]: np?

Bouee moapo6Hy 0 10KyMEHTAINIO, & TAK/KE PYKOBOACTBA U IPYTUE UCTOYHUKI HH(POPMa-
1K MOKHO HaliTu Ha caiite http://pandas.pydata.org.
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3HAKOMCTBO C 06bekTaMu bmbnmnoTekn Pandas

Ha camom mpumMuTUBHOM YypOBHE 06bexTsl 6ubmmorekn Pandas MoskHO cunTath pac-
MTUPEHHOI Bepcuell CTPYKTYPUPOBAHHBIX MAaCCUBOB 6ubamoTeKN NumPy, B KoTOpBIX
CTPOKU U CTOJIOLIBI UIEeHTUMUIUPYIOTCS METKAMU, a He TPOCTBIMU YNCJIOBBIMYU WH/IE-
kcamu. bubanorexa Pandas IIPEOCTABJIAET MHOMKECTBO ITOJIE3HBIX YTUJIUT, METO0B
1 QYHKIIMOHAJBHOCTU B JIOTIOJTHEHUE K 6a30BbIM CTPYKTypaM JTaHHBIX, HO BCE I10-
cJenypolee U3JjioKeHmne HOTpe6yeT [IOHMMAaHUs 3TUX 0a30BbIX ctpykryp. Ilo3BombTe
MO3HAKOMUTD Bac ¢ TpeMs PyHIAMEHTATbHBIMUA CTPYKTYPAMU JAHHBIX 6ubMoTeKu
Pandas: kraccamu Series, DataFrame 1 Index.

HauHeMm Hall ceaHc NPOrpaMMHPOBAaHUS € OOBIMHBIX UMIIOPTOB Gubaunorex NumPy
u Pandas:

In[1]: import numpy as np
import pandas as pd

O6bekT Series bubnnotekn Pandas

OO6wbekT Series 6ubanorexkn Pandas — ogHOMEpHDBIIA MacCUB MHEKCUPOBAHHDBIX JIaH-
HbIX. ET0 MOKHO €O3/1aTh U3 CIIMCKA MJIM MACCHBA CJAEAYIOUINM 00pasoM:

In[2]: data = pd.Series([0.25, 0.5, 0.75, 1.0])

data
out[2]: @ 0.25
1 0.50
2 0.75
3 1.00
dtype: float64

Kak MbI BU/IeJIH U3 MPEABIAYIIETO PE3YIbTaTa, OOBEKT Series CIIy:KUT aflaliTEPOM Kak
JIUISI TIOCJI€ZIOBATEIbHOCTH 3HAUEHU M, TaK 1 TTOCJIe/10BaTeIbHOCTA MHIEKCOB, K KOTOPBIM
MOKHO TOJIYYUTh JOCTYTI MOCPEACTBOM aTpubyToB values u index. ATpubyT values
mpejicTaBysieT co0O yike 3HAKOMbII HaM MaccuB NumPy:

In[3]: data.values
Out[3]: array([ ©.25, ©.5, ©.75, 1. 1)

index — MaccuBOIOAOOHDI 00BEKT THIA pd.Index, KOTOPBIIA MBI PACCMOTPUM IOAPOOHEE
namnee:

In[4]: data.index

Out[4]: RangeIndex(start=0, stop=4, step=1)!

! Cwm. mapameTpbl «Havaio» (start), «koHerr» (Stop) u «imar» (step), pacCMOTpeHHbIE B TJIaBe 2.
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Awnanornyno maccuBam 6ubaroreku NumPy, K 1aHHBIM MOKHO 00PAIaThes O COOT-
BETCTBYIONIEMY MM MHAEKCY MOCPEACTBOM HOTAIIMU ¢ UCTIOJIb30BAHUEM KBaJPATHbBIX
cko60K sa3bika Python:

In[5]: data[1]
Out[5]: @.5
In[6]: data[1:3]

Out[6]: 1 0.50
2 0.75
dtype: floaté4

Onnako 00bekT Series 6Gubanorexu Pandas namuoro yuusepcanbiee u ruéue, yem
AMYJIUPYEMBII UM OffHOMePHbIH MaccuB Gubroreku NumPy.

O6bekT Series kak 0606LWeHHbIM MaccuB NumPy

MosKeT 110Ka3aThCs, YTO 0OBEKT Series U ogHOMEPHBIN MaccuB Ouborekn NumPy
B3arMo3ametsseMbl. OCHOBHOE pas/jinune MeK/y HUMK — UHAEKC. B To BpeMs kak wH-
nekc Maccua NumPy, ncroibayemblii IJIst JOCTyNa K 3HAUEHUSIM, — 11€JIOUNCIEHHBIN
U ONUCHIBAEMCS Hesl8Ho, NHEKC 0ObeKTa Series 6ubianorexku Pandas onucwisaemcs si6no
1 CBSI3BIBAETCS CO 3HAYECHUSMMA.

SIBHOE onucaHue UHEKCA PACIIUPSIET BOSMOKHOCTH 00beKTa Series. Takol HHIEKC HE
MOJIKEH OBITH TIETBIM YHCIIOM, 2 MOKET COCTOSTH U3 3HAYECHUH JII0O0TO HYKHOTO TUTIA.
HaHpI/IMep, TIp1 JKeJIaHnK Mbl MOJKEM HCITIOJIb30BaTh B Ka4e€CTBE€ NMH/IEKCa CTPOKOBbIE
3HAYECHUS:

In[7]: data = pd.Series([0.25, 0.5, 0.75, 1.9],
index=['a', 'b', 'c', 'd'])

data
out[7]: a 0.25
b 0.50
[« 0.75
d 1.00
dtype: float64

ITpu aTOM OCTYT K 9jieMeHTaM paboTaeT 0OBIYHBIM 06Pa3OM:
In[8]: data['b']
out[8]: @.5

Mo:KHO TPUMEHSTD Aa’Ke WHIEKCHI, COCTOSIIIIE 3 HECMEKHBIX MJTH HETIOCIeI0BATE/ h-
HBIX 3HAYCHUI:
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In[9]: data = pd.Series([0.25, 0.5, 0.75, 1.9],
index=[2, 5, 3, 7])

data
Out[9]: 2 0.25
5 0.50
3 0.75
7 1.00
dtype: float64

In[10@]: data[5]

Out[10]: ©.5

O6beKT Series Kak CreumannavpoBaHHbIA ClI0Bapb

O6bexT Series 6ubmorekn Pandas MoXKHO paccMaTpUBaTh Kak CIIEIMATH3NPOBAHHYTO
PasHOBUIHOCTD cJioBaps s13bika Python. CiioBapb — cTPyKTypa, 3a/[af011[ast COOTBETCTBHE
IPOU3BOJIBHBIX KJI0U€il HabOPy MPOU3BOJIBHBIX 3HAYEHMIT, 2 0OBEKT Series — CTPYK-
Typa, 3aJIafolast COOTBETCTBUE TUITU3UPOBAHHBIX KJI0UEH HAOOPY TUITM3UPOBAHHBIX
3HaueHui. Tunusaiumsa BakHa: TOYHO TaK Ke, KaK COOTBETCTBYIOIUI TUITY CIIeI[AaIN-
3UPOBAHHBIN KO /I7Ist MaccuBa 6ubmrorexyt NumPy mpu BBITTOTHEHUH OTTPeIe/IeHHbIX
orneparuii gemaetr ero apdbekTrBHEe, YeM CTaHAApPTHBIN crincok Python, nHbopmarist
o tuiie B 00bexTe Series 6ubimorexu Pandas genaer ero HamHoro 6osiee a(hHEKTUBHBIM
JUTsE OIIPEJIEJIEHHBIX Ollepalluii, ueM cioBapu Python.

MOosKHO cllesaTh aHATIOTHIO <OOBEKT Series — cI0Baphb» ere Hosee HATISITHOM, CKOH-
CTPYHMPOBAB OOBEKT Series HEMOCPEACTBEHHO U3 cjoBaps Python:

In[11]: population_dict = {'California’: 38332521,
'Texas': 26448193,
"New York': 19651127,
'Florida': 19552860,
'Illinois': 12882135}
population = pd.Series(population_dict)
population

Out[11]: California 38332521

Florida 19552860
Illinois 12882135
New York 19651127
Texas 26448193

dtype: inté64

ITo ymosuanuio mpu aToM GY/IET Co3/iaH 0OBEKT Series ¢ MOJYYEHHBIM 13 OTCOPTUPO-
BaHHBIX KJt0Ueil nHekcoM. CiieoBaTebHO, [IJIsT HETO BO3MOKEH OOBIUHBIN JOCTYTI
K 3JIeMeHTaM, TaKoii ke, KaK JIJIsl CII0OBapsi:

In[12]: population['California’]

Out[12]: 383 32521
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OpHako, B OTJIUYHE OT CJIOBAPST, 0OOBEKT Series MOIEPKUBAET XaPAKTEPHBIE JIJIST MAC-
CUBOB OTIepaIllH, TaKHe KaK CPE3bI:

In[13]: population['California':'Illinois’']

Out[13]: California 38332521
Florida 19552860
Illinois 12882135
dtype: inte64

MBI pacCMOTPHUM HEKOTOPbIE HIOAHCHI MHIEKCAIINH 1 cpe30B B Gubimoteke Pandas B pas-
nesie «Hekcanust 1 BBIGOPKa TaHHBIX> ITOU [JIABbI.

Co3paHue ob6bekToB Series

MBblI ysKe U3YUnJIM HECKOJIBKO CII0c000B co3aanus 00beKToB Series 6ubimorexu Pandas
¢ HyJist. Bee oHM ipeicTaBiisiior co00il pasinyHble BADUAHTBI CJIEYIONIETO CHHTAKCHCA:

>>> pd.Series(data, index=index)

rjie index — HeoOs3aTEIbHBIN apTYMEHT, a data MOKeT ObITh OHOIT 113 MHOKECTBa CYII-
HOCTEIL.

Hanpumep, aprymMeHT data MoskeT ObITh CIIMCKOM i MacciBoM NumPy. B aTom ciryuae
index 1o ymosrqanuio GyeT 1eJOurCIeHHON MOCAeI0BATETBHOCTBIO:

In[14]: pd.Series([2, 4, 6])

Out[14]: @ 2
1 4
2 6
dtype: inté4

AprymeHT data MOKeT OBITh CKTISIPHBIM 3HAYEHUEM, KOTOPOe GY/IET MOBTOPEHO HYKHOE
KOJIMYECTBO Pa3 /I 3aMOTHEHUA 3alaHHOr0 MHEKCa:

In[15]: pd.Series(5, index=[100, 200, 300])

Out[15]: 100 5
200 5
300 5
dtype: inte64

AprymenT data MOKeT OBITH CTOBAPEM, B KOTOPOM index O YMOTYAHUIO SIBIISIETCS OT-
COPTUPOBAHHBIMU KJIIOYAMU 3TOTO CIOBAPSI:

In[16]: pd.Series({2:'a', 1:'b"', 3:'c'})

out[16]: 1 b
2 a
3 c
dtype: object
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B kaxmoM caydae MHAEKC MOKHO YKA3aTh BPYIHYIO, €CJIU HEOOXOAMMO TTOTYIUTh
JIPYTOH pe3yJibTar:

In[17]: pd.Series({2:'a', 1:'b', 3:'c'}, index=[3, 2])

Out[17]: 3 C
2 a
dtype: object

O6paTI/ITe BHHMaHMe, 4TO 00BEKT Series 3aIl0/IHAETCS TOJILKO 3a/laHHbIMHU SIBHbIM 06-
Pa3oM KJIIO4aMU.

O6bekT DataFrame 6ubnunotekn Pandas

Ciuenyroriast 6azoBast crpykTypa 6ubanorekn Pandas — o6bekt DataFrame. Kak 1 06b-
eKT Series, 06CYKAABIIUIICS B TIPEABIAYIIEM pasjese, 00beKT DataFrame MOKHO
pacecMaTpuBath WK Kak 00001erne maccusa NumPy, viv Kak Crienuagn3npoBaHHY IO
Bepcuio ciosapst Python. Msyunm o6a BapraHTa.

DataFrame kak 0606LieHHbIN MaccB NumPy

Ecin 06bexT Series — aHasor OZHOMEPHOI'0O MaCCHuBa C rMOKNMHA MH/IEKCaMu, 00BEKT
DataFrame — aHaJOT JJBYMEPHOI'O MacCHUBa C ruOKuMN NMHIAEKCaMn CTPOK 1 rmOKUMHI
MMCEHaMM1 CTOJI6HOB. AHanornyHo TOMY, 4TO lIByMeprIﬁ MaCCHUB MOJKHO pacCMaTpHBaThb
KaK YIIOPAJZOYCHHYIO ITOCTAEA0BAaTEC/JIbHOCTD BBIDOBHEHHbBIX CTOJI6IIOB, 00beKT DataFrame
MOJKHO paCCMaTpuBaThb KaK YIOPAAOYCHHYIO ITOCTIECA0BATEJIbHOCTD BBIDOBHEHHDBIX 00b-
CKTOB Series. HO,ZI <«BbBIPOBHCHHBIMW» NMEETCA B BUJIY TO, YTO OHU UCIIOJIB3YIOT O/IMH
1 TOT K€ MHIEKC.

Y t06bI TTIPOIEMOHCTPUPOBATE TO, CHAYAIIA CO3ATINM HOBBIIT OOBEKT Series, comepika-
MTAH TIJI0MA/b KAXKIO0TO U3 TIATH YIIOMSHYTBIX B PE/IBIYTIEM pasfiesie MTaToB:

In[18]:

area_dict = {'California': 423967, 'Texas': 695662, 'New York': 141297,
'Florida': 170312, 'Illinois': 149995}

area = pd.Series(area_dict)

area

Out[18]: California 423967

Florida 170312
Illinois 149995
New York 141297
Texas 695662

dtype: inte4

Bocmonb3oBasiich 06beKTOM population kiacca Series, CKOHCTPYHPYEM Ha OCHOBE
CJIOBapsI €INHBII ABYMEPHBIN 00BEKT, COAEPIKAIIIIA BCIO 3Ty HH(MOPMAIIHIO:
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In[19]: states = pd.DataFrame({'population': population,
'area': area})

states
Out[19]: area population
California 423967 38332521
Florida 170312 19552860

Illinois 149995 12882135
New York 141297 19651127
Texas 695662 26448193

Ananornuno o6beKTy Series y oObekTa DataFrame umeercst arpubyT index, obecreun-
BAIOUIMH JIOCTYII K METKaM MH/IeKCa:

In[20]: states.index

Oout[20]:
Index(['California', 'Florida', 'Illinois', 'New York', 'Texas'],
dtype="object")

ITomumo aTOTO, y 06BEKTA DataFrame ecTb arpubyT columns, MPEACTABAAIONNN OGO
colepsKaIuil METKH cTOJIOII0B 06BEKT Index:

In[21]: states.columns
Out[21]: Index(['area', 'population'], dtype='object')

Takum 06pazoM, 00beKT DataFrame MOKHO PaCCMATPUBATH Kak 0000TIEHIE IBYMEPHOTO
maccusa NumPy, rie Kak y CTpoK, Tak U y cTOJOIOB €cTh 0000IIEHHbIE WHIEKCHI JIJIsT
JIOCTYIIA K IAHHBIM.

O6bekT DataFrame kak cneumanmsavMpoBaHHbIN CrioBapb

DataFrame MOXXHO pacCMaTpUBaTh KakK CIEIMATU3MPOBAHHBIN cJ0Baph. Eciin cioBapb
3aJ/IaeT COOTBETCTBUE KJII0OUEl 3HaUeHUSAM, TO DataFrame 3ajjaeT COOTBETCTBUE UMEHH
cT01011a 00BEKTY Series ¢ JaHHBIMU 3TOTO cTOJI6HA. Hanpumep, 3alpoc ZaHHBIX 110
aTpubyTy 'area’ IIPUBELET K TOMY, UTO OyAeT BO3BpalleH 00BEKT Series, copeprKalluii
yKe BUJIEHHbIE HAMW PaHee TJIOIIA/U T TATOB:

In[22]: states['area']

Out[22]: California 423967

Florida 170312
Illinois 149995
New York 141297
Texas 695662

Name: area, dtype: int64

O6paruTe BHUMaHKMe Ha BO3MOJKHBII MCTOYHUK IyTAHUIb: B IBYMEPHOM MacCHBE
NumPy data[@] Bosspaiiaer epsyio cmpoxy. I1o a1oii npuunHe o6bekThl DataFrame
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JIydllle paccMaTpUBaTh Kak 0000IEeHHbIe CI0BapH, a He 0000IIeHHbIe MACCUBBI, XOTs 00€
TOYKHU 3PEHISI IMEIOT TIPABO Ha JKU3Hb. M bl u3yurM GoJiee THOKHE CPEICTBA MHICKCAIIUT
00BbEKTOB DataFrame B paszaeie «unexcarnms n BbI60pKa JTAHHDBIX» ITOU TJIaBbI.

Co3paHue obbekToB DataFrame

Cy1ecTByeT MHOKECTBO CIIOCOGOB CO3/1aHus 00HeKTOB DataFrame Gubanorexu Pandas.
Bot Heckosbko TPUMEPOB.

U3 oxnoro oobekra Series. OObekT DataFrame — HabGop 0O0BEKTOB Series. DataFrame,
COCTOSITIMI M3 OJTHOTO CTOTO1A, MOKHO CO3/1aTh HA OCHOBE OHOTO 00bEKTa Series:

In[23]: pd.DataFrame(population, columns=['population'])

Out[23]: population
California 38332521
Florida 19552860
Illinois 12882135
New York 19651127
Texas 26448193

N3 cnucka caorapeii. JI060ii criucoK coBapeil MOKHO TPeobpasoBaTh B 0OBEKT
DataFrame. MBI BOCITOTh3yeMCsI IIPOCTHIM CHUCKOBBIM BKJIIOUEHHUEM [IJIST CO3/IaHUT
TAHHBIX:

In[24]: data = [{'a': i, 'b': 2 * i}
for i in range(3)]
pd.DataFrame(data)

out[24]:
0
1
2

N R OO
ANVNOC

Jlaske ecom HEKOTOPBIE KIIOYN B CIOBape OTCYTCTBYOT, Gubmoreka Pandas mpocro 3a-
MOJTHUT UX 3HaYeHusiME NaN (To ectb Not a number — «He SIBJISIETCST 4UCTOM> )

In[25]: pd.DataFrame([{'a': 1, 'b': 2}, {'b': 3, 'c': 4}])

Out[25]:
0
1

=

.0
aN

aN
.0

=
wN o
~rZn

N3 crosaps 00bexToB Series. O6bekT DataFrame Takyke MOKHO CO3/[aTh Ha OCHOBE
cioBapst 00bEKTOB Series:

In[26]: pd.DataFrame({'population': population,
'area': area})

Out[26]: area population
California 423967 38332521
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Florida 170312 19552860
Illinois 149995 12882135
New York 141297 19651127
Texas 695662 26448193

N3 nsymepnoro maccuBa NumPy. Ecsint y Hac ecTh IByMepHBIIT MAaCCUB JTaHHBIX, Mbl
MOKEM CO3/1aTh 00bEKT DataFrame ¢ JIFOOBIMU 3a/[aHHBIMI UMEHAMU CTOJIOIIOB U MHJIE-
KCOB. J[JIs1 KasK/I0T0 U3 MPOIYIEHHBIX 3HAYEHUH OY/IET UCTIOIb30BATHCS [ETOUMCTIEHHBII
MHJIEKC:

In[27]: pd.DataFrame(np.random.rand(3, 2),
columns=["'foo', 'bar'],
index=['a"', 'b', 'c'])

Out[27]: foo bar
a 0.865257 0.213169
b 0.442759 0.108267
C 0.047110 0.905718

N3 crpykrypupoBanHoro maccuBa NumPy. Mbl paccmaTpuBasiy CTPyKTYpHUPOBaHHbBIE
Maccusbl B paszgene «CTpyKTypUpOBaHHbIE JaHHbIE: CTPYKTYPUPOBAHHBIE MACCUBDI
6ubanorek NumPy» riiasbr 2. O6bekT DataFrame 6ubmorexu Pandas Bezger cebst BO
MHOTOM aHQJIOTUYHO CTPYKTYPUPOBAHHOMY MACCUBY ¥ MOKET OBITH CO3JaH HEOCPE-
CTBEHHO U3 HETO:

In[28]: A = np.zeros(3, dtype=[('A', "i8'), ('B', 'f8')])
A
Out[28]: array([(e, ©.0), (0, 0.9), (0, 0.0)],
dtype=[('A", '<i8"), ('B', '<f8')])

In[29]: pd.DataFrame(A)

out[29]: A B
@ 0 0.0
1 0 0.0
2 0 0.0

O6bekT Index 6ubnmoTtekn Pandas

Kax oObexT Series, Tak 1 00bekT DataFrame cozepskaT SBHbII urdexc, obecreynBa-
0L BO3MOKHOCTD CChLIATLCA Ha JAaHHble 1 Moguduuuposars ux. O6bekT Index
MOZKHO PacCMaTpUBaTh WK Kak Heusmensemvii maccue (immutable array), nim xak
ynopsadouennoe muoxcecmeo (ordered set) (GopManTbHO MYJIBTUMHOKECTBO, TaK KaK
00beKThl Index MOIYT cojgepsKaTh MOBTOpsIONIMecs 3HadeHus ). M3 sTux cnocobos
€T0 IPeACTaBICHHS CAEAYIOT HEKOTOPbIe MHTEPECHbIE BO3MOKHOCTH OII€PALUi Ha/l
obbekTaMu Index. B kauecTBe IPOCTOTO TIPUMEPa CO3A UM Index U3 CIHUCKA [EJIbIX
quces:
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In[30]: ind = pd.Index([2, 3, 5, 7, 11])
ind

Out[30]: Int64Index([2, 3, 5, 7, 11], dtype='int64")

O6bekT Index Kak HeM3MeHseMbl MaccuB

O6bekT Index BO MHOTOM BezleT cebst aHaTOrnaHO MaccuBy. Harpumep, 171 usBiedenus
M3 HETO 3HAYEHU I NN CPE30B MOKHO NCTIOAb30BATH CTAHAAPTHYIO HOTAIIUIO MHAEKCa-
1uu s13bika Python:

In[31]: ind[1]

Out[31]: 3

In[32]: ind[::2]

Out[32]: Int64Index([2, 5, 11], dtype='int64')

V¥ 06bekTOB Index €cTh MHOTO aTpUOyTOB, 3HAKOMBIX HaM 110 MaccuBaM NumPy:

In[33]: print(ind.size, ind.shape, ind.ndim, ind.dtype)

5 (5,) 1 int64

OpHo 13 pasnuanii Mesky oobektamu Index u MaccuBamMu NumPy — Hen3MeHsIeMOCThb
MHJ/IEKCOB, TO €CTb UX HeJb3sl MOANGDUIIUPOBATD CTAHAPTHLIMU CPEJCTBAMMU:

In[34]: ind[1] = ©
TypeError Traceback (most recent call last)

<ipython-input-34-40e631c82e8a> in <module>()
----> 1 ind[1] = @

/Users/jakevdp/anaconda/1lib/python3.5/site-packages/pandas/indexes/base.py ...
1243

1244 def _ setitem__ (self, key, value):

-> 1245 raise TypeError("Index does not support mutable operations")
1246
1247 def _ getitem_ (self, key):

TypeError: Index does not support mutable operations

HewusmensieMocTb jieiaet Ge30macHee COBMECTHOE HCIIOJIB30BAHIE HHIEKCOB HECKOJIb-
KUMK 0ObeKTaMu DataFrame 1 MacCUBAMM, UCKJII0YAs BO3MOKHOCTD TOOOYHBIX adex-
TOB B BUJIE CJOyYaliHON MOAM(DUKAIINN WHEKCA IO HEOCTOPOSKHOCTH.
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Index kak yrnopsiao4eHHOE MHOXXECTBO

O6mbexTsl 6ubaoreku Pandas cripoeKTUpoBaHbl ¢ MPUIEJIOM Ha YIPOIIEHIE TaKUX
omepanuii, Kak coeInHeHus HabOPOB ITAHHBIX, 3aBUCAIINE OT MHOTHX aCMEeKTOB apud-
MeTnku MHOKeCTB. O6DHeKT Index cieayeT GOMBITUHCTBY COTJIANIEHUH, UCTOTb3Y-
€MbIX BCTPOEHHOI CTPYKTYPOU MaHHbBIX set s3bika Python, tak uto o6beanHeHus,
repeceyeHus], pa3HOCTH U JIpyTrue onepany HajJl MHOKECTBAMU MOKHO BBITIOJTHSTD
HPUBBIYHBIM 0OPA3OM:

In[35]: indA
indB

pd.Index([1, 3, 5, 7, 9])
pd.Index([2, 3, 5, 7, 11])

In[36]: indA & indB # nepeceveHune

Out[36]: Int64Index([3, 5, 7], dtype='int64")

In[37]: indA | indB # obwveauHeHue

Out[37]: Int64Index([1, 2, 3, 5, 7, 9, 11], dtype='inte4')
In[38]: indA ~ indB # cuMMeTpuYHas pasHOCTb

Out[38]: Int64Index([1, 2, 9, 11], dtype='int64"')

ITU onepaluy MOKHO BBIIIOJTHATH TAKKE METOAAMH 0ObEKTOB, HAIlpuMep indA.in-
tersection(indB).

NHpekcaums n BblIbopka AaHHbIX

B riiaBe 2 MbI 104p0OHO PACCMOTPEIN METOABL M MHCTPYMEHTHI JOCTYIIA, 3aJaHUST U 13-
MeHeHUs 3HaYeHuii B MaccuBax oubimorexu NumPy: nnzexcanuio (arr[2, 1]), cpesbl
MaccuBoB (arr[:,1:5]), mackupoBanue (arr[arr > 0]), <ITPUXOTJIUBYIO» WHEKCAITNIO
(arr[0,[1,5]]), a Takke ux komOuHarmu (arr[:,[1,5]]). 31eCh Mbl H3YYUM aHAJIO-
TMYHbIE€ CPEACTBa NOCTYyIla U U3MEHEHU A 3HauYeHUil B oObekTax Series u DataFrame
6ubaunorexu Pandas. Ecaiu bl ncnosb3oBaiu narrepubl 6ubarnorexu NumPy, To coot-
BETCTBYIOLIME naTTepHbl Oubanorexn Pandas OyayT [Jis Bac IIPUBBIYHBL.

HaureM ¢ TpocToTo crydast OHOMEPHOTO 00BEKTa Series, TIOCTE YeTo TepetieM K Horee
CJIOKHOMY JIByMEpPHOMY 00beKTy DataFrame.

Bblbopka AaHHbIX U3 0bbekTa Series

OO6bexT Series Bo MHOTOM BeeT ceOs og00H0 OAHOMEPHOMY MAaCCHBY OUOINOTEKH
NumPy u crangaprHoMy c10Bapio s3bika Python. DTo nmomosxer Ham JIydine MOHMMAaTh
HaTTepHbl MHAEKCAUKI 1 BIOOPKM JAHHbBIX U3 STUX MACCUBOB.
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ObbekT Series kak cnosapb

O6beKT Series 3a/aeT cOOTBETCTBUE Habopa KJIOYel HaboOpy 3HAYEHUI aHATOTUYIHO
CJI0BApIO:

In[1]: import pandas as pd
data = pd.Series([0.25, 0.5, 0.75, 1.9],
index=['a", 'b', 'c', 'd'])

data
Out[1]: a 0.25
b 0.50
[« 0.75
d 1.00
dtype: float64

In[2]: data['b']
Out[2]: @.5

[l mpocmoTpa Kittoueli/MHIeKCOB U 3HAYECHUH BBIPAKEHUS MOKHO TaKKe UCIIOJIb30-
BaTh METO/IbI si3bika Python, anasornymbie TaAKOBBIM JIJIsI CJIOBAPENL:

In[3]: 'a' in data

Out[3]: True

In[4]: data.keys()

Out[4]: Index(['a', 'b', 'c', 'd'], dtype='object')

In[5]: list(data.items())

out[5]: [('a', ©.25), ('b', ©.5), ('c', ©.75), ('d', 1.0)]

OO06beKThl Series MOKHO MOAM(DUIMPOBATH € IIOMOIIBIO CUHTAKCUCA, II0A00HOI0 CUH-
TAKCUCY [IJIS CJIOBapeil. AHAJIOTUYHO PACIIMPEHUIO CJIOBAPS MyTeM MPUCBANBAHUS
3HAUYEHUS JIJIST HOBOTO KJIIOUa MOYKHO PACIIUPUTh OOBEKT Series, MIPUCBOUB 3HAUEHUE
LISt HOBOTO 3HAYEHUST MHIEKCA:

In[6]: data['e'] = 1.25
data
Out[6]: a 0.25
b 0.50
[« 0.75
d 1.00
e 1.25
dtype: float64

Taxas erkas U3MeHsAeMOCTh 00bEKTOB — yI00Has BO3MOXKHOCTH: Onbinoreka Pandas
caMa, He3aMETHO /TSI Hac, IPMHIMAET PENIEHNS O PasMEIEHNH B ITAMATH U He0OXOMMOCTH
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KOIMNPOBaHUA JaHHDbIX. HOJH)SOB&TGJIIO, KaK ITpaBUJIO, HE TIPUXO/IUTCA 3a00TUTHCS O 110~
,Z[O6HI)IX BOIIpOcCax.

Ob6bekT Series kKak OAHOMEPHbIA MaccuB

OO0beKT Series, OCHOBBIBASICH Ha MHTEP(DElice, HATTOMUHAOIIEM CJIOBAPb, TPEIOCTAB-
JIIET BO3MOJKHOCTD BBIGOPKH JIEMEHTOB C TIOMOIIBIO TeX 5ke Ha30BbIX MEXAHU3MOB, UTO
u juist MaccuBoB NumPy, TO eCTb ¢pe306, MACKUPOBAHUS N <NPUXOMIUBOUS> UHOCKCAUUU.
[IpuBesy HECKOTBKO TPUMEPOB:

In[7]: # cpe3 nocpeacTBOM ABHOIO MHAEKCa
data['a':'c']

0.25

0.50

0.75
type: float64

Out[7]: a
b
C
d

In[8]: # cpe3 MOCPEACTBOM HEABHOrO LESIOYUC/IEHHOTO MHAEKCa
data[@:2]

Out[8]: a 0.25
b 0.50
dtype: float64

In[9]: # mackupoBaHue
data[(data > 0.3) & (data < 0.8)]

out[9]: b 0.50
C 0.75
dtype: floate4

In[10]: # «npuxoT/nuMBaA» WHAeKcauuA
data[['a', 'e']]

Out[10]: a 0.25
e 1.25
dtype: float64

HaunGosbive 3aTpyaHEHUS CPEAM HUX MOTYT BbI3BaTh cpesbl. ObparTuTe BHUMaHUE,
YTO TIPU BBITIOJTHEHNN cpe3a ¢ TTIOMONIBIO SIBHOTO WHIeKkca (data['a':'c']) 3HavyenHmue,
COOTBETCTBYIOIIee MOCJIeHEMY UHIEKCY, 6KAI0Uaemcs B CPe3, a IPU Cpe3e HeABHBIM
nHeKcoM (data[@:2]) — ne exmouaemcsi.

NHpekcaTtopsl: loc, iloc n ix

ITogo6uble 0603HAYEHN I CPE3OB U UHAEKCALMU MOTYT IPUBECTU K IIyTAHUILE.
Hanpumep, npu nanuunn y o0beKTa Series sIBHOTO LI€JIOYUCAEHHOIO HHAEKCA Ollepa-
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s wHgekcay (data[1]) Oyaer HCIoab30BaTh BHbIE MHJEKCHI, a Ollepalts cpesa
(data[1:3]) — HesIBHBIIT MHJIEKC B cTHJIE s3biKa Python.

In[11]: data = pd.Series(['a', 'b', 'c'], index=[1, 3, 5])
data

Out[11]: a

1

3 b

5 C

dtype: object

In[12]: # Wcnonb3oBaHWe ABHOIO MHAEKCA MNpU MHAEKCcauuu
data[1]

Out[12]: 'a'

In[13]: # Wcnonb3oBaHWe HEABHOrO WMHAEKCAa Mpu cpese
data[1:3]

out[13]: 3 b
5 C
dtype: object

3-3a 9101 OTEHIMAIBHON Ty TAHUIII B CJIyYae IIeJIOUNCAEHHBIX HHIEKCOB B OMOJIHMO-
texe Pandas mpeaycMoTpenbl crieliuaibHbie aTprbyThi-uHdeKcamopot, O3BOJISIONINE
SIBHBIM 00pa3oM IPUMEHSTH OllpeJesieHHble cxeMbl nHaekcann. OHU SABJISAIOTCSA He
(PYHKIMOHAIBHBIMI METOAMM, 8 KIMEHHO aTprOyTaMMU, IPEAOCTABJISIONIMMU JJIs JaH-
HBIX 13 00beKTa Series Ompee/eHHBIN HHTeP(ENC 1JIsT BHITIOJTHEHUST CPE30B.

BO-HepBbIX, anI/I6YT loc 1103BOJISIET BBIIIOJIHUTDH MH/IEKCAIIMIO 1 CPE3bI C UCII0JIb30Ba-
HMEM ABHOI'O MH/EKCA:

In[14]: data.loc[1]
Out[14]: 'a'
In[15]: data.loc[1:3]
Out[15]: 1 a

3 b

dtype: object

ATtpudyT iloc aeT BO3MOKHOCTD BBITIOJHUTH WHICKCAIIIIO U CPE3bI, IPUMEHSIST HEsTBHBII
uHJeKC B cTuIe si3bika Python:

In[16]: data.iloc[1]
Out[16]: 'b'
In[17]: data.iloc[1:3]

Out[17]: 3 b
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5 c
dtype: object

Tperuit arpubyr-uHgeKcaTop ix MpeacTaBiser coboil THOPU/ MEPBHIX ABYX U JJIs
06BEKTOB Series 9KBUBAJEHTEH OOBIYHON HH/EKCAIMK ¢ TToMoIbio [ ]. Haznauenue
WHJIEKCATOPA 1x CTaHeT MOHATHEE B KOHTEKCTE 0O0beKTOB DataFrame, KOTOPBIE MBI pac-
CMOTPHM JlaJiee.

OiH U3 pyKOBOJISIIMX MPUHITMIIOR HATIMCAHKST KO/a Ha st3bike Python — <«ryuie siBHO,
yeM HestBHO». To, uto aTpubyThi loc U iloc 1Mo CBOEH MPUPOJIE SABHBIE, ICJAeT UX OYCHb
YIOOHBIMY JIJIsT 06GeCTIeueHnst «4UCTOThI» W yI000UNTaeMOCTH Ko/a. S1 PEKOMEH/YIO
UCIIOJIb30BaTh 06a, 0COGEHHO B CJIydae TeJ0YNCTCHHBIX HHICKCOB, YTOOBI C/IeTaTh KO/
6oJiee IPOCTHIM JIJIst YTCHUST M MOHUMAHUST ¥ M30€KaTh CAYYailHbIX MaJ03aMETHBIX
omuboK mpu 0603HAYCHUN UHIICKCATIUH 1 CPE3O0B.

Bbibopka AaHHbIX 13 0b6bekTa DataFrame

O6mbekT DataFrame BO MHOTOM BeJeT ce6sl aHaJTOTMYHO ABYMEPHOMY MU CTPYKTYPH-
POBAaHHOMY MaCCHBY, a TakkKe CJI0Baplo 00beKTOB Series ¢ 00IMM MHAEKCOM. DTH
aHaJIOTUU CJIEYET MMETh B BUIY BO BPEMS M3Y4eHUS CIOCOO0B BBIOOPKH JAaHHbIX U3
0ObeKTa.

O6vekT DataFrame kak crnoBapb

IepBas aHajIorus1, KOTOPYIO Mbl OyeM o6cyxkaath, — 0ObeKT DataFrame Kak ClI0OBaphb
CXOKUX MEXKILY cOO0I 00bEKTOB Series. BepHeMcst K IPUMEPY PO MJIONIA/b 1 YKCJIeH-
HOCTH HACeJeHUs MTaTOB:

In[18]: area = pd.Series({'California': 423967, 'Texas': 695662,
"New York': 141297, 'Florida': 170312,
'Illinois': 149995})
pop = pd.Series({'California': 38332521, 'Texas': 26448193,
'‘New York': 19651127, 'Florida': 19552860,
'Illinois': 12882135})
data = pd.DataFrame({'area':area, 'pop':pop})

data
Out[18]: area pop
California 423967 38332521
Florida 170312 19552860

Illinois 149995 12882135
New York 141297 19651127
Texas 695662 26448193

K orzenbHbIM 00bEeKTaM Series, COCTaBJIAONUM CTOIO1BI 00beKTa DataFrame, MOK-
HO 00palaThcs MOCPeCTBOM TaKO! ke MHAEKCAIlNH, Kak W I cJoBapeil, o MMeH!
cronbia;
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In[19]: data['area']

Out[19]: California 423967

Florida 170312
Illinois 149995
New York 141297
Texas 695662

Name: area, dtype: int64

MoskHo O6paH_[3.TI)CH K JaHHBIM U C IIOMOIIbIO anI/I6YTOB, HCIIOJIb3YS B NX KadeCTBe
CTPOKOBbIE NME€Ha CTO]I6HOBZ

In[20]: data.area

Out[20]: California 423967

Florida 170312
Illinois 149995
New York 141297
Texas 695662

Name: area, dtype: int64

ITpu mocrytie o uMeHu aTpubyTa-cTOIOIA (hAKTUYECKU TPOUCXOIUT 0OPAIIEHNE K TOMY
JKe 00BEKTY, UTO U TIPY CJIOBAPHOM BapUaHTE JOCTYIIA:

In[21]: data.area is data['area']
Out[21]: True

Xots 910 1 y00HOE COKpalleHHOe HallMcaHue, He 3a0bIBaiiTe, 4TO OHO paboTaeT He Beer-
na! Hapumep, ecin iMeHa ¢ToI01[0B — He CTPOKHU WJIK MMeHa CTOJIOI0B KOH(PIUKTYIOT
¢ Metoiamu 00bekTa DataFrame, JIOCTYII 11O UMEHaM anM6yTOB HeBo3MoskeH. Hampumep,
y oObekTa DataFrame ecTbh MeTOZ pop( ), TaK 4TO BbIpaskeHue data.pop Oy/er 0603HadaTh
ero, a He croJber "pop":

In[22]: data.pop is data['pop']
Out[22]: False

He noyraBaiitTech MCKYIIEHUIO TPUCBANBATH 3HAUYEHUST CTOIOIIOB MTOCPEICTBOM aTpuly-
TOB. Jlyulie mCmoab30BaTh BhIpaxkenue data[ 'pop'] = z BMecTO data.pop = z.

Kaxk u B caydae ¢ o6cyskaaBmmMncs panee o0beKTaMK Series, TaKOH «CJA0BapHBIN»
CHHTAKCHC MOKHO IIPAUMEHSATD A/ MOAU(pUKAIIu 00beKTa, HarpuMep A00aBIeHNS eIIe
OJIHOTO CTOJIONA:

In[23]: data['density'] = data['pop'] / data['area']
data

out[23]: area pop density
California 423967 38332521 90.413926
Florida 170312 19552860 114.806121
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Illinois 149995 12882135 85.883763
New York 141297 19651127 139.076746
Texas 695662 26448193 38.018740

ITpuBeeHHBII IPUMED IEMOHCTPUPYET ITPOCTOTY CHHTAKCHCA TO3JIEMEHTHBIX OIlepa-
il Hag oObeKTaMu Series. DTOT BOIPOC Mbl U3YYKM 1oApobGHee B pasaese «Onepa-
1 HaJ| faHabiMu B Oubanoreke Pandas» texyinell riasbl.

O6bekT DataFrame kak AByMepHbIN MaccuB

OO0bekT DataFrame MOKHO pacCMaTPUBATh KaK [BYMEPHBIM MACCHUB ¢ PACIIMPEHHDI-
MU BO3MOKHOCTSIMU. B3ruisiHeM Ha MCXO/HbBII MaCCHB JAHHBIX € MOMOIILIO aTprbyTa
values:

In[24]: data.values

Out[24]: array([[ 4.23967000e+05, 3.83325210e+07, 9.04139261e+01],
1.70312000e+05, 1.95528600e+07, 1.14806121e+02],
1.49995000e+05, 1.28821350e+07, 8.58837628e+01],
1.41297000e+05, 1.96511270e+07, 1.39076746e+02],
6.95662000e+05, 2.64481930e+07, 3.80187404e+01]1])

— e

MBI MOJKEM BBITTOJIHUTH MHOKECTBO TIPUBBIYHBIX JIJIST MACCUBOB IEHCTBIHN Hal 0GBEKTOM
DataFrame. Hanpumep, TpancioHUpOBaTh Bech DataFrame, IOMEHSAB MeCTaMU CTPOKU
U CTOJIOTIDI:

In[25]: data.T

Out[25]:

California Florida I1linois New York Texas
area 4.239670e+05 1.703120e+05 1.499950e+05 1.412970e+05 6.956620e+05
pop 3.833252e+07 1.955286e+07 1.288214e+07 1.965113e+07 2.644819e+07

density 9.041393e+01 1.148061e+02 8.588376e+01 1.390767e+02 3.801874e+01

OlIHaKO, Kor/Zia pe4db 3aXO0/JIUT 06 MHAEKCallnu1 00BEKTOB DataFrame, CTAaHOBUTCS SICHO,
YTO CJOBapHadA MHACKCAIUA MEIlaeT HaM paCCMaTpuUBaTh UX MMPOCTO KaK MaCCHUBbBI
NumPy B YaCTHOCTH, YKa3aHUE€ OTAEJbHOTO MHAEKCA /IJIsI MaCCUBa O3HAYA€T JOCTYII
K CTPpOKe:

In[26]: data.values[9]

Oout[26]: array([ 4.23967000e+05, 3.83325210e+07, 9.04139261e+01])

a yKasaHue OTAeNbHOTO «MHeKca» it 00beKkTa DataFrame — J0CTYII K CTOJIOIY:
In[27]: data['area']

Out[27]: California 423967
Florida 170312



MHaekcaums n BblIbopka AaHHbIX 147

Illinois 149995
New York 141297
Texas 695662

Name: area, dtype: int64

Taxum 06paszom, HaM HEOOXOMM €II[e OJINH THUIT CHHTAKCUCA JIJIS WH/CKCATINH, aHAJIO-
MYHOIA 110 CTUIIIO MHJEKcalun MaccuBoB. Bubimoreka Pandas nipumensier yromMsHyTbie
panee wHEKCATOPHI loc, iloc 1 ix. C MOMOTIBIO WHEKCATOPA 11oc MOKHO WHAEKCHPO-
BaTh UCXOAHbBII MaccHB, Kak OyATO 9TO MPocToii MaccuB NumPy (UCII0/1b3ys HesIBHBII
cuHTaKCcuC A3bika Python), Ho ¢ coxpaneHneM B pe3yIbTUPYIONINX JaHHBIX METOK 00b-
exTa DataFrame JIJist HHEKCA U CTOJIOIIOB:

In[28]: data.iloc[:3, :2]

Out[28]: area pop
California 423967 38332521
Florida 170312 19552860

Illinois 149995 12882135

In[29]: data.loc[:'Illinois', :'pop']

out[29]: area pop
California 423967 38332521
Florida 170312 19552860

Illinois 149995 12882135
MHlIeKCElTOp iX ITO3BOJIAET KOM6I/IHI/IpOBaTb 9TH JIBa I1IO/AX0/1a:

In[30]: data.ix[:3, :'pop']

Out[30]: area pop
California 423967 38332521
Florida 170312 19552860

Illinois 149995 12882135

He 3abbIBaiiTe, 4TO B cJIyyvae IeJIOYMCIAECHHBIX NHIEKCOB NHIEKCATOP 1X MOJKET OBIThH
MCTOYHUKOM TeX Ke Hp06JIeM, YTO U TIPU 1EeJOUYNCIEHHON WHEKCAITUN 00BEKTOB
Series.

B aTHx mHIEKCATOPaX MOKHO UCITOIB30BATh BCE YK€ 3HAKOMBIE BaM ITAaTTEPHBI I0CTYIIA
K IaHHBIM B ctruie Gubmorex NumPy. Hanpumep, B nHzCKcaTOpe loc MOKHO COYETATD
MAaCKHPOBAHUE U <ITPUXOTIUBYIO» MHICKCAITNIO:

In[31]: data.loc[data.density > 100, ['pop', 'density']]
Out[31]: pop density

Florida 19552860 114.806121
New York 19651127 139.076746
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JT1060i1 TaKOW CHHTAKCUC MHIEKCAIIUI MOKHO TIPUMEHSITD JIJIST 33/IaHUsI FJIH H3MEHEH ST
3HAUEHUH. DTO BBIMOIHSIETCST OGBIYHBIM, YIKe TPUBBIYHBIM BaM 1o pabore ¢ 6ubanore-
koit NumPy, criocob6om:

In[32]: data.iloc[@, 2] = 90

data
Out[32]: area pop density
California 423967 38332521 90.000000
Florida 170312 19552860 114.806121

Illinois 149995 12882135 85.883763
New York 141297 19651127 139.076746
Texas 695662 26448193 38.018740

YT00BI 1OCTUYD YBEPEHHOCTH TIPU MAHUITYJISIIIUY JaHHBIMU € TIOMOII[bI0 OMOINOTEKH
Pandas, pekoMeH/yt0 OTPaTUTh HEMHOTO BPEMEHH Ha 9KCIIEPUMEHTBI HaJl IIPOCTHIM
00bekTOM DataFrame U IPOOBI TUIIOB MHAEKCALIUH, CPE30B, MACKUPOBAHK U «IIPUXOT-
JIMBOM» MH/IEKCAITNH.

ﬂ,OI'IOJ'IHVITGﬂbeIVI CUHTaKCUC OA1d MHAEKCaumm

Cy1ecTByeT ele HeCKOIbKO BApUAHTOB CHHTAKCHCA JIJIsT MHAEKCAI[HH, Ka3al0Ch OB,
IJIOXO COTJIACYIONIUXCST ¢ 0OCYIKAABIITMMCS PaHee, HO OYeHb yI0OHbBIX Ha TipakTuke. Bo-
MEPBBIX, ECIIN UHOeKCAUs OTHOCUTCS K CTOJOIAM, CPe3bl OTHOCATCS K CTPOKAM:

In[33]: data['Florida':'Illinois"']

Out[33]: area pop density
Florida 170312 19552860 114.806121
Illinois 149995 12882135 85.883763

TTpu mooGHBIX Cpe3ax MOJKHO TaKsKe CCBIIATHCS HA CTPOKH IO HOMEPY, a He 0 HHIEKCY:

In[34]: data[1:3]

Out[34]: area pop density
Florida 170312 19552860 114.806121
Illinois 149995 12882135 85.883763

I{eHOCpeHCTBeHHbﬁfOHepaHHH MaCKHPOBaHUA TaKKE MHTEPHPETHUPYIOTCA IMTOCTPOYHO,
aIKEHOCTOH6HaMI

In[35]: data[data.density > 100]

Out[35]: area pop density
Florida 170312 19552860 114.806121
New York 141297 19651127 139.076746

Iy ABa BapuanTa 0003HAYEHMIT CHHTAKCUYECKU HOZO0OHbI TAKOBBIM /IS MACCUBOB
6ubmorex NumPy, 1 0HM, BO3MOKHO, XOTb ¥ HE BIIOJIHE BIIMCHIBAIOTCS B MIAOJIOHDI
cuHTakcuca 6ubanoreku Pandas, Ho BecbMa y100HbI Ha IPAKTUKE.
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Onepaunn Haa aaHHbIMK B Bubnunoteke Pandas

OjHa 3 BakHEHTIIX cocTaistionux 6ubanorek NumPy — ¢rioco6HOCTD BBITIOMHSITE
OBICTPBIE TI03JIEMEHTHBIE OTIepaIlii — Kak mpocTeiiue apudmerndeckne (CIoKeHue,
BBIYMTAHWE, YMHOKECHHUE ¥ T. JI.), TaK U GoJiee CI0KHbIe (TPUTOHOMETPUUECKIE, TT0-
KasareJibHble 1 JjorapudmMuyeckue GyHKuuu u 1. 11.). bubamnorexka Pandas nacinenyer
ot NumPy Hemasryto yacTh 9T0i (pyHKIIMOHATBHOCTHU, U KJTIOY K €€ UCTIOTh30BAHUIO —
YHUBEPCaJIbHbIe (YHKIIUH, C KOTOPBIMI MBI TO3HAKOMUJINCH B paszesie «Boimomme-
HYe BBRIYMCICHUE Hax MaccuBaMu Gubanorekn NumPy: yHUBepcaabHbie (hyHKIIUN>
rJ1aBbl 2.

Onnako 6ubanoreka Pandas BkI04aeT HECKOJILKO MOJIE3HBIX TPIOKOB: IJIS1 yHAPHBIX
onepauuii, HallpuMep U3MEHEHUs 3HaKa U TPUTOHOMETPUYECKUX (DYHKIMIMA, TP UC-
0JIb30BAHUM €€ YHUBEPCAIbHBIX (DYHKIMIA B BBIBOAE OYILYT COXpaHeHbl UHOCKC U MEMKLL
cmoaby06, a 11t GUHAPHDBIX OIIEPALii, HAIPUMEP CJAOKEHU 1 YMHOKeHUs, Gubinorexa
Pandas Gyzer aBTOMaTUYECKY 8b(pAGHUSAMD UHOCKCDL IIPU TIepejade 00bEKTOB YHUBEP-
caabHOM (PYHKIMU. DTO 3HAYMT, YTO COXPAHEHHE KOHTEKCTA JaHHbIX U 00beMHEHNE
JIaHHBIX U3 Pa3/JIMYHbIX UICTOYHUKOB — JIBE 3a/a4M, IOTEHI[MAIbHO YpeBaThie OIMOKaMu
npu pabore ¢ uCXoAHbIMKU MaccuBamu 6ubaroreku NumPy, — cTaHoBATCS HajeKHO
3allMIIeHHBIME OT o1nbok Gaarogaps 6ubnuorexke Pandas. Kpome toro, B 6ubanorexe
3a/laHbl OIIEpaLUK MEK/Ty OJHOMEPHBIMU CTPYKTYypaMK 0ObEKTOB Series U AByMEPHbIMU
CTpyKTypaMu 00beKTOB DataFrame.

YHuBepcanbHble hYHKLUUN: COXpaHEHUE MHAEKCA

B cusy toro uro 6ubanoreka Pandas npegnasnauena aas paborel ¢ 6ubANOTEKOM
NumPy, Bce yuusepcanbhbie ¢pyHkunu oubanoreku NumPy Oyayt paborath ¢ 00bek-
TaMu Series u DataFrame 6ubanorexku Pandas. Haunewm ¢ ommcanus mpocTbix 00bEKTOB
Series u DataFrame /JId J€MOHCTPAIIUKN 9TOTO:

In[1]: import pandas as pd
import numpy as np

In[2]: rng = np.random.RandomState(42)
ser = pd.Series(rng.randint(e, 10, 4))
ser
out[2]: @ 6
1 3
2 7
3 4
dtype: int64

In[3]: df = pd.DataFrame(rng.randint(e, 10, (3, 4)),
columns=['A', 'B', 'C', 'D'])
df
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out[3]: A B C D
@ 6 9 2 6
17 4 3 7
2 7 2 5 4

Eciii ipuMeHuTh yHUBEpCATbHYIO (GyHKITHIO NumPy K 11060My 13 9THX 00BEKTOB, Pe-
3yJbTaToM OyzeT apyroit o0bekT 6ubmnorekn Pandas ¢ coxpanenuem unoexcos:

In[4]: np.exp(ser)

Out[4]: o 403.428793
1 20.085537
2 1096.633158
3 54.598150
dtype: float64

W B cyuae HEMHOTO oJiee CJIOKHBIX BBIUUCICHUN:
In[5]: np.sin(df * np.pi / 4)

out[5]: A B C D
@ -1.000000 7.071068¢-01 1.000000 -1.000000c+00
1 -0.707107 1.224647e-16 ©.707107 -7.071068e-01
2 -0.707107 1.000000e+00 -0.707107 1.224647e-16

Bce onucannbie B pasjesie «BbIoIHEeHEe BEIYUCACHUN HaJl MacCUBaMK OMOJIMOTEKH
NumPy: ynuBepcanbable HGyHKIUN» TIaBbl 2 YHUBEPCcATbHbIE (DYHKIIUT MOKHO HC-
TTOJTh30BATh AHAJIOTUYHO BBITIIETTPUBE/ICHHBIM.

YHuBepcanbHble hyHKLUUN: BblpaBHUBaHWE UHAEKCOB

ITpu GuHAPHBIX OllepalusX Haj AByMs 0ObeKTaMu Series wau DataFrame GubinoTeKa
Pandas Oy/er BbIpaBHUBATH WHEKCHI B TIPOIECCE BBITIOJHEHUS OTepaIii. ITO OYeHb
y06HO 1pH paboTe ¢ HEMOMHBIMU JTAHHBIMU.

BblpaBHMBaHWe MHAEKCOB B 0bbekTax Series

JlomycTM, Mbl OObEAMHIIN ABa PAa3JIMYHbIX UCTOYHMKA JaHHBIX, YTOObI HAUTH TPU
mrrara CHIA ¢ Hanbosbineit niowadvio u tpu mrata CIITA ¢ HanboJIbIIMM KOJINYECTBOM
HACeNCHUSL:

In[6]: area = pd.Series({'Alaska': 1723337, 'Texas': 695662,
'California‘': 423967}, name='area')

population = pd.Series({'California': 38332521, 'Texas': 26448193,

'New York': 19651127}, name='population')

IIOCMOTPI/IM7 9TO MOJIYYUTCA, €CJIN PA3AEJINTD BTOpOﬁ pe3yJibTaT Ha HepBbeI JLJIS BbI-
YUCJEHUA IIJIOTHOCTHU HACEJICHW AL
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In[7]: population / area

Out[7]: Alaska NaN
California 90.413926
New York NaN
Texas 38.018740

dtype: float64

[MosryurBIIMIACS B UTOTE MACCHUB COAEPKUT 006€0UHEHUe THIEKCOB JIBYX UCXOIHBIX Mac-
CUBOB, KOTOPOE MOKHO OIPE/IEIUTD TIOCPEJICTBOM CTAHAAPTHOM aprdMeTHKN MHOKECTB
s3bika Python aj1s 9TUX MHIEKCOB:

In[8]: area.index | population.index
Out[8]: Index(['Alaska', 'California', 'New York', 'Texas'], dtype='object')

Hu ot U3 OTHOCSTIIUXCST K HUM OOOMM 3JIEMEHTOB HE COIEPIKUT 3HaYeH st NaN («Hedwc-
JIOBOE 3HAUEHHE» ), C TIOMOTITBIO KoToporo 6ubimoreka Pandas ormedaet mporytieHHbie
JaHHble (CM. asbHediiee 00Cy KIeHIE BOIPOCa OTCYTCTBYIONINMX JaHHBIX B paszese «O0-
paboTKa OTCYTCTBYIONINX JAHHBIX» TOW TJIaBbl). AHATIOTUYHBIM 00PA30M peasn30BaHO
coToCTaBJIeHUE MHIIEKCOB [IJIs1 BCEX BCTPOECHHBIX apU(METUIECKUX BBIPAKCHUI SI3bIKA
Python: Bce otcyTeTBYIOMIME 3HAYCHUS 3AMIOIHSIOTCS TI0 YMOJTYAHUIO 3HAYeHUEM NaN:

In[9]: A = pd.Series([2, 4, 6], index=[0, 1, 2])
B = pd.Series([1, 3, 5], index=[1, 2, 3])
A+ B

Out[9]: @ NaN

1 5.0
2 9.0
3 NaN

dtype: float64

Ecim ucnionp3oBanue sHaueHuit NaN HeskeJlaTeIbHO, MOXKHO 3aMEHUTD 3aI10JIHsIolee
3HAYCHUE APYTUM, BOCIIOIH30BABIINCH COOTBETCTBYIOIUME METO[aMI 00bEKTa BMe-
cto onepaTopoB. Hanprumep, Bb130B MeTo/1a A.add (B) 3KBUBAJIEHTEH BBI30BY A + B, HO
[IPEZI0CTABJISIET BO3MOKHOCTb T10 JKEJTAHUIO 33/1aTh SIBHBIM 00pPa30oM 3HAYEHUSI 321101
HUTEJEH IS TIOOBIX MOTEHITHATBLHO OTCYTCTBYIONINX 2JIEMEHTOB B 00HEKTaxX A W B:

In[10]: A.add(B, fill value=0)

Out[1e0]:

Ulwo U N
[OR RN ]

(4]
1
2
3
dtype: float64

BblpaBHMBaHWe nHaekcos B obbekTax DataFrame

[Tpu BbINOIHEHNH OTIepaluil Haj OObekTaMu DataF rame IIPOUCXOUT AHAJIOIMYHOE Bbl-
paBHMBAHUE KaK JJist CTOJIOIOB, MaK W JJIsk UHIEKCOB:
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In[11]: A = pd.DataFrame(rng.randint(e, 20, (2, 2)),
columns=1ist('AB"))
A
Out[11]: A
o 1 11
1 5

In[12]: B = pd.DataFrame(rng.randint(@, 10, (3, 3)),
columns=1ist('BAC"))

B
Out[12]: B A C
0 4 0 9
1 5 8 ©
2 9 2 6
In[13]: A + B
Out[13]: A B C
© 1.0 15.0 NaN
1 13.0 6.0 NaN
2 NaN NaN NaN

OG6paruTe BHUMAHUE, YTO WHAEKCHI BBIPABHUBAIOTCS TIPABUJIBHO HE3ABUCHMO OT X Pac-
HOJIOKEHUST B JIBYX OOBEKTAX U MHJIEKCHI B [IOJIyY€HHOM Pe3yJibTaTe OTCOPTUPOBAHbL Kak
U B cIydae 0ObEKTOB Series, MOKHO UCIIOJIb30BATH COOTBETCTBYIONINE apU(PMETHYCCKIE
MeTO/IbI 00BEKTOB 1 MePeIaBaTh /IS HCTIOMb30BAHUS BMECTO OTCY TCTBYIONINX 3HAUCHUI
J060e HyKHOe 3Hauenue fill_value. B ciemytoreM npuMepe Mbl 3alI0JIHUM OTCYTCTBY-
[OIIHE 3HAYCHUST CPEIHUM 3HAUCHUEM BCEX 9JIEMEHTOB 06bheKTa A (KOTOPOE BHIYUCIUM,
BBICTPOUB CHAYAJIA 3HAYEHTST OOBEKTA A B OJIITH CTOJIOEIT ¢ TIOMOTITHIO (hyHKIMHN stack!):

In[14]: fill = A.stack().mean()
A.add(B, fill value=fill)

out[14]: A B C
@ 1.8 15.8 13.5
1 13.6 6.0 4.5
2 6.5 13.5 10.5

! PesyusbraT ipuMeHeHust K 00beKTy A (DYyHKIIUY BBITJISUT CJAEAYIONUM 00Pa3oM:
In [45]: A.stack()
Out[45]:
0A 1
B 11
1A 5
B 1
dtype: int32
Cu. Takske nojpasziest « MyJIbTHIHIIEKC KaK JIOTIOJHUTEIbHOE N3MepeH e pasjiesna «MyibTu-
MHJEKCUPOBaHHbBII 00BEKT Series» TeKylei rJaBbl.
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B Ta6.1. 3.1 npuseeH nepevyeHs onepaTopos A3bika Python 1 skBUBaIeHTHBIX UM METO-
0B 00bekToB 6MbMoTeku Pandas.

Ta6nuua 3.1. CooTBeTCTBME MEXAY ONepaTopamu A3bika Python n meTtogammn 6nbnuotekn Pandas

OnepaTtop s3bika Python Mertopa (-b1) 6ubnuorekn Pandas
+ add()
- sub(), subtract()

*

mul(), multiply()

/ truediv(), div(), divide()
// floordiv()

% mod()

- pow(Q)

YHuBepcasnbHble PyHKUUK: BbINOTHEHNE onepaunmn
Mexay obbekTammn DataFrame m Series

[Ipu BBITOTHEHUN OTIepAITUT MEKITY oObekTaMu DataFrame u Series BbIpaBHUBaHNE
CTOJIOIIOB U UHJIEKCOB OCYIIECTBISETCS aHATIOTHYHBIM 00pazoM. Oriepariuu MesLy 00b-
exTaMu DataFrame u Series HOI[O6HI>I orepanusaM MeXy IBYMEPHBIM 1 OJTHOMEPHBIM
maccuBaMu 6ubarorex NumPy. PacecMOTpuM 0O[HY U3 4acTO BCTPEUYAIONUXCS OTepa-
1M — BBIYKCJIEHNE Pa3HOCTH JIBYMEPHOTO MaccuBa U OJTHON U3 ero CTPOK:

In[15]: A = rng.randint(10, size=(3, 4))
A

out[15]: array([[3, 8, 2, 4],
[2, 6, 4, 8],
[6J 1) 3) 8]])

In[16]: A - A[O]

Out[16]: array([[ ©, ©, o, o],
['1) '2) 2; 4])
[ 3) '7) 1; 4]])

B cooTBercTBIE ¢ TipaBuIaMu TpaHcrpoBaius 6ubroreku NumPy («Oneparuy Haj
MaccuBamu. TpaHcampoBaHuey TJaBbl 2), BBIMUTAHNE U3 [BYMEPHOTO MacCHBa OJHON
U3 €r0 CTPOK BBIIOJIHAETCS IIOCTPOYHO.

B 6u6mmorexe Pandas Beruntanue 1o YMOJIYaHUIO TaKKE ITPOUCXO/UT IMTOCTPOYHO:

In[17]: df = pd.DataFrame(A, columns=1ist('QRST"'))
df - df.iloc[@]

Out[17]: Q
0

R S T
0 0o 0 o



154 MnaBa 3 e MaHuNynsUMKM HaA AaHHBIMUK C MOMOLLbIO NakeTa Pandas
1-1-2 2 4
2 3-7 1 4
EcJin ke Bbl XOTUTE BBIIOJHUTH 9Ty OIEPALMIO 110 CTONOLAM, TO MOKETE BOCIIOJIb30BaTh-
Cs1 YIIOMSIHYTHIMU BbILIIe METOAaMU 0ObEKTOB, YKa3aB KJIIOUeBOe CJOBO axis:

In[18]: df.subtract(df['R"'], axis=0)

Out[18]:

Q R
-5 0
-4 0O -
5 @

NN O W
I
NN A

O6paT1/ITe BHUMaHMe, YTO orepanuu DataFrame/Series, aHaJIOTUYHO 06Cy>K[[aBIHI/IMC$I
paHee onepanusam, 6y}1yT ABTOMATUYECKU BBIIIOJIHATDH BbIpaBHUBAHNE NHEKCOB MEXKIY
JABYMS UX dJIEMEHTaAMMU:

In[19]: halfrow = df.iloc[0, ::2]
halfrow

out[19]: Q 3
S 2
Name: @, dtype: int64

In[20]: df - halfrow

out[20]: Q R s T
@ 0.0 NaN 0.0 NaN
1 -1.0 NaN 2.8 NaN
2 3.0 NaN 1.0 NaN

Iomo6HOE coxpaHeHte ¥ BRIPABHUBAHUE MHAEKCOB 1 CTOJIOIIOB O3HAYAET, UTO OIEPAIHH
HaJ[ laHHbIMU B GubsinoTeke Pandas Bcerza COXpaHsifOT KOHTEKCT TaHHBIX, TPEI0TBPa-
I1as1 BO3MOKHBIE OIIMOKY TIPU paboTe ¢ HEOHOPOAHBIME 1 /MJIN HETTPABUIBHO /HEO/IU-
HAKOBO BHIPOBHEHHBIMU JAHHBIMU B UCXOAHBIX MaccuBax NumPy.

O6paboTka OTCYTCTBYIOLWMX AAHHbIX

Peanbnbie JaHHbIE PEIKO OBIBAIOT OYNHIIECHHBIMU U OTHOPO/THBIMH. B YaCTHOCTH, BO MHO-
TMX MHTEPECHBIX Ha60an JaHHBIX HEKOTOPOE KOJNYECTBO JIaHHBIX OTCYTCTBYET. EH_[e
6oJee 3aTpyAHACT pa60Ty TO, YTO B PA3/IMYHDbIX NCTOYHUKAX JaHHBIX OTCYTCTBYIOIIIHE
JaHHbIEC MOTYT OBITD IIOMEYeHbI Pa3IMIHbIM O6p8.30M.

B sToMm pasmene Mbl 06cyauM oblre cooOpaxkeHns, Kacaiouecs 0TCYTCTBYIONIX
JTaHHbBIX, 00Cy M cII0c0o0bI IpecTaBienns ux 6ubaorexoil Pandas u npogemoncrpu-
PyeM BCTpOeHHbIe UHCTPYMeHThI 6ubanorekn Pandas a1y 06paboTKU OTCYTCTBYIOIIIX
JaHHBIX B s13bIKe Python. 3xeck u ganee Mbl GyneM Ha3bIBaTh OTCYTCTBYIOIIME JAHHbIE
null, NaN nin NA-3nadyeHusaMu.
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Komnpomuccol npu 0603HaueHnn OTCYTCTBYHOLLUMX AAHHbIX

PazpaboTano HeCKOTHKO CXeM /7Tt 0603HAYEH ST HATMYUS TPOTYTIEHHBIX TAHHBIX B Ta-
Guntax wian oobekTax DataFrame. OHU OCHOBBIBAIOTCS HA OHOI M3 BYX CTpaTErHil:
HCTIOH30BAHNE MACKU, OTMEYAIOTIEH TI00ATBHO OTCYTCTBYIOTIIE 3HAYEHNS, MITH BBIOOD
CTIENMATBHOTO 3Hauenus-unduxamopa (sentinel value), obosrauarorero mpomyIeHHoe
3HaUYEHHE.

Macka MoxeT OBITh NN COBEPIIEHHO OT/AEJIbHBIM 6yH6BbIM MaCCHBOM WJIN MOJKET
BKJIIOYATb BbI/JI€JICHHUE O/THOT'O 6ura MIpEACTaBJICHNA JITaHHBIX Ha JIOKAJIbHYIO MHANKAIIUIO
OTCYTCTBUSA 3HAYCHUA.

3HaueHe-UHANKATOP MOKET OBITh 0COOBIM YCIIOBHBIM 0003HAUEHUEM, TIOAXOISAIINM JIJIsT
KOHKPETHBIX JJAHHBIX, HATIPUMEP YKa3bIBaTh HA OTCYTCTBYIOIIEE IIETI0e YUCJIO C TOMOIIIHIO
sravenns —9999 win Kakoii-To peakoii kombunanuu 6uTos. Vm ke oHO MOKET ObITh
6ostee robaIbHBIM 0003HAYEHIEM, HATIpUMEP 0003HaUYaTh OTCYTCTBYIOIEE 3HAUEHUE
¢ TJIaBalonieil TOYKo# ¢ momoltibio NaN — crienuaibHOro 3HaueHus, BKIATOUEHHOTO
B crierumkarmu [EEE a5 unces ¢ niasaroteit TOuKoii.

B kask/10M 13 TT0/IX0/I0B €CTh CBOM KOMITPOMUCCHI: UCTTOJIb30BaHUE OTIETHHOTO MACCHBA-
MAacKu TpeOyeT BbIJIeIeH S TAMATH TT0/ IONOJHUTEIbHBII OYJIeB MAaCCHB, TIPHUBOIAIIETO
K HaKJIQJIHBIM PacXo/laM B CMBICJI€ KaK OIEPATUBHON MaMSITH, TaK U MPOIECCOPHOTO
BpeMeHW. 3JHAaueHUe-UHANKATOP COKPAIAaeT IUANa30H JOCTYITHBIX JIJIS TIPE/ICTABICHIS
JOITYCTUMbIX 3HAYEHUI 1 MOKeT MOTPe6OBaTh BBITOJIHEHMS JOIOJHUTEIBHON (3a4acTyio
HEONTUMU3NPOBAHHOW ) JTorukn mpu apudmerndeckux onepanusx xa CPU u GPU.
OOG1ue cneluaibHble 3HaYeHus, Takie Kak NaN, I0CTYIIHbI He JIJIsI BCeX TUIIOB JaHHbIX.

Kax 1 B 60JIBIIMHCTBE CJIy4Yaes, Iie HET YHUBEPCAJIbHOIO OIITUMAJIbHOTO BaPUAHTA, Pas-
JINYHbIE SI3bIKK IIPOrPAMMUPOBAHMUS M CUCTEMbI UCIIOJIb3YIOT PasinuHble 0003HAYEHISL.
Harnpumep, si3b1k R puMeHsieT 3apesepBUpoOBaHHble KOMOUHALIMN OUTOB JJIsI KaXKI0T0
THUIIA JAHHBIX B KAUeCTBE 3HAYECHUI-MHANKATOPOB /IJISI OTCYTCTBYIOIIUX JIAHHBIX. A CU-
crema SciDB ucnosb3yer 11t MHAMKALUU COCTOSTHUSA NA I0IIOIHITeNbHbII OaiiT, pu-
COCIMHAEMBIN K KayK0M A4erKe.

OTcyTcTBYIOWME AaHHbIE B bubnnoteke Pandas

Crioco6 06paboTKM OTCYTCTBYIOIUX AaHHbIX OnbanoTekoii Pandas onpezensercs Tem,
4TO OHA OCHOBaHa Ha rmakere NumPy, B KOTOPOM OTCYTCTBYeT BCTPOeHHOE ToHsaTHe NA-
3HAYEHMUI /7151 BCEX TUIOB JIAHHBIX, KPOME JIaHHBIX C TIJIaBAIONIEi TOYKOM.

Bubaunoreka Pandas Morua 6bl oc/ie10BaTh IIPUMEPY sA3bIKa R 1 3azaBaTth KOMOUHAIMN
OUTOB JIJIST KAsKZIOr0 KOHKPETHOTO THIIA JAHHbBIX st MHIAUKAI[MK OTCYTCTBUSI 3HAUYEHMS,
HO 3TOT IO/IX0/] OKa3bIBAETCS JIOBOJIBHO TPOMO3JIKUM. Be/b ecitu B si3bike R HacuuThiBa-
€TCsI BCero yerbipe 6asoBbIX TUIIA JaHHBIX, TO NumPy moggepxuBaer namuozo GOJbIIE.
Hanpumep, B a3bike R €CTh TOJBKO OIMH 1I€JI0UUCAEHHBIN TrIl, a Oubanorexa NumPy
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HOJIEPKUBAET UCbIPHAOUATS TIPOCTHIX TEJOUUCTEHHBIX THITOB, C YIETOM PA3JIHIHOL
TOYHOCTH, 3HAKOBOCTH,/0E33HAKOBOCTH U Mopsjika 6aiiTos unciia. Pesepsuposanue crie-
[IATbHON KOMOMHAIMN GUTOB BO BCEX JOCTYMHBIX B 6ubsmoreke NumPy Tuax JaHHbIX
mpUBeso Obl K TPOMaJIHBIM HAKJIA[HBIM PACXO/IaM B Pa3HOOOPA3HBIX YACTHBIX CJyJastx
orieparuil JJIst pa3InuHbIX TUIIOB 1, BEPOSITHO, MOTPEOOBAIIO OBI ake OTAENbHON BETBU
nakera NumPy. Kpome Toro, mist HeGOMbIIUX TUTIOB JaHHBIX (HAIpUMeEp, 8-OUTHBIX
IeJIBIX YHCENT) TIOTEPSI OTHOTO OWTa Ha MACKY CYIIECTBEHHO CY3WT JAUATIA30H JIOCTYITHBIX
TS TIPE/ICTABJICHUS 9TUM TUTIOM 3HAYEHUT.

Bubanorexka NumPy mnozgieps;KuBaeTr UCIOAb30BaHie MACKUPOBAHHBIX MACCUBOB, TO
€CTb MaCCHUBOB, K KOTOPBIM ITPUCOEIMHEHDBI OT/ICJIbHbIE 6yJIeBbI MaCCHUBbI-MaCKH, TIpeI-
Ha3HAYE€HHDbIE JIJII MAPKUPOBAHUA KaK «IIJIOXUX» UJIN «XOPOMINX» JTaHHDbIX. BI/I6JII/IOT€K21
Pandas mMorJia yHacie[oBaTh TaKyi0 BO3MOKHOCTD, HO HAKJIQ/IHBIE PACXO/IbI HA XpaHe-
HUe€, BBIYUCTICHUS W OJIEPIKKY KO/IA CHIETAJN 9TOT BAPUAHT MAJIOTPUBJIEKATEIbHBIM.

ITo aroii ipuunte B 6uboreke Pandas ObLIO PEIIEHO MCIOTB30BATD JIJIST OTCYTCTBY-
OTIX JTAHHBIX WHMKATOPBI, a TAK:Ke JIBa yKe cyliecTByromux B Python mycreix 3na-
YEHUS: CTIeI[UaIbHOE 3HaUeHMe NaN ¢ MTaBarolieil TOuKoii 1 00beKT None si3bika Python.
Y 9TOTO perenust eCTh CBOM HETOCTATKH, HO Ha TPAKTHUKE B GOIBITHHCTBE CIYIAEB OHO
MpeICTABIISIET COOOH YAaUHBIN KOMITPOMIICC.

None: OTCyTCTBYHOLLME AaHHbIE B s3blke Python

ITepBoe u3 ucnosbsyeMbix Oubarorexoit Pandas sHaueHuii-unankaTopos — None,
obbekT-oiHOUKa Python, yacTo mpumensieMbrit 17151 0003HAYEHUST OTCYTCTBYOIIMX
JAHHBIX B Kozie Ha a3bike Python. B cuiry Toro uto None — oObekr Python, ero nesbas
UCII0JIb30BATh B IIPOM3BOJIbHBIX MaccuBax Oubanorexk NumPy/Pandas, a Toibko B Mac-
CUBaX ¢ TUIIOM JJaHHBIX 'object’ (To ecTb MaccuBax 0ObeKTOB sA3bika Python):

In[1]: import numpy as np
import pandas as pd

In[2]: valsl = np.array([1, None, 3, 4])
valsl

Out[2]: array([1, None, 3, 4], dtype=object)

Boipaskenue dtype=object o3Hadaer, 4To HAUJIYYLIMIl BO3MOMKHBIN BBIBOJ 00 00IIeM
TUTIE DJIEMEHTOB CO/IEPKUMOTO JTAHHOTO MAaCCHUBA, KOTOPBIN TOJIBKO CMOIJIA C/IeaTh
6ubanoreka NumPy, — 1o, uTo oHU Bee gBisiorcs obobektamu Python. Xora takas
Pa3HOBUIHOCTH MAaCCHUBOB T10JI€3HA JIJIs1 OIIPe/IE/IEHHBIX 11eJIel, BCe OTlepalliy Hajl HUMU
OyyT BBINOJHATHCS Ha ypoBHE a3bika Python, ¢ HakmaHbIMu pacxoaMu, 3HAYUTENILHO
[IPEBBIMIAONIMMU PACXO/bl HA BbIIIOJHEHKE OBICTPBIX ONEpal[uil HaJi MACCMBAMMU C Ha-
TUBHBIMU TUIIAMY JIAHHBIX:

In[3]: for dtype in ['object', 'int']:
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print("dtype =", dtype)
%timeit np.arange(1lE6, dtype=dtype).sum()
print()

dtype = object
10 loops, best of 3: 78.2 ms per loop

dtype = int
100 loops, best of 3: 3.06 ms per loop

Mcnonb3oBaHue 00beKTOB si3bika Python B MaccuBax o3HayaeT TaksKe, 4TO IPU BBITOJ-
HeHnU (DyHKIIUIT arperupoBaHus 10 MacCUBY CO 3HaYeHUsIMU None, Harpumep sum( ) Uin
min(), BaM Oy/eT BO3BpallleHa OITHOKa:

In[4]: valsl.sum()
TypeError Traceback (most recent call last)

<ipython-input-4-749fd8ae6030> in <module>()
----> 1 valsl.sum()

/Users/jakevdp/anaconda/lib/python3.5/site-packages/numpy/core/_methods.py ...

30

31 def _sum(a, axis=None, dtype=None, out=None, keepdims=False):
---> 32 return umr_sum(a, axis, dtype, out, keepdims)

33

34 def _prod(a, axis=None, dtype=None, out=None, keepdims=False):
TypeError: unsupported operand type(s) for +: 'int' and 'NoneType'

Ira ommbKa OoTpaykaeT TOT (I)aKT, 4TO oIlepalusd MEX/1y HEJTOYNCIACHHDIM 3HAYCHNEM
1 3HadyeHneM None He olpeieseHa.

NaN: oTCcyTCTBYIOLIME YMCIOBbIE AAHHbIE

Eiite ojiHO TIpe/icTaBIEHIE OTCYTCTBYIONIUX JaHHBIX, NaN, TIpeIcTaBJsieT coboil crieru-
aJibHOe 3HaYeHue ¢ IJIaBalolleil TOUKoil, paclio3HaBaeMoe BCeMU CUCTeMaMU, UCIIOJIb3Y -
foruMmu ctanapioe IEEE-tipencrasienne unces ¢ naBaoieil TOUKOM:

In[5]: vals2 = np.array([1, np.nan, 3, 4])
vals2.dtype

Out[5]: dtype('floate4')

O6parute BHUMaHHe, uTo 6ubnoTeka NumPy BeIGpasia JIJist 5TOTO MacCHBa HATHBHBIN
THII € TJIABAIOIIEH TOYKOM: 9TO 3HAYUT, YTO, B OTJIMYNE OT BBIIEYTIOMSIHYTOTO MacCUBa
00BEKTOB, HTOT MACCUB TOUIEPAKUBAET OBICTPBIE OTIEPAIlIH, TIepeiaBaeMble Ha BbITOJI-
HEeHUe CKOMITUIMPOBAHHOMY KO/Y. BBI I0JUKHBI OT/1aBaTh cebe 0TYeT, YTO 3HAUCHUE
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NaN B 4eM-TO TI0J0OHO «BUPYCY JaHHBIX»: OHO «3apakaeTs J000il 00BEKT, K KOTOPOMY
«IIpUKacaercsi». BHe 3aBUCMMOCTH OT Ollepaliiy PesyabTaT apudMeTuuecKoro AeiicTBIst
¢ yuacTreM NaN Gy/ier paBeH NaN:

In[6]: 1 + np.nan
Out[6]: nan
In[7]: @ * np.nan
Out[7]: nan

ITO 3HAUUT, UTO OIEPAITUST arPerupoBaHus 3HAYEHUN orpeiesieHa (TO eCTh ee Pe3yJib-
TatoM He GyJieT olmubKa), HO He Beer/ia IIPUHOCKT MOJIb3Y:

In[8]: vals2.sum(), vals2.min(), vals2.max()
Out[8]: (nan, nan, nan)

Bubmorexa NumPy ripesocTaBiisieT crielinain3upoBaHHbIe arperupytoiine GyHKIUH,
UTHOPUPYIOIINE 9THU MIPOILYIeHHbIe 3HAYCHN:

In[9]: np.nansum(vals2), np.nanmin(vals2), np.nanmax(vals2)
out[9]: (8.0, 1.0, 4.0)

He 3a6piBaiiTe, 4T0 NaN — MMEHHO 3HAYEHUE C IJIaBAIOIIEl TOYKOH, aHaIorTa 3HAYEeHUs
NaN /LIS TIeTOUMCIICHHBIX 3HAYEHUI, CTPOKOBBIX M JIPYTUX TUTIOB HE CYIIECTBYET.

3HayeHusa NaN 1 None B 6bubnuorteke Pandas

Kak y 3Hauenust NaN, Tak u y None eCcTh CBOe HazHaueHue, u bubmnnorexka Pandas nemaer
UX TIPAKTUYECKU B3AUMO3aMEHsIEMbIMU ITyTeM TIPeoGpazoBaHiist OJIHOTO B IPYTOE B OTIPe-
JIETIEHHBIX CITyYastX:

In[10]: pd.Series([1, np.nan, 2, None])

1.0

out[10]: ©
1 NaN
2
3

2.0
NaN
dtype: float64

Bubmnoreka Pandas aBToMaTiHueckn BRITIOMHSIET TIPpeoOpa3oBatne Mpu OOHAPYKEHUH
NA-3HaUeHUIT 171 T€X TUTIOB, Y KOTOPBIX OTCYTCTBYET 3HaUeHUe-uHAuKatop. Hampu-
Mep, eCJIM 33/1aTh 3HAUEHUE 2JIEMEHTA 11eJI0YNCJIEHHOTO MAacCuBa PaBHBIM np.nan, JJIsi
COOTBETCTBUS TUITY OTCYTCTBYIONIETO 3HAUEHUs OY/IET aBTOMATHYECKH BBITIOJHEHO T10-
BBIIIIAIOIIEE TPUBEICHNE TUIIA 9TOTO MACCUBA K TUITY C IJIABAIOIIEH TOUKOI:
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In[11]: x = pd.Series(range(2), dtype=int)
X

Out[11]: @ )
1 1
dtype: inté64

In[12]: x[@] = None
X

out[12]: @ NaN
1 1.0
dtype: floate4

OG6pature BHUMaHKE, YTO, IOMUMO [IPUBEJEHUs TUIIA 1[eJOYNCIEHHOT0 MacCUBa K Mac-
CUBY 3HAUYEHMIA ¢ IJ1aBalollell Toukoii, bubanoreka Pandas asromarnyecku npeobpasyer
3HaueHue None B NaN. 3amedy, 4To CYIECTBYET ILJIaH 110 BHECEHUIO B Oy/IyII[eM HATUBHOTO
nesiouncyientnoro NA B 6ubaunorexy Pandas, Ho Ha MOMEHT HanucaHus JaHHON KHUTY
OHO ellle He ObLIO BKIIOUEHO.

XO0Ts TOH0GHBIHA TTOAXO CO 3HAYEHUSMI-UHANKATOPAMIL/TIPUBEIEHUEM TUIIOB OMOINO-
tekn Pandas MOKeT 1TOKa3aThCs HECKOJIBKO BBIYYPHBIM MO CPABHEHMIO ¢ Gosiee yHU-
(puImpoBaHHBIM TOAXOA0M K NA-3HAYEHNAM B TaKUX IMPEAMETHO-OPUEHTHPOBAHHEIX
A3bIKAX, Kak R, HAa TIPaKTUKE OH MPEKPACHO paboTaeT n Ha MOeii MaMsTH JINIIb U3PeKa
BBI3bIBAJI IIPOOJIEMBL.

B Tabu1. 3.2 mepeuncieHbl paBuiia MOBBIIIAIIEr0 IPUBEIEHUST TUIIOB B GUOIHOTEKE
Pandas B ciyuae Hammunst NA-3HaueHUI,

Ta6nuua 3.2. NpaBuna NoBbILWAKOLEro NpUBEAEHNS TUMNOB B BubnnoTteke Pandas

Knacc Tunos Mpeo6pa3soBaHne Npu XpaHEHUMN 3HaueHue-uHaukaTop NA
NA-3HaueHum

C mraBatomieli Toukoil | bes mamenenmii np.nan

O6mbekt (object) Bes uzmenenuii None uu np.nan

[lesroe uncio IIpuBoanres k float64 np.nan

Byneso snauenue ITpuBoamTCst K object None niau np.nan

meiiTe B BULY, 4TO CTPOKOBBIE laHHbIe B OubsmoTeke Pandas Beeria XpaHsITCst ¢ THIIOM
nauHbix (dtype) object.

Onepauvwl Haa NyCTbiIMKU 3HA4YEHUAMU

Bubanorexa Pandas paccmarpusaer 3HaueHus None 1 NaN Kak B3auMO3aMeHsieMble
CpeJIcTBA YKa3aHUs HA OTCYTCTBYIOIINE U ITycThie 3HaueHns1. CylecTByeT HeCKOJIbKO
YIOGHBIX METOAOB JJIsi 00HAPY/KEHMS, YIaleHHs U 3aMEHbI IIyCThIX 3HAUEHUH B CTPYK-
Typax JaHHbIX 6uborekn Pandas, IpU3BaHHBIX YIIPOCTUTH PAGOTY ¢ HUMHL.
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isnull() — rexepupyer OyJIeBy MacKy JIJIsl OTCYTCTBYIOIIIX 3HAUCHU,
notnull() — IPOTUBOIIOJIOKHOCTb MeTO/A isnull().

dropna() — Bo3BpalaeT OT(UILTPOBAHHDIN BAPUAHT JIaHHDIX.

0O000D0

fillna() — BO3BpalaeT KOMUIO JIAHHBIX, B KOTOPOU TPOITyIleHHbIE 3HAYEHUST 3a-
TTOJTHEHB! NI BOCCTAHOBJIEHBI.

SaBepHII/IM pa3jies KpaTKUM paCCMOTPEHUEM 1 ,lIeMOHCTpaHI/IefI 9TUX METO/IOB.

BbisiBNeHME NyCTbIX 3HAYEHMUN

Y crpykryp nanubix 6ubanorexu Pandas nverorest 1Ba y06HbIX METO/ /TSt BBISIBJICHUS
MyCTBIX 3HaUeHUH: isnull() 1 notnull(). Kax/piii u3 HUX Bo3Bpaiiaer OyieBy MackKy
g manubix. Hanmpumep:

In[13]: data = pd.Series([1, np.nan, 'hello’, None])
In[14]: data.isnull()

Out[14]: o False

1 True
2 False
3 True
dtype: bool

Kax yiKe YIIOMUHAJIOCh B pasnene «uaekcanus u BbI60pK8. NAaHHBIX» 9TOU TJIaBbI,
6yJIeBbI MaCKU MOJKHO HCII0JIb30BaTh HEIIOCPEACTBEHHO B KaueCTBe NHIEKCA 06bEKTOB
Series wiau DataFrame:

In[15]: data[data.notnull()]

Out[15]: @ 1
2 hello
dtype: object

Anajiornunbie 6yJIeBbl Pe3yJIbTaThl AT NCIIOAb30BaHNE METOAOB isnull() 1 notnull()
11 00beKTOB DataFrame.

YaaneHue nycrbixX 3HaYeHUn

IToMHUMO TIPOZIEMOHCTPUPOBAHHOIO BbIIIE MACKUPOBAHUS, CYIIECTBYIOT YA00HbBIE Me-
Tozbl: dropna() (or6packiBatoriuii NA-3Hayenust) u fillna() (sanosssoumii NA-
sHavenws ). 11 oObekTa Series pesyJibTaT BIIOJIHE OJHO3HAYEH:

In[16]: data.dropna()

Out[16]: © 1
2 hello
dtype: object
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B ciryuae 06beKTOB DataFrame CyIIECTBYeT HECKOJIBKO MapaMeTpoB. PaccMoTpuM ciie-
Ayotwii o6beKT DataFrame:

In[17]: df = pd.DataFrame([[1, np.nan, 2],
[2, 3, 51,
[np.nan, 4, 611)
df
out[17]: 6 1 2
@ 1.0 NaN 2
1 2.0 3.0 5
2 NaN 4.0 6

Hebss BoiOpocuTh n3 DataFrame OT/€/IbHbIE 3HAYEHMS, TOJIBKO IeJIble CTPOKU WJIN
cTosO1bL. B 3aBUCHMOCTH OT NIPUJIOKEHUSA MOKET TIOHAZO00MTHCS TOT MJIM MHOI BAPUAHT,
TaK 4To (DYHKIUS dropna() IIPeOCTaBIISIET JIs Ciydast 00beKTOB DataFrame HECKOJIBKO
TmapaMeTpoB.

ITo ymomauuio dropna() oTOPackIBAET BCE CTPOKH, B KOTOPBIX MTPUCYTCTBYET X0Mst Obl
00HO TIyCTOE 3HAUECHIIE:

In[18]: df.dropna()

Out[18]: 0 1 2
1 2.0 3.0 5
B kauectBe ajbTepHATUBBI MOKHO 0TOpachiBaTh NA-3HAYEHMS 110 PA3HBIM OCSAM: 3ajlaHKe

mapaMeTpa axis=1 oTGpachIBacT BCe CTOJOIIBI, COAEPIKAIILIE XOTS ObI OHO TTYCTOE SHAUCHYE:
In[19]: df.dropna(axis='columns")

Out[19]: 2
2
5
6

OpHaKo TIPH 9TOM OTOPACHIBAIOTCST TAKIKE U HEKOTOPBIE «XOPOIITHes> TaHHbIE, BO3MOK-
HO, BaM 3aX04eTCst OTOPOCUTH CTPOKY HJIH CTOJIOIBI, 6¢¢ 3HAYEeHUsT (Ui GOJIBIITIMHCTBO)
B KOTOPBIX MPEACTABISIOT co00it NA. Takoe moBeieHIe MOKHO 33/1aTh € MTOMOIIBIO T1a-
pameTpoB how 1 thresh, 06eCTIEYNBAIONIIX TOYHBII KOHTPOJIb OMYCTHMOTO KOJMIECTBA
IIyCTBIX 3HAYCHUI.

ITo ymomganuio how="any"', To eCTh OTOPACHIBAIOTCS BCE CTPOKK WU CTOJIOLBI (B 3aBH-
CHMOCTH OT KJIIOYEBOTO CJIOBA axis), cojepskalie XoTb O/IHO ITycToe 3HaueHne. Mo:kHO
TaK)Ke yKa3aTh 3HaueHue how="all', Ipu HeM OyIyT OTOPACHIBATHCS TOJBKO CTPOKH,/
CTOJIOIIBI, 6Ce 3HAYEHUS B KOTOPBIX MYCTHIE:

In[20]: df[3] = np.nan
df

Out[20]: (%] 1 2 3
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@ 1.0 NaN 2 NaN
1 2.0 3.0 5 NaN
2 NaN 4.0 6 NaN

In[21]: df.dropna(axis='columns', how="all")
out[21]:

1.
2.
Na

VI NN

(4]
(4]
(<]
N

17151 60JTeE TOYHOTO KOHTPOJISI MOSKHO 3a/1aTh € TTOMOTITHIO TTapaMeTpa thresh MUHIMATLHOE
KOJTMYECTBO HEMYCTBIX 3HAYEHUT I7IsT CTPOKI,/CTOOIA, TTPH KOTOPOM OH He OTOPACHIBAETCST:

In[22]: df.dropna(axis='rows', thresh=3)

out[22]: 0 1 2 3
1 2.0 3.0 5 NaN

B mannom cJy4dae OT6paCbIBaIOTCH TepBas U ocaeHsAA CTPOKHU, ITIOCKOJIbKY B HUX CO-
AE€PIKUTCSA TOJIBKO 110 /IBAa HEITYCTbIX 3HAYCHUA.

3anosHeHNEe NYCTbIX 3HaYEHWI

WHoraa mpeAnoyTuTebHee BMECTO OTOPAChIBAHUS MYCTHIX 3HAYCHUN 3aITOJHUTD X
KaKHM-TO JOMYCTUMbIM 3HAUEHHEM. JTO 3HAUEHHE MOKET ObITh (DUKCUPOBAHHBIM,
HAIpUMep HyJIeM, U WHTEPITOJTMPOBAHHBIM WJIM BOCCTAHOBJIEHHBIM Ha OCHOBE «XO-
POITUX» JAHHBIX 3HAYEHUEM. DTO MOJKHO CIEJIATh ITyTeM 3aMeHbl B MCXOHBIX IAHHBIX,
HCTIOJNIBb3YSI pe3ysIbTaT MeTo/ia isnull() B KauecTBe Macku. Ho 5T0 HacTO/IBKO pacpo-
cTpaHeHHas orepariust, uto Oubimoreka Pandas npemocrasisier Meton fillna(), Bo3-
BPAIAIOINIT KOMTUIO MACCHBA C 3AMEHEHHBIMH ITyCTHIMU 3HAUYCHUSIMU.

Pacemorpum cirepyiomuii 0ObeKT Series:

In[23]: data = pd.Series([1, np.nan, 2, None, 3], index=1list('abcde'))
data

1.0
NaN
2.0

Out[23]: a
b
c
d NaN
e
d

3.0
type: float64

Mosno sanonnutb NA-s1eMeHTbl OAHUM (GUKCHPOBAHHBIM 3HaYeHUEM, HallpUMep,
HYJISIMU:

In[24]: data.fillna(@)

out[24]: a 1.0
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woNe
[OIEGIN RN

b
c
d
e
dtype: float64

MozkHO 3371aTh TTapaMeTp 3aTI0JTHEHS 110 HAITPABIEHUIO «BIIEPET»>, KOTTUPYS TTPEIbILY -
1iee 3HaueHUeE B CJIEAYIOUIYIO S4eHKY:

In[25]: # 3anosHeHWe MO HanpaBNEHUW «Brepen»
data.fillna(method="ffill")

Out[25]:

WNNPRE R

a (]
b 4]
@ (]
d .0
e 2]
dtype: float64

Wnu MoKHO 33/1aTh I1apaMeTp 3aIl0JHEHMS 110 HAITPABJICHUIO «HA3a/l», KOIUPYS CIey-
IolIee 3HAUEHHE B MPEBIAYIYIO STIeHKY:

In[26]: # 3anonHeHWe MO HanpaBlEHUW «Ha3an»
data.fillna(method="bfill")

Out[26]:

W wNN R

a 0
b (7]
C .0
d (4]
e 4]
dtype: floate4

Jl1s1 06beKTOB DataF rame OIIMK AHATOTMYHBI, HO B JIOMOJHEHNE MOKHO 33/1aTh OCh, 10
KOTOPOU OYZIeT BBIIOJIHATHCS 3aII0THEHIE:

In[27]: df

out[27]: ) 1 2 3
@ 1.0 NaN 2 NaN
1 2.0 3.0 5 NaN
2 NaN 4.0 6 NaN

In[28]: df.fillna(method="ffill', axis=1)

Out[28]: 0 1 2 3
0 1.0 1.0 2.0 2.0
1 2.0 3.0 5.0 5.0
2 NaN 4.0 6.0 6.0

O6p8.TI/ITe BHUMaHME, YTO €CJIN ITPU 3alIOJTHEHNU 110 HaIIPpaBJIEHUIO «BII€EPE» ITPEAbI/Y -
II1ero sagadyeHusd HeT, TO NA-3HaueHMe OCTAeTCsT He3aTIOJTHEHHBIM.
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Nepapxnueckasa nHaekcaums

Jlo cux TIop MbI pacCMaTPUBAJIN TIABHBIM 06PA30M OTHOMEPHBIE U JIByMEPHbIC JIAHHBIE,
Haxojsmecs B 00beKTax Series u DataFrame Gubinorexu Pandas. Yacro ObiBaer yno6HO
BBINTH 32 TIPEJIeJIbl IBYX U3MePeHUl 1 XPaHUTh MHOTOMEPHBIE JIaHHbIE, TO €CTh JAHHBIE,
HHJIEKCUPOBAHHBIE 10 HoJtee yeM ByM Kiiodam. XoTst 6ubmoreka Pandas npemocrasiis-
eT 0ObeKThl Panel u Panel4D, TIO3BOJIAIONINE HATUBHBIM 0OPa30M XPAHUThH TPEXMEPHbBIE
U yeThIpexMepHble JaHHble (M. BpesKy «/laHubie 00bexToB Panel» Ha c. 178), Ha mpak-
THIKe HAMHOTO Yallle UCIIOIb3yeTcs uepapxuveckas unoexcayus (hierarchical indexing),
i myavmuundexcayus (multi-indexing), 11st BKIIOYEHNST B OAUH UHIEKC HECKOJBKIX
ypoaseil. TIpr 5TOM MHOTOMEPHBIE IAHHbBIE MOTYT GBITh KOMITAKTHO MPE/ICTABJICHBI B YIKe
MPUBBIYHBIX HAM OTHOMEPHBIX OOBEKTAX Series U IByMEPHbLIX 00beKTaX DataFrame.

B atom pasjesie Mbl paccMOTpUM cozianne 00beKTOB MultiIndex HATIPAMYIO, IPUBEIEM
COOOPAKEHUST OTHOCUTENHHO UHIIEKCAIH, CPE30B M BBIYUCIIEHHS CTATUCTUYECKHX 10~
KazaTeJieil 1o MyJIbTUMH/ICKCUPOBAHHBIM JJAHHBIM, a TaKKe T10JIe3HbIe METO/IbI /LIS TIpe-
06pa3oBaHUs MEXKY TPOCTHIM U MEPAPXUYECKH WHICKCUPOBAHHBIM TIPEICTABICHIEM
JTAHHBIX.

HauneM ¢ 0OBbIYHBIX HNMIIOPTOB!

In[1]: import pandas as pd
import numpy as np

MynbTUMHAEKCUPOBAHHBIN 06BbEKT Series

PaccMoOTpuM, Kak MOKHO HPEACTAaBUTh AByMEPHbIE JaHHbIE B OZHOMEPHOM OOBEKTE
Series. /lyiss KOHKPETUKN U3YYUM PSIJI IAHHBIX, B KOTOPOM Y KaK/IOW TOUKH NUMEIOTCST
CUMBOJIBHBII 1 YMCJIOBOU KJIIOUN.

Mnoxou cnocob

ITyckaii Ham TpeGyeTCst MPOAHATM3UPOBATH JAHHbIE O MITaTaX 3a JBa Pa3HbIX Toja. Bam
MOJKET MOKA3aThCs COOIA3HUTENBHBIM, BOCIIOIB30BABIIUCH YTUIUTAMU OUOIHOTEKH
Pandas, npriMeHUTD B KayecTBe KIiouei Koprexu si3bika Python:

In[2]: index = [('California', 2000), ('California’', 2010),
('New York', 2000), ('New York', 2010),
('Texas', 2000), ('Texas', 2010)]
populations = [33871648, 37253956,
18976457, 19378102,
20851820, 25145561]
pop = pd.Series(populations, index=index)
pop

out[2]: (California, 2000) 33871648
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(California, 2010) 37253956

(New York, 2000) 18976457
(New York, 2010) 19378102
(Texas, 2000) 20851820
(Texas, 2010) 25145561

dtype: inté4

HpI/I HOI[O6HOI>'I CXeMe MHAEKC AN TOABJIACTCA BO3SMOKHOCTD HEIIOCPEACTBEHHO MH-
JEKCUPOBATb UJIX BBIIIOJIHATD CPE3 PA/la ITaHHBIX Ha OCHOBE TaKOI'O MYJIbTUMH/EKCA:

In[3]: pop[('California’, 2010):('Texas', 2000)]

Out[3]: (California, 2010) 37253956

(New York, 2000) 18976457
(New York, 2010) 19378102
(Texas, 2000) 20851820

dtype: inté4

Opmmako Ha 5ToM ya06CTBO 3aKkanurBaercs. Hanpumep, pu Heo6XOMMOCTH BIOPATh
Bce 3Hauenus u3 2010 roga mpumeTcs mpojiesiaTb TPOMO3AKYIO (U MTOTEHINAIBHO MeJl-
JIEHHYI0) OUUCTKY JTAaHHBIX:

In[4]: pop[[i for i in pop.index if i[1] == 2010]]

Out[4]: (California, 2010) 37253956
(New York, 2010) 19378102
(Texas, 2010) 25145561
dtype: inte64

ITO XOTb U IIPUBOAUT K JKETAEMOMY PE3YJIbTATY, HO FOPas3A0 MeHee U3AIHO (1 JaleKo
e Tak 3((OEKTUBHO ), KaK MCIOIb30BAHIe CHHTAKCUCA CPE30B, CTOJIb IOITIOOUBIIETOCS
Ham B bubanorexe Pandas.

Jlyywnii cnoco6

B 6ubmmoreke Pandas ectp srydinmii ¢11oco6 BbIIOAHEHUA TaKux onepanuil. Hama um-
JIEKCaIsl, OCHOBAHHAS HA KOPTEKAX, [0 CYTH, SIBJSAETCS IPUMUTUBHBIM MYJIbTUHH/IEK-
coM, 1 THII MultiIndex 6ubanoreku Pandas kak pas obecreunBaer HeOOXOLUMbIE HAM
onepaiun. Co3/aTh MyJIbTUUHIIEKC U3 KOPTEKEH MOKHO CIEMYIONM 06pasoM:

In[5]: index = pd.MultiIndex.from_tuples(index)
index

Out[5]: MultiIndex(levels=[['California', 'New York', 'Texas'], [2000, 2010]],
labels=[[0, @, 1, 1, 2, 2], [0, 1, 0, 1, O, 1]])

O6parute BHuManue, uTo MultiIndex cogepKuT HeCKOAbKO yposneil (levels) unpexca-
1uu. B ramHoM ciydyae Ha3BaHU [ITATOB U TOJIbL, @ TAK)KE HECKOJIBKO KOIUPYIOIIIX TU
yposuu memox (labels) ma kax 10/ TOYKY JAHHBIX.
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[IponHekcpoBaB 3aHOBO HAININ PSI/IbI JAHHBIX C TIOMONIBIO MultiIndex, Mbl YBUIUM
repapxudyecKoe IpejcTaBaeHne JaHHbIX:

In[6]: pop = pop.reindex(index)
pop

Out[6]: California 2000 33871648
2010 37253956
New York 2000 18976457
2010 19378102
Texas 2000 20851820
2010 25145561
dtype: inté64

SZIQCI) TIEPBLIE /[Ba CTOJI6Ha NnpeaACTaBJICHUA o0ObeKTa Series OTPpaXaloT 3HAYCHUA MYJIb-
THUMHJ/IEKCA, a TpeTI/Iﬁ CTO]I6€II — JIaHHbIEC. O6paTI/ITe BHUMaHME, YTO B IIEPBOM CTOJI6II€
OTCYTCTBYIOT HEKOTOPBIC 9JIEMEHTBI: B 9TOM MYJIbTUMHAEKCHOM IIPEJACTaBJIECHNUN BCE
TIPOITYIIEHHBIC 9JIEMEHTBI O3HAYalOT TO K€ 3HaY€HUE, UYTO 1 CTpOKOI‘/JI BbIIIIC.

Teneps 115 BbIOOpa BCeX JaHHBIX, BTOPOil MHAEKC KOTOPhIX paBeH 2010, MOKHO IIPOCTO
BOCIIOJIb30BAThCS CHHTAKCHCOM cpe3oB 6ubmnorekn Pandas:

In[7]: pop[:, 2010]

Out[7]: California 37253956
New York 19378102
Texas 25145561
dtype: int64

PesysbTar mpescTaBisieT cCOO0H MACCUB ¢ OMMHOYHBIM HHIEKCOM U TOTHKO TEMU KO-
YaMU, KOTOPbIe HAC HHTEpeCcytoT. TaKkoit CHHTaKCHC HAMHOTO y00Hee (@ OTiepaIiisi Bbi-
MOJTHSAETCST TOpasno ObicTpee!), ueM MyJbTHIHAEKCHOE PEIeHne Ha OCHOBE KOPTEKEH,
¢ kotoporo Mbr Havasu. Ceituac Mbl 00cy UM OAPOGHEE TTOL0OHBIE OTIEPAIII HUH/EK-
call Ha/l "€PAPXNIECKN NH/ICKCUPOBAHHBIMUA JTaHHBIMU.

MyrleVIVIHﬂeKC KaK AOMOJIHUTENbHOE NU3MEPEHNE

Mbl MOIJIM € JIEFKOCTBIO XPAHUTD T€ Ke CaMble JaHHbIE ¢ IOMOIILIO IIPOCTOr0 00bhEKTa
DataFrame ¢ MHIEKCOM 1 MeTKaMu cTosiGioB. Ha camom jeste 6ubmmorexa Pandas cospana
C y4eToM 9TOH paBHO3HauHOCTH. MeTo unstack () MosKeT OBICTPO MPeoGpasoBaTh MyJIb-
TUMH/IEKCHBINA 00BEKT Series B MHAECKCUPOBAHHBIN 0OBIYHBIM 00pPa3oM 00beKT DataFrame:

In[8]: pop_df = pop.unstack()
pop_df

Out[8]: 2000 2010
California 33871648 37253956
New York 18976457 19378102
Texas 20851820 25145561
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Kaxk 1 MOXHO 05k1/1aTh, MeTO/I stack () BBIIIOJIHSET TTPOTUBOIOJIOKHYIO OTIEPAIIIO;

In[9]: pop_df.stack()

Out[9]: California 2000 33871648
2010 37253956
New York 2000 18976457
2010 19378102
Texas 2000 20851820
2010 25145561
dtype: int64

[Touemy BoOGIIE MMEET CMBICJ BO3UTLCA C MEPAPXUYECKON wHeKcanueit? [Ipuunna
IIPOCTA: AaHAJIOTHYHO TOMY, KaK MBI HCTIOTb30BATN MYJIbTHIH/IEKCAIINIO JITIST TIPE/ICTaB-
JIEHUSI IByMEPHBIX JIAHHBIX B OJ[HOMEPHOM 00BEKTE Series, MOKHO HCIIOJIb30BATH €€
TSI TIPEICTABJIEHYSI IAHHBIX C TPEMsI WU OoJiee MI3BMEPEHISIME B 00bEKTaxX Series min
DataFrame. Kaxxp1ii HOBBII YPOBEHD B MyJIbTUHH/IEKCE TIPE/ICTABIISIET JONOTHUTETbHOE
n3MepeHune JaHHbIX. Bnaroaapﬂ HCII0JIb30BAHUIO 9TOTO CBOMCTBA MBI ImojiydyaeM HaMHOTO
60.71]3].[16 CBO6OI[LI B IIpE/ICTaBJICHUN TUIIOB JTaHHDBIX. I‘IaHpI/IMep7 HaM MOJKET ITOHa/10-
6uThCs 106aBUTH B leMorpaduuecKue JaHHble M0 KaxK/IOMY TITaTy 3a KasK/bIH Tojl ere
OJIiH cTOJIOEI] (JIOTyCTUM, KOJIMYeCTBO HacejeHust muaiie 18 jer). Baiarogaps Tuty
MultiIndex 5TO CBOAUTCS K A0OABIECHUIO EIe OJHOTO CTOMOIA B 00BEKT DataFrame:

In[10]: pop_df = pd.DataFrame({'total': pop,
'underl8': [9267089, 9284094,
4687374, 4318033,
5906301, 6879014]1})
pop_df

Out[10]: total underl8
California 2000 33871648 9267089

2010 37253956 9284094

New York 2000 18976457 4687374

2010 19378102 4318033

Texas 2000 20851820 5906301

2010 25145561 6879014

ITomuMo 3TOTO, BCe yHUBEPCATIbHBbIE (DYHKIIMU U OCTAJIbHAS (DYHKIIMOHATIBHOCTD, 00-
cyskaaBiasicss B pasaesie «Onepalin Hajl faHHbIMU B 6ubinoreke Pandas» aToil riiassl,
TaKsKe MPEeKPAcHO paboTAIOT ¢ MepapXUUeCKUMU HHeKcaMu. B caemyionieM parmenre
KOJIa MBI BBIYMCJISIEM TTI0 TOJIAM JIOJTIO HacesJeHus muiajiie 18 et Ha ocHOBE BBITIETPU-
BE/ICHHDIX JJAHHBIX:

In[11]: f _ul8 = pop_df['underl8'] / pop_df[ 'total']
f_ul8.unstack()

Out[11]: 2000 2010
California ©0.273594 0.249211
New York 0.247010 0.222831
Texas 0.283251 0.273568
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ITO laeT HAM BO3MOKHOCTD JIETKO U OBICTPO MAHUIYJIMPOBATH AK€ MHOTOMEDHBIMI
JAHHBIMU 1 UCCJIEI0BATD UX.

MeToAbl CO34aHUA MYNIbTUMHAEKCOB

HawnboJiee mpocToii MeTo co31anust MyJIbTHUHAEKCHPOBAHHOIO 0ObeKTa Series Win
DataFrame — repeiaTh B KOHCTPYKTOP CIKMCOK 13 ABYX WK (0Jiee MHIEKCHBIX MACCHBOB.
Hanpumep:
In[12]: df = pd.DataFrame(np.random.rand(4, 2),
index:[[|a|) 'a'J ‘b|J 'b']l [11 2) 1) 2]])
columns=['datal', 'data2'])

df
Oout[12]: datal data2
a 1l 0.554233 0.356072
2 0.925244 0.219474
b1 0.441759 0.610054
2 0.171495 0.886688

Bea pa60Ta 110 CO3IaHNIO MYJIbTUNH/IEKCA BBIITOJIHAECTCS B (bOHOBOM pexnme.

Ecom mepesiath ¢10Baph ¢ COOTBETCTBYIONIMMI KOPTEKAMU B KauecTBe KJrioueit, ombim-
oreka Pandas aBTomMaTryecKu pacrmo3Haer Takoil CHHTAKCKHC U OYET M0 YMOJTYAHUIO
HCTOJIb30BATh MYJIbTUUH/IEKC:

In[13]: data = {('California', 2000): 33871648,
('California', 2010): 37253956,
('Texas', 2000): 20851820,
('Texas', 2010): 25145561,
('New York', 2000): 18976457,
('New York', 2010): 19378102}
pd.Series(data)

Out[13]: California 2000 33871648
2010 37253956
New York 2000 18976457
2010 19378102
Texas 2000 20851820
2010 25145561
dtype: inté4

Tem He MeHee nHOTIA GBIBAET yA0OHO CO3/1aBaTh 0OHEKTHI MultiIndex SBHBIM 06Pa3OM.
Jlasiee MbI PACCMOTPHM HECKOJIBKO METO/IOB JIJIsI TOTO.

SIBHble KOHCTPYKTOPbI Ans 06bekToB Multilndex

ITpu hopmupoBanny uHIekca 15T GOIbITEH TMOKOCTH MOKHO BOCTIOTB30BATHCS MMeE-
IoIUMKCs B kjacce pd.MultiIndex KOHCTpyKTOpaMu-MeTo/laMu Kiacca. Hampumep,
MOKHO c(hopMUPOBATH OOBEKT MultiIndex M3 IPOCTOrO CIIUCKA MACCUBOB, 33/IAI0TIITX
3HAYEeHUs] NH/IeKCa B KasK/IOM U3 YPOBHe:
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In[14]: pd.MultiIndex.from_arrays([['a', 'a', 'b', 'b'], [1, 2, 1, 2]])

Out[14]: MultiIndex(levels=[['a', 'b'], [1, 2]1],
labels=[[0, 0, 1, 1], [0, 1, 0, 1]])

Wnn 3 cmcka KOpTesKel, 3aat0liX Bce 3HAUECHUS NHIEKCA B KayKI0U U3 TOUEK:
In[15]: pd.MultiIndex.from_tuples([('a', 1), ('a', 2), ('b', 1), ('b', 2)])

Out[15]: MultiIndex(levels=[['a', 'b'], [1, 2]1],
labels=[[0, 0, 1, 1], [0, 1, 0, 1]])

Vi u3 nekapToBa IIPOU3BeIeHNsT OOBIYHBIX UHIEKCOB:

In[16]: pd.MultiIndex.from_product([['a', 'b'], [1, 2]])

Out[16]: MultiIndex(levels=[['a', 'b'], [1, 2]],
labels=[[0, 0, 1, 1], [0, 1, 0, 1]])

MoskHO chopmMupoBaTh 0GBEKT MultiIndex HEMOCPEACTBEHHO € IOMOIIBIO €0 BHYTPEH-
HEro IpeJ/ICTaBJIeHuUs], TIepeiaB B KOHCTPYKTOP levels (CIHMCOK CITUCKOB, COEPIKAIINX
UMeTOTIINeCs 3HAYeHNS MH/IEKCA I KaXK/I0TO YPOBHST) U labels (CITHMCOK CIMCKOB METOK):

In[17]: pd.MultiIndex(levels=[['a', 'b"'], [1, 2]1,
labels=[[0, 0, 1, 1], [0, 1, @, 1]])

Out[17]: MultiIndex(levels=[['a', 'b'], [1, 2]],
labels=[[0, 0, 1, 1], [0, 1, 0, 1]])

Jli060i1 n3 aTHX 06BEKTOB MOKHO TepeiaTh B Ka4eCcTBe apryMeHTa MeTo/ia index mpu
CO3IaHUT OOBEKTOB Series min DataFrame MM METOMY reindex ysKe CYIIECTBYIONINX
00beKTOB Series nim DataFrame.

Ha3BaHus ypoBHEN MyNbTUMHAEKCOB

Unorma 6biBaet yao6HO 3aj1aTh Ha3BaHUsI 7T ypoBHell o0bekTa MultiIndex. Cuenarhb
HTO MOKHO, TIEPE/IaB apPryMEHT names JI0O0MY 13 BbIIIENEPEYNCIEHHBIX KOHCTPYKTOPOB
Kyacca MultiIndex Wi 3a/iaB 3HAYEHST aTpUOyTa names MOCTHAKTYM:

In[18]: pop.index.names = ['state', 'year']
pop

Out[18]: state year

California 2000 33871648
2010 37253956

New York 2000 18976457
2010 19378102

Texas 2000 20851820
2010 25145561

dtype: int64
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B cayuae Gosiee ¢105KHBIX HAOOPOB JAHHBIX TAKOW CIIOCO6 aeT BO3MOKHOCTD HE TEPAThH
U3 BUJLY, YTO O3HAYAIOT Pa3JUYHbIe 3HAYCHUS NHAEKCA.

MynbTUMHAEKC ANa CTonbuos

B o6bekTax DataFrame CTPOKM M CTOJIOIBI TIOJTHOCTHIO CUMMETPUUHBI, U Y CTOJIOIOB,
TOYHO TaK e, KaK U y CTPOK, MOKET ObITh HECKOJIBKO YPOBHE HHAeKCoB. PaccMoTpum
CIIeAYIOUINI IPUMED, IIPEACTAB/IIONNI cOO0I NMUTAINIO HEKUX (B 4€M-TO JOCTATOYHO
PEATUCTUIHBIX ) MEJIUTTTHCKUX IAHHBIX:

In[19]:
# Wepapxuyeckune WHAEKCH U CTONBLbI

index = pd.MultiIndex.from_product([[2013, 2014], [1, 2]],
names=['year', 'visit'l])
columns = pd.MultiIndex.from_product([['Bob', 'Guido', 'Sue'],
['HR", 'Temp']],
names=[ 'subject', 'type'])

# Co3paeM MMUTAUMOHHblE AaHHble

data = np.round(np.random.randn(4, 6), 1)
datal[:, ::2] *= 10

data += 37

# Cospaem obbekT DataFrame
health_data = pd.DataFrame(data, index=index, columns=columns)
health_data

Out[19]: subject Bob Guido Sue
type HR  Temp HR Temp HR Temp
year visit
2013 1 31.0 38.7 32.0 36.7 35.0 37.2
2 44.0 37.7 50.0 35.0 29.0 36.7
2014 1 30.0 37.4 39.0 37.8 61.0 36.9
2 47.0 37.8 48.0 37.3 51.0 36.5

Kax Bugnm, My TbTHHHIIEKCATINS KaK CTPOK, TAK M CTOTOIIOB MOYKET OKA3aThCST YPe3abl-
yaiino ynobHoil. TTo cyTu mena, 310 YeThIpeXMEPHbIE IAHHBIE CO CIIEAYIOIIMI H3MEPEHNST-
M CyOBEKT, I3MePSIEMbI TapaMeTp!, roji U HoMep mocelenust. [Ipu HaInauu 3Toro
MBI MOKEM, HATIPUMED, HHIEKCUPOBATH CTOJIOEI] BEPXHETO YPOBHST 10 MMEHH YeI0BEKa
U OTyIUTh 0OBEKT DataFrame, CoepsKamuit HHGOPMAITIIO TOIHLKO 00 9TOM YeTOBEKe:

In[20]: health_data[ 'Guido']

Out[20]: type HR Temp
year visit

2013 1 32.0 36.7

2 50.0 35.0

2014 1 39.0 37.8

2 48.0 37.3

! Tlyabc (HR, ot anru. heart rate — «uacrtora cepaneduennii») u reMmieparypa (temp).
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JL71s1 coKHBIX 3amuceil, CoepKAUX HECKOJIbKO MAPKUPOBAHHBIX HEOJTHOKPATHO W3-
MepsieMBIX [TapaMeTPOB /I MHOTUX CyObeKTOB (JII0/Iel, CTpaH, FOpoLoB U T. 1.), Oyaer
HCKJIIOUUTENBHO YA00HO UCIOIb30BATh HEPAPXUYECKUE CTPOKU U CTOJIOIbI!

NHaekcauus u cpesbl N0 MyNbTUMHAEKCY

OO6mbekT MultiIndex CIIPOEKTHPOBAH TaK, YTOObI MHAEKCAIMS U CPE3BI 110 MYJIbTHHH-
JieKCy ObLIM HHTYUTUBHO MOHSTHBI, 0COOEHHO €CJIH JlyMaTh 00 HHEKCaX Kak O JIOT0JI-
HUTEJbHBIX U3MepeHusx. V3yunm cHavasa MHAeKCAINIo MyJIbTUNH/EKCUPOBAHHOTO
o0ObeKTa Series, a 3aTeM MYJIbTUHHIEKCUPOBAHHOTO 00beKTa DataFrame.

MynbTUnHAEKCauns 06bekToB Series

PaccMoTpuM MyJIbTUMHAEKCUPOBAHHBIIA OOBEKT Series, comepKaIiuil KOJIMIECTBO Ha-
ceJIeHnd TIo TITaTaM:

In[21]: pop

Out[21]: state year

California 2000 33871648
2010 37253956

New York 2000 18976457
2010 19378102

Texas 2000 20851820
2010 25145561

dtype: inté64

O6pamaTb051 K OTZICJIbHBIM 2JIEMEHTAM MOJKHO ITyTEM MH/IEKCAIlMN C ITOMOIIbIO HE-
CKOJIbKUX TEPMOB!

In[22]: pop['California‘', 2000]
Out[22]: 33871648

O6bekT MultiIndex TOIIEPKIBAET TakKe yacmuunyio undexcauuio (partial indexing),
TO €CTh MHAEKCAIIIIO TOJBKO 110 OHOMY U3 YPOBHE(T nHieKca. Pe3yibraT — Toke 00beKT
Series, ¢ 6oJiee HUBKOYPOBHEBBIMI HH/IEKCAMI:

In[23]: pop['California’]

Out[23]: year
2000 33871648
2010 37253956
dtype: int64

Bo3Mo:xHO Takske BBITIOJTHEHNE YaCTUYHBIX CPe30B, €CJIN MYJbTUNH/IEKC OTCOPTHPOBAH
(cm. obeysxenue B myHKTe «OTCOPTUPOBAHHBIE  HEOTCOPTUPOBAHHbBIE UHIEKCHI» TIO/I-
paszena «IleperpynnupoBka MyJIbTUUH/IEKCOBY TAHHOTO PA3/Iesia):
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In[24]: pop.loc['California':'New York']

Out[24]: state year
California 2000 33871648
2010 37253956
New York 2000 18976457
2010 19378102
dtype: inte64

C 1IOMOIITHIO OTCOPTUPOBAHHBIX MH/IEKCOB MOKHO BBITTOJHATH YACTUYHYTO WHIECKCAITIO
110 HUSKHUM YPOBHSIM, YKa3aB IIyCTOI cpe3 B [IePBOM MH/IEKCe:

In[25]: pop[:, 2000]

Out[25]: state
California 33871648
New York 18976457
Texas 20851820
dtype: inté64

Jlpyrue Turbl uHAEKcan 1 BeIGopkn (o6cyskaaemble B pasaene «Hgexcanus 1 BbiGop-
Ka JJAHHBIX» TOH IJ1aBbl) ToKe paboTaioT. Boibopka JaHHbIX Ha OCHOBE OyJIeBOM MACKU:

In[26]: pop[pop > 22000000 ]

Out[26]: state year
California 2000 33871648
2010 37253956
Texas 2010 25145561
dtype: inté64

Bbi6opKa Ha OCHOBE «IIPUXOTINBOI» MHIEKCALMHN:
In[27]: pop[['California', 'Texas']]

Out[27]: state year
California 2000 33871648
2010 37253956
Texas 2000 20851820
2010 25145561
dtype: inté4

MynbTuUnHaekcauns obbvekTos DataFrame

MyabTUnHAEKCHPOBaHHbIE 00BEKThI DataFrame BeayT cebs aHAJOIHYHBIM 06Pa3oM.
PaccMoTpuM Halll MOJEJIbHBIN MEAMIIMHCKIN 0ObeKT DataFrame:

In[28]: health_data

Out[28]: subject Bob Guido Sue
type HR Temp HR Temp HR Temp
year visit
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2013 1 31.0 38.7 32.0 36.7 35.0 37.2
2 44.0 37.7 50.0 35.0 29.0 36.7
2014 1 30.0 37.4 39.0 37.8 61.0 36.9
2 47.0 37.8 48.0 37.3 51.0 36.5

He 3a6biBaiite, 4to B 00bekTax DataFrame OCHOBHBIMU ABJISIOTCS CTOJIOLBI, U UCIIOJIb3Y -
€Mbli1 I MyJIbTUMHIEKCUPOBAHHbBIX Series CHHTAKCUC IIPUMEHSIETCS TOKE K CTOJIOIaM.
Hanpumep, MOKHO y3HATD IyJIbC I'BUJIO ¢ TIOMOIIBIO TPOCTOH Ollepaiinu:

In[29]: health_data['Guido', 'HR']

Out[29]: year visit

2013 1 32.0
2 50.0
2014 1 39.0
2 48.0

Name: (Guido, HR), dtype: float64

Kak u B cjiydae ¢ O/AIMHOYHBIM NHAEKCOM, MOKHO M CIIOJIb30BaTh NH/IEKCATOPbI loc,iloc
U ix, onucaHHble B pasjesie «I/IH,ZIBKCB.HI/IH n BI)I60pKa JIAHHBIX» 9TO I'JIaBbI. HaHpI/IMepZ

In[30]: health_data.iloc[:2, :2]

Out[30]: subject Bob
type HR Temp
year visit
2013 1 31.0 38.7
2 44.0 37.7

ITH UHIEKCATOPBI BO3BPAIIAOT MACCHBOTIO0OHOE TIPECTABICHIE UCXOAHBIX JIBYMEP-
HBIX JIAaHHBIX, HO B KQXK/IOM OT/IeJIbHOM MH/IeKce B 1loc 1 11oc MOKHO yKa3aTh KOPTEXK U3
HEeCKOJbKUX UHAeKcoB. Hampumep:

In[31]: health_data.loc[:, ('Bob', 'HR')]

Out[31]: year visit

2013 1 31.0
2 44.0
2014 1 30.0
2 47.9

Name: (Bob, HR), dtype: floaté4

Pabotarb co cpesamu B 10A00HBIX KOPTEKAX UHAEKCOB He 0YeHb YA0OHO: IIOIbITKA
COB7IaTh CPE3 B KOPTEXKE MOKET MPUBECTH K CHHTAKCUYECKON omubKe:

In[32]: health_data.loc[(:, 1), (:, 'HR")]

File "<IPython-input-32-8e3cc151e316>", line 1
health_data.loc[(:, 1), (:, "HR")]

A

SyntaxError: invalid syntax
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N36exaTh 5TOro MOXKHO, c(hOPMHUPOBAB CPE3 ABHBIM 00Pa30M C MIOMOIILIO BCTPOEH-
Holil ¢pyHkmu Python slice(), Ho Jyd4lle B JaHHOM CJydae MCIOJb30BaTh 00BEKT
IndexSlice, mpeaHasHaueHHbIN GuborTekoil Pandas kak pas /ist TOH0GHO cuTyarum.
Hamnpuwmep:

In[33]: idx = pd.IndexSlice
health_data.loc[idx[:, 1], idx[:, 'HR']]

Out[33]: subject Bob Guido  Sue
type HR HR HR
year visit
2013 1 31.0 32.0 35.0
2014 1 30.0 39.0 61.0

CyIecTByeT MHOKECTBO CITOCOOOB B3aUMOJIEHCTRYS C IAHHBIMU B MYJIBTHIHIEKCHPO-
BaHHBIX 00bEKTaX Series 1 DataFrame, 1 JIy4Iiuii ciocod MPUBBIKHYTH K HUM — HAYaTh
C HUMU 9KCIEPUMEHTUPOBATD!

MeperpynnupoBka My/IbTUNH/IEKCOB

Oun 13 Kaodell K ahGekTuBHoil paboTe ¢ MyJIbTUUHAEKCUPOBAHHBIMU JaHHBIMU —
yMmenve ahheKTUBHO MpeobPasoBbIBaTh HaHHbie. CYIeCTBYET HEMAJIO OTIepallii, CoXpa-
HSIOIIUX BCIO MHMOPMAINIo 13 Habopa JaHHBIX, HO IPeoOpasyIoNuX ee paan yao0cTBa
MPOBEEHUSI PA3JINYHBIX BBIYUCIEHUNH. MBI paccMOTpesin HeOOIBIION TPUMEP 3TOTO
¢ Metoziamu stack() 1 unstack(), HO ecTh Topaso GoJIbIle CITOCOGOB TOYHOTO KOHTPOJIST
HAJ[ IEPErPYIIMPOBKOIL IAHHBIX MEK/IY NEPAPXUIECKUMU MHIAEKCAMU U CTOJIOIAM.

OTCOpTVIpOBaHHbIe N HEOTCOPTUPOBAHHbIE NHAOEKCHI

Bonvuuuncmeo onepauuil cpe3oe ¢ MyasmuuH0eKcamu 3a8epuumcst OUUOKol, eciu uHoexc
He omcopmuposan. PaccMOTpUM 3TOT BOIIPOC.

Haunewm c cosmanus TIPOCTBIX MYJbTUNHACKCUPOBAHHDBIX TaHHDIX, unoexcol 6 Komopwvlx
He omcopmuposansl ﬂeiccuicozpagbuuecxu:

In[34]: index = pd.MultiIndex.from_product([['a', 'c', 'b'], [1, 2]])
data = pd.Series(np.random.rand(6), index=index)
data.index.names = ['char', 'int']

data
Out[34]: char int
a 1 0.003001
2 0.164974
[« 1 0.741650
2 0.569264
b 1 0.001693
2 0.526226

dtype: float64
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Ecau MbI TonibITaeMcs BBITTOHATD YaCTUIHBIT Cpe3 3TOro MHAEKCa, TO IMOJIy4YM O]_HI/I6KyI

In[35]: try:
data['a':'b']
except KeyError as e:

print(type(e))
print(e)

<class 'KeyError'>
'Key length (1) was greater than MultiIndex lexsort depth (0)'

Xotsa uz coobuienust 06 omubKe' 9T0 He BIIOIHE MOHATHO, OIINOKA TeHEPUPYETCs, 10~
TOMY 4TO 00BEeKT MultiIndex He OTCOPTUPOBaH. I10 PasIMUHBIM IIPUUNHAM YaCTUIHBIE
CpPE3BL U APYIue mogoOHbIe oepanuy TpedyioT, YToO0bl YPOBHU MYJ/IbTUUHIEKCA ObLIN
OTCOPTHPOBaHBI (JIeKcuKorpaduyecku ynopsigouets). bubanoreka Pandas nipemgocras-
JIsIeT MHOKECTBO YZ00HBIX UHCTPYMEHTOB JJISE BBIIIOJHEHUS TOA00HO0I COPTUPOBKU.
B kauecTBe NpuMEpOB MOKEM yKasaTh METO/bI sort_index() u sortlevel() oObekTa
DataFrame. MBI BOCTIO/Ib3yeMCsT TIPOCTEHTIINM U3 HUX — METOJIOM sort_index():

In[36]: data = data.sort_index()

data
Out[36]: char int

a 1 0.003001
2 0.164974

b 1 0.001693
2 0.526226

[« 1 0.741650
2 0.569264

dtype: float64
ITocJie 10106HO# COPTUPOBKU MHEKCA YaCTUYHbINA CPe3 6leeT BBIIIOJIHATHCS KaK IT0JIOJKEHO:
In[37]: data['a':'b"]

Out[37]: char int

a 1 0.003001
2 0.164974
b 1 0.001693
2 0.526226

dtype: float64

BbinonHeHWe Haa nHaekcamm onepaumi stack u unstack

Cy1ecTByer BO3MOKHOCTD PEOOPa30BbIBATh HAOOP JAHHBIX U3 BEPTUKAILHOTO MYJIb-
TUUH/IEKCUPOBAHHOTO B IIPOCTOE JIBYMEPHOE MPECTaBICHUE, TPU HEOOXOAUMOCTH
yKasbiBast TpeGyeMblil yPOBEHb:

U «/lmna kiroya 6b11a 60JIbIIe, YeM TITyOrHa JIeKCUKorpadudeckoii copruposku o6bekta Multi-

Index».
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In[38]: pop.unstack(level=0)

Out[38]: state California New York Texas
year
2000 33871648 18976457 20851820
2010 37253956 19378102 25145561

In[39]: pop.unstack(level=1)

Out[39]: year 2000 2010
state
California 33871648 37253956
New York 18976457 19378102
Texas 20851820 25145561

Metony unstack() MPOTUBOIIOJOXKEH TIO AEUCTBUIO MeTO stack(), KOTOPBIM MOKHO
BOCIIOJIB30BAThC, YTOOBI MOJYYNTH 0OPATHO UCXOAHBIN PSAL JAHHBIX:

In[40]: pop.unstack().stack()

Out[40]: state year

California 2000 33871648
2010 37253956

New York 2000 18976457
2010 19378102

Texas 2000 20851820
2010 25145561

dtype: inté4

Co3paHue 1 nepecTpoika MHAEKCOB

Emte ogun c1iocob neperpyninupoBKU HepapXuueckuX JaHHBIX — MpeobpasoBaTh MeT-
KU WHJIEKCA B CTOJIOIIBI C TIOMOIIBIO0 MeTo/a reset_index. Pe3ynbTaToM BBI30Ba 9TOTO
MeTO/IA JIJIST HAIIETO aCCOIMATHBHOTO CJI0OBAPsT Haceenust Oyner oObeKT DataFrame co
crosibiamu state (mrat) u year (rox), copepKauMu HHGOPMAIINIO, paHee HaXOAU-
BINYIOCST B WHeKce. J[71s1 GOIIBIEt SICHOCTH MOYKHO TIPH JKEeJTAHUN 33]1aTh HA3BaHUe JIJIsT
[PE/ICTABJIEHHDBIX B BUJIE CTOJIOIOB IaHHbBIX:

In[41]: pop_flat = pop.reset_index(name='population')

pop_flat

Out[41]: state year population
0 California 2000 33871648
1 California 2010 37253956
2 New York 2000 18976457
3 New York 2010 19378102
4 Texas 2000 20851820
5 Texas 2010 25145561

I[Ipu pabote ¢ peabHBIMU JAHHBIMU MCXOAHDIE BXOJHBIE JaHHbIEC OYEHb YACTO BbIIJId-
JAT T0A00HBIM 06pa3oM, M0ITOMY YI0OHO co31aTh 00BEKT MultiIndex U3 3HAYEHUI
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CTONOI0B. DTO MOYKHO CIEJATH € TIOMOIILIO METO/A set_index oObekTa DataFrame, BO3-
Bpalllaiolero MyJIbTI/II/IHI[eKCI/IpOBaHHbeI 06beKT DataFrame;

In[42]: pop_flat.set_index(['state', 'year'])

Oout[42]: population
state year

California 2000 33871648

2010 37253956

New York 2000 18976457

2010 19378102

Texas 2000 20851820

2010 25145561

Ha npaxTuke, g mojiaraio, aTOT THIT IEPECTPONKH MHIEKCA — OJIMH U3 CaMBIX Y0OHBIX
[aTTEPHOB IIpU paboTe ¢ peabHbIMU HAOOPaMU JAHHBIX.

ArpernpoBaHue no MynbTUMHAEKCAM

B 6ubamnoreke Pandas uMeroTCss BCTPOEHHbIE METOIBI JIJISI arPErHPOBaHUs JAHHBIX, Ha-
mpuMep mean(), sum() u max(). B caydae mepapxmaeckn MHAEKCHPOBAHHBIX JAHHBIX UM
MO>KHO Tiepe/iaTh nmapaMeTp level sl yKa3aHUsI TOAMHOKECTBA JAHHBIX, HA KOTOPOM
OyzieT BBIUMCIATHCS CBOAHBII IIOKa3aTeb.

HaHpHMep, BEpHEMCA K HalllUM MEJIUITTHCKUM JTaHHbBIM!

In[43]: health_data

Out[43]: subject Bob Guido Sue
type HR Temp HR Temp HR Temp
year visit
2013 1 31.0 38.7 32.0 36.7 35.0 37.2
2 44.0 37.7 50.0 35.0 29.0 36.7
2014 1 30.0 37.4 39.0 37.8 61.0 36.9
2 47.0 37.8 48.0 37.3 51.0 36.5

[lomycTmM, HY;KHO YCPETHUTH PE3yIbTaThl U3MEPEHU TTOKa3aTeIel 0 IBYM BU3UTAM
B TedeHHe rojia. CaesnaTh 5TO MOKHO ITyTeM YKa3aHUS YPOBHS NHIEKCA, KOTOPBIH MBI
xoresiu Obl HCCIIEI0BATD, B IAHHOM cJIydae Tojia (year):

In[44]: data_mean = health_data.mean(level="'year")

data_mean
Out[44]: subject Bob Guido Sue
type HR Temp HR Temp HR Temp
year
2013 37.5 38.2 41.0 35.85 32.0 36.95

2014 38.5 37.6 43.5 37.55 56.0 36.70
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[lanee, BOCTIOIb30BABIINCE KIIOYEBBIM CTIOBOM axis, MOKHO MOJYIUTh U CPeHee 3HA-
YeHre 0 YPOBHSIM MO CTOJIOTIAM:

In[45]: data_mean.mean(axis=1, level='type')

Out[45]: type HR Temp
year
2013 36.833333 37.000000
2014 46.000000 37.283333

Tak, Bcero AByMs CTPOKaMU KOJIa Mbl CMOIJIM HAWTH CPeIHUH I1yJIbC U TeMIIepaTypy 110
BceM cyObeKTaM M BUSUTAM 32 Kask/[bIil To/1. TaKoil CHHTaKCUC TIPEACTABISIET COOOM CO-
KpatuieHnyio hopMmy QyHKIIMOHATILHOCTH GroupBy, 0 KOTOPOI MBI IIOTOBOPUM B pas/ieJie
«ArperupoBanue 1 rpylipoBKa» IJ1aBbl 3. X0Td Hall IPUMEP — BCETO JIUIIb MO/JIeJb,
CTPYKTypa MHOTUX PEATbHBIX HAGOPOB JJAHHBIX aHATOTUYHBIM 0OPA30M HepapXuvHa.

Jlannbie 00bexToB Panel

B 6ubsmorexe Pandas ectb eliie HECKOJIBKO MOKa He OXBAYEHHBIX HAMHU CTPYKTYP JAAHHbIX,
a UMeHHO 00beKThl pd.Panel u pd.PaneldD. VX MOXKHO paccMaTpUBaTh Kak COOTBET-
CTBEHHO TPEXMEPHOE U YeThipexmMepHoe 06001enue (0HOMEPHOIT CTPYKTYPbI) 00beKTa
Series u (IByMepPHOIi CTPyKTYpbl) 00beKTa DataFrame. Pas Bbl yske 3HAKOMbI C MHIIEKCA-
1Heil JaHHbIX B 00beKTax Series u DataFrame 1 MAHUIYJISIIIUSIMU HAJl HUMU, TO HCIOJIb-
30BaHue 00BEKTOB Panel 1 Panel4D He I0JKHO BBI3BATD Y BAc 3aTpy/IHeHwil. B yacTHoCTH,
BO3MOKHOCTH MHJEKCATOPOB loc, iloc u ix, obcyskaaBumxcst B pasneie «Hmekcamnus
1 BBIOOPKA JIAHHBIX» TEKYIIEH TJIABbI, C JIETKOCTHIO PACIIPOCTPAHSIIOTCST HA 3TH CTPYKTYPBI
6oJiee BBICOKHUX Pa3sMEPHOCTEIH.

Mbi He GyjieM paccMaTpuBaTh MHOTOMEPHBIE CTPYKTYPbI ajiee B JAHHOM TEKCTE, 10~
CKOJIbKY, KaK s1 0OHAapYKUJI, B OOJIBIIMHCTBE CIy4yaeB MYJbTUUHAEKCAIMS — YI0OHOe
U KOHIIENTYAIbHO TIPOCTOE MIPeJCTaBJIeHNe ISl JAHHBIX GOJIee BHICOKUX Pa3MEPHOCTEIL.
[TomuMoO 3TOrO, MHOTOMEPHBIE JIAHHBIE 110 CYIIECTBY — IJIOTHOE TIPE/ICTABICHUE JaHHBIX,
B TO BpeMs KaK MYJIbTHUH/IEKCAIMS — pa3pekeHHoe TpejcTaBieHme faHubiX. [lo mepe
YBEJIMYEHUS PA3MEPHOCTHU TJIOTHOE TIPE/ICTaBIeHNEe CTAHOBUTCS Bce MeHee ahheKTHB-
HBIM J1J1s1 OOJILIIMHCTBA PEAIbHBIX HAOOPOB AHHBIX. B HEKOTOPBIX CIIENUATU3UPOBAHHBIX
[PUJIOKEHUSIX, OJIHAKO, 3TU CTPYKTYPbI JAHHBIX MOTYT ObITH 110JIe3HbI. Eciiu BbI 3ax0TUTE
y3HaTh HOJIbIIIE O CTPYKTYpax Panel u Panel4D, 3aryisiHUTE B CCHUIKU, IPUBEIEHHBIE B Pa3-
nesie «/lomosHnTeIbHBIE UCTOYHUKY MHMOPMAII> TAHHO TJIaBbI.

Ob6beanHeHne HabopoB AaHHbIX: KOHKaTEeHaLUMs
n pobaBrieHME B KOHEL,

HeKOTOpre nauboJee HWHTEpECHbIE NCCJE/I0OBAHNA BbIITOJIHAIOTCA 6J1ar011ap§1 06136111/1-
HEHHWIO pa3/IMYHbIX UCTOYHUKOB /IaHHDIX. ITn oriepalum MOryT BRJIIOYaThb B cebd 4To
yYroaHo, HauynHas € HpOCTefIHIefI KOHKaT€HalluM1 ABYX Pa3/IMYHbIX Ha60pOB JLlaHHBIX /10
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6oJtee CIIOKHBIX COETMHEHII U CIUSHIH B CTHIIe 6a3 TaHHbIX, KOPPEKTHO 00pabaThIBa-
OTIIX BCE BO3MOKHbBIE YACTHUHbIE COBIaieHust HAO0poB. OObeKThI Series 1 DataFrame
CO3/IaHBI B pacueTe Ha o00HbIe omepaitun, 1 6ubaroreka Pandas comepxut dhyHKIUn
U METOJ[BI JIJIsT OBICTPOTO ¥ YIOOHOTO BBITIOJHEHUST TAKUX MAHUITYJISTIUI.

MbI paccMOTPUM TIPOCTYIO KOHKAaTEHAIMIO 0ObEKTOB Series u DataFrame ¢ OMOIIBIO
dynxkImn pd. concat, yriybumcs B peannsoBatHbie B Oubmorexe Pandas 6osiee 3ainy-
TaHHbIE CJIUSHUS M COSJIMHEHMUST, BBITIOJIHSIEMbIE B OIIEPATUBHON AMSITH.

Haurem ¢ 06bIYHBIX MITIOPTOB:

In[1]: import pandas as pd
import numpy as np

g yno6erBa onmieM CaeayIonyo GyHKIUIO, CO3Aalnyio o0bekT DataFrame omnpe-
JieJIeHHOM (DOPMBI, KOTOPAsk HaM IIPUTOANTCA B AJIbHEHIIIEM:

In[2]: def make_df(cols, ind):
"""BeicTpo co3paem obbekT DataFrame
data = {c: [str(c) + str(i) for i in ind]
for ¢ in cols}
return pd.DataFrame(data, ind)

# dk3emnnap DataFrame
make_df('ABC', range(3))

out[2]: A B C
@ A0 BO (O
1 Al B1 C1
2 A2 B2 C2

HanomuHaHue: KoHKaTeHauma Maccneos NumPy

Konkarenaimsa 00BEKTOB Series u DataFrame oueHb 1OXOKa HA KOHKaTeHaI1uIio Mac-
cuBoB 6ubanorek NumPy, KOTOPYI0 MOKHO OCYILECTBUTD IOCPEACTBOM (HYHKIIUU
np.concatenate, o6cy:kaaBuieiica B pasgene «Bpenenne B MaccuBbl OUOIMOTEKN
NumPy» raassr 2. HanoMuum, 4to TakuM 06pazoM MOKHO 0OBEIMHATE COAEPKUMOE
ABYX 1 60Jiee MACCUBOB B OUH:

In[4]: x = [1, 2, 3]
y = [4) 5, 6]
z=1[7, 8, 9]

np.concatenate([x, y, z])
Out[4]: array([1, 2, 3, 4, 5, 6, 7, 8, 9])

[TepBblii apryMeHT JaHHOU (PYHKIMH — CIIUCOK UM KOPTEK 00bEIUHIEMBIX MACCHBOB.
Kpowme Toro, ona mpyuHUMaeT Ha BXOJle KJII0YeBOE CJI0BO axis, jaoiiee BO3MOKHOCTD
3a/1aBaTh OCb, [I0 KOTOPOU OYIET BBITIOTHATHCS KOHKATEHATHST:
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In[5]: x = [[1, 2],
[3, 4]]

np.concatenate([x, x], axis=1)

Out[5]: array([[1, 2, 1, 2],
[3, 4, 3, 4]1])

MpocTas KOHKaTeHaLusl C NoMoLblo MeToaa pd.concat

B 6ubsmorexe Pandas nmeercst pyHKImst, pd. concat (), CHHTAKCHC KOTOPOH aHAJIOTMYEH
(bynkImm np. concatenate, 0JlHAKO OHA COAEPSKUT MHOKECTBO MTAPAMETPOB, KOTOPHIE MBI
BCKOPE 00CyANM:

# CurHaTtypa ¢yHkuum pd.concat B 6ubnumorteke Pandas v0.18

pd.concat(objs, axis=0, join='outer', join_axes=None, ignore_index=False,
keys=None, levels=None, names=None, verify_integrity=False,
copy=True)

DyHKIMIO pd.concat MOKHO UCIIOJIb30BATD I IIPOCTOI KOHKaTeHAIM 0ObEKTOB
Series nym DataFrame aHAJIOTUYHO TOMY, Kak )yHKIIUIO np.concatenate() MOXKHO
TIPUMEHSTD JIJIsI TPOCTON KOHKATEHAIIMN MaCCUBOB:

In[6]: serl = pd.Series(['A', 'B', 'C'], index=[1, 2, 3])

ser2 = pd.Series(['D', 'E', 'F'], index=[4, 5, 6])
pd.concat([serl, ser2])

out[6]: 1 A
2 B
3 C
4 D
5 E
6 F
dtype: object

Ouna Takxe OAXOAUT /I KOHKaTeHaluu 00beKTOB 00JIee BLICOKOM pasMepHOCTH, TAKUX
Kak DataFrame:

In[7]: dfl = make_df('AB', [1, 2])
df2 = make_df('AB', [3, 4])
print(dfl); print(df2); print(pd.concat([df1, df2]))

dfl df2 pd.concat([df1l, df2])
A B A B A B
1 Al Bl 3 A3 B3 1 Al B1
2 A2 B2 4 A4 B4 2 A2 B2
3 A3 B3
4 A4 B4

ITo yMo/4aHNIO KOHKATEHALMS IPOUCXOAUT B 0ObeKTe DataFrame OCTPOUHO, TO €CTh
axis=0. AHasornyHo (GYHKIINH np.concatenate() dyHKIM pd.concat() mMo3BoJIIET
YKa3blBaTh OCb, M0 KOTOPOW OYJIET BHIMOJHSATHCS KOHKaTeHatust. PaccMoTpuM ciiey-
IOHIUH TpUMep:
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In[8]: df3 = make_df('AB', [0, 1])
df4 = make_df('CD', [0, 1])
print(df3); print(df4); print(pd.concat([df3, df4], axis='col'))

df3 dfa pd.concat([df3, df4], axis='col')
A B C D A B C D
0 A0 Bo 0 Co Do 0 A0 Bo Co Do
1 Al B1 1 C1 D1 1 A1 B1 C1 D1

MbI MOTJIH 33/1aTh OCh U SKBUBAJIEHTHBIM 0OPa30M: axis=1, 3/1eCh K€ MbI HCTIOJIb30BAJIN
6oJiee MHTYUTUBHO TIOHSITHBIN BapUaHT axis="'col'",

[ybnnpoBaHne NHAEKCOB

Basknoe paznuune mMexxay hyHKIIUSIME np.concatenate() u pd.concat() cocTout
B TOM, 4TO KOHKaTeHarus u3 Oubanoreku Pandas coxpansem undexcol, naxe eciu
B pesyJibTaTe HEKOTOPble HHAEKCHI OyayT ayOaupoBarbes. PaceMOTpuM ciieayiomuit
pumep:

In[9]: x = make_df('AB', [0, 1])
y = make_df('AB', [2, 3])
y.index = x.index # [lybnupyem uHpekchbl!
print(x); print(y); print(pd.concat([x, y]))

X y pd.concat([x, y])
A B A B A B
0 A0 Bo 0 A2 B2 0 A0 Bo
1 Al B1 1 A3 B3 1 Al B1
0 A2 B2
1 A3 B3

OG6paruTe BHUMaHKE Ha TIOBTOPSIONIMECS UHAEKCHI. X0Ts B 00beKTax DataFrame 910 /0-
MYCTUMO, TOZ0OHBIN PE3YJIbTAT YacTO MOKET ObITh HexkemnaresneH. DyHKIwMst pd. concat()
MIPEIOCTABJISIET HAM HECKOJIBKO CITOCOOOB PEIICHMUS 9TOU TPOOIIEMBI.

ITepexBat MOBTOPOB Kak omuOKH. Eciii BaM HYKHO IIPOCTO rapaHTUPOBATh, UTO MH/IE-
KCBHI B Bo3BpaiiaeMoM (GyHKITHEH pd.concat() pe3yabTare He IePEKPLIBAIOTCS, MOKHO
3az1aTh ar verify_integrity. B ciydyae paBHOTO True 3HaU€HUS 9TOTO (hirara KOHKa-
TEHAIUs IPUBEIET K TeHePaIliy OIMUOKH TP HATHIUK LyOJIUPYIOIINXCS WHAEKCOB, BoT
[IPUMEP, B KOTOPOM MbI /i1t O0JIbIleil ICHOCTH TIepexXBaThIBAEM 1 BHIBOJMM B KOHCOJIb
coobmienne 06 omuoOKe:

U B rexymeit (0.19.2) Bepcun 6ubimorexn Pandas 1omycTiMbl cieayIoniie BapuaHThl CHHTA-
Kcuca:
axis='columns'
W
axis=1
VkasaHHbIA BapuaHT CHHTaKCUca MpuBeeT K ommbke. Bripouewm, B Bepcuu 0.18.1 6ubmorexu
Pandas, ucrosb3yemoii aBTOPOM KHUTH, IOKYMEHTUPOBAHHBII CHHTAKCHC JIJIs1 3TOI (DyHKIIN
JOTTYCKAET TOJIBKO MPUMeHEHNe YNCIOBBIX 3HAUEHU JIJIsT TTapaMeTpa axis.
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In[10]: try:
pd.concat([x, y], verify_integrity=True)
except ValueError as e:
print("valueError:", e)

ValueError: Indexes have overlapping values: [0, 1]

HrnopupoBanue unmexca. Mroraa nxjgekc cam mo cebe He UMeeT 3HaYEHsT 1 JIydIlie
€ro IIPOCTO IIPOUTHOPUPOBATD. /151 9TOr0 J0CTATOYHO YCTAHOBUTD (hJiar ignore_index.
B ciyyae paBHoro True 3HaueHust 9Toro ¢uiara KOHKaTeHalus IpruBeeT K CO3aHIIO
HOBOTO I[eJIOYNCIEHHOTO HHIEKCA JIJIsi KTOTOBOTO 06hEKTa Series:

In[11]: print(x); print(y); print(pd.concat([x, y], ignore_index=True))

X y pd.concat([x, y], ignore_index=True)
A B A B A B

0 A0 Bo 0 A2 B2 0 A0 BOo

1 Al B1 1 A3 B3 1 Al B1

2 A2 B2

3 A3 B3

Jlo6aBnenue Kiaoueil MyabTHHHIEKCA. Ellle O/[MH BAPUAHT — BOCIIOJIb30BATHCS Mapa-
METPOM keys JiJist 3alaHUsI METOK JIJIsl UICTOUHUKOB JlaHHbIX. PesysibraTom OyayT nepap-
XUYECKU MH/ICKCUPOBAHHDIC PAJBL, COlePIKAINC JaHHbIe:

In[12]: print(x); print(y); print(pd.concat([x, y], keys=['x"', 'y'1]))

X y pd.concat([x, y], keys=['x", 'y'])
A B A B A B
@ A0 BO @ A2 B2 X © A0 B@
1 A1 B1 1 A3 B3 1 Al B1
y @ A2 B2
1 A3 B3

Pesyabrar mpefcrasisier co60i My TbTHHHIEKCUPOBAHHBIT 06bEKT DataFrame, TaK 4TO
MBI CMOKEM BOCII0JIb30BaThCS OIMCAHHBIM B paszese «Vepapxuyeckas uHjiexcanuss
ATOH rJIaBbl, YTOOBI PEOOPA3OBATH HTH JAHHBIE B TPeOYEMOE HAM TIPEICTABICHNE.

KoHkaTeHauns C Ucrnosb30BaHMEM COEAVIHGHVIVI

B paccMaTpuBaeMbIX MpUMepax B OCHOBHOM POU3BOAUTCS KOHKaTeHAI[UsT 00hEKTOB
DataFrame ¢ oOumMy HazBaHusaMuU cTos010B. Ha IPaKTHUKE Yy JaHHbIX U3 Pa3HbIX HC-
TOYHUKOB MOI'YT ObITh PasjinuHble HAO0pbI UMeH cTo101108. Ha atot ciryyaii y pyHKimun
pd.concat() uMeeTCsl HECKOJIBKO ottiuit, VI3yunm oObeIUHEHIE CIAEYIONIX TBYX
00beKTOB DataFrame, y KOTOPBIX CTOJIOIBI (HO He Bee!) Ha3bIBAIOTCS OJJUMHAKOBO:

In[13]: df5 = make_df('ABC', [1, 2])
df6 = make_df('BCD', [3, 4])
print(df5); print(df6); print(pd.concat([df5, df6]))
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df5 dfeé pd.concat([df5, df6])
A B C B C D A B C D
1 Al B1 C1 3 B3 C3 D3 1 Al Bl C1 NaN
2 A2 B2 C2 4 B4 C4 D4 2 A2 B2 (C2 NaN
3 NaN B3 (C3 D3
4 NaN B4 C4 D4

[To ymosyanuio ajeMeHTbl, JaHHbIe /IS KOTOPBIX OTCYTCTBYIOT, 3a110JHAI0TCS NA-
snaueHustMu. YT0ObI TOMEHATH 9TO TIOBEIEHNE, MOKHO YKA3aTh OJIHY M3 HECKOTbKUX
ONIUI I MapaMeTpoB join u join_axes dyHKIMU KoHKaTeHanuu. [lo ymosua-
HUIO coe/inHeHrne — 00beINHEeHNe BXOAHBIX CTOJAOIOB (join="outer"), HO €CTh BO3-
MOXKHOCTD TIOMEHSTE 9TO TOBECHUE Ha MEPEceUeH e CTOIOIOB ¢ TTOMOTIHIO OTMIHH
join="inner':

In[14]: print(df5); print(df6);

print(pd.concat([df5, df6], join='inner'))

df5 dfeé pd.concat([df5, df6], join='inner")
A B C B C D B C
1 Al B1 C1 3 B3 C3 D3 1 Bl C1
2 A2 B2 C2 4 B4 C4 D4 2 B2 C2
3 B3 C3
4 B4 C4

Erte opma onius mpeHasHaveHa st yKa3aHus sBHBIM 06pPa3soM HHJIEKCA OCTaBIINXCS
CTOJIGIIOB € MOMOTITIO APTYMEHTA join_axes, KOTOPOMY MPUCBAMBACTCS CIIICOK OObEK-
TOB WHJIEKCA. B TaHHOM cirydae Mbl yKa3bIBaeM, 4TO BO3BPAIIAEMBIE CTOJOIIBI JOJKHbL
COBIIA/IATh CO CTOJIOIAMHE TIEPBOTO U3 KOHKATEHUPYEMbIX 06BHEKTOB DataFrame:

In[15]: print(df5); print(df6);
print(pd.concat([df5, df6], join_axes=[df5.columns]))

dfs dfe pd.concat([df5, df6], join_axes=[df5.columns])
A B C B C D A B C
1 Al B1 C1 3 B3 C3 D3 1 Al Bl C1
2 A2 B2 C2 4 B4 C4 D4 2 A2 B2 C(C2
3 NaN B3 (C3
4 NaN B4 C4

Pasinunble coueTanus onuuil GyHKIMK pd.concat() obecreynBaT IMUPOKUIT Jua-
Ta30H BO3MOJKHBIX TOBEJICHUIT TIPU COEIMHEHN T IBYX Hab0poB nanubix. He 3abbiBaiite
006 9TOM TIPH UCTIOJIB30BAHUY €€ JIJIS BAITNX COOCTBEHHBIX IAHHBIX.

MeTopa append()

Henocpencrsennas KOHKaTeHAIMSA MACCUBOB HACTOJIbKO PacIPOCTpaHeHa, 4To B 00b-
€KTbI Series 1 DataFrame ObLI BKJIIOUEH METOZ append (), IIO3BOJISIIONIMIA BBIIOJIHUTD TO
JKe caMmoe ¢ MeHbIuMn yeuinsamu. Hanmpumep, BMecTo Bbi3oBa pd.concat([dfl, df2])
MOJKHO BbI3BaTh dfl.append(df2):
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In[16]: print(dfl); print(df2); print(dfl.append(df2))

df1 df2 df1.append(df2)
A B A B A B
1 Al B1 3 A3 B3 1 Al Bl
2 A2 B2 4 A4 B4 2 A2 B2
3 A3 B3
4 A4 B4

He 3a06biBaiite, uTO, B OTJIMYMe OT MeTOL0B append() u extend() CIMCKOB S3bIKa
Python, metoz append() B 6ubsorexe Pandas He naMeHsteT MCXOAHBIN 00beKT. BMecTo
9TOTO OH CO3/aeT HOBbII 0OBEKT ¢ 00bEANHEHHBIMU JAHHBIMU, UTO J€JIaeT 9TOT METO]
He CIUITKOM 3(h(HEKTUBHBIM, TIOCKOJIbKY O3HAUAET CO3/aHne HOBOTO MHeKca u Oydepa
nanHbix. ClieoBaTeIbHO, eCIi BaM HeoOX0AUMO BBIIIOJHUTH HECKOJIBKO Olepaliuil
append, Jiydiiie co3aTh CIIMCOK 0ObeKTOB DataFrame U 1epesaTh UX Bee cpas3y (PyHKIMN
concat().

B caeytoriieM pasjesie Mbl pACCMOTPUM JIPYTOil MOAXO0J K 00beINHEHNIO TAHHBIX U3
HECKOJIBKMX MCTOYHUKOB, 0OJaarolinii eme 6ojiee MMPOKIUMU BO3MOKHOCTSIMIL BbI-
MOJIHEHUE CITUAHIH /06beIMHEeH i B cTHIIe 6a3 JAHHBIX € TIOMOTIbIO (DYHKIIUY pd . merge.
[lnst mosryyenus fonoaHUTEIbHON nHpOpMa o MeTozax concat(), append() 1 OT-
Hocseiicst K HuM (DyHKIIMOHAIBHOCTH cM. paszes Merge, Join and Concatenate («Ciiu-
sAHUe, COeIMHEeHNe U KOHKaTeHalug», http://pandas.pydata.org/pandas-docs/stable/merging.
html) mokymenTaru 6ubanorexn Pandas.

O6beanHeHNe HabopoB AaHHbIX: CIUSIHUE
N CoeanHeHme

O/HO0 U3 BaxKHbBIX CBOICTB OubmMoTekn Pandas — ee BBICOKOIIPOU3BOAUTEIbHDIE, BbI-
MOJIHSIEMBIE B OTIEPATUBHOM MTaMSITH OTIepAITK COeIMHEHNST U CIUsTHUS. Eciu BbI Kor/ia-
b0 pabotaju ¢ 6GazaMu JAHHBIX, BaM J0JKEH ObITh 3HAKOM TaKOW BUJL B3AUMOZIEHCTBIS
¢ nanabiMu. OcHOBHOI nHTEpdeiic g Hux — dyHKIug pd.merge. Heckombko npume-
POB ee paboThI Ha IIPAKTHKE MbI PACCMOTPUM JIajiee.

PensumoHHas anrebpa

PeanmsoBanioe B MeTojie pd.merge MOBEJEHUE IIPEACTABIAET COOOM MOAMHOKECTBO
TOTO, YTO U3BECTHO I0JI HA3BaHUEM <«peisuuonnas anzebpas (relational algebra). Pe-
nsauonHas aarebpa — opMabHbI HAGOP IPaBUI MAHUIYISUKY PEISIINOHHBIME
JTaHHBIMU, (POPMUPYIOIMINI TEOPETHIECKIE OCHOBAHM JJI1 UMEIOIINXCS B OOJIbITIHCTBE
6a3 gannbix onepayid. Cua pessIMOHHOrO MOAX0/a COCTOUT B IPEAOCTABACHUH UM
HECKOJIbKUX ITPOCTEHIINX OIlepalnii — CBOCOOPA3HBIX «KUPIIMYUKOB JJIsI IIOCTPOEHIMS
GoJtee CIOKHBIX OIepallyii HaJl JI0OBIM HabopoM JaHHEIX. [1pn Hammann 5 deKTUBHO
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peann3oBaHHOro B 6ase JaHHBIX WK APYrOi IporpamMmme mogo6Horo 6azoBoro Habopa
oreparyii MOKHO BBIIOJHATh NIMPOKUN AMANIA30H BECbMA CJIOKHBIX COCTABHBIX OIle-
panuii.

Bubsimoreka Pandas peansyer HECKOIBKO U3 9THX Oa30BBIX «KUPITUYUKOB»> B (DYHKIHN
pd.merge() U POACTBEHHOM eii MeToze join() 0ObEKTOB Series 1 DataFrame. Omu 06e-
CITEYNBAIOT BO3MOKHOCTD 9 PEKTUBHO CBI3BIBATD JJAHHBIE 3 PA3JIMUHBIX UCTOYHUKOB.

Buabl coeguHeHumn

Oyukiws pd.merge() peayin3yerT MHOKECTBO TUIIOB COEAUHEHUN: «00UH-K-00HOMY >,
<MHOZUE-K-00HOMY > U <MHOZUE-KO-MHOZUM». BCe 9TH TPU THUTIA COEIMHEHNHN [OCTYITHBI
4epes OJIMH U TOT JKe BbI30B pd.merge (), TUI BBITIOJHAEMOTO COEIMHEHMS 3aBUCHT OT
(hopmbI BXOTHDBIX HaHHBIX. HIsKe MBI PACCMOTPUM IIPUMEPBI 9TUX TPEX TUIIOB CAUSHUN
u 06¢yinm GoJiee TTIOAPOGHO UMEIOIIUECS TaPAMETPBI.

CoeanHEHUSI «OAUH-K-OHOMY>»

[Ipocreiimuii T BhIpaskeHUs CAUSHUS — COeIUHEHNE «OJUH-K-OJHOMY», BO MHO-
rOM HAIlOMHUHAIOIIee KOHKaTeHALUIO 110 cTO/I01aM, KOTOPYIO Mbl M3yUYWJINM B pasjesie
«O6benuHeHe HabOPOB JaHHBIX: KOHKaTeHAIUs 1 100aBIeHie B KOHEI» 9TOM IIaBbl.
B kauecTBe npuMepa paccMOTPUM CJIeayiomine ABa oObekTa DataFrame, comepsKaiiie
nHGOPMAIIIIO O HECKOJIBKUX CIIY>KAIUX KOMITAHUU:

In[2]:
dfl = pd.DataFrame({'employee': ['Bob', 'Jake', 'Lisa', 'Sue'],
'group': ['Accounting', 'Engineering', 'Engineering’,
"HR'1})
df2 = pd.DataFrame({'employee': ['Lisa', 'Bob', 'Jake', 'Sue'],
"hire_date': [2004, 2008, 2012, 2014]})
print(df1l); print(df2)

df1 df2

employee group employee hire_date
2] Bob  Accounting 0 Lisa 2004
1 Jake Engineering 1 Bob 2008
2 Lisa Engineering 2 Jake 2012
3 Sue HR 3 Sue 2014

Y0661 06bEAUHUTD 3TY MH(GOPMALIUIO B 0A1H 00beKT DataFrame, BOCIIOIb3yeMCs (DYHK-
nmeit pd.merge():

In[3]: df3 = pd.merge(dfl, df2)
df3

Out[3]: employee group hire_date
0 Bob  Accounting 2008
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1 Jake Engineering 2012
2 Lisa Engineering 2004
3 Sue HR 2014

Dynuknus pd.merge() paciosHaert, 4To B 000X 00bekTax DataFrame uMeeTcst CTONGE
employee, 1 aBTOMATHYECKHU BBITOJIHIAET COSJMHEHIIE, VCTIOIB3Ys ATOT CTONGEI] B KAaUeCTBe
KJova. Pe3ynbTaToM CAUSHUS CTAHOBUTCS HOBBIHM 00beKkT DataFrame, 00beANHSIONNI
uHMOPMAIUIO U3 IBYX BXOAHBIX 00bekToB. Obparite BHUMAHUE, YTO MOPSIOK 3amuceit
B CTOJIONAX He 00513aTeIbHO COXPAHSIETCST: B JIAHHOM CJIyYae COPTHPOBKA CTOJIOA employee
pasnnyuHa B o0bekTax dfl u df2 u pyHKius pd.merge() oOpabarbiBaeT aTy CUTYAIIIO
KOppekTHbIM 06pasoM. Kpome Toro, e 3abbiBaiiTe, 4TO CAMSHUE UTHOPUPYET UHIEKC,
3a UCKJIIOUEHHEM 0c000TO Crydast CIUSTHUS 110 uHaeKey (cM. yHKT «KitoueBbie cjioBa
left_index u right_index» moppasmesna «3amaHue Kioda CIUSHUA> TaHHOTO Pasiesia).

CoeanHeHns1 KMHOrMe-K-oAHOMy>»

«MHoOTHEe-K-0HOMY» — COEJANHEHNST, TIPH KOTOPBIX OMH U3 [BYX KJIIOUEBBIX CTOJOIOB
COZLEPKUT AyOIUpPYIONIMecs 3HaYCHUsA. B ciyyae coeiMHEHNsT «MHOTHE-K-0[HOMY »
B UTOTOBOM 0OBeKTe DataFrame 9TH AyOIUPYIONTHECs 3aMiuch OyAyT coxpaHensl. Pac-
CMOTPUM CJIelyIOLIUI IPUMeP COeInHEHUS «<MHOTe-K-0THOMY »:

In[4]: df4 = pd.DataFrame({'group': ['Accounting', 'Engineering', 'HR'],
'supervisor': ['Carly', 'Guido', 'Steve']})
print(df3); print(df4); print(pd.merge(df3, df4))

df3 df4

employee group hire_date group supervisor
(2] Bob  Accounting 2008 @ Accounting Carly
1 Jake Engineering 2012 1 Engineering Guido
2 Lisa Engineering 2004 2 HR Steve
3 Sue HR 2014

pd.merge(df3, df4)

employee group hire_date supervisor
(2] Bob  Accounting 2008 Carly
1 Jake Engineering 2012 Guido
2 Lisa Engineering 2004 Guido
3 Sue HR 2014 Steve

B utorosom oObekre DataFrame nMeeTcst JOMOJHUTEbHbBIN cToI0€l] ¢ undopmaruein
0 PYKOBOZIMTENE (SUPErvisor) ¢ MOBTOPeHNeM MHMOPMAINN B OTHOM WJIM HECKOJTBKUX
MeCTaxX B COOTBETCTBUU C BBOAMMbBIMU JaHHBIMU.

CoeanHeHns1 «MHOrnMe-Ko-MHOrnMM»

COGJII/IHGHI/IH «MHOTHe-KO-MHOIUM» CeMaHTUYeCKU HeCKOJIbKO HoJlee CJIOJKHDbI, HO TEM HE
MEHEee YETKO OIIPEeaE/ICHDI. Ecim CTOJI6CI_[ KJII04a KaK B JIEBOM, TaK 1 B IIPaBOM MaCCHBaX
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COAEPKUT MMOBTOPAIONINEC 3HAUCHNA, PE3YJIbTAT OKAKETCA CAMAHUEM TUIIA «MHOTHE-
KO-MHOTHM». PacCMOTPUM CJIEYIOIIHIT TpUMep, B KOTOPOM 00BeKT DataFrame oTpaskaer
OJIH MJIX HECKOJIbKO HaBbIKOB, COOTBETCTBYIONIUX KOHKPETHOI IpyTIIIe.

Buinosnus COe/IMHEHUE «MHOTI'MEe-KO-MHOTUM», MOKHO BbIACHUTDb HaBbIKM KaK/10T'O

KOHKPETHOTO YeJIOBEKa
In[5]: df5 = pd.DataFrame({'group': ['Accounting’,
'Engineering’,
"HR', 'HR'],
['math', 'spreadsheets’,
"linux’',
'spreadsheets’,
print(dfl); print(df5); print(pd.merge(dfl, df5))

'Accounting’,
'"Engineering’,
'skills': 'coding’,

'organization']})

df1 df5
employee group group skills
2] Bob  Accounting @ Accounting math
1 Jake Engineering 1 Accounting spreadsheets
2 Lisa Engineering 2 Engineering coding
3 Sue HR 3 Engineering linux
4 HR spreadsheets
5 HR organization
pd.merge(dfl, df5)
employee group skills
2] Bob  Accounting math
1 Bob  Accounting spreadsheets
2 Jake Engineering coding
3 Jake Engineering linux
4 Lisa Engineering coding
5 Lisa Engineering linux
6 Sue HR spreadsheets
7 Sue HR organization

ITU TPU TUIIA COEANHEHUI MOKHO HCIIOIb30BATh U B APYTUX MHCTPyMEHTaX OUOIMOTeKN
Pandas, 4To gaeT BO3MOKHOCTb PeaN30BaTh IMUPOKKIL [Haa3oH YHKIIMOHAIbHOCTH.
OnHaKo Ha paKTHKe HAOOPDI JAHHBIX PEKO OKA3bIBAIOTCS TAKUMU K€ «UUCTBIMKY>, KAK
Te, ¢ KOTOPBIMHU MBI UMEJH fIesio. B ciemyromnieM pasziesie Mbl PACCMOTPUM TTapaMeTpPhl
MeToza pd.merge (), no3BosgnMe DOJIEEe TOHKO OIMCHIBATE JKEJIaeMOE MTOBEIeHIE
omnepanuil CoeIMHeHN.

3a/laHue KJoYda CUSHUS

Mpsr1 paccMoTpenu oBezienre MeToia pd . merge () TI0 YMOJTYAHUIO: OH BBITIOJTHSIET TIOUCK
B JIBYX BXOAHBIX OOBEKTAaX COOTBETCTBYIOIIUX Ha3BaHUI CTOJIOOB U MCIOJIb3YeT Haii-
JIeHHOe B KauecTBe Kirtoua. OHAKO 3a4acTyI0 MMeHa CTOJIONOB He COBIAAAoT JOOYKBEH-
HO TOYHO, U B METOJIE pd.merge () UMeeTCS HEMAJIO TapaMeTPOB /I TAKOH CUTYaIlNH.
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KntoyeBoe c/1oBO On

Hpome BCETro yKa3aTb Ha3dBaHUE KJIIOYEBOTO CTOJI6LI3. C IIOMOIIBIO KJIIOYEBOTO CJI0Ba ON,
B KOTOPOM YKa3bIBACTCA Ha3BaAHNE NJIN CIIMCOK Ha3BaHUIA CTOJI6LIOB3

In[6]: print(dfl); print(df2); print(pd.merge(dfl, df2, on='employee'))

df1 df2

employee group employee hire_date
(%] Bob  Accounting (2] Lisa 2004
1 Jake Engineering 1 Bob 2008
2 Lisa Engineering 2 Jake 2012
3 Sue HR 3 Sue 2014

pd.merge(dfl, df2, on='employee')

employee group hire_date
(2] Bob  Accounting 2008
1 Jake Engineering 2012
2 Lisa Engineering 2004
3 Sue HR 2014

ITOT ITapaMeTp pa60TaeT TOJIBKO B TOM CJiy4dae, Kor/la B JIEBOM 1N ITpaBOM oObeKTax
DataFrame nMeeTCs yKa3aHHOE Ha3BaHNE CTOJI6H3..

Kntouesble cnosa left_on u right_on

WHOr/Ia TPUXOUTCST BBITIOTHSTH CJIMSTHYE [IBYX HAOOPOB JAHHBIX C PA3JIMYHBIMI HMEHAMU
crosibrioB. Hampumep, y Hac MOskeT GBITh HaGOP JAHHBIX, B KOTOPOM CTOJIGEIT JIst IMCHH
CJTysKallero Ha3bIBaeTcs Name, a He Employee. B aTOM cityyae MOKHO BOCIIOJIb30BATHCA KITIO-
YeBBIMY CJTOBaMU left_on 1 right_on jiJist yKa3aHUs HA3BAHWIA BYX HY/KHBIX CTOJIOIOB:

In[7]:

df3 = pd.DataFrame({'name': ['Bob', 'Jake', 'Lisa', 'Sue'l],
'salary': [70000, 80000, 120000, 90000]})

print(df1l); print(df3);

print(pd.merge(dfl, df3, left_on="employee", right_on="name"))

df1 df3

employee group name salary
0 Bob  Accounting © Bob 70000
1 Jake Engineering 1 Jake 80000
2 Lisa Engineering 2 Lisa 120000
3 Sue HR 3 Sue 90000

pd.merge(dfl, df3, left_on="employee", right_on="name")
employee group name salary

Bob  Accounting Bob 70000

Jake Engineering Jake 80000

Lisa Engineering Lisa 120000

Sue HR  Sue 90000

wNERoe
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PesynbTat 5TOI OTIepaIi CoMEPsKUT U3OBITOUHBII CTOTOETT, KOTOPBIT MOKHO TIPU JKeta-
HuK yaanTh, Hamprmep, ¢ TIOMOIIbI0 IMeroTIerocst B 00bekrax DataFrame Metozia drop():

In[8]:
pd.merge(dfl, df3, left_on="employee", right_on="name").drop('name', axis=1)
Oout[8]: employee group salary

0 Bob  Accounting 70000

1 Jake Engineering 80000

2 Lisa Engineering 120000

3 Sue HR 90000

KntoueBble cnosa left_index u right_index

Muorga ynobuee BMECTO CAUSHUA 10 CTOAOIY BBIIOJHUTD CAUSHIE 10 HHAeKcy. Jo-
MyCTUM, Y HaC UMEIOTCS CJIeYIoNINe JaHHbIe:

In[9]: dfla = dfl.set_index('employee')
df2a = df2.set_index('employee")
print(dfila); print(df2a)

dfla df2a

group hire_date
employee employee
Bob Accounting Lisa 2004
Jake Engineering Bob 2008
Lisa Engineering Jake 2012
Sue HR Sue 2014

MoxHO UCTIoJIb30BaTh NHAEKC B KaueCcTBe KI04a CAUSHUSA MyTeM yKa3aHud B METOJe
pd.merge() dnaros left_index u/mian right_index:

In[10]:
print(dfla); print(df2a);
print(pd.merge(dfla, df2a, left_index=True, right_index=True))

dfla df2a

group hire_date
employee employee
Bob Accounting Lisa 2004
Jake Engineering Bob 2008
Lisa Engineering Jake 2012
Sue HR Sue 2014

pd.merge(dfla, df2a, left_index=True, right_index=True)
group hire_date

employee

Lisa Engineering 2004
Bob Accounting 2008
Jake Engineering 2012

Sue HR 2014
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ZIHﬂ:yﬂO6CTBaI306LeKTaX DataFrame peajun3oBaH MeTO join (), BRITIOJTHAIONINAN IO
YMOJTYaHUIO CIUSTHUE 110 MHAEKCaM:

In[11]: print(dfla); print(df2a); print(dfla.join(df2a))

dfla df2a

group hire_date
employee employee
Bob Accounting Lisa 2004
Jake Engineering Bob 2008
Lisa Engineering Jake 2012
Sue HR Sue 2014

dfla.join(df2a)
group hire_date

employee

Bob Accounting 2008
Jake Engineering 2012
Lisa Engineering 2004
Sue HR 2014

Ecu tpebyercst KOMOGUHAIMST CAUSTHUS 110 CTOJOIAM U MHIEKCAM, MOYKHO JIJIS OCTH-
JKEHUS HY;KHOTO ITOBeJIEHNUST BOCIIOJIb30BaThCsl coueTtanueM diara left_index c mapa-
METPOM right_on wim napametpa left_on ¢ diarom right_index:

In[12]:
print(dfia); print(df3);
print(pd.merge(dfla, df3, left_index=True, right_on="name'))

dfla df3

group
employee name salary
Bob Accounting 0 Bob 70000
Jake Engineering 1 Jake 80000
Lisa Engineering 2 Lisa 120000
Sue HR 3 Sue 90000

pd.merge(dfla, df3, left_index=True, right_on='name')
group name salary
Accounting Bob 70000
Engineering Jake 80000
Engineering Lisa 120000
HR Sue 90000

w N RO

Bce atu napameTpsl paboTaloT U B CIy4ae HECKOJIbKUX MHIEKCOB M/ CTOJAOLOB,
CUHTAKCHUC IS TOTO UHTYUTUBHO HOHATEH. BoJee noapobHyo mHOOpMaIAO 110
aTOMY BoOTIpocy cM. B paszese Merge, Join and Concatenate («CiusiHue, coeiuHeHHE
1 KOHKaTeHalust», http://pandas.pydata.org/pandas-docs/stable/merging.html) mokymenTarum
6ubmnorexkn Pandas.
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3afaHue onepauunin Haa MHOXXECTBAMUN ANS COeAUHEHMUM

Bo Bcex IIPpEABIAYIINX ITPUMEPaxX Mbl UTHOPUPOBAJIN OJAVNH Ba;KHBIM HIOAHC BBITTOJTHEHUS
COoe/IMHEHUA — BM/L HCHOJI]':;SyeMOfI IIp1 COEANHEHN N OlI€epalinun aJIFe6pr MHOJKECTB. ITO
HUTPaA€T BasKHYIO POJIb B CJIydasiX, KOr/la Kakoe-1nb0 3HaYeHUE eCTh B O/THOM KJIIOYE€EBOM
CTOJI6].[€, HO OTCYTCTBYET B APYTI'OM. PaCCMOTpI/IM C]IeZ[YIOH.[I/Iﬁ IIpuMep:

In[13]: df6 = pd.DataFrame({'name': ['Peter', 'Paul', 'Mary'],
'food': ['fish', 'beans', 'bread']},
columns=['name', 'food'])
df7 = pd.DataFrame({'name': ['Mary', 'Joseph'],

‘drink': ['wine', ‘'beer']},
columns=[ 'name', ‘'drink'])
print(df6); print(df7); print(pd.merge(df6, df7))

dfe df7 pd.merge(df6, df7)

name  food name drink name food drink
@ Peter fish 2] Mary wine © Mary bread wine
1 Paul beans 1 Joseph beer

2 Mary bread

37tech MBI CJTUIT BOEJIMHO /IBa HaGopa JaHHbIX, Y KOTOPHIX COBMAAAET TOIBKO O/[HA 3a-
mich name: Mary. TTo yMOT9aHUIO pe3yIbTat Oy/IeT COMEPKATD nepeceuetue TIBYX BXO/I-
HBIX MHOJKECTB — gHympennee coedunenue (inner join). MoKHO yKasaTh 9T0O IBHBIM 06-
Pas3oM, € TIOMOII[BIO KJTI0YEBOTO CJIOBA how, IMEIOIIETO 10 YMOTYaHUTO 3HAYeHue 'inner':

In[14]: pd.merge(df6, df7, how='inner')

Oout[14]: name  food drink
@ Mary bread wine

JIpyrie Bo3MOKHBIE 3HAUEHUS KITFOUEBOTO cT0Ba how: 'outer', 'left' u 'right'. Brew-
Hee coedunenue (outer join) 03HaUaET COEANHEHHUE 110 OObETMHEHNIO BXOAHBIX CTOJIOIOB
U 3a10JTHSeT 3HaYeHUSAMU NA Bce TIPOTTYCKY 3HAYEHWH:

In[15]: print(df6); print(df7); print(pd.merge(df6, df7, how='outer'))

dfée df7 pd.merge(df6, df7, how='outer"')
name  food name drink name  food drink
0 Peter fish (4] Mary wine @ Peter fish NaN
1 Paul beans 1 Joseph beer 1 Paul beans NaN
2 Mary bread 2 Mary bread wine
3 Joseph NaN beer

Jesoe coedunenue (left join) u npasoe coedunenue (right join) BBIIOMHAIOT COeIUHEHIE
110 3aIMCAM CJieBa 1 clipaBa cooTBeTcTBeHHO. Harpumep:

In[16]: print(df6); print(df7); print(pd.merge(df6, df7, how='left'))

dfe df7 pd.merge(df6, df7, how='left')
name food name drink name food drink
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0 Peter fish 0 Mary wine 0 Peter fish NaN
1 Paul beans 1 Joseph beer 1 Paul beans NaN
2 Mary bread 2 Mary bread wine

Crtpoku pesysbrara Ternepb COOTBETCTBYIOT 3alIUCSIM B JIEBOM M3 BXOIHBIX OOBEKTOB.
Ormust how="right' paGoraeT aHAJIOrMYHBIM 00OPA3OM.

Bce 9TU OIIIINN MOXKHO HGHOCPGZ[CTBCHHO HpI/IMeHHTb KO BCEM BbLIIICOIINMCAHHDBIM TUIIaM
COeIMHEHUN.

[Nepecekatolumecs Ha3BaHMs CTONOLOB:
KJ1toyeBoe ¢noBo suffixes

BaMm MosKeT BCTPETUThCST CIIydaii, Korjaa B IBYX BXOJAHBIX 00BEKTaX MPUCYTCTBYIOT KOH-
UK TYIONIIE HAasBaHK CTONONOB. PaccMOTpUM ClIeyoIuil mpuMep:

In[17]: df8 = pd.DataFrame({'name': ['Bob', 'Jake', 'Lisa', 'Sue'],
"rank': [1, 2, 3, 4]})
df9 = pd.DataFrame({'name': ['Bob', 'Jake', 'Lisa', 'Sue'],
"rank': [3, 1, 4, 2]})
print(df8); print(df9); print(pd.merge(df8, df9, on="name"))

dfs df9 pd.merge(df8, df9, on="name")
name rank name rank name rank_x rank_y

@ Bob 1 @ Bob 3 @ Bob 1 3

1 Jake 2 1 Jake 1 1 Jake 2 1

2 Lisa 3 2 Lisa 4 2 Lisa 3 4

3 Sue 4 3 Sue 2 3 Sue 4 2

ITockonbKy B pe3yabTaTe TOJKHbBI ObLIU OBITD /1B KOH(DJINKTYONMX HAa3BaHUS CTOJIO-
OB, (PYHKIVS CUSHIS aBTOMATUYECKH 100aBUIIa B HazBaHUst CyP(MUKCHI _X ¥ _y, 4TOOBI
00ecIiednTh YHUKAIbHOCTh Ha3BaHUI CTOJIOLOB pesyabrarta. Ecan 1o706H0e [oBejleHue,
MPUHATOE TI0 YMOJYAHUIO, HEYMECTHO, MOKHO 33/IaTh MOJIb30BaTeIbCcKUE CyHHUKCHI
C IIOMOIBIO KJII0UYEBOIO cjI0Ba suffixes:

In[18]:
print(df8); print(df9);
print(pd.merge(df8, df9, on="name", suffixes=["_L", "_R"]))

dfs df9

name rank name rank
(%] Bob 1 0 Bob 3
1 Jake 2 1 Jake 1
2 Lisa 3 2 Lisa 4
3 Sue 4 3 Sue 2

pd.merge(df8, df9, on="name", suffixes=["_L", "_R"])
name rank_L rank_R
@ Bob 1 3
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1 Jake 2 1
2 Lisa 3 4
3 Sue 4 2

Irtu cyhdurco OyayT paboTaTh A/ BCeX BO3MOKHbBIX BAPUAHTOB COEMHEHUN, B TOM
YKCJIE U B CJIyYae HECKOJIbKUX MEPECEKAIOIINXCS 10 HA3BAHUIO CTOJIOIOB.

3a 6ostee oApoOHOIT HHbOpMaIreil 06 HTUX BAPUAHTAX 3aTJITHUTE B PAsflesl « ATpert-
POBAHUE U IPYIIUPOBKAy JaHHOU IJIaBbl, B KOTOPOM MbI TIOPOOHEE U3YUNM PEJISIIHOH-
HyI0 anreGpy, a Takke B pasaesn Merge, Join and Concatenate («Ciusitue, coeinHeHme
¥ KOHKaTeHaIns», http://pandas.pydata.org/pandas-docs/stable/merging.html) moxymeHTaTIm
6ubmmorexu Pandas.

MNpuMep: AaHHble no wTtatam CLLUA

Onepanuu CIMstHASE ¥ COEAMHEHMSI Yallle BCero OKa3blBaIOTCsl HYsKHBI ITPU 00beIMHEHUT
JIAHHBIX U3 PA3JIMYHBIX KICTOUHUKOB. 3/IECh Mbl PACCMOTPHUM MIPUMED C OTIPe/IeJIeHHBIMU
narabivu 110 mtatam CIHIA n ux nHacesenuio. Maiisibl JaHHBIX MOKHO HAWTH TI0 aZipecy
http://github.com/jakevdp/data-USstates/:

In[19]:

WHCTPYKLUMM CUCTEMHOrO KOMaHAHOrO npoueccopa AJA CKAYUBaHUA [aHHbIX:

lcurl -0 https://raw.githubusercontent.com/jakevdp/
data-USstates/master/state-population.csv

lcurl -0 https://raw.githubusercontent.com/jakevdp/
data-USstates/master/state-areas.csv

lcurl -0 https://raw.githubusercontent.com/jakevdp/
data-USstates/master/state-abbrevs.csv

H HHHHEHH

[TocMoTpuM Ha 9TH HaGOPBHI JAHHBIX € TTOMOMIBIO hyHKIMN read_csv() 6ubamorexn
Pandas:

In[20]: pop = pd.read_csv('state-population.csv')

areas = pd.read_csv('state-areas.csv')
abbrevs = pd.read_csv('state-abbrevs.csv')

print(pop.head()); print(areas.head()); print(abbrevs.head())

pop.head() areas.head()
state/region ages year population state area (sq. mi)
0 AL underl8 2012 1117489.0 ] Alabama 52423
1 AL total 2012 4817528.0 1 Alaska 656425
2 AL underl8 2010 1130966.0 2 Arizona 114006
3 AL total 2010 4785570.0 3 Arkansas 53182
4 AL underl8 2011 1125763.0 3 Arkansas 53182
4 California 163707

abbrevs.head()
state abbreviation
2] Alabama AL
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1 Alaska AK
2 Arizona AZ
3 Arkansas AR
4 California CA*

[lomycTim, HaM HY’KHO Ha OCHOBE 9TO MH(MOPMAIIMK OTCOPTUPOBATH IITATHI M TEPPH-
topuio CIITA no nsorHocTn Hacesenus: B 2010 roxy. Mudopmarium st atoro y Hac
JOCTATOYHO, HO JUUIS IOCTHIKEHVIS TIETH MPUAETCS 00beIMHUTE HAOOPBI TAHHBIX.

Haumem co cIMsHUST «MHOTHE-KO-MHOTMM», KOTOPOE MO3BOJIUT HOJIYYUTh IIOJHOE UM
mwrara B 00bekTe DataFrame sl HaceJeHUs. BBIIOIHUTD cimsnue HyKHO Ha OCHOBE
cTosbua state/region oObeKTa pop U cToaO1a abbreviation oObexra abbrevs. Mbl Boc-
HoJIb3yeMcs oniueil how="outer ', 4ToObI rapaHTUPOBATh, YTO HE YIYCTUM HUKAKHX
JIAHHBIX 13-32 HECOBIIAJEHIA METOK.

In[21]: merged

pd.merge(pop, abbrevs, how='outer',
left_on='state/region', right_on="'abbreviation')
merged = merged.drop('abbreviation', 1) # Ymansem py6nupyiowyiocs

# unHdopmauuio

merged.head()

Out[21]: state/region ages year population state

AL underl8 2012 1117489.0 Alabama

AL total 2012 4817528.0 Alabama

AL underl8 2010 1130966.0 Alabama

AL total 2010 4785570.0 Alabama

AL underl8 2011 1125763.0 Alabama

P WNRERO

CJIGI[yeT IIPpOBEPUTD, HE OBLIIO JIM KaKUX-TO HeCOBHalIeHI/II;'I. ClIeJIaTb 9TO MOJKHO ITyTEM
TIOMCKa CTPOK C ITyCTbIMU 3HAYCHUAMM!

In[22]: merged.isnull().any()

Out[22]: state/region False

ages False
year False
population True
state True
dtype: bool

Yactb nHDOpPMAIINK O HACEJICHUT OTCYTCTBYET, BBISCHUM, KaKas UMEHHO:

In[23]: merged[merged[ 'population’].isnull()].head()

Out[23]: state/region ages year population state
2448 PR underl8 1990 NaN NaN
2449 PR total 1990 NaN NaN
2450 PR total 1991 NaN NaN
2451 PR underl8 1991 NaN NaN
2452 PR total 1993 NaN NaN

! @ynknums head() Bosspaiaer nepsbie n cTpok Habopa ganHbIX. [To ymMoayanuio n = 5.
y p p p p y
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[Toxoske, 4TO UCTOYHUK TTYCTHIX 3HAYEeHUIT 110 Hacesiennio — [lyapro-Puxo, 10 2000 roza.
BeposTHO, 9TO IPOU30IILIO K3-3a TOIO, YTO HEOOXOAUMBIX JaHHBIX He OBLIO B IIEPBOKC-
TOYHUKE.

Mbl BUIUM, YTO HEKOTOPbIE U3 HOBBIX 3HAYEHUI CTOI0IA state TOKE IIyCThI, 8 3HAYUT,
B KJII04e 00beKTa abbrevs 0OTCYTCTBOBAIM COOTBETCTBYIOIME 3anucy! Boiscaum, s
KaKUX TePPUTOPUM OTCYTCTBYIOT COOTBETCTBYIONTNE 3HAUCHUS:

In[24]: merged.loc[merged['state'].isnull(), 'state/region'].unique()
Out[24]: array(['PR', 'USA'], dtype=object)

Bce noHsATHO: HaM IaHHBIE 110 HACEJIEHUIO BKJOUatoT 3anucu s [Iyaprto-Puko (PR)
u CHIA B niesiom (USA), orcyTerBymolne B Kitoue abOpeBuaTyp mratoB. VcipaBum
3TO, BCTABUB COOTBETCTBYIOIINE 3AIIHCH:

In[25]: merged.loc[merged['state/region'] == 'PR', 'state'] = 'Puerto Rico'

merged.loc[merged[ 'state/region'] == 'USA', 'state'] = 'United States'
merged.isnull().any()

Out[25]: state/region False

ages False
year False
population True
state False
dtype: bool

B cronb1ie state GoJibliie HET MyCThIX 3HaueHui. ToToBo!

TeHepb MOJKHO CJIUTDH pe3yJibTaT C JaHHbIMU 110 IJIOIIAAW HITATOB C ITIOMOIIbIO aHaJ/I0-
TUYHOK Iponeayphbl. ITocne N3y4YeHUA NMEIONNXCA PE3YJ/IbTAaTOB CTAHOBUTCS ITOHATHO,
4YTO HYKHO BBIIIOJTHUTDH COCAMHEHNE 110 CTOJI6I_[y state B 060uX 0ObEKTAX:

In[26]: final = pd.merge(merged, areas, on='state', how='left')
final.head()

Out[26]: state/region ages year population state area (sq. mi)
0 AL underl8 2012 1117489.0 Alabama 52423.0
1 AL total 2012 4817528.0 Alabama 52423.0
2 AL underl8 2010 1130966.0 Alabama 52423.0
3 AL total 2010 4785570.0 Alabama 52423.0
4 AL underl8 2011 1125763.0 Alabama 52423.0

BorimonnuMm cHoBa IIPOBEPKY Ha IIyCTbl€ 3HAYE€HU I, 4yTOODBL Y3HaTb, ObLIN I KaKUe-TO
HeCOBIIaJleHUA:

In[27]: final.isnull().any()

Out[27]: state/region False
ages False
year False
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population
state

area (sq. mi)
dtype: bool

True
False
True

B crosnbiie area numerores mycrbie 3Hadernst. [[locMOTpUM, Kakie TeppuUTOPUU He ObLn

YUYTEHDI:

In[28]: final['state'][final['area (sq. mi)'].isnull()].unique()

Out[28]: array(['United States'], dtype=object)

BunuwMm, uto mam DataFrame-0ObEKT areas He COJLEPIKUT IIJI0IA/1b CIIIA B mesoM.
Mpbl Morau Obl BCTaBUTD COOTBETCTBYIOIIlee 3HaYeHue (HarpuMep, BOCIIOJIb30Ba-
BIIMCh CYMMOH TIJIOIA/Iell BCEX IITATOB), HO B JIAHHOM CJIydyae MbI IIPOCTO Y/IAJIUM
MyCThle 3HAYEHUSs, TTOCKOJbKY MIoTHOCTH Hacesenus CIITA B 1iesiom Hac ceituac He

MHTEpecyer:

In[29]: final.dropna(inplace=True)

final.head()

Out[29]: state/region

(] AL
1 AL
2 AL
3 AL
4 AL

ages
underl8
total
underl8
total
underil8

year
2012
2012
2010
2010
2011

population state area (sq. mi)

1117489.0 Alabama
4817528.0 Alabama
1130966.0 Alabama
4785570.0 Alabama
1125763.0 Alabama

52423.0
52423.0
52423.0
52423.0
52423.0

Ternepsb y HAC eCTh Bce HeOOXOAMMble HaM JaHHble. YTOObI OTBETUTH HA MHTEPECYIONINIT
BOIIPOC, CHaYasia BhIOEpeM 4acTh IaHHbIX, cOOTBeTCTBYONMX 2010 roay u Bcemy Ha-
cesiernio. Bocroabsyemest pyHkimeit query () (17151 3TOro 0JKeH ObITh YCTaHOBJICH
[TAKET numexpr, CM. pas/es <Y BeJudeHne npousBoaurebHocti 6ubamorekn Pandas:
eval() u query()» maHHOI rJIaBbI):

In[30]: data201e = final.query("year == 2010 & ages == 'total'")

data2010.head()

Out[30]: state/regi
3
91
101
189
197

on
AL
AK
AZ
AR
CA

ages
total
total
total
total
total

year
2010
2010
2010
2010
2010

population state
4785570.0 Alabama

713868.0 Alaska
6408790.0 Arizona

2922280.0 Arkansas
37333601.0 California

area (sq. mi)
52423.0
656425.0
114006.0
53182.0
163707.0

Tenepb BbIYHNCJINM IIJIOTHOCTD HaCE€JIEHUA U BBIBEJEM /IAaHHBIE B COOTBETCTBYIOIIIEM 110~
pAnKe. Haunewm ¢ TepernHAEKCAllNN HAIIUX TAaHHBIX 110 HITATYy, MOCJI€ Y€Tr0 BbIYUCJIUM

pe3yJbTar:

In[31]: data20le@.set_index('state', inplace=True)
density = data2010[ 'population'] / data201@['area (sq. mi)']
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In[32]: density.sort_values(ascending=False, inplace=True)
density.head()

Out[32]: state
District of Columbia 8898.897059

Puerto Rico 1058.665149
New Jersey 1009.253268
Rhode Island 681.339159
Connecticut 645.600649

dtype: float64

Pesyaprar — ciucok mraros CIIA nmmoc Bamunrron (oxpyr Koxym6us) u Ily-
apTo-PUKO, yIOpsm0oueHHbIH 110 IoTHOCTH HaceseHus B 2010 roxy, B JKUTEIAX Ha
KBajipaTHyIo Muio. Kak BUANM, caMas TycTOHACETIEHHAs TEPPUTOPHUS B 9TOM Habope
naHHbix — Bammurron (okpyr KosymOust); cpeiin MTaToOB jKe CaMblil TyCTOHACEJIEH-
ueiii — Hpio-/[skepcu.

Mo:KHO TaK:Ke BBIBECTU OKOHUAHKE CIINCKA:
In[33]: density.tail()

Out[33]: state
South Dakota 10.583512

North Dakota 9.537565
Montana 6.736171
Wyoming 5.768079
Alaska 1.087509

dtype: float64

Kak Buaum, mratom ¢ HaMMeHbIIEN TJIOTHOCTBIO HACEJTEHHUST, IPUYeM ¢ OOJMBIINM OT-
PBIBOM OT OCTAJIbHBIX, OKa3astach AJsicKa, HACUMTBIBAIONIA B CPEIHEM OJIHOTO JKUTEJIsS
Ha KBa/IPaTHYIO MUJTIO.

[Momo6HOE TPOMO3IKOE CANSHIE TaHHLIX — PACTIPOCTPAHEHHAS 3a/[ada TPH OTBETE Ha
BOIIPOCHI, CBSI3aHHDBIE C PeaTbHBIMU UCTOYHUKAMHU laHnHbIX. Hazierocs, 4to aToT npumep
JTaJT BaM TIPE/ICTaBJIEH e, KAKUMU CTTIOCOOAMHU MOKHO KOMOUHUPOBATD BLITEOTTHCAHHBIE
HUHCTPYMEHTBI, YTOOBI TIOYEPITHYTh MOJIE3HYIO MHMOPMAIIUIO 13 JaHHBIX!

ArpervpoBaHue 1 rpynnupoBKa

Baskrast yacTb aHam3a OOMIBIINX JAaHHBIX — UX a(hPeKTHBHOE 0000IIEHNE: BRIYNCIEHIE
CBOJIHBIX TIOKa3aTtesiei, Harmpumep sum( ), mean(), median(), min() 1 max(), B KOTOPBIX
OJIHO YKCJIO ITO3BOJISIET OHATH IPUPOLY, BO3MOKHO, OPOMHOr0 Habopa JaHHbIX. B aTOM
pasjiesie Mbl 3aliMeMCsT U3yUYEeHUEM CBOJIHBIX TIOKasatesell B 6ubanoreke Pandas, Ha-
YMHAs ¢ IPOCTHIX OIl€PALUii, IIOZOOHBIX T€M, C KOTOPBIMH MbI YK€ UMEJIH JeJ0 IIPU
pabore ¢ maccuBamu NumPy, u 3akanuuBas 6oJiee CI0KHBIMU OIlepalMsIMK Ha OCHOBE
TTOHATHUA groupby.
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[laHHble 0 niaHeTax

Bocnonbsyemcst HabopoM maHHbIX «Ilnanersi» (Planets), 1ocTynHbIM Yepes maker
Seaborn (cMm. paszpen «Busyanusanus ¢ nomonibio 6ubanorexku Seaborns» riasbl 4).
On BrITIOYaeT nHGOPMAIHIO 006 OTKPHITHIX ACTPOHOMAMH TITAHETAX, BPAIAIOIIUXCST BO-
KPYT JAPYTUX 3Be3/l, U3BECTHDIX 10/ HA3BAHUEM GHECOIHEUHbIX NAAHEM WU IK30NAAHEem
(exoplanets). CkauaTh ero MOKHO € TIOMOIIBIO KOMaH/IbI akeTa Seaborn:

In[2]: import seaborn as sns
planets = sns.load_dataset('planets')
planets.shape

Out[2]: (1@35, 6)

In[3]: planets.head()

Out[3]: method number orbital period mass distance year
@ Radial Velocity 1 269.300 7.10 77 .40 2006
1 Radial Velocity 1 874.774 2.21 56.95 2008
2 Radial Velocity 1 763.000 2.60 19.84 2011
3 Radial Velocity 1 326.030 19.40 110.62 2007
4 Radial Velocity 1 516.220 10.50 119.47 2009

Iror HabOp JAHHBIX COAEPKUT olpeieeHHyo nHhopmamio o 6osee uem 1000 sK30-
TIJIaHET, OTKPBITHIX /10 2014 roza.

MNpocToe arpernposaHune B bubnnoteke Pandas

Panee mbl paccMoTpesin HEKOTOpbIe TOCTYITHbIE /17151 MaccuBOB NumPy BO3MOKHOCTH 110
arperupoBaHMIO TAHHBIX (CM. pa3jiel «ATperupoBaHye: MUHIMYM, MAKCUMYM 1 BCE, YTO
nocepeautes raasbl 2). Kak u B ciyuae ogHoMepHbIX MaccuBOB 6ubarorexn NumPy,
1t 00BEKTOB Series 6ubmrorexn Pandas arperupyiotiue GyHKIIME BO3BPAIIAIOT CKa-
JIIpHOE 3HaYCHHUE!

In[4]: rng = np.random.RandomState(42)
ser = pd.Series(rng.rand(5))

ser
Out[4]: @  ©.374540
1 0.950714
2 0.731994
3 9.598658
4  0.156019

dtype: floate4
In[5]: ser.sum()

Out[5]: 2.8119254917081569
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In[6]: ser.mean()
Out[6]: ©.56238509834163142

B cJIydae obbeKkTa DataFrame 1o YMOJTHYaHUIO arperupyronime (bYHKHI/II/I BO3BpalllaioT
CBO/THbBIE TTOKa3aTEJIN 110 KaKI0MY CTO]I6Hy:

In[7]: df = pd.DataFrame({'A': rng.rand(5),
'B': rng.rand(5)})
df

Out[7]: A B
0.155995 0.020584
0.058084 0.969910
0.866176 ©.832443
0.601115 ©.212339
0.708073 0.181825

PWNRO

In[8]: df.mean()

out[8]: A 0.477888
B 0.443420
dtype: float64

Mo:KHO BMECTO 9TOTO arperupoBaTh U MO CTPOKAM, 3a/1aB aPTYMEHT axis:
In[9]: df.mean(axis='columns"')

Out[9]: 0.088290

0

1 0.513997
2 0.849309
3 0.406727
4 0.444949
dtype: float64

OO6bexThl Series u DataFrame 6ubianorek Pandas cogepskar METObI, COOTBETCTBY-
IOIIe BCEM YIIOMSIHYTBIM B pasjesie «ArperupoBanue: MUHUMYM, MAaKCUMyM U BCe,
4TO NOCEPEMHES TJIaBbl 2 PaCIIPOCTPAHEHHBIM arperupyiomum GyHKIusIM. B Hux ecTb
yao0OHBIIH MeTos describe (), BRIUMCASIONMIT CPa3y HECKOJIBKO CaMbIX PaCIpOCTpa-
HEHHBIX CBOZHBIX MOKa3aTeeil s Kask10ro CToI01a U BO3BPANIAIONIHii pe3yJIbTar.
Omnpobyem ero na Habope gannbixX «[L1aneTsl», IOKa yIalIuB CTPOKK C OTCYTCTBYIONIUMU
3HAYCHUSMU:

In[10]: planets.dropna().describe()

Out[10]: number orbital_period mass distance year
count 498.00000 498.000000 498.000000 498.000000 498.000000
mean 1.73494 835.778671 2.509320 52.068213 2007.377510
std 1.17572 1469.128259 3.636274  46.596041 4.167284
min 1.00000 1.328300 0.003600 1.350000 1989.000000

25% 1.00000 38.272250 0.212500  24.497500 2005.000000
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50% 1.00000 357.000000 1.245000  39.940000 2009.000000
75% 2.00000 999. 600000 2.867500 59.332500 2011.000000
max 6.00000 17337.500000  25.000000 354.000000 2014.000000

ITa BOBMOKHOCTL OYeHb YAOOHA 7T TIEPBOHAYAIHHOTO 3HAKOMCTBA C OOIINME Xa-
paKTepUCTUKAMU Haliero Habopa HanHbiX. Hampumep, Mbl BUIM B CTOJIOLE year, 4To,
XOTsI TIepBas HK30MIaHeTa 6b11a OTKphiTa ette B 1989 rojy, mosioBuHa BeeX N3BECTHDIX
aK30IIaHeT OTKPBITa He panee 2010 roga. B sHaunTebHON crenenn Mbl 06s3aHbI HTUM
muceun «Kenneps, npecraBistionieii co60it KOCMUYECKUH TETECKOTI, CIENUATBHO Pa3-
paboTaHHbI /IS MOUCKA 3aTMEHIIT OT TJIAHET, BPALIAIOIUX BOKPYT APYTUX 3BE3/L.

B ta6:1. 3.3 nepevnciieHbl OCHOBHBIE BCTPOEHHBIE arPEruPyOIIne MeTO bl OUOJINOTEK M
Pandas.

Ta6nuua 3.3. Cnvcok arpervipytowmx Metoaos 6ubnuotekun Pandas

Arperupytowas pyHKUns OnucaHue

count() O011ee KOJIMYECTBO 9JIEMEHTOB

first(), last() [TepBbiii U TTOCTETHUTT 2JIEMEHTBI
mean(), median() Cpentee 3Hauenue 1 Meuana

min(), max() MuHUMYM 1 MAaKCUMYM

std(), var() CraHapTHOE OTKJIOHEHUE U IUCTIEPCHUST
mad() Cpeztiee abCOMOTHOE OTKIOHEHUE
prod() [Ipousseienne Bcex 2J1eMEHTOB

sum() CyMMa BceX 2JIeMEHTOB

ITO BCE METO/IbI 00beKTOB DataFrame 1 Series.

Jliist 6osiee TiryOOKOTO MCCIEIOBAHUST TAHHBIX MPOCTHIX CBOAHBIX MMOKAa3aTesIeil YacTo
Hegoctarouto, Creyonuii ypoBeHb 0000IIEHNUST TaHHBIX — OIIEPAIlnst groupby, TI03BO-
Jistioniast 6p1cTpo 1 AOEKTUBHO BHIUMCIATH CBOAHbIE TI0KA3aTeIM 110 IIOAMHOKECTBAM
JIAHHBIX.

GroupBy: pa3bueHue, npuMeHeHne, obbeanHeHne

ITpocteie arpernpyionye GyHKIUK JAI0T BO3MOKHOCTD «ITPOYYBCTBOBATh> HabOP AaH-
HBIX, HO 3a9aCTyI0 ObIBAET HYKHO BBLIIOJIHUTD YCJIOBHOE arpernpoBaHue 10 KaKOi-T100
MEeTKe WU UHIAEKCY. ITO AefiCTBUE PEaIl30BaHo B TAK HA3bIBAEMON OIlepainy GroupBy.
Hassanue group by («crpynmnuposars 110») BeeT Hayaao OT OJHOMMEHHON KOMaH/IbI
B asbike SQL 6a3 JaHHbBIX, HO, BO3MOKHO, Oy/IeT IIOHATHEE TOBOPUTD O HEll B TEPMUHAX,
npuayManHbix Xoamm BukxamoM, 6oJiee M3BECTHBIM CBOMMU OMOIMOTEKAME IS S3bI-
ka R: pasbuenue, npumenenue n obsedunenue.
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Pa3bueHne, npumeHeHne U obbeanHeHne

Kanouuyeckuii mpumep onepaiuu «pasbuTh, IPUMEHNUTD, 00beIUHUTE>, B KOTOPOI
«IIPUMEHUTH» — obobIarIee arperupoBanue, okasad Ha puc. 3.1.

Pucynox 3.1 1eMOHCTpUPYET, 4TO UMEHHO JIeJIaeT oTepalus GroupBy.

Q lar pasbuenus BKIOYAET pas/ieieHNe HA YACTU U TPYNIIMPOBKY 0ObeKkTa DataFrame
Ha OCHOBE 3HAUYEHU I 33JIaHHOTO KJIIoYa.

Q [Har npumenenus BKIOYAET BEIYUCTCHIE KAaKOU-TM00 QYHKIKH, OGBIYHO arperupy-
fo11eid, ipeobpasoBatue Uin (GUAbTPALUIO B [IPEeaxX OTAebHbBIX TPYIIIL

O Ha mare o6sedunenus BBITIONHSETCS CAUSHUE PE3YJIbTaTOB ITHX ONEPAIUil B BbI-
XOJTHOU MAaCCUB.

Paz6uenne MNpumenexne
(0600LWweHne)
Knioy |JaHHble]
Koy |JaHHble]
BxopHble paHHble A 1 —>
A 5
Kntoy |OdaHHble] A 4
O6bepuHeHne
A 1
Knioy [daHHble
B 2 Kntoy |daHHble
Kntou |daHHble] A 5
c 3 — B 2 E— —>
B 7 B 7
A 4 B 5
C 9
B 5
C 6 Knioy |JaHHble
Kniou |daHHble
C 3 )
C 9
C 6

Puc. 3.1. BusyansHoe npeacrasneHue onepauum GroupBy

XOTst MBI, KOHETHO, MOTJIH OBI C/IE/IaTh 3TO BPYUHYIO € TIOMOIIbI0 KaKOTO-T10O0 coue-
TaHMs OMUCAHHBIX BEIIIE KOMAH MACKUPOBAHNUS, arPETUPOBAHNS W CAUSHUS, BAKHO
MOHUMATh, UTO He 00S3AMENbHO C030a8amv 00beKmbvl 0Jisk NPOMENCYMOUHBIX PA3OUCHUL.
Orttepariusi GroupBy MOJKET MPOJIETATh BCE TO 32 OJWH MTPOXOJI 10 JAHHBIM, BHIYUCIISAS
CYMMY, CpejiHee 3HaUeHUE, KOJIMIeCTBO, MUHUMYM U JIPYTUE CBOJIHbIE TIOKA3ATEN JIJIST
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KasKz10i1 Tpy1ibl. Molib omepaiuy GroupBy COCTOUT B aOCTParupoBaHUK 9TUX IIAr0OB:
0JIb30BATEJIO HE HY;KHO 3a00TUTHCS O TOM, KaK (PaKTUYECKU BBITOJIHIIOTCS BBIYICIIC-
HUSL, @ MOSKHO BMECTO 9TOTO yMaTh 00 0nepauuil 6 ueiom.

B kauectse IIpuMepa paCCMOTPUM UCITOJIb30BaHNE€ 6I/I6JII/IOT€KI/I Pandas J1JIA BbITIOJTHEHW A
HoKazaHHbIX Ha puc. 3.1 Boruncaenuii. Haunewm ¢ cozmanus BXxoaHoro oobexra DataFrame:
In[11]: df = pd.DataFrame({'key': ['A', 'B', 'C', 'A', 'B', 'C'],
'data’: range(6)}, columns=['key', 'data'])
df

Out[11]: key data

VA WNRO®
N m>NwW>
VhWNRO®

ITpocreiimyio onepamnuio «pasdUTh, IPUMEHUTDH, 0ObEIUHUTD> MOKHO Pearn30BaTh
¢ TIOMOIIBIO MeToza groupby () oObeKTa DataFrame, Iepeqas B HETO UM KeJIaeMOro
KJIIOYEBOTO CTOJIOIA:

In[12]: df.groupby('key")
Out[12]: <pandas.core.groupby.DataFrameGroupBy object at 0x117272160>

O6paTtuTe BHUMaHuUe, 4YTO Bo3BpaliaeMoe — He Habop 0ObeKToB DataFrame, a 0OBEKT
DataFrameGroupBy. TOT 00BEKT OCOOEHHBIM, €T0 MOKHO paccMaTpuBaTh Kak CIelnaJib-
HOe npejicTaBieHne 0ObekTa DataFrame, FOTOBOE K TPYTIITUPOBKE, HO HE BBITTOTHSIONIEE
HUKAKUX (haKTUICCKIX BBIUMCIEHWIT JI0 9Talla IPUMEHeH s arperupoBatust. [Toqo6HbIIT
METOJI «OTJIOKEHHOTO BBIUMCICHUS» 03HAYAET BO3MOKHOCTD 04eHb a(h(hEeKTUBHON
peasn3aiy pacipoCcTpaHeHHBIX arperupyoniux yHKIUA, TPUYEM TPAKTUYECKU TIPO-
3PAYHBIM JIJIST IOJTE30BATEIST 0GPA3OM.

Jlist mostydeHust pesysbrata MOKHO BbI3BATH OJMH U3 arPErHPyIONIUX METOA0B 3TOTO
o6bekTa DataFrameGroupBy, 9TO MPUBE/IET K BBITIOJTHEHUIO COOTBETCTBYIONIHX MTar0B
MpUMeHEeHNUs1/00beINHEHUST:

In[13]: df.groupby('key").sum()

Out[13]: data
key
A 3
B 5
C 7

Metoj sum() — JIMIIb OJIH 13 BO3MOKHBIX BAPUAHTOB B TON KOMaH/I€e. 3/1€Ch MOKHO
HCTI0JIb30BATH MPAKTHYECKH JIOOYIO PACTIPOCTPAHEHHYIO arPErupyonyto HyHKIIO
6ubanorek Pandas nit NumPy, paBHO Kak ¥ MpaKTHYECKH JIFOOYI0 KOPPEKTHYIO OTre-
paumio o6bexTa DataFrame.
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O6bekT GroupBy

OO6bexT GroupBy — ouenb ruOkas aberpakius. Bo MHOroM ¢ HUM MOKHO 00paliaThes
KaK ¢ KOJIeKIneid o6bhekToB DataFrame, 1 BCst CIOKHOCTD Oy/IeT CKPBhITa OT MOJIb30Ba-
Tens. PaccMOTpuM puMepsI Ha OCHOBE HaOopa JaHHBIX «ILmaneTs».

BepositHo, cambie BaKHBIE M3 JIOCTYITHBIX Garogapst 00beKTy GroupBy oreparuii —
azpezuposanue, Gurompauus, npeobpazosanue v npumerenue. Mbl 06Cy UM KaKIYIO
u3 HUX GoJiee TOAPOOHO B yHKTE «ArperupoBanue, GuabTparus, mpeobpazoBanue,
npUMeHeHMes JaHHOTO Mo/ipas/esa, HO cHavaa MO3HaKOMUMCS ¢ IPyroi pyHKINO-
HAJTBHOCTBIO, KOTOPYIO MOKHO MCIOIE30BATh BMeCTe ¢ 6a30BOH orepaiiieii GroupBy.

Nupexcanus o croaouam. OObeKkT GroupBy MOEPKUBAECT HHAEKCALUIO 10 CTOJIOIaM
AHAJIOTUYHO O6’b€KTy DataFrame, ¢ BO3BPaTOM MOAMMUIINPOBAHHOTO 00ObeKTa GroupBy.
Hampumep:

In[14]: planets.groupby('method")

Out[14]: <pandas.core.groupby.DataFrameGroupBy object at 0x1172727b8>
In[15]: planets.groupby('method"')['orbital_period']

Out[15]: <pandas.core.groupby.SeriesGroupBy object at 0x117272da@>

311ech Mbl BbI6p3JII/I KOHKPETHYTO TPYIITY Series U3 NCXOHOU TPyl DataFrame, co-
CJIABIINCH HA COOTBETCTBYIOMIEe uMst cTosibma. Kak u B ciyuae ¢ 06beKTOM GroupBy,
HUKaKUX BBIUUCJICHUN HE MTPOUCXOIUT JI0 BBI30Ba JJIST HTOTO 00bEKTa KAaKOTO-HUOY b
arperupymroero Meroa:

In[16]: planets.groupby('method"')['orbital_period'].median()

Out[16]: method

Astrometry 631.180000
Eclipse Timing Variations 4343.500000
Imaging 27500.000000
Microlensing 3300.000000
Orbital Brightness Modulation 0.342887
Pulsar Timing 66.541900
Pulsation Timing Variations 1170.000000
Radial Velocity 360.200000
Transit 5.714932
Transit Timing Variations 57.011000

Name: orbital_period, dtype: float64

PesyubTaT aer HaMm obliiee npeacTaBeHie o MaciiTade YyBCTBUTEIbHOCTU KaKI0TO U3
METO/IOB K IeprogamM obparueHus (B JHAX).

ITux no rpynmam. OObeKT GroupBy MOJJIEPKUBAET HEIIOCPEICTBEHHOE BBINOJIHEHNE 111~
KJIOB TI0 TPYIITIaM ¢ BO3BPATOM KasK/I0 TPYIIIBI B BU/AE OObeKTa Series uiu DataFrame:
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In[17]: for (method, group) in planets.groupby('method'):
print("{0:30s} shape={1}".format(method, group.shape))

Astrometry

Eclipse Timing Variations
Imaging

Microlensing

shape=(2, 6)
shape=(9, 6)
shape=(38, 6)
shape=(23, 6)

Orbital Brightness Modulation shape=(3, 6)

Pulsar Timing

Pulsation Timing Variations
Radial Velocity

Transit

Transit Timing Variations

ITO MOXKET MPUTOIUTHCS JIJIsI BBITTOJHEHISI HEKOTOPBIX BEllell BPYUHYTO0, XOTSI OOBIYHO

shape=(5, 6)
shape=(1, 6)
shape=(553, 6)
shape=(397, 6)
shape=(4, 6)

ObICTPEe BOCIOJIB30BAThCST BCTPOEHHON (DYHKIIMOHATIBHOCTHIO apply.

Merozpl aucneryepusanun. Biaronaps onpezeieHnoi Mmarum kiaccos ss3bika Python sece
METOJIBI, HE PEATH30BaHHbIE STBHBIM 00Pa3oM 00BEKTOM GroupBy, OY/IyT MEPEIaBaThCS Jajiee
U BBITIOJTHSITBCST JIJISE TPYIITL, BHE 3aBUCUMOCTH OT TOTO, SIBJISTIOTCSI JI OHYM OO BEKTaMU Series
wn DataFrame. HamprMep, MOJKHO HCIIOJIB30BaTh MeTO/] describe () oObekTa DataFrame
JUIST BBIYUCTIEHUST HabOPa CBOTHBIX TIOKA3ATEJEH, OTIMCHIBAIOIINX KAKIYIO TPYIITY B IAHHBIX:

In[18]: planets.groupby('method')['year'].describe().unstack()

out[18]:

count
\\
method
Astrometry 2.0
Eclipse Timing Variations 9.0
Imaging 38.0
Microlensing 23.0
Orbital Brightness Modulation 3.0
Pulsar Timing 5.0
Pulsation Timing Variations 1.0
Radial Velocity 553.0
Transit 397.0
Transit Timing Variations 4.0

50%

method
Astrometry 2011.5
Eclipse Timing Variations 2010.0
Imaging 2009.0
Microlensing 2010.0
Orbital Brightness Modulation 2011.0
Pulsar Timing 1994.0
Pulsation Timing Variations 2007.0
Radial Velocity 2009.0
Transit 2012.0
Transit Timing Variations 2012.5

2011.
2010.
2009.
2009.
2011.
1998.
2007.
2007.
2011.
2012.

2012.
2011.
2011.
2012.
2012.
2003.
2007.
2011.
2013.
2013.

mean

500000
000000
131579
782609
666667
400000

COFRr NNEFEN

000000

518987
236776
500000

75%

25
00
00
00
00
00
00
00
00
25

(SN RN

m

2013.
2012.
2013.
2013.
2013.
2011.
2007.
2014.
2014.
2014.

std

.121320
.414214
.781901
.859697
.154701
.384510

NaN

.249052
.077867
.290994
ax

[OEOEOEOEOEOROEOR RG]

2010.
2008.
2004.
2004.
2011.
1992.
2007.
1989.
2002.
2011.

min

[OREGEOR IR RN R IR

2010.
2009.
2008.
2008.
2011.
1992.
2007.
2005.
2010.
2011.

25%

75
00
00
00
00
00
00
00
00
75
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Ara TabiuIA 03BOJISET IOJIYUUTh Jydlliee IPeAcTaBIeHre 0 HAlluX AaHHbiX. Hapu-
Mep, OOJBIIMHCTBO IJIaHEeT ObLIO OTKPBITO METOLOM M3MEPEHUS JIy4eBOI CKOPOCTH
(radial velocity method) u TpansurnbiM MeTozom (transit method), xors mocaexnuit
CTaJl PacipoCcTpaHeHHbIM OJ1arogapst HOBbIM 00Jiee TOUHBIM TEJIEeCKONaM TOJIbKO B 10-
caemHee aecatunerne. [Toxoxe, 4TO HOBEUMMU METOITaMU SABJSIIOTCS METO/T BapHUAIIT
BpeMeHH TpaH3uToB (transit timing variation method) u merox Mmoxysiiuu opbuTasb-
noit sproctu (orbital brightness modulation method), kotopsie 10 2011 roza He wc-
MTOJTb30BAJIUCH JIJIsI OTKPBITUSI HOBBIX IIJIAHET.

ITO BCETO JIUIIb OJUH MPUMEP TOJE3HOCTH METOAOB Aucnerdepusaiuu. ObpaTure
BHIMAHHE, 9TO OHU TPUMEHSTIOTCS K Kaxc00Ll 0moenvholl zpynne, TIOCTIe 4eT0 Pe3yIbTaThl
06BEUHSTIOTCST B 0OBEKT GroupBy 1 BO3BPAIIAIOTCST. MOKHO UCTIONB30BATH 17T COOTBET-
CTBYHOIIETO 0OBEKTA GroupBy Jt060I TOTyCTUMBIEH MeTO/T 00BEKTOB Series/DataFrame,
YTO TIO3BOJISIET BBITIOJIHSATH MHOTHE BeChbMa MMOKUE U MOIIHbBIE OTIePaI[ii!

ArpernpoBaHue, hunbTpaums, NpeobpasoBaHne, NPUMEHEHNE

[Ipeapinyinee o6Cy:KIeHIE KAacal0Ch arperipoBaHUs IPUMEHUTEIBHO K Ollepalii 00b-
eIMHEeHMUsI, HO JIOCTYIIHBI U APYTrHe BO3MOKHOCTH. B yacTHOCTH, Y 00bEKTOB GroupBy
MMEIOTCST MeTO/IbI aggregate(), filter(), transform() u apply(), ahbeKTUBHO BHITIOJN-
HSIOIIME MHOKECTBO [I0JIE3HBIX Ollepaliii 10 00beIMHEHUS CIPYIIIMPOBAHHbBIX JAHHBIX.

B caepyiomux moapaszaenax Mbl OyeM UCIoab30BaTh 00beKT DataFrame:

In[19]: rng = np.random.RandomState(0)
df = pd.DataFrame({'key': ['A', 'B', 'C', 'A', 'B', 'C'],
'datal’': range(6),
'data2': rng.randint(e, 10, 6)},
columns = ['key', 'datal', 'data2'])
df

Out[19]: key datal data2
A 0

uhbhwnNnREo©
N m>NwW
uuh wnN R
O NWwWwowuw

ArperupoBanue. Mbl yke 3HAKOMBI CO CBOIHBIMI ITOKA3aTeJIsIMI 00BEKTa GroupBy, BbI-
YUCIAEMBIMU C TIOMOIILIO METOZOB sum( ), median() u T. I, HO MeTO aggregate() obe-
criednBaet ete 6obInyo THOKOCTh. OH MOJKET IIPMHUMATH Ha BXOJIE CTPOKY, (DYHKIIHIO
WJIA CIIMCOK M BBIUMCJIATH BCE CBO/IHBIE TIOKAa3aTen cpady. BoT mpumep, BKITIOUAOITNN
BCE BBIIICYITOMAHYTOE:

In[20]: df.groupby('key').aggregate(['min', np.median, max])

Out[20]: datal data2
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min median max min median max

key

A 0 1.5 3 3 4.0 5
B 1 2.5 4 0 3.5 7
C 2 3.5 5 3 6.0 9

Erte omtin yoOHBIH TATTEPH — Mepenava B HETO CJIOBAPSI, CBSI3BIBAIOIIETO IMEHA CTOJO-
IIOB C OTIEPAIMSIMU, KOTOPbIE IOJKHBI OBITh IIPUMEHEHBI K 9TUM CTOJOIaM:

In[21]: df.groupby('key').aggregate({'datal’': 'min',
'data2': 'max'})

Out[21]: datal data2
key
A 0 5
B 1 7
C 2 9

Dunsrpanus. Onepaiust GUIbTPANNUU TA€T BO3MOKHOCTD OITYCKATh JaHHbIE B 3aBUCU-
MOCTH OT CBO¥CTB rpyTiibl. Harpumep, Ham MOKET MOHaJI0OUThCST OCTABUTD B PE3YJIbTATE
BCE TPYIITIBI, B KOTOPBIX CTAHAAPTHOE OTKIOHEHE TIPEBBINTAET KAKOe-TH00 KPUTHIECKOe
3HaueHue:

In[22]:
def filter_func(x):
return x['data2'].std() > 4

print(df); print(df.groupby('key"').std());
print(df.groupby('key"').filter(filter_func))

df df.groupby('key"').std()
key datal data2 key datal data2

o A 7] 5 A 2.12132 1.414214

1 B 1 0 B 2.12132 4.949747

2 C 2 3 C 2.12132 4.242641

3 A 3 3

4 B 4 7

5 C 5 9

df.groupby('key').filter(filter_func)
key datal data2
B 1 0

v AN R

C 2 3
B 4 7
C 5 9

Oynkius filter () Bo3Bpainaer 6yIeB0O 3HAYECHIE, OMPE/IEISIONIEE, MPOIILIA JIU TPYTIa
unbrpanuio. B rannoM ciydae, IOCKOJIbKY CTaHAaPTHOE OTKJIOHEHUE TPyIIbl A 11pe-
BBIIIAET 4, OHA y/IaJIsIeTCs U3 UTOTOBOTO Pe3yJibTaTa.

IIpeo6pasosanue. B To BpeMs Kak arperupyioiias GyHKIUS J0JKHA BO3BPAIATh
COKPAIlEHHY0 BEPCHIO JAHHBIX, IIPEOOPA3OBAHUE MOKET BEPHYTH BEPCUIO MOJHOTO
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HaGopa JaHHbIX, IPe0OPa3OBaHHYIO PajiX AaJbHellel nX nepeKoMIIOHOBKU. [Ipu mo-
1n06HOM 1IpeobpasoBaHny (popMa BBIXOAHBIX JaHHBIX COBIaZAeT ¢ GOPMON BXOIHDIX.
PacnpocTpaneHHBIN TpUMep — IeHTPUPOBaHNE JJAHHBIX ITyTeM BbIUUTAHUS CPEHErO
3HAYEHU:I 110 TPYIIIIaM:

In[23]: df.groupby('key"').transform(lambda x: x - x.mean())

Oout[23]: datal data2

(4] -1.5 1.0
1 -1.5 -3.5
2 -1.5 -3.0
3 1.5 -1.0
4 1.5 3.5
5 1.5 3.0

Mertoa apply(). Meroz apply () 103BOJISIET IPUMEHATH IIPOU3BOJIBHYIO (DYHKIIUIO K pe-
3yJIbTaTaM TPyNIMPOBKH. B kauecTse nmapaMerpa sta GyHKIUA T0JKHA TTOAYYaTh 00b-
exT DataFrame, a Bo3BpamaTh wiu o0bekT 6ubanoreku Pandas (mampumep, DataFrame,
Series), WK CKaJSIPHOE 3HAYEHNUE, B 3aBUCUMOCTH OT BO3BPAIIIAEMOT0 3HAYEHUsT Oy1eT
BbI3BaHA COOTBETCTBYIOMIAsI OlepaIust OO0 beIMHEHSI.

Hanpumep, dyHkiws apply (), HOpMEUPYIOIask EPBBIN CTONOEI] HA CYMMY 3HAUEHWUIA
BTOPOTIO:

In[24]: def norm_by data2(x):
# x - obbekT DataFrame crpynnupoBaHHbIX 3HaYeHWi
x['datal'] /= x['data2'].sum()
return x
print(df); print(df.groupby('key"').apply(norm_by_ data2))

df df.groupby('key').apply(norm_by data2)
key datal data2 key datal data2

0 A 0 5 0 A 0.000000 5

1 B 1 0 1 B 0.142857 0

2 C 2 3 2 C 0.166667 3

3 A 3 3 3 A 0.375000 3

4 B 4 7 4 B 0.571429 7

5 C 5 9 5 C 0.416667 9

Dynkums apply () B GroupBy moctaTouno rubka. Equncrsennoe TpeboBanue, 4To6bl OHa
[IPUHIMAaJIA Ha BXo/e 00beKT DataFrame 1 BosBpaiiana o0bekT 6nbsmmorexu Pandas win
CKAJISIPHOE 3HAYEHUE; UTO BbI JI€JIaeTe BHYTPHU, OCTAETCS Ha Ballle yCMOTpeHue!

3afaHue knYa pasbueHus

B mpe/craBieHHBIX paHee MPOCTHIX MpUMepax Mbl pazbuBann o6beKkT DataFrame Mo
OJTHOMY CTOJIOITY. DTO JIUIIH OINH U3 MHOTHX BAPUAHTOB 3a/IaHsI TTPUHITHTIA (HOPMUPO-
BaHU4 IPYIIIL, U Mbl ceiiyac PacCCMOTPUM HEKOTOPbBIE JIPyTrie BO3MOKHOCTH.
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Cnucok, MaccuB, 00beKT Series M MHAEKC KaK KJIIOUd rpynnupoBku. Kiou mMoxer
OBITH JTOGBIM PSIZIOM WJTH CIIUCKOM TaKOH ke JTHHBI, Kak Uy 00bekTa DataFrame. Ha-
puMep:

In[25]: L = [6, 1, 0, 1, 2, @]
print(df); print(df.groupby(L).sum())

df df.groupby(L).sum()
key datal data2 datal data2
A (4] (2] 7 17
1 4 3
2 4 7

uih WNREO
N W >NwW
uih wWwN R
O NWwown

Pasymeercst, 9T0 3HAYUT, YTO €CTh €llle OANH, HeCKOJbKO GoJiee JIMHHBII ¢110c00 BbI-
[IOJIHUTD BBIUIEIIPUBEACHHYIO ollepanuio df.groupby(‘key"):

In[26]: print(df); print(df.groupby(df['key']).sum())

df df.groupby(df[ 'key']).sum()
key datal data2 datal data2

o A (4] 5 A 3 8

1 B 1 0 B 5 7

2 C 2 3 C 7 12

3 A 3 3

4 B 4 7

5 C 5 9

CaoBapb uiau 00beKT Series, CBA3bIBAIOUIMIA HHAEKC M TPynmy. Elle oquH MeTox:
yKa3aTbh CJIOBaph, 33/IaI0NIUII COOTBETCTBUE 3HAYEHWN WHESKCA U KJIIOYel TPYIIN-
POBKH:

In[27]: df2 = df.set_index('key")
mapping = {'A': 'vowel', 'B': 'consonant', 'C': 'consonant'}
print(df2); print(df2.groupby(mapping).sum())

df2 df2.groupby(mapping).sum()
key datal data2 datal data2

A (4] 5 consonant 12 19

B 1 0 vowel 3 8

C 2 3

A 3 3

B 4 7

C 5 9

Jio6as ¢pyuknus assika Python. AnamorndHo 3aaHiio COOTBETCTBYSI MOXKHO TIepe-
naTh GyHKIMK groupby T06YI0 (DYHKITHIO, TPUHUMAIONILYIO Ha BXOJIE 3HAYEHNE WH/EKCa
1 BO3BPAIAIOIILyI0 IPYIIIY:
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In[28]: print(df2); print(df2.groupby(str.lower).mean())

df2 df2.groupby(str.lower).mean()
key datal data2 datal data2

A 0 5 a 1.5 4.0

B 1 0 b 2.5 3.5

C 2 3 C 3.5 6.0

A 3 3

B 4 7

C 5 9

CiucoK oMy CTUMBIX KiTioueil. MokHO KOMOGHHUPOBATH JTIOOBIE U3 MPE/BIIYIIX BapH-
AHTOB KJII0Yel 1 IPYIIIMPOBKY 110 MYJIbTUHHIEKCY:

In[29]: df2.groupby([str.lower, mapping]).mean()

Out[29]: datal data2
a vowel 1.5 4.0
b consonant 2.5 3.5
c consonant 3.5 6.0

MpuMep rpynnmupoBKM

B xauectBe IpuMepa co6epeM BC€ 9TO BMECTE B HECKOJIbKUX CTPOKaX KO/a Ha S3bIKE
PythOIl 1 NOACYUTAEM KOJMYECTBO OTKPBITHIX IJIAHET 11O METOY OTKPBITUA U A€CATU-
JIETHIO!

In[30]: decade
decade = decade.astype(str) + 's
decade.name = 'decade’
planets.groupby([ 'method', decade])

[ "number'].sum().unstack().fillna(0)

10 * (planets['year'] // 10)

Out[30]: decade 1980s 1990s 2000s 2010s
method
Astrometry 0.0 0.0 0.0 2.0
Eclipse Timing Variations 0.0 0.0 5.0 10.0
Imaging 0.0 0.0 29.0 21.0
Microlensing 0.0 0.0 12.0 15.0
Orbital Brightness Modulation 0.0 0.0 0.0 5.0
Pulsar Timing 0.0 9.0 1.0 1.0
Pulsation Timing Variations 0.0 0.0 1.0 0.0
Radial Velocity 1.0 52.0 475.0 424.0
Transit 0.0 0.0 64.0 712.0
Transit Timing Variations 0.0 0.0 0.0 9.0

ITO IEMOHCTPUPYET BO3MOKHOCTH KOMOMHUPOBAHKS HECKOJIBKUX U3 BBIILEOIMCAHHBIX
orepanuil IPUMEHUTEIBHO K PeaibHbIM HabopaM JaHHbIX. Mbl MTHOBEHHO HOJIYYIIN
MpeJicTaBJeHne O TOM, KOT/Ia U KaK OTKPBIBAIMCH 9K30ILJIAHETHI B TIOCJIE/IHNE HECKOJIBKO
JeCATUICTHI!
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Tereps ke st IPEATOKUI ObI YIIYOUTHCSI B 9TU HECKOJIBKO CTPOK KOJIA M BBITIOJIHUTD
UX TOLIaroBo, YToObl YOeUThCH, UTO BbI A€UCTBUTEIBHO MOHUMAETE, KAKOU BKJIAJ
B pe3yJIbTaT OHU BHOCAT. DTO B UeM-TO HEIIPOCTON MPUMEp, HO OJarogapst XOpoIliemy
MOHIMAHWIO 3JIEMEHTOB KOJIA Y BAC MOSBSITCS CPEICTBA JIJIST UCCJIEIOBAHUS BAIINX CO0-
CTBEHHDIX /ITaHHbIX.

CBoaHble Tabnuupbl

Mbi yske BUZETH BO3SMOKHOCTHU 0 UCCJAE0OBAHUIO OTHOIIEHWI B HaGOpe JaHHbIX,
npezpocrapisgeMbie abcTpakiueii GroupBy. Ceodnas mabauya (pivot table) — cxoxas
olepalusi, 4acTo BCTPEYAIONIAACS B 9JIEKTPOHHbBIX TabJIMIaX U APYTHX MPOrpaMMax,
paboTtaonux ¢ TabanuHbiMu gaHHbIMU. CBOIHAs TabJIMIA TOLYYaeT Ha BXOJIE TIPOCThIE
JlaHHbIe B BUJIE CTOJIONOB U IPYIIIUPYET 3alUCH B IBYMEPHYI0 Tabsiuity, obecredrpa-
I0ILYI0 MHOTOMEPHOE MPeACTaBIeHIe NaHHbIX. Pasinune MKy CBOAHBIMU TabJIu-
[aMu 1 oniepaieil GroupBy MHOT/IA HEOUEBUAHO. JIMYHO MHE TIOMOTAET TIPEACTaBAATH
CBOZIHBIE TabJMUIIBI KAK MHOTOMEPHYIO BEPCHIO arperupyioineii GpyHKIuu GroupBy.
To ecTb BbI BBINOJIHSIETE OLIEPAIMIO «Pa3OUTh, IPUMEHUTh, 00bEMHUTh>, HO KaK pa3-
OueHue, Tak U 00beIHEHIE IPOUCXOAAT He Ha OTHOMEPHOM MH/IEKCE, 8 Ha JIBYMEPHOI
KOOPJMHATHOM ceTKe.

[laHHble AN NpUMepoB paboTbl CO CBOAHLIMM Tabnunuamm

JIJ1st IPUMEPOB U3 HTOTO Pas3/ieJia Mbl BOCTIONb3yeMCst 6a30#i JAHHBIX TTACCAKMPOB TTapo-
xona «Tumanux», nocTymHoi yepes 6ubaunoreky Seaborn (cM. pasmen « Busyanusarist
¢ nomouibio 6ubanorexu Seaborn» riasbl 4):

In[1]: import numpy as np
import pandas as pd
import seaborn as sns
titanic = sns.load_dataset('titanic')

In[2]: titanic.head()

Out[2]:
survived pclass sex age sibsp parch fare embarked class \\
0 0 3 male 22.0 1 0 7.2500 S Third
1 1 1 female 38.0 1 0 71.2833 C First
2 1 3 female 26.0 0 0 7.9250 S Third
3 1 1 female 35.0 1 0 53.1000 S First
4 0 3 male 35.0 0 0 8.0500 S Third

who adult_male deck embark_town alive alone

(4] man True NaN Southampton no False
1 woman False C Cherbourg yes False
2  woman False NaN Southampton yes True
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3  woman False C Southampton yes False
4 man True NaN Southampton no True

ITOT HAbBOP AAHHBIX COAEPKUT MHMDOPMAIIMIO O KaiKJIOM MACCAKUPE 3JIO0MOTYIHOTO
peiica, BKJIIOYasT 1MOJI, BO3PACT, KJIACC, CTOMMOCTD GUJIETa U MHOTOE JIPYTOE.

CBOAHbIE TabnULbl «BPY4HYIO»

Yro6bl y3HATH O JAaHHBIX OOJIbIIIE, MOYKHO Ha4yaTh ¢ IPYIIIMPOBKHU MACCAKUPOB T10 MOJIY,
nHMOPMALIUK O TOM, BBIKIIL JIA MACCAKUP, WU KAKOU-TO X KoMOuHauuu. Eciu Bbl
YUTAJIN TPEBIIYIINI pasiesi, TO MOKeTe BOCIIOIb30BaThCs onepaiueil GroupBy. Hampu-
Mep, TOCMOTPUM Ha KOA(PDUIIMEHT BBIKMBAEMOCTH B 3aBUCUMOCTH OT TI0JIa:

In[3]: titanic.groupby('sex"')[['survived']].mean()

Out[3]: survived
sex
female ©.742038
male 0.188908

ITo cpasdy JKe JaeT HaM HEKOTOPOeE MpejicTaBIeHre 0 Habope JaHHbBIX: B II€JIOM, TPH de-
TBEPTH HaXOJAMBIIMXCST Ha GOPTY JKEHIIUH BBIKIJIO, B TO BPEMsI KaK U3 MYKUNUH BbIKILI
TOJIBKO KasK/IbII IIATHIN!

OHaKO X0Te0Ch Obl 3aTJISTHYTh HEMHOTO TJTy6Ke U YBUIETH PACTIPEIETCHIE BbIKIB-
IUX TI0 TIOJTY U KAaccy. ToBOPsT I3BIKOM GroupBy, MOJKHO OBLITO GBI HATH CJETYIONINM
MYTEM: CZPYNNUPOBAmy no KIACCY ¥ TTOJY, 8bl0pams BIKUBIINX, NPUMEHUMb aTPETHPY-
01ILY10 (DYHKITHIO CPEHEr0 3HAUEHUS, 0060UHUMb TIOTYIUBIIUECS TPYIIIIbL, TIOCTIE Yero
BLINOTIHUMb ONEPAUUIO UNSLACk TEPAPXUIECKOTO WHIEKCA, YTOOBI OOHAKUTD CKPHITYIO
MHOTOMepHOCTb. B BUie Koza:

In[4]: titanic.groupby(['sex', 'class'])
['survived'].aggregate('mean').unstack()

Out[4]: class First Second Third
sex
female ©.968085 ©0.921053 ©.500000
male 0.368852 0.157407 ©0.135447

ITO /laeT HaM JIydlliee TpejICTaBJeHre O TOM, KaK TIOJI U KJIacC BJIWSIJIN HA BbIKUBa-
€MOCTb, HO KOJI HAUMHAET BBITJISI/IETh HECKOJIbKO 3aITyTAHHBIM. X 0TS KayK/IbIH IT1aT 3TOTO
KOHBelepa MPe/ICTaBJISIeTCS BIIOJIHE OCMBICJIEHHBIM B CBETE PaHee PACCMOTPEHHBIX WH-
CTPYMEHTOB, TaKasl [JTHHHAsI CTPOKA KOJIa He 0c000 yao0Ha It UTEHUS UK UCIIOJIh30-
BaHUs. J[ByMepHBIii GroupBy BCTpeUaeTCst HACTOJIBKO YacTo, UTO B COCTaB OUOINOTEKN
Pandas 6b11 BK/II0YeH yIOOHBIN MeTOI, pivot_table, TO3BOJIAIONINIT OIICHIBATE OJIEE
KPaTKO JIAHHYIO PA3HOBUHOCTH MHOTOMEPHOTO arperupoBaHus.
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CuMHTaKCHC CBOAHbIX Tabnuy

BoT akBuBa/IeHTHBLI BBILIEIIPUBEEHHON ONepali KO/, MCIIOIb3YIONINI MeTo pivot_
table oObekTa DataFrame:

In[5]: titanic.pivot_table('survived', index='sex', columns='class')

Out[5]: class First Second Third
sex
female ©.968085 0.921053 ©.500000
male 0.368852 0.157407 0.135447

Takast 3anuch HecpaBHEHHO y00HEe [IJIsl YTEHUsI, YeM TI0AXO0/[ C GroupBy, IIPU TOM JKe
pesyabrate. Kak 1 MOKHO GBLIO OKHMIATh OT TPAHCATJIAHTHYECKOrO KPyn3a Havaia
XX Beka, cyapba 61aronpUsSTCTBOBAJIA JKEHIIIMHAM U [IEPBOMY Kiaccy. JKeHIHbr 13
MEePBOro KJacca BbUIKUJIM MpakTudecku Bee (npuset, Poys!), U3 My;KYUH TPEThero
KJIacca BbIKMJIA TOJIBKO JlecsaTast yacTh (M3Bunu, /[xek!).

MHOroypoBHeBble CBOAHblE TabnuLbl

IpynmupoBKY B CBOAHBIX TabJIUIIAX, KAK U MTPH OTIEPAI[IE GroupBy, MOKHO 3a/[aBaTh HA
HECKOJIbKUX YPOBHSIX U ¢ MHOKECTBOM IapaMmeTpoB. Hanpumep, nHTEpecHO B3rJIAHYTh
Ha BO3PACT B KAUECTBE TPETHETO n3MepeHtst. Pazo6beM MaHHbIe Ha MHTEPBAJBI O BO3-
pacty ¢ momMoIibio (pyHkImu pd. cut:

In[6]: age = pd.cut(titanic['age'], [0, 18, 80])
titanic.pivot_table('survived', ['sex', age], 'class')

Out[6]: class First Second Third
sex age

female (0, 18] 0.909091 1.000000 ©0.511628

(18, 80] ©.972973 0.900000 ©0.423729

male (0, 18] 0.800000 0.600000 ©0.215686

(18, 89] ©.375000 ©0.071429 0.133663

MbI MOKEM MPUMEHHUTD TY JKe CTpaTertio mpu pabore co croabiamu. J[obaBum cioa
UHMHOPMAITIIO O CTOUMOCTH OHJIETa, BOCTIOMB30BABIINCH (hyHKIMEH pd. gcut 11 aBTO-
MaTUYECKOTO BBIUMCICHUS KBAHTUJICH:

In[7]: fare = pd.qcut(titanic['fare'], 2)
titanic.pivot_table('survived', ['sex', age], [fare, 'class'])

Out[7]:
fare [0, 14.454]
class First Second Third \\
sex age
female (0, 18] NaN 1.000000 ©.714286
(18, 80] NaN ©.880000 0.444444
male (0, 18] NaN ©.000000 ©0.260870

(18, 80] 0.0 0.098039 0.125000
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fare (14.454, 512.329]

class First Second Third

sex age

female (0, 18] 0.909091 1.000000 ©.318182
(18, 80] 0.972973 0.914286 ©0.391304

male (0, 18] 0.800000 ©0.818182 ©0.178571

(18, 80] 0.391304 0.030303 0.192308

Pesyuibrar npezcrasiisger co60ii YeThIpeXMEPHYIO CBOAHYIO TabJIMILy ¢ MePapXMYeCKUMI
unekcamu (cM. pazzen «epapxudyeckas WHeKCAIUI» JAHHOU TJIaBbl), BBIBEJIEHHYIO
B JIEMOHCTPUPYIOIIEH OTHONIEHUS] MEK/Ly 3HAUCHUSIMU CETKE.

JlononHUTENbHbIE NAapaMeTPbl CBOAHbLIX Tabnumy,

[TosHas curHaTypa BBI30BA METOAA pivot_table 06beKTOB DataFrame BBITJISAAUT Cale-
IYIOUMM 00pasoM:

# curHaTypa Bbi3oBa B Bepcuu 0.18' 6ubnnoTekn Pandas

DataFrame.pivot_table(data, values=None, index=None, columns=None,
aggfunc="mean', fill_value=None, margins=False,
dropna=True, margins_name="'All")

Mpbl yike BUies i TPUMEPDBI MTEPBBIX TPEX apryMeHTOB, B JAHHOM IO/pa3/ese pac-
CMOTPUM OcTasibHble. /[Ba 13 mapameTpos, fill_value u dropna, OTHOCSITCS K TIPO-
MYIEHHBIM 3HAYEHUAM U UHTYUTUBHO ITOHATHBI, IIPUMEPHI UX UCIIOJIb30BAHUA MBI
[IPUBOJUTH HE OY/IEM.

KiioueBoe ciioBo aggfunc ynpasJisieT TeM, KaKOI TUIT arpeTuPOBaHUs IPUMEHSIETCS,
110 YMOJIYaHUIO 3TO cpe/iHee 3HaueHne. Kak u B GroupBy, crieriuduKaims arperupyo-
el GyHKIUYU MOKeT OBITh CTPOKOI ¢ OJIHUM U3 HECKOJBKUX OOBIYHBIX BAPHAHTOB
("sum', 'mean', 'count’', 'min’, 'max"' ¥ T. 1.) WK PyHKIIMEH, peanusyiomicii arperu-
posanue (np.sum(), min(), sum() u 1. 11.). Kpome Toro, arperupoBanue MoeT ObITh
3a/laHO B BUJIE CJIOBAPS, CBA3BIBAIOIIEIO CTOJIOEI ¢ JIOOBIM U3 BbIIIEIEPeYUCAEHHBIX
BapUaHTOB:

In[8]: titanic.pivot_table(index='sex', columns='class',
aggfunc={"survived':sum, 'fare':'mean'})

out[8]: fare survived
class First Second Third First Second Third
sex
female 106.125798 21.970121 16.118810 91.0 70.0 72.0
male 67.226127 19.741782 12.661633 45.0 17.0 47.0

O6paTI/IT€ BHUMaHUME, YTO MbI OITYCTHUJIN KJIIOYE€BOE CJIOBO values, 1IpH 3a/laHU N aggfunc
TIPONCXOANUT aBTOMAaTHYECKOE OIIpeeIeHHrE.

! Ha momenT Boinycka Bepcuu 0.19.2 jannasi curnatypa octaiach mpexkHeit.
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MHuorza GbIBaeT MOJIE3HO BBIUUCATD UTOTH M0 KAXKIO0M rpymie. ITO MOKHO CIEIATh
C TIOMOIIIBIO KJIIOYEBOTO CJIOBA margins:

In[9]: titanic.pivot_table('survived', index='sex', columns='class',
margins=True)

Out[9]: class First Second Third All
sex
female ©.968085 0.921053 0.500000 0.742038
male 0.368852 0.157407 0.135447 ©.188908
All 0.629630 0.472826 0.242363 0.383838

Takue nuTorm aBTOMaTUYECKN /IAI0T HaM WH(GOPMAITUIO O BBIXKMBAEMOCTH BHE 3aBUCH-
MOCTH OT KJj1acca, KoadduiimenTe BbIKUBAEMOCTH TI0 KJIACCY BHE 3aBUCUMOCTH OT T10JIa
u ob1uieM Koadduirerte BpkIBaeMOCcTH 38 %. MeTKY /It 9TUX UTOIOB MOKHO 33/1aTh
C TIOMOIIIBIO KJIFOYEBOTO CJI0BA margins_name, I10 YMOTYaHWIO NMEIOIIEro 3HaYeHne "A1l".

MpuMep: AaHHbIE O POXAAEMOCTU

B xavecTBe nmpuMepa B3TIISTHEM HA HAXO/ISATINECST B OTKPBITOM JIOCTYTIE JIAHHBIE O POK/IA-
emoctu B CIITA, npesocrasiseMble IieHTpaMy 110 KoHTpoJ1io 3abosesanuii (Centers for
Disease Control, CDC). /lanHble MOKHO HallTH 110 agpecy https://raw.githubusercontent.
com/jakevdp/data-CDCbirths/master/births.csv (aToT Ha60p JIAHHBIX JOBOJILHO HIUPOKO
uccienoBaicsa JHapto TeJiMaHOM u ero rpymmnoil (eM., Hapumep, coobiieHue B 6Jore
http://bit.ly/2fZzW8K)):

In[10]:

# MHCprKLWIﬂ CUCTEMHOI0 KOMaHAHOIo npoueccopa AnAa cCcKaYuBaHMA LOAHHbIX:

# lcurl -0 https://raw.githubusercontent.com/jakevdp/data-CDCbirths/
# master/births.csv

In[11]: births = pd.read_csv('births.csv")

ITocMOTpeB Ha 9TH JlaHHbBIE, MBI OOHAPYKUM UX OTHOCHTEJIBHYIO TIPOCTOTY — OHU CO-
JlepaKaT KOJMYECTBO HOBOPOSK/ICHHBIX, CIPYIIIMPOBAHHBIX 110 /IaTE U MOJY:

In[12]: births.head()

Out[12]: year month day gender births
0 1969 1 1 F 4046
1 1969 1 1 M 4440
2 1969 1 2 F 4454
3 1969 1 2 M 4548
4 1969 1 3 F 4548

MpbI HauHEeM TIOHUMATh 9TH JIAHHBIE HEMHOTO JIy4Yllle, BOCIIOJIb30BaBIINCH CBO/IHON Ta-
Giieil. Io6aBuM B HUX CTOJIOEIL [J1sI AECSTUIETUS U B3LJISTHEM Ha POJKIEHUS eBOYEK
1 MAJTbYMKOB KaK (DYHKITUIO OT JIeCATUTIETHSI:
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In[13]:
births['decade'] = 10 * (births['year'] // 10)
births.pivot_table('births', index='decade', columns='gender', aggfunc='sum')

Out[13]: gender F M decade
1960 1753634 1846572
1970 16263075 17121550
1980 18310351 19243452
1990 19479454 20420553
2000 18229309 19106428

Cpasy ke BUIUM, YTO B KasKIOM JECATHIETHN MATbYUKOB POKIAETCST OOJIbIIIE, YeM jie-
BoueK. BocrosbayeMest BCTPOEHHBIMU CPEACTBAMU MOCTPOEHUS rpahukoB Gnbanoreku
Pandas st Busyasmsarmu o61ero KoJanyecTBa HOBOPOJKAEHHBIX B 3aBUCUMOCTH OT TO/Ia
(puc. 3.2; cM. 06¢cyskaeHne ToCTpoeHus rpaduKOB ¢ moMolibio 6ubanorexu Matplotlib
B ryase 4):

In[14]:

%matplotlib inline

import matplotlib.pyplot as plt

sns.set() # Wcnonb3yem cTunm 6mubnnoTekn Seaborn

births.pivot_table('births', index='year', columns='gender’',
aggfunc="sum').plot()

plt.ylabel('total births per year'); # obuwee KO/NMYECTBO HOBOPOXAEHHBIX

# B TedeHue ropa

Buarogaps cBogHoii Tabuiie 1 MeToy plot () MbI MOKEM CPasy JKe YBUIETh €KerOAHbIi
TPEH]I HOBOPOJKIEHHBIX 10 TIoay. B mocsieanue 50 ¢ JIMITHIM JIeT MaJIbYUKOB POJKIATIOCH
60J1blIIe, YeM JIeBOYEK, IPUMEPHO Ha 5 %.

JlanpHeiiniee uccaeoBaHue JaHHBIX. XOTs 9TO, BO3MOKHO, I He UMEET OTHOIIEHMST
K CBOJHBIM TabJKIlaM, eCTh ellle HECKOJbKO MHTEPECHBIX Belled, KOTOPble MOMKHO
M3BJIeYb U3 9TOTO HabOpa AaHHBIX C IIOMOIIBIO YKe PACCMOTPEHHBIX HHCTPYMEHTOB
6ubmorexkn Pandas. Ham nipuzercs HayaTh ¢ HeGOIBIION OUMCTKY JaHHbBIX, YIaJUB
aHOMaJIbHbIE 3HAYEHNST, BO3HUKIIME 13-3a HEIIPAaBUJIbHO HabpaHHbIX gaT (HarpuMep,
31 uroHs) MM OTCYTCTBYIOUMX 3HaueHuit (Hanpumep, 99 uons ). I[TpocToii crocob
yOpaTh cpasy UX BCe — OTCeYb aHOMaJIbHbIEC 3HAUEHMsI. MBI C/lelaeM 5TO ¢ MOMOIIBIO
HAJIESKHOTO aJITOPUTMa cuzma-omcevenus (sigma-clipping)':

In[15]: quartiles = np.percentile(births['births'], [25, 50, 75])
mu = quartiles[1]
sig = ©.74 * (quartiles[2] - quartiles[0])

! ¥V3uHarb Gosiblie 00 Olepaiusax CUrMa-0TCEYEH s Bbl MOKETe U3 KHUTH, KOTOPYIO $1 HAIIKCAJ
coBMmectHO ¢ JKenbko UBeunuem, duapio Jxx. Konosiu u Anexcangpom I'peem: Statistics,
Data Mining and Machine Learning in Astronomy: A Practical Python Guide for the Analysis
of Survey Data (Princeton University Press, 2014).
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Puc. 3.2. O6Lee KonmyecTBo HOBOpOXAeHHbIX B CLLIA B 3aBMCMMOCTM OT roaa 1 nona

IMocaennss cTpoka mpeacTaBser coOoil rpyOyio OLEHKY CPeiHero 3HadeHnst BIOOPKH,
B KOTOpOM 0.74 — MeKKBapPTUJIBHBIN padMax [ayccoBoro pacipenenenust. Temneps MOKHO
BOCIIOJIb30BAThCsI METOIIOM query () (00Cy KIaeMbIM Jlajiee B pasziesie « Y BeJmYeH e po-
usBoauTebHocTH Gubinorekn Pandas: eval() u query()» aroii riiasbl) a1t (OUIbTpaLUK
CTPOK, B KOTOPBIX KOJMYECTBO HOBOPOKIEHHBIX BBIXO/IUT 32 MIPEIEbI OTUX 3HAUCHUI:

In[16]:
births = births.query('(births > @mu - 5 * @sig) & (births < @mu + 5 * @sig)"')

Jlasiee MBI ycTaHABIMBAEM I[EJOYNCTIEHHBIN T cTOIONA 175t day. Paree oH OBLI
CTPOYHBIM, TIOCKOJIBKY HEKOTOPLIE CTONOIBI B HAbOpe MaHHBIX COMEP:KAT 3HAUEHUE
‘null’:

In[17]: # penaem Tun cTonbua 'day' UENOYUCNIEHHbIM;
# W3HaAYaNbHO OH 6bl1 CTPOYHBIM U3-3a MYCTbIX 3HAYEHUN
births['day'] = births['day'].astype(int)

Haxoner, MbI MOKeM CO3/1aTh WHIEKC JJIST JaThl, OObEINHUB JICHb, MECSI] U TOZ (CM.
«Pabora ¢ BpeMeHHBIMU PAZaMU» 3TO IJIaBbl). ITO JACT HAM BO3MOKHOCTH OBICTPO
BBIYUCJISATD JIeHb HEJIeJU JIJIsT KAJK/I0M CTPOKU:

In[18]: # co3paem uHAEKC AnA AaThl U3 roga, MecAua M AHA
births.index = pd.to_datetime(10000 * births.year +
100 * births.month +
births.day, format='%Y%m%d')

births['dayofweek'] = births.index.dayofweek # [eHb Heazenu
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C MOMOTIIBIO ATOTO MOKHO TTOCTPOUTD TpaduK AHEH POKAEHUS B 3aBUCUMOCTH OT JTHST
HeJIeJIN 32 HECKOJIBKO fiecatuiietuii (puc. 3.3):

In[19]:
import matplotlib.pyplot as plt
import matplotlib as mpl

births.pivot_table('births', index='dayofweek',

columns="decade', aggfunc="'mean').plot()
plt.gca().set_xticklabels(['Mon', 'Tues', 'Wed', 'Thurs', 'Fri', 'Sat’,
'Sun'])
plt.ylabel('mean births by day'); # cpeaHee KOAM4ECTBO HOBOPOXAEHHbIX B AEHb
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Puc. 3.3. CpeaHee KONMYecTBO HOBOPOX/AEHHbBIX 32 AeHb B 3aBUCMMOCTM OT AHS HeAenn U AecaTUneTus

CTaHOBUTCS OYEBHUIHO, YTO B BHIXOHbIE IIPOUCXOAUT MEHBIIE POKICHUN, ueM B Oyi1-
nue aau! O6parure BHuManue, uto 1990-e 1 2000-e ToAbI OTCYTCTBYIOT Ha TpaduKe,
rockosibky HaunHas ¢ 1989 roga nanasie CDC comep:kaT TOTBKO MeCSI] POSK/IEHUSI.

Eute oano unrepecHoe mpe/cTaBieHne 3TUX JaHHBIX MOKHO IIOJIyUUTD, IOCTPOUB I'pa-
(UK pokIEeHNI B 3aBUCUMOCTH OT [HsI 200a. CHavYaa CrpymimupyeM JaHHble OTAETbHO
110 Mec4lly 1 JHIO:

In[20]:
births_by date = births.pivot_table('births’,

[births.index.month, births.index.day])
births_by date.head()

Out[20]: 1 1 4009.225
2 4247 .400
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3 4500.900
4 4571.350
5 4603.625
Name: births, dtype: float64

Pesyabrar npeacrasiser cob0i MyJIbTHUHAEKC TT0 MECAIAaM 1 AHAM. UTOOBI yIIpOCTUT
nocrpoenue rpaduka, mpeobpasyeM 3T MECSIbI U THA B IATHI TIYTEM CBSI3BIBAHUS WX
¢ GuKRTUBHBIM TO0M (00sI3aTEIbHO BHIGEPUTE BUCOKOCHBIN rojI, 4TOOBI 06paboTaTh
29 (eBpaJisg KOpPEKTHBIM 06pazom!)

In[21]: births_by date.index = [pd.datetime(2012, month, day)
for (month, day) in births_by date.index]
births_by date.head()

Out[21]: 2012-01-01 4009.225
2012-01-02 4247 .400
2012-01-03 4500.900
2012-01-04 4571.350
2012-01-05 4603.625
Name: births, dtype: float64

Ecau cmoTpeTb TOJIBKO Ha MeCSIl U JIeHb, TO MBI 110JIy4aeM BPeMeHHOH Psli, OTpaKa-
IOIUI cpejiHee KOJIMYeCTBO HOBOPOSK/IEHHBIX B 3aBUCUMOCTH OT iHs rojia. Vcxoms us
ATOTO, MBI MO’KEM TIOCTPOUTH C TTOMOTIBIO MeTo/1a plot rpadmk AanubIX (puc. 3.4). B nem
MbI OGHAPY/KUBAEM HEKOTOPBIE JIIOOOIBITHBIE TPEH/IBL:

In[22]: # CTpoum rpaduk pe3ynbTaToB
fig, ax = plt.subplots(figsize=(12, 4))
births_by date.plot(ax=ax);
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Puc. 3.4. Cpe,que KOJIMYECTBO HOBOPOXXAEHHbIX B 3aBMCMMOCTU OT Mecala

B wactHoctu, Ha rpaduke yauBIseT pe3koe najeHrue KOJIn4ecTBa POKIAEHN B rocy-
napcrBennblie npa3aauku CIITA (manpumep, /lens HezaBucumoctn, /lens Tpyna, [lennb
6maromapenus, Poxagecrso, Hosbiii rox). XoTs OHO OTpakaeT CKOpee TeHAEHINN,
OTHOCSIIIECST K 3apaHee 3alTaHNPOBAHHBIM /IICKYCCTBEHHBIM POjIaM, a He r1yboKoe
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MCUXOCOMATUYeCKOE BIUSITHIE HA eCTeCTBEHHbIE POBL. [lambHelinee o0CyKaAeHNE
JNAHHOI TEHIEHI[NH, €€ AHAJIN3 U CCHUIKU Ha 9Ty TEMYy CMOTPUTE B COOOIIEHUH TI0
azipecy http://bit.ly/2fZzW8K u3 Giiora uzpio ['esivana. Mbl BepHEMCsE K 9TOMY rpaduKy
B mozpaszene «IIpumMep: BausHME BRIXOAHBIX HA poskaenud gereir B CIIIA» pasmena
«TexcT v TosICHSIONTe HANTUCH TJIABBI 4, B KOTOPOM BOCIIOJIb3YEMCSI MHCTPYMEHTAMU
6ubmorexku Matplotlib mist nobaBieHusT MeTOK Ha rpaduK.

[J1s1/151 Ha 9TOT KPATKUIl IPHMED, BBl MOIJIN 3aMETUTD, YTO MHOTHE M3 PACCMOTPEHHBIX
HAMU WHCTPYMEHTOB si3bika Python u 6ubmmorexn Pandas MoxHO KOMOMHIPOBATH
MeKIY OO0 U MCII0Ib30BATh, YTOOBI IIOUEPIIHYTH IIOJE3HYI0 NH(GOPMALIIO U3 MHO-
’kecTBa HAOOPOB JAHHBIX. BoJiee CI0JKHbIE MAHUITYJISIIMN HAJl JAHHBIMUA MbI YBUUM
B CJIEYIONINX pasjenax!

BekTOpM30BaHHbIE OMnepaLmmn Haj CTPOKaMu

OjiHa U3 CUIIbHBIX CTOPOH si3bika Python — otHocuTebHOE Y100CTBO pabOTHI B HEM CO
CTPOKOBBIMM JIaHHBIMU M MaHUTYJIsA1nil umu. Bubanoreka Pandas BHOCHT B 9T0 CBOIO
JIENITY U TIPEOCTABISAET HAGODP BEKMOPUI0BAHHDIX ONEPAUULL HAOD CIPOKAMU, CTABIINX
CYIIECTBEHHON 4acThi0 OUUCTKU JAHHBIX, HE0OX0AUMOI TIpu paboTe ¢ peabHbIMU
JaHHBIMU. B 59TOM pasjiesie Mbl M3y4UM HEKOTOPbIE CTPOKOBbBIE OTlepaIiiu OUOIMOTEKN
Pandas, 11ocJie 4ero paccMOTPUM WX UCIIOJIb30BAHUE U1 YACTUYHOM OYUCTKI OY€Hb 3a-
[IyMJIEHHOTO Habopa JIaHHbIX PEIENTOB, cOOpaHHbIX B VIHTEpHETE.

3HAKOMCTBO CO CTPOKOBbLIMW OnepaumsiMmm
eunbnunotekm Pandas

B mpezbiaytiemM paszesie MbI BUEH, KaK 06001IaI0T apubMeTHIecKne OMeparinum Ta-
KKe WHCTPYMeHThI, Kak 6ubanoreka NumPy u 6ubnnorexka Pandas, mossosisist erko
" 6BICTpO BBIIIOJIHATDH O/IHY 1 TY JK€ Ollepallnio Ha/l MHOKECTBOM dJIEMEHTOB MaCCHBa.
Hampumep:

In[1]: import numpy as np
x = np.array([2, 3, 5, 7, 11, 13])
X * 2

out[1]: array([ 4, 6, 10, 14, 22, 26])

Bexmopusayus onepanuii yipouaeT CMHTaKCcUuc paboThl ¢ MACCUBAMMU JaHHBIX: O0JIbIIE
HeT HeoOXOIUMOCTH GECTOKOUTHCST O pasMepe Wiau (hopMe MacCHBa, a TOJbKO O HYIK-
Hoit Ham oneparn. bubaorexa NumPy He npegocTabiisier Takoro IpocToro crnocoba
JOCTYIIA /ISl MACCUBOB CTPOK, TaK UTO IPUXOJUTCI UCIIOIb30BaTh Go/ee AINHHBII
CUHTAKCHUC IUKJIOB:
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In[2]: data = ['peter', 'Paul', 'MARY', 'gUIDO']
[s.capitalize() for s in data]

Out[2]: ['Peter', 'Paul', 'Mary', 'Guido']

BeposTro, st paboThl ¢ HEKOTOPBIMHU AHHBIMU 9TOTO JOCTATOYHO, HO TP HATMYNN
OTCYTCTBYIONIMX 3HaUeHUii Bce nmopTutcs. Hanpumep:

In[3]: data = ['peter', 'Paul', None, 'MARY', 'gUIDO']
[s.capitalize() for s in data]

AttributeError Traceback (most recent call last)

<ipython-input-3-fc1d891ab539> in <module>()
1 data = ['peter', 'Paul', None, 'MARY', 'gUIDO']
----> 2 [s.capitalize() for s in data]

<ipython-input-3-fc1d891ab539> in <listcomp>(.0)
1 data = ['peter', 'Paul', None, 'MARY', 'gUIDO']
----> 2 [s.capitalize() for s in data]

AttributeError: 'NoneType' object has no attribute 'capitalize’

Bubsunorexa Pandas BkiodaeT cpeicTBa Kak /st paboThl ¢ BEKTOPU30BAHHBIMU CTPO-
KOBBIMHU ONEPALUSAMM, TAK U JJIs KOPPEKTHON 06pabOTKM OTCYTCTBYIOIMMX 3HAYEHUIT
nocpeacTBoM arpudyra str 00bekToB Series 6ubanoreku Pandas u comepsxariux cTpo-
K1t 00beKTOB Index. Tak, OMycTUM, MBI co31aii 00beKT Series Gubanorekn Pandas
C TEMU 3Ke TAHHBIMU:

In[4]: import pandas as pd
names = pd.Series(data)

names
Out[4]: © peter
1 Paul
2 None
3 MARY
4 gUIDO
dtype: object

Termepb MOKHO BBI3BATh OJIMH-EANHCTBEHHBII METOJ IS TIPEOOPA3OBAHUS CTPOUHBIX
GyKB B 3arJiaBHble, KOTOPBIH Gy/1eT UTHOPUPOBATH JIIOOBIE OTCYTCTBYIOIINE 3HAUCHUST:

In[5]: names.str.capitalize()
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Out[5]: Peter

0

1 Paul

2 None

3 Mary

4 Guido
dtype: object

C nomoripio Tab-aBrozgonontenus st 5T0ro aTprbyTa str MOKHO MOJTYYUTH CIIUCOK
BCEX BEKTOPU30BAHHBIX CTPOKOBBIX METOJIOB, I0CTYNHBIX B Gubarorexe Pandas.

Tabnuubl MeToaoB paboTbl CO CTPOKaMu
6ubnunotekn Pandas

Ecuin BBI XOpoTmo pazbupaerech B MAHUITY TSN CTPOKOBBIMY JIAHHBIMHU B SI3BIKE
Python, 1bBrHas 1015 cuHTaKcuca paboThl co crpokamu 6ubarorexu Pandas Gyzer Bam
HUHTYUTHBHO TIOHATHA HACTOJBKO, YTO JIOCTATOUHO, HABEPHOE, TIPOCTO MTPUBECTH TAOJIHUILY
UMeoNXCcst MeTo10B. C 9TOr0 M HAUHEM, TIPESK/IE YeM YriyOuMcest B HEKOTOPBIE HIOAHCHI.
[Ipumepnl B 3TOM pasjiesie UCIOTIb3YIOT CAELYIONINN PST UMEH:

In[6]: monte = pd.Series(['Graham Chapman', 'John Cleese', 'Terry Gilliam',
'"Eric Idle', 'Terry Jones', 'Michael Palin'])

MeTopabl, aHanornyHble CTPOKOBLIM MeToAaM a3blka Python

[TpakTHYeCKHU JIJIsT BCEX BCTPOEHHDBIX CTPOKOBBIX MeTo0B Python ecth cooTBet-
CTBYIOIIMIT BEKTOPU30BAHHBIN CTPOKOBBIN MeTot Oubnoreku Pandas. Bot crincox
MeToM0B arpubyTa str 6ubiunorexku Pandas, 1y6iupyomuii CTPOKOBbIe METOIBI
siapika Python:

len() lower() translate() islower()
1just() upper() startswith() isupper()
rjust() find() endswith() isnumeric()
center() rfind() isalnum() isdecimal()
zfill() index() isalpha() split()
strip() rindex() isdigit() rsplit()
rstrip() capitalize() isspace() partition()
Istrip() swapcase() istitle() rpartition()

O6paTuTe BHUMaHKE, YTO BO3BPAIlaeMble 3HAYECHUs Y HUX oTjnyaiorcs. Hexoropere,
Hanpumep lower (), BO3BpaIlalOT Series CTPOK:

In[7]: monte.str.lower()

Out[7]: o graham chapman
1 john cleese
2 terry gilliam



222 MnaBa 3 e MaHuNynsUMKM HaA AaHHBIMUK C MOMOLLbIO NakeTa Pandas

3 eric idle
4 terry jones
5 michael palin
dtype: object

Yactb APYTUX BO3BPAIIACT YMUCJIOBbIE 3HAYCHU!

In[8]: monte.str.len()

Oout[8]: @ 14
1 11
2 13
3 9
4 11
5 13
dtype: int64

Wt 6yneBbl 3HAYEHS:

In[9]: monte.str.startswith('T")
Out[9]: @ False
1 False
2 True
3 False
4 True
5 False
dtype: bool

W ciicku n Apyrue CoCtaBHbIC 3HAUECHU S JIJIST KayK0T0 9JIEMEHTA!

In[10]: monte.str.split()

Out[10]: [Graham, Chapman]

0

1 [John, Cleese]
2 [Terry, Gilliam]
3 [Eric, Idle]
4 [Terry, Jones]
5 [Michael, Palin]
dtype: object

MbI yBUAMM MaHUIYJISALUA Hafl I10400HBIMI 00bEKTaMU TUIIA «PSbl CIIICKOB», KOI/a
IPOIOJLKUM 00CYKIEeHNeE.

MeToabl, CMOb3YHOLME PErYISIPHbIE BbIPAXXEHMS!

ITomumo aTOTO, CyllecTBYyeT U HECKOJIbKO METO/OB, IPUHUMAIOIINX Ha BXOJe pery-
JIApHbIE BBIPAsKEHUA U1 IPOBEPKU COAEPKUMOIO KasK[[0r0 M3 CTPOKOBBIX 9JIEMEHTOB
U CJIEYIONINX HEKOTOPBIM cormarenusam mo APT BcTpoentioro momys re si3bika Python
(tabi. 3.4).
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Ta6nuua 3.4. CootBeTCTBME MeXAy MeToAamMn 6ubnuotekn Pandas u GyHKUMAMWU MOAyNs re A3bika

Python

Metop OnucaHune

match() BoisbiBaer (ynkiio re.match() mist kaxaoro anementa, Bogspaiias 6yJieso
3HAUCHUE

extract() BoisbiBaer dyukiumio re.match() aist kaxgaoro sementa, Bo3Bpaliast loXo/si-
Iyie TPYIIIBI B BUZIE CTPOK

findall() Boissisaer dyukiio re.findall() ais kaxmoro anemenTa

replace() 3aMensieT BXOKAeH s mabaoHa Kakoi-1u60 ApyToil CTpoKoil

contains() BoisbiBaer ynkiumio re.search() st kasxkaoro ajemenTa, Bo3spaiias OynieBo
3HAUCHUE

count() TlozcunThIBaeT BXOKAEHUS 11a0I0HA

split() IksuBasent Gyukimu str.split(), HO IPUHUMAOITII HA BXO/IE PETYJISIPHBIE
BBIPAKEHUS

rsplit() IkuBasient GyHkimu str.rsplit(), HO IPUHUMAIONTUI HA BXOJIE PETYJISIPHBIE
BBIPAKEHUS

C IIOMOHIIbIO 9TUX (byHKLII/Iﬁ MOJKHO BBITIOJTHATH MAaCCy MHTEPECHDBIX OHepaHHﬁ. Ha-
IpyuMep, MOJKHO M3BJICYDb UMA N3 KaKA0TO 9JIEMEHTA, BBITIOTHUB ITOMCK HereprBHOﬁ
TPYHITbI CMMBOJIOB B HaYaJI€ KasK/I0TO N3 HUX:

In[11]: monte.str.extract('([A-Za-z]+)")

Out[11]:

Graham

John
Terry
Eric
Terry

Michael
dtype: object

W, sanpumep, HaliTU Bce MMeHA, HAUMHAIOIIMECS] 1 3aKaHYMBAIOIIMECS] COTJIACHDBIM
3BYKOM, BOCITOJIb30BABINNCH CHMBOJIAMU PETYJISIPHBIX BEIPAKEHUH «HAYATIO CTPOKUY ()
U «KOHET] CTPOKU» ($):

In[12]: monte.str.findall(r'~[~AEIOU].*["aeiou]$")

Out[12]:

uhwNnEoO®

[Graham Chapman]

[]

[Terry Gilliam]
[]

[Terry Jones]
[Michael Palin]

dtype: object

Takoii c;KaThIil CHHTAKCUC PETYJISIPHBIX BBIPAsKCHUI JIJIs 3amuceil 0ObeKTOB Series
u DataFrame OTKPBIBaeT MacCy BO3MOXKHOCTEH JIJIsT aHATN3a W OYUCTKY JAHHBIX.
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lMpoyne meToabl

HakoHelr, CyIecTByIOT U IIPOYKE METOAbL, IPUTOAHBIE /ISt PA3HBIX YIOOHBIX OnepaIuii

(tabm. 3.5).

Ta6nuua 3.5. Npoune MeToabl Ans paboTbl Co cTpokamu 6ubnmotekn Pandas

Mertop OnucaHune

get() Wupexcupyer Bce 2J1IeMEHTBI

slice() Boipesaet noncTpoxy n3 KaskJoro ajgeMeHTa

slice_replace() 3aMeHsieT B KaXK/[OM 9JIEMEHTE BBIPE3aHHYIO TTOJICTPOKY 33[aHHBIM 3HAYEHUEM

cat() Konxkarenanus cTpok

repeat() [ToBTOopsieT 3Hauenus (yKazanHoe 4nUCI0 pas)

normalize() Bosspariaer Bepcuio cTpoku B kogrposke Unicode

pad() [loGassieT 1pobesibl ¢ieBa, ClpaBa Win ¢ 00euX CTOPOH CTPOKKI

wrap() Pas6uBaer JVIMHHbBIE CTPOKOBbIE 3HAYEHUS HA CTPOKK JIJINHBI, HE TIPEBbIIIa-
forIelt 3alaHHyT0

join()! OGbeMHSAET CTPOKU U3 BCEX AJIEMEHTOB C MCTIOJIb30BAHUEM 33/[AHHOTO Pa3-
JeJINTeNsS

get_dummies() V3BieKkaeT 3HaYeHns lepeMeHHbIX-UHANKATOPOB B Bue 00bekTa DataFrame

BexTopuzoBaHHBIIi JOCTYN K 9JIeMEHTaM U BbIpe3aHue noAcTpok. Onepaiuu get()
u slice(), B YaCTHOCTH, IIPELOCTABJIAIOT BO3MOKHOCTb BEKTOPU30BAHHOTO JOCTYIIA
K 9JIeMeHTaM M3 KaxkJ0To MaccuBa. Harpumep, MOKHO BbIpe3aTh MepBbie TPU CUM-
BOJIa U3 KasKI0I'0 MacCUBa IIOCPEACTBOM BblpaskeHus str.slice(0, 3). O6paTI/ITe
BHUMAHUE, YTO TaKast BO3MOKHOCTD JJOCTYIHA U C TIOMOII[bI0 OOBIYHOTO CUHTAK-
cuca uHpekcamnuu s3bika Python, Hanpumep, df.str.slice(@, 3) 9KBUBAJIEHTHO
df.str[0:3]:

In[13]: monte.str[0:3]

Out[13]: © Gra
1 Joh
2 Ter
3 Eri
4 Ter
5 Mic
dtype: object

Wnnexcarus mocpenctBom df.str.get (i) m df.str[i] IpOUCXOANT aHATIOTUYHO.

! BBuIy HEKOTOPON HEOUEBUTHOCTH MPUBELY CHHTAKCUC MCHOIH30BAHUS ATON (DYHKITUN 175t
Hallero npuMepa:

;".join(monte)
TJIe ; — Pa3JIeUTENb.
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Ity MeTobl get() U slice() TakKe AAOT BO3MOKHOCTH 0OpAIIaThCs K DJIeMEHTaM
BO3BpallaeMbix MeToIoM split() maccuBoB. Harpumep, jiist usBjiederust (paMuanm u3
KasKI0H 3aIcy MOKHO UCTIOJIH30BaTh BMECTe METO/IBI split() m get():

In[14]: monte.str.split().str.get(-1)

Out[14]: o Chapman
1 Cleese
2 Gilliam
3 Idle
4 Jones
5 Palin
d

type: object

Huaukatopubie nepemMennsie. Eie ogut MeTos, TpeOyromii HEKOTOPBIX JOIOJIHM-
TEeJbHBIX MOsICHeHMIT, — get_dummies (). Y106HO, Korjga B JaHHBIX UMEETCs CTOJIGEI,
COJIEPIKAIUI KOIUPOBaHHBIN nHAUKAaTOP. Hampumep, y Hac ectb HAOOP JAHHBIX, CO-
Jepskaiii nHdopMaIuio B BUjie KOJIOB, TAKUX KaK A="poaunca B CWA", B="poauncs
B Benukobputanumn", C="nwbut cbip"”, D="n0b6UT MACHbIE KOHCEPBbI":

In[15]:
full monte = pd.DataFrame({'name': monte,
'info': ['B|c|D', 'B|D', 'A|C', 'B|D', 'B|C"',

‘B|C|D"]})

full_monte
Out[15]: info name

@ B|C|D Graham Chapman

1 B|D John Cleese

2 A|C  Terry Gilliam

3 B|D Eric Idle

4 B|C Terry Jones

5 B|C|D Michael Palin

Meton get_dummies() MaeT BO3MOKHOCTH OBICTPO Pa3OUTh BCe MHIAMKATOPHLIE TIepe-
MEHHbIE, TPeobpasoBaB uX B 00beKT DataFrame:

In[16]: full_monte['info'].str.get_dummies('|")

out[16]:

vih WN RO

A
]
2]
1
]
2]
4]
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I/ICHO]II)ByH 9TH ollepaliin KakK «CTpOUTEJbHbIC 6.7IOKI/I>>y MOJKHO CO3/1aThb GecymceHHoe
MHOKECTBO O6pa6aTbIBaIOU_lI/IX CTPOKU MPOLENYP /I OUYUCTKU JITaHHBIX.

M1 He GyieM yrryGIIsIThCS B 9TH METOIBI, HO ST PEKOMEH/TYIO IPOUrTaTh pasmea Working
with Text Data («PaGoTa ¢ TeKCTOBBIMU JaHHBIMU» ) M3 OHJANWH-JOKYMEHTAIIUN



226 MnaBa 3 e MaHuNynsUMKM HaA AaHHBIMUK C MOMOLLbIO NakeTa Pandas

6ubsmorexu Pandas (http://pandas.pydata.org/pandas-docs/stable/text.html) mm 3arasaHyTh
B paSI[eJI «I[OHOJIHI/ITQJH)HBIG NCTOYHUKUN I/IH(bOpMa]_[I/II/D) [[aHHOﬁ TJIaBbI.

Mpumep: 6a3a AaHHbIX peLenToB

Ormcanible BEKTOPH30BAHHBIE CTPOKOBLIE OTIEPATINT OKA3BIBAIOTCS HAMOOIEe TT0Te3-
HBIMU [IPU OYUCTKE CUJIBHO 3allyMJICHHBIX PEAJIbHBIX JAHHBIX. 3/IECh MBI PACCMOTPUM
IpUMEP TAaKOH OYMCTKHU, BOCIIOJIb30BABIIICH MOJYIEHHON 13 MHOKECTBA Pa3IMIHbBIX
UHTEPHET-UCTOUHUKOB Oa30i JIaHHBIX perierntoB. Harlra 1ieib — pasbop perenToB Ha CIiu-
CKHU UHTPETUEHTOB, YTOOBI MOKHO OBLIO OBICTPO HAUTH PETIETIT, UCXOJISI U3 UMEIOTIIXCSI
B PACIOPSIKEHUU MHTPEJINEHTOB,

Wcnosp3yemble 7151 KOMITUIISIIIAY CIIEHAPUA MOXKHO HAUTH 110 azipecy https://github.com/
fictivekin/openrecipes, Kak ¥ CCBIJIKY Ha aKTyaJIbHY10 BEPCHUIO Oa3bl.

ITo cocrostamio Ha BecHy 2016 roza pasmep 6Gasbl JaHHBIX cocTaBsieT 0K0J10 30 MobaiiT,
ee MOJKHO CKA4aTh U Pa3apXUBUPOBATD C TIOMOIIBIO CIEAYIONIIX KOMAH/T:

In[17]: # !curl -0
# http://openrecipes.s3.amazonaws.com/20131812-recipeitems.json.gz
# lgunzip 20131812-recipeitems.json.gz

Basa nannbix Haxoautest B popmate JSON, Tak uTO MOKHO HOMPOOOBATH BOCIIOIB30-
Barbes (hyHKIMEN pd. read_json 17151 ee YTEHUST:

In[18]: try:
recipes = pd.read_json('recipeitems-latest.json")
except ValueError as e:
print("valueError:", e)

ValueError: Trailing data

Yiie! Mol iostyuniu oiOKy ValueError ¢ YIIOMHUHAHHEM HAJTHYHST «<XBOCTOBBIX JIaH-
HbIX». Ecaiu norckatsb aTy omubky B IHTEpHETE, CKIaIbIBACTCS BIICYaTIeHNE, YTO OHA
MOSIBJISICTCST U3-32 UCTIOJNB30BaHuUs (hailia, B KOTOPOM Kajcdas cmpoka cama 1o cebe
asisiercs KoppekTHbIM JSON, a Bech ailn B 1iesiom — Het. PaceMoTpuM, ciipaBeiinBo
JI 5TO OOBSICHEHWE:

In[19]: with open('recipeitems-latest.json') as f:
line = f.readline()
pd.read_json(line).shape

out[19]: (2, 12)

[la, oueBuIHO, Kaxkaas crpoka — KoppekTHbiilt JSON, Tak 4To HaM HYKHO COEJIMHUTH UX
Bce BoeauHo. OuH U3 crocoboB cenaTh 910 — (pakTHuyecku chOPMUPOBATH CTPOKOBOE
npejictaByienue, cojep:kaiiee Bce 3amucu JSON, mmocie 4ero 3arpy3uThb BCe € ITOMOTIbIO
pd.read_json:
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In[20]: # YuTaem Becb ¢aitn B mMaccuB Python

with open('recipeitems-latest.json', 'r') as f:
# M3Bnekaem Kaxayw CTpoOKy
data = (line.strip() for line in f)
# MMpeobpasyem Tak, 4YTObbl Kaxaasa CTpoKa ObUia S/1EeMeHTOM cnucka
data_json = "[{@}]".format("',"'.join(data))

# YuTaem pesynbTaT B Buae ISON

recipes = pd.read_json(data_json)

In[21]: recipes.shape
out[21]: (173278, 17)

Buaum, uro 3gech moutu 200 Thicsay penentos u 17 cronbuos. IlocMoTpuM Ha 0AHY U3
CTPOK, YTOObI IIOHATh, UTO MbI [1OJIY YU

In[22]: recipes.iloc[@]

Oout[22]:

_id {'$oid': '5160756b96cc62079cc2dbl5"}
cookTime PT30M
creator NaN
dateModified NaN
datePublished 2013-03-11
description Late Saturday afternoon, after Marlboro Man ha...
image http://static.thepioneerwoman.com/cooking/file...
ingredients Biscuits\n3 cups All-purpose Flour\n2 Tablespo...
name Drop Biscuits and Sausage Gravy
prepTime PT1eM
recipeCategory NaN
recipelnstructions NaN
recipeYield 12
source thepioneerwoman
totalTime NaN
ts {'$date': 1365276011104}
url http://thepioneerwoman.com/cooking/2013/03/dro. ..

Name: @, dtype: object

31ech comepKuTes HeMaio uHhOPMaIK, HO GoJIbIast ee 4YacTh HAXOAUTCSA B Hec-
MOPSIIOYHOM BH/IE, KaK 9TO0 0OBIYHO U OBIBAET CO B3ATHIMU U3 VIHTEpHETA HaHHBIMU.
B yacthocTH, ClIMCOK UHIPEMEHTOB HAXOAUTCS B CTPOKOBOM hopMmaTe 1 HaM IIPUJETCS
AKKypaTHO M3BJIeYb OTTy/la UHTepecylolyio Hac nndopmanuio. Haunewm ¢ toro, 4to
B3TJISTHEM TIOOIMIKE Ha WHTPETUEHTDI:

In[23]: recipes.ingredients.str.len().describe()

Oout[23]: count 173278 .000000

mean 244.617926
std 146.705285
min 0.000000

25% 147 .000000
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50% 221.000000
75% 314.000000
max 9067 .000000

Name: ingredients, dtype: float64

Cpeusst UTMHa CIIMCKa MHIPEINEHTOB cocTaBisieT 250 CUMBOJIOB IIPU MUHUMAJIBHOMN
nanae 0 u makcumaiabHoil — oyt 10 000 cumBosoB!

3 mo6onbiTeTBa IIOCMOTPUM, Y KaKOI'O perernTa caMbIit lUIHHHbeI CITUCOK MHTPpEANECH-
TOB:

In[24]: recipes.name[np.argmax(recipes.ingredients.str.len())]

Out[24]: 'Carrot Pineapple Spice &amp; Brownie Layer Cake with Whipped Cream
&amp; Cream Cheese Frosting and Marzipan Carrots'

ITOT penenT ABHO BBITJIAUT HE OYE€HDb ITPOCTBIM.

Mo:xHO crenaTh 1 pyTHe OTKPBITHS Ha OCHOBE CBO/IHBIX MTOKa3aTeseil. Harpumep, mo-
CMOTPHUM, CKOJIBKO PEIeTITOB OMUCHIBAIOT €Iy, TIpeTHa3HauYeHHYIO /1T 3aBTPaKa:

In[33]: recipes.description.str.contains('[Bb]reakfast').sum()

Out[33]: 3524

Wm cxosrbKo perenToB cozep:kaT Kopuily (cinnamon) B CIIUCKE WHTPEUEHTOB:
In[34]: recipes.ingredients.str.contains('[Cc]innamon").sum()

Out[34]: 10526

MosKHO Jaske TIOCMOTPETD, €CTh JIM PEIETTHI, B KOTOPBIX HazBaHMe 3TOTO WHTPEINEHTA
HarrcaHo ¢ opgorpadudeckoii onmbKoii, Kak cinamon:

In[27]: recipes.ingredients.str.contains('[Cc]inamon").sum()
out[27]: 11

Taxast pasHOBUIHOCTD 00SI3aTEIBHOTO TIPEBAPUTETIBHOTO U3YUCHUST JAHHBIX BO3MOJK-
Ha Oyrarojiapst KHCTpyMeHTaM 1o pabore co crpokamu 6ubianoreku Pandas. VIMeHHO
B c(epe Takoit ouncrku gaHHbIx Python meiicrBuresnsHo cuieH.

MpocTast pekoMeHaaTeNbHas cUcTeMa ANns peLenToB

Hemmoro yriayOumMcest B 3TOT puMep 1 HauHeM paboTy HaJl IPOCTOM PEKOMEH/IATEIbHOI
CHCTEMOI JIJIs PEIENTOB: 10 3aJaHHOMY CITUCKY WHTPEAMEHTOB HEOOXOMMO HANTH
pelent, UCIoAb3YIoIUi uX Bee. KoHllentyaabHo IpocTas, aTa 3a/1a4a yCA0KHAETCS
HEOZIHOPOAHOCTBIO JAHHBIX: HE CYIECTBYET YA0OHON Olepaiiuu, KOTopast o3B0JIHIa Obl
M3BJIeYDb U3 KAKJION CTPOKU OYMIIEHHBIH CIIMCOK MHTPeIMeHTOB. Tak 4To Mbl HEMHOTO
CHKYJIbHIYAEM: HAYHEM CO CITUCKA PACIPOCTPAHEHHBIX HHIPEAUEHTOB U Oy1eM MCKATb,
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B KaXK/IOM JIM PEIETITe OHU COAEPIKATCS B CIIUCKE UHTPEAUEHTOB. /115 yIIpoIeHus orpa-
HUYUMCS TPABaAMU U CHIEIUSIMU:

In[28]: spice_list = ['salt', 'pepper', 'oregano', 'sage', 'parsley’,
'rosemary', 'tarragon', 'thyme', ‘'paprika', 'cumin']

MbI MoskeM coszaaTh OysieB 00beKT DataFrame, COCTOSIIMIT U3 3HaUeHMiT True 1 False,
YKa3bIBAIOIINX, COIEPKUTCS JIN IAHHBI MHTPEUEHT B CITHCKE:

In[29]:
import re
spice_df = pd.DataFrame(
dict((spice, recipes.ingredients.str.contains(spice, re.IGNORECASE))
for spice in spice_list))
spice_df.head()

out[29]:

cumin oregano paprika parsley pepper rosemary sage salt tarragon thyme
0 False False False False False False True False False False
1 False False False False False False False False False False
2 True False False False True False False True False False
3 False False False False False False False False False False
4 False False False False False False False False False False

Terepb B KaueCTBE MPUMEPA JOIYCTUM, YTO MBI XOTEJIH OBl HAUTU PEIENT, B KOTOPOM HC-
noJib3ytores nerpyiinka (parsley), nanpuka (paprika) u scrparon (tarragon). 910 MOXK-
}H)CﬂeﬂaTb(rﬂﬂH>6mCTpo,BOCHOﬂbSOBaBHHﬂn>MeT0ﬂ0h1query() oObekTa DataFrame,
KOTOPBIN MbI 06CYyiUM TIOpoOHEE B pasjiesie «YBeJUueHre TIPOU3BOUTENLHOCTU (-
6smmorexn Pandas: eval() u query()» 1aHHOI T1aBbI:

In[30]: selection = spice_df.query('parsley & paprika & tarragon')
len(selection)

out[30]: 10

MBI HAIILTH BCETO JAECATDH PEIEIITOB C TAKUM COYETAHNEM MHTPE/IMCHTOB. BOCHO]II)SYE‘MCH
BO3Bpallla€MbIM ATOM BbI60pKOﬁ MHJIEKCOM, YTOOBI BBIICHUTD Ha3BaHU 9TUX PENIENTOB!:

In[31]: recipes.name[selection.index]

Out[31]: 2069 All cremat with a Little Gem, dandelion and wa...
74964 Lobster with Thermidor butter
93768 Burton's Southern Fried Chicken with White Gravy
113926 Mijo's Slow Cooker Shredded Beef
137686 Asparagus Soup with Poached Eggs
140530 Fried Oyster Po'boys
158475 Lamb shank tagine with herb tabbouleh
158486 Southern fried chicken in buttermilk
163175 Fried Chicken Sliders with Pickles + Slaw
165243 Bar Tartine Cauliflower Salad

Name: name, dtype: object
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Terepb, COKpaTHB Halll ciUcOK pettertoB moutu B 20 000 pas, Mbl MOKEM IPUHSTH HoJiee
B3BEIIEHHOE PEIIEHIE; YTO TOTOBUTH HA 06eI.

JanbHelwas paboTa ¢ peuenTamm

Hazeemcst, 4To 3TOT MpUMep MO3BOJINI BaM onpoboBaTh Ha BKyc (ma-6a-6a-6am!)
oreparyu 1o OYUCTKE JAHHBIX, KOTOPbIE XOPOLIO BBIIOJHAIOTCS C IOMOIIBIO CTPOKOBBIX
merooB Oubsmorexn Pandas. Coszanue HajeKHON peKoMeHAaTebHOM CCTeMbI ISt
perenToB moTpeboBasio Obl HamHozo Gobiie Tpynal BaskHoil yacTbio 3T0#1 3a1a4u ObLIO
Obl U3BJIEYEHIE U3 KAKIOTO PElelTa MIOJHOI0 CIUCKa NHrpearneHTos. K coxanenuio,
pasHoobpasye UCII0JIb3yeMbIX (DOPMATOB JeJIaeT STOT HPOLECC BEChbMa TPYALOEMKHUM.
Kaxk nojckaspeiBaer nam Karnmran OueBujiHOCTD, B HAYKe O JAHHBIX OUUCTKA TOCTYITUB-
IIMX U3 PeaibHOTO MUPa JAaHHBIX YacTO [IpeACTaBisgeT co60il OCHOBHYIO 4acTh PabOThI,
n bubanoreka Pandas npegocrapiisier uHCTPyMEHTHI st 5(PGEKTUBHOIO BLIIIOJIHEHIS
9TOU 3aJlaull.

PaboTa ¢ BpeMEHHbIMU psIaMK

Bubanoreka Pandas 6bl1a paspaboTtana B pacuere Ha MOCTpOeHHe (DUHAHCOBBIX MO-
JeJieil, Tak 4To, KaK Bbl MOTJIM U 0KMJATh, OHA COAEPIKUT BeCchbMa IUPOKKIT Habop
UHCTPYMEHTOB JJIsk paboThI ¢ JaTOM, BpeMeHeM U MHAEKCHUPOBAHHBIMU 110 BPEMEHU
JaHHBIMY. /laHHBIE O 1aTe 1 BpeMEHU MOTYT HaXOANThCS B HECKOJIBKUX BUAX, KOTOPBIE
MBI ceitdac 06CyauM.

Q Memxu damol/6pemenu CCHLIAIOTCSA Ha KOHKPETHbIE MOMEHTBI BpeMeHu (HallpuMep,
4 mionst 2015 roma B 07:00 yTpa).

Q Bpemennvle unmepsaavl i nepuodbl CCHLIAIOTCST HA OTPE3KU BPEMEHH MEK/LY KOHKPET-
HBIMU HayaJIbHOI ¥ KOHe4HOi Toukamu (Hampumep, 2015 rox). Ilepuoabr 06bIYHO
MPEJICTABIAIOT cO60M 0COObII CIyUail HHTEPBAJIOB, C HEMIEPECEKAIONUMUCS UHTEP-
BaJIaMU OJIMHAKOBOI JJINTETBHOCTU (HApuMep, 24-4acoBbie IEPUO/IbI BPEMEH,
COCTABJISTIONINE CYTKH ).

Q Bpemennas dervma (oHa ke npodosICUmessHoCmy) OTHOCUTCST K OTPE3KY BPeMeH!
KOHKPETHOH JiTeIbHOCTH (HarpuMep, 22,56 ¢).

B mannom pasziesie Mbl pacckakeM, Kak paboTarh ¢ Kask/[bIM 13 9THX TUIIOB BPEMEHHBIX
nauubix B 6ubmnoreke Pandas. Koporkuii pasien HUKonM 06pa3oM He MPeTeHIyeT Ha
3BaHUE MCYEPIBIBAIONIETO PYKOBOJCTBA 110 uMeomuMcest B Python wiu 6ubnnorexe
Pandas unctpymentam paboTs ¢ BpeMeHHBIME psifiaMi. OH TpezIcTaBisieT coboil 0630p
PaboThI ¢ BPEMEHHBIMHY PSAZAMU B OOIIUX yepTax. Mbl HAUHEM ¢ KPATKOTO 0OCY K ICHYST
HHCTPYMEHTOB JIJIst paboThI ¢ IaTO# 1 BpeMeHeM B si3bike Python, mpeskie yem nepeiitu
HEMOCPE/ICTBEHHO K 06CysKIeHuo nHCcTpyMeHToB 6ubsmorekn Pandas. [Tocse mepeutric-
JICHUST ICTOYHWKOB YTTyOIeHHON MHMDOPMAITMY MBI PACCMOTPUM HECKOJIBKO KPATKUX
PUMEPOB PabOTHI C IAHHBIMU BPEMEHHBIX PsAIoB B 6ubsmoreke Pandas.
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[ata v BpeMs B A3blke Python

B mupe si3bika Python cyiiecrByer Hemasio npeacraBieHuil 1aT, BpeMeHH, BPEMEHHBIX
JIeIbT U MHTEPBAJIOB BpeMeHu. XOTs st TPUIIOKEHUH HayKHU O IaHHBIX Harbosee y106-
Hbl HHCTPYMEHTHI pabOThI ¢ BpeMeHHbIME psiiamu Onbanorexku Pandas, ne moMemaer
MOCMOTPETH Ha JIPyTHe UCHoIb3yeMbie B Python makersr.

HaTuBHble aaTbl 1 BpeMs a3blka Python: nakeTbl datetime m dateutil

Basosbie o6bexTbl Python ayist paboTsl ¢ gaTaMu 1 BpeMeHeM paciiolaraioTcsi BO BCTPO-
eHHOM T1akeTe datetime. Ero, BMecTe co cropoHHUM MOJIyJieM dateutil, MOKHO HCIIOJb-
30BaTh JJist GBICTPOTO BBITIOJHEHMS MHOKECTBA YIIOOHBIX OTIepaIluii Hajl JaTaMu U Bpe-
MeHeM. Hampumep, MOKHO Bpy4YHYIO ¢(hOPpMUPOBATH ATy € TIOMOIIBIO TUIIA datetime:

In[1]: from datetime import datetime
datetime(year=2015, month=7, day=4)

Out[1]: datetime.datetime(2015, 7, 4, 0, 9)

Winu, BOCIIosIb30BaBITMCHh MO/LYJIEM dateutil, MOJKHO BBITIOTHSITH CHHTAKCHYECKUT pa3-
60p AT, HAXOJALIMXC BO MHOMKECTBE CTPOKOBBIX (DOPMATOB:

In[2]: from dateutil import parser
date = parser.parse("4th of July, 2015")
date

Out[2]: datetime.datetime(2015, 7, 4, 0, 9)
[Ipn mammaun 00BbeKTa datetime MOKHO [1e1aTh BBIBOJL THS HECIN:

In[3]: date.strftime('%A")
Out[3]: 'Saturday'’

B 21011 KOMaHIe MBI UCTTOTE30BAMH 71T BEIBO/IA IATHI OIMH M3 CTAaHAAPTHBIX KO0B GhOp-
MaTHPOBAHUS CTPOK ("%A"), 0 KOTOPOM MOKHO IIPOYUTAThH B paszesie strftime (https://
docs.python.org/3/library/datetime.html#strftime-and-strptime-behavior) moxymeHTammu 1mo
naxery datetime (https://docs.python.org/3/library/datetime.html) sizbika Python. Tokymen-
TAIUIO TI0 IPYTHM IOJIE3HBIM YTHIIUTAM JJIst PabOThI € IaTON U BpeMEHEeM MOKHO HaiiTH
B OHJIAITH-ZIOKYMeHTaInu naketa dateutil (http://labix.org/python-dateutil). He momernraer
TaKyke ObITh B KypCe CBSI3aHHOTO ¢ HUMU TTakeTa pytz (http://pytz.sourceforge.net), cozep-
JKAIIEero HHCTPYMEHTBI JiJIst PabOThI € YaCThO JAaHHBIX BPEMEHHBIX PSIIOB — YaCOBBIMU
MOSICAaMU.

Cua maketoB datetime u dateutil 3akiouaercst B UX THOKOCTU U yAI0GHOM CHHTAK-
cuce: 3T 0OBEKTHI ¥ UX BCTPOEHHBIE METO/IBI MOYKHO UCITOJIB30BATH JIJIST BBHITIOJTHEHYST
MPaKTHYECKH JII0O0H MHTepecyotiei Bac onepainu. EuHceTBeHHOE, B YeM OHM paboTaioT
TUI0X0, 3TO paboTa ¢ GONBITMMI MACCHBAMH JIAT U BPEMEHU: OJ00HO CITUCKAM YHCIOBBIX
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nepeMeHHbIX s13biKa Python, paboTamomum HeoTHMAIbHO 110 CPABHEHHIO € TUITU3HPO-
BaHHBIMU YHCJIOBBIMU MacCUBaMu B cTusie Gubsmorekn NumPy, crivcku 00beKTOB [aThl/
BpeMenn Python paboTaior ¢ MEHbIIIEN TPOU3BOAUTENHLHOCTDIO, Y€M THITU3UPOBAHHBIE
MaCCHUBBI KOUPOBAHHDIX J1aT.

TUNU3MpoBaHHbIE MAacCUBbLI 3HaUYEHMI BpeMeHu: Tun datetime64
6ubnmnotekn NumPy

VkaszatHas ciabast cropoHa opMmara Jathl/BpeMeHH si3bika Python mobyania komasmy
paspaborunkoB 6ubanorexn NumPy n106aButh HAOOP HATHMBHBIX TUIIOB JaHHBIX Bpe-
MeHHBIX psazoB. Tum (dtype) datetime64 KogupyeT JaThl Kak 64-OUTHBIE 11€JIble YKCIIA,
TaK 4TO IPEeACTaBIEHNEe MACCUBOB JaT OKa3bIBaeTCs OYEHb KOMIAKTHBIM. [IJIs THa
datetime64 Tpebyercs OueHb TOYHO 3aJaHHbIN (hOPMAT BXOJAHBIX JAHHBIX:

In[4]: import numpy as np
date = np.array('2015-07-04', dtype=np.datetime64)
date

Out[4]: array(datetime.date(2015, 7, 4), dtype='datetime64[D]")

Ho kak T0JbKO j1ata 0ThOPMATHPOBAHA, MOKHO OBICTPO BBITIOIHSITH HAJl HEll pa3inyHble
BEKTOPU30BAaHHbIE OTIEePAIINU:

In[5]: date + np.arange(12)

out[5]:

array(['2015-07-04', '2015-07-05', '2015-07-06', '2015-07-07',
'2015-07-08', '2015-07-09', '2015-07-10', '2015-07-11",
'2015-07-12', '2015-07-13', '2015-07-14', '2015-07-15'],
dtype='datetime64[D]")

IMockosbky datetime64-maccusbl 6ubaroTekn NumPy copepskaT JaHHBIE OHOTO THIIA,
noAo6HbIE ONEPAIMK BBIIOIHSAIOTCSA HAMHOTO ObICTpee, 4eM ecii paboTaTh HEMOCPeI-
CTBEHHO ¢ oObekTaMu datetime s3pika Python, ocoGeHHo ecoin peub uaer o GOJIBITIX
MaccuBax (Mbl paCCMaTPUBAJIK 9Ty Pa3HOBUIHOCTH BEKTOPU3AIMHK B pas/eie «Bpimo-
HeHue BhMUCIeHUH Haj MaccuBamu Onbanorekn NumPy: yHuBepcaibHbie (hyHKIN»
TJIaBHI 2).

BaskHbII HIOAHC OTHOCUTENBHO 00BEKTOB datetime64 1 timedelta64: OHU OCHOBAHBI
Ha 6as060t edunuue epemenu (fundamental time unit). ITockobky 00beKkT datetime64
OrpaHUYeH TOYHOCTBIO 64 6UTa, KOAUPYEMbIH UM JIMATIa30H BPEMEHU COCTABJISET ATY
6a30ByI0 eMHUILY, YMHOXKEHHYTO Ha 264 [[pyrumu ciioBami, datetime64 HaBsI3bIBACT
KOMIIPOMUCC MEKILY PAPEULAIOUeti CROCOGHOCIBIO N0 BPEMEHI N MAKCUMALLHOIM NPO-
MENCYMKOM BPeMeHi.

Hampumep, ecairt Ham TpebGyeTCst paspentaotiast cmocobHOCTh 1 HaHOCeKyH/Ia, TO ¥ HAC
Gyner uHGOpMAINs, T0CTATOTHAS I KOAUPOBAHUS TOJIBKO MHTepBaia 2% Hanoce-
KyHIbI, w1y Thb 60siee 600 stet. Bubnnoreka NumPy onpesesisier TpebyeMyo enHuILy
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Ha OCHOBE BXOJHON WH(MOPMAIINK; HATIPUMED, BOT JlaTa/BpeMsi HA OCHOBE eIUHUIIBI
B OJIUH JICHD:

In[6]: np.datetime64('2015-07-04")

Out[6]: numpy.datetime64('2015-07-04")

Bot naTta/BpemMs Ha OCHOBe eIUHUIIBI B OJTHY MUHYTY:
In[7]: np.datetime64('2015-07-0412:00")

Out[7]: numpy.datetime64('2015-07-04T12:00")

O6paTuTe BHUMaHKE, YTO YACOBOII TOSC aBTOMATHUYECKHU 33JA€TCSI B COOTBETCTBUN
€ MECTHBIM BPEMEHEM BBITIOJIHSIIOIIETO KO/ KOMITbioTepa. MOsKHO 06ecriednTb MpruHy-
NIATETHHOE UCTIOB30Bae JT000# TpebyeMoit 6az0Boil eMHUIIB ¢ TTOMOTIHIO OTHOTO 13
MHOJKECTBa KO/IOB (hOPMaTHUPOBAHNUS; HAIIPUMED, BOT JIaTa/BPeMsi HA OCHOBE €TMHUIIBI
B OJITHY HAHOCEKYH/IY:

In[8]: np.datetime64('2015-07-0412:59:59.50"', 'ns')
Out[8]: numpy.datetime64('2015-07-04T12:59:59.500000000")

B tabu. 3.6, B3sT0i1 113 HOKYMEHTAIUH 1o TUITY datetime64 Gubinorekun NumPy, repe-
YHICJIEHBI IOCTYITHBIE /7SI ICTIOIB30BAHMS KOZBI (POPMATHPOBAHI, & TAK)Ke OTHOCUTEJTb-
Hble U aGCOMOTHBIE TPOMEKYTKI BPEMEHH, KOTOPBIE MOKHO KOJMPOBATH C UX TIOMOTIHIO.

Ta6nuua 3.6. OnvcaHne kopos hOpMaTUPOBaHNSA AaTbl U BPEMEHM

Kon 3HaueHue MpomMexxyTok BpeMeHu | NMpoMexxyTok BpeMeHM (a6CoMtoTHbIN)
(oTHOCHTENbHbIN)

Y Ton +9.2e18 et [9.2e18 o 1. 5.,9.2e18 1. 9. ]

M Mecsit +7.6el7 ner |7.6e17 o u. 5., 7.6e17 1. 2.]

W Henemnsa +1.7e17 ner [1.7e17 no n. »., 1.7e17 1. 2.]

D Jlenn +2.5e16 ser [2.5¢16 1o 1. 5., 2.5e16 1. 2.]

h Yac +1.0e15 ser [1.0e15 no 1. 2., 1.0e15 1. 3.]

m MunyTta +1.7e13 ner [1.7e13 non.o., 1.7e13 1. a.]

s CekyHza +2.9e12 ner [2.9€9 no 1. 5., 2.9¢9 1. 3.]

ms Munmcekynna | £2.9e9 net [2.9€6 no 1. 5., 2.9¢6 H. 3.]

us MuxkpocekyHnna | =2.9¢6 net [290301 1o H. 2., 294241 1. 5.]

ns Hawnocexynna +292 et [1678 1o H. 3., 2262 1. 3.]

ps ITukocekynma | =106 maueii [1969 o 1. 5., 1970 1. 2.]

fs Demrocekynma | £2.6 yacon [1969 o H. 2., 1970 1. 5.]

as ATtTOCeKkyHa +9.2 cexyHbt [1969 o 1. 5., 1970 1. 2.]
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Y06Hoe 3HaYeHue 10 YMOJIYAHUIO /I THIIOB AaHHBIX, BCTPEYAIOIIUXCH B PEaJbHOM
Mupe, — datetime64[ns], O3BOJISIONIEE KOJUPOBATH IOCTATOYHBIN NATIA30H COBPE-
MEHHBIX /1aT ¢ BBICOKOI TOYHOCTHIO.

Haxkomerr, otMeTnM, 9T0, XOTSI THII JaHHBIX datetime64 JUIIIEH HEKOTOPHIX HEOCTATKOB
BCTPOEHHOTO THIIA JaHHBIX datetime si3bika Python, emy HemocTaeT MHOTHX TIPEO-
cTaBJisieMbIX datetime u ocobenHo dateutil y/:[o6HbIX METO/I0B 1 (byHKuI/H‘/’I. bBouabire
uHGOPMALIMT MOKHO HAUTH B IOKYMEHTAIIUHU 10 Ty datetime64 6ubiorexku NumPy
(http://docs.scipy.org/doc/numpy/reference/arrays.datetime.html).

[aTbl 1 Bpems B 6ubnumoteke Pandas: nsbpaHHoe 13 nyywero

Bubmnorexa Pandas npegocrasiiser, OCHOBBIBASICH Ha BCEX TOJABKO 4TO 00CYyKIa-
BIIMXCS MHCTPYMEHTaX, 00beKT Timestamp, coueTamiuii y1o6¢TBO UCII0Nb30BAHUS
datetime n dateutil ¢ ah(heKTUBHBIM XpaHECHUEM U BEKTOPU30BAaHHBIM UHTEP(hETi-
COM TuIlla numpy.datetime64. Bubauorexa Pandas YMeET co3/1aBaTh 13 HECKOJBKUX
Takux 0ObEeKTOB Timestamp 0ObeKT Kiacca DatetimeIndex, KOTOPBII MOKHO KC-
[I0JIb30BATD /I MHEKCALIMK JaHHBIX B 00beKTax Series miau DataFrame. MoKHO
OPUMEHUTHh UHCTPYMeHThl Oubanorexu Pandas 11 BoclpousBeaeHus BbIIIENIPU-
BEJICHHON HATJISIZIHON JleMOHCTpalun. MOKHO BBIIIOJHUTL CHHTaAKCUYECKU pazbop
CTPOKHM € AaToil B rubkoM opMaTe U BOCIIOJb30BATHCS KogaMu (popMaTUPOBAHUS,
4TOOBI BHIBECTH JIEHb HEJIEJIN:

In[9]: import pandas as pd
date = pd.to_datetime("4th of July, 2015")
date

Out[9]: Timestamp('2015-07-0400:00:00")

In[10]: date.strftime('%A")

Out[10]: 'Saturday’

Kpome 5T0r0, MOKHO BBITIOJHSATh BEKTOPU30BAHHBIE OIIEPAIMN B CTHIIE OnbInoTekn
NumPy HerocpeicTBEHHO Hajl 9TUM JKe 00bEKTOM:

In[11]: date + pd.to_timedelta(np.arange(12), 'D")

Out[11]: DatetimeIndex(['2015-07-04', '2015-07-05', '2015-07-06', '2015-07-07',
'2015-07-08"', '2015-07-09', '2015-07-10', '2015-07-11"',
'2015-07-12"', '2015-07-13', '2015-07-14', '2015-07-15'],
dtype="'datetime64[ns]', freg=None)

B ciepyionieM pasjiesie Mbl OAPOOHEE pacCMOTPUM MAaHUITYJISIIAN HaJl JAHHBIMU Bpe-
MEHHBIX PSAIOB C TIOMOIIBIO MTPpeIocTaBisgeMbix Orbinorekoil Pandas mHcTpyMeHTOB.
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BpemeHHble psiabl 6ubnunotekn Pandas: nHaekcauus
No BpeMeHu

VHCTpyMeHThI 47151 paboTh ¢ BpeMeHHbIMU psiaamu Oubanorexu Pandas ocobenno yno6-
HBI TIPU HEOOXOAUMOCTU UHOEKCAUUY 0antbix no memxam damol/spemeni. Harpumep,
co3aM 0ObEKT Series ¢ HHAEKCUPOBAHHBIMU M0 BDEMEHU JTAHHBIMIL

In[12]: index = pd.DatetimeIndex(['2014-07-04', '2014-08-04',
'2015-07-04', '2015-08-04'])
data = pd.Series([0, 1, 2, 3], index=index)
data

Out[12]: 2014-07-04
2014-08-04
2015-07-04
2015-08-04
dtype: int64

W NERE o

Tenepb, KOorJa 9TH /ITaHHbIC HAaXOATCA B o0OBeKTE Series, MOKHO MCIIOJIb30BATD JIJId HUX
mobbIe U3 O6cy>KlIaBH_H/IXCH B IIPEABIAYIINUX pa3fesax IMmaTTepHOB MHACKCAITUN Series,
Tiepe/iaBad 3Ha4€HUs, KOTOPbBIE IOITYCKAIOT MIPUBEACHUE K TUITY 1aThI:

In[13]: data['2014-07-04':'2015-07-04"]

Out[13]: 2014-07-04 0
2014-08-04 1
2015-07-04 2
dtype: int64

NmeroTes Takske NOMOTHUTEIbHBIE CIICIIUATbHBIC OTIePAIluU MHEKCAIIUH, TIpe/THa3Ha-
YeHHbBIe TOJIBKO [ faT. Harnpumep, MOKHO yKas3aTh rojl, YTOObI TOJYYUTh CPE3 BCEX
JIAaHHBIX 32 9TOT IO/

In[14]: data['2015']

Out[14]: 2015-07-04 2
2015-08-04 3
dtype: int64

[TozHee MBI PACCMOTPUM ellle TPUMEPBI y06¢TBa nHeKcalny 110 gataM. Ho cHauasa
U3YyUYUM UMEIOITNeCs] CTPYKTYPhI JAHHBIX /IJIS1 BDEMEHHBIX PSIJIOB.

CTpPYKTYpbl AaHHbIX ANS1 BPEMEHHbIX PSAAOB
enbnuoTtekm Pandas

B atom pasziesie Mbl paccMOTPUM OCHOBHBIE CTPYKTYPHBI IAHHBIX, MTPe/THa3HAUYEHHBIE /I
paboThI ¢ BPEMEHHBIMU PAIAMUL
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Q s memox damoi/epemenu Gubimorexa Pandas mipegocrasiisier TUI JaHHbIX Timestamp.
ITOT THI ABAETCS 3aMEHO JIJIsT HATUBHOTO THTIA IAHHBIX datetime s3pika Python, on
oCcHOBaH Ha 6oJiee a(h(hEKTUBHOM THUTIE IAHHBIX numpy . datetime64. CoOTBETCTBYIOMIAST
WHEKCHAT KOHCTPYKINA — DatetimeIndex.

Q i nepuodos spemenu 6ubanorexka Pandas npegocrasiser Tui gaHHbix Period.
ITOT THII Ha OCHOBE THIIA JaHHBIX numpy . datetime64 KOQMPyeT MHTEPBA/ BPEMEHU
(dukcuposanHoit epuognuroctTr. COOTBETCTBYIONIAS MHAEKCHAS KOHCTPYKIIUS —
PeriodIndex.

Q g spemennvix denom (npodonscumenvrocmeri) bubanorexa Pandas nmpemocrasiisier
TUII JaHHBIX Timedelta. Timedelta — ocHOBaHHAas Ha TUIIE numpy . timedelta64 GoJiee
addexTIBHAS 3aMEHA HATUBHOTO THIIA JIaHHbIX datetime.timedelta ga3bika Python.
COOTBeTCTBonmaH MHJEKCHAS KOHCTPYKIUA — TimedeltaIndex.

Cambie 6a30Bble U3 3TUX 00BEKTOB JaThl/BpeMeH — 0ObeKThl Timestamp 1 Datetime-
Index. XOTS K HUM 1 MOKHO 00paIaThCsl HEIIOCPEICTBEHHO, YAl UCIOAb3YIOT (DyHK-
o pd.to_datetime(), yMEIOIIYIO BBITOJHSATh CHHTAKCUYECKHIT pa3bop HIMPOKOTO
nuamnaszona ¢gopmatoB. [Ipu nepenaue B hynknmio pd.to_datetime() oTaenbHON
JlaThl OHa BO3BpallaeT Timestamp, Ipu nepegade psAja Aat 110 YMOJTYaHUIO BO3BpallaeT
DatetimeIndex:

In[15]: dates = pd.to_datetime([datetime(2015, 7, 3), '4th of July, 2015°',
'2015-Jul-6', '07-07-2015', '20150708'])
dates

Out[15]: DatetimeIndex(['2015-07-03', '2015-07-04', '2015-07-06', '2015-07-07',
'2015-07-08"'],
dtype='datetime64[ns]', freq=None)

JIio60ii 06bekT DatetimeIndex MOKHO ¢ TIOMOIINBIO GYHKINU to_period() mpeobpa-
30Barh B 00beKT PeriodIndex, yKa3aB KOJI /IJis IepUOINYHOCTH UHTepBaia. B nannom
cjrydae Mbl MCMIOJTb30BaIN KO/l 'D', 03HAYAIONINHN, YTO TIEPUONIYHOCTh MHTEPBAJIa —
OJIVH JICHb:

In[16]: dates.to_period('D")
Out[16]: PeriodIndex(['2015-07-03', '2015-07-04', '2015-07-06', '2015-07-07',
'2015-07-08"'],
dtype="int64', freq='D")

OO6bekT TimedeltaIndex cosmaercs, HaIpuMep, NMPU BBIYUTAHUN OHOUN JTAThl U3
JIPYTOT:

In[17]: dates - dates[©@]
out[17]:

TimedeltaIndex(['® days', 'l days', '3 days', '4 days', 'S5 days'],
dtype="timedelta64[ns]', freq=None)
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Peryaspubie nocienoBarenpnocta: ¢yukuus pd.date_range(). Uro6n1 0bsieryurth
CO3JaHue PeryJ/sipHbIX II0CIeA0BaTeIbHOCTel, Oubinoreka Pandas npegocrasiser
HeCKOJIbKO (DyHKIMI: pd.date_range() — /I METOK JIaThl/BpeMeHH, pd.period_
range() — 1 1IepUO0OB BpeMeHu U pd.timedelta_range() — 111 BDEMEHHBIX /I€JIbT.
MbI yike Bugenn, uto GyHKIUU range() s3bika Python u np.arange() 6ubmnorexku
NumPy npeob6pasyoT HauaabHY0 TOYKY, KOHEUHYIO TOUKY U (HE0Os3aTeNbHYIO)
BEJIMUMHY IlIara B MOCJEe0BATeNbHOCTh. AHasornuno QyHkius pd.date_range()
CO3/12€T PeryJsapHyIo [10CIe0BaTeJIbHOCTD AT, IPUHUMAs Ha BXO/l€ Ha4aJlbHYIO aTy,
KOHEYHYIO ATy U HeoOs3aTebHbli KO MePUOAUYHOCTH. 110 yMOIYaHUIO IIepUo.
paBeH OHOMY [HIO:

In[18]: pd.date_range('2015-07-03', '2015-07-10")

Out[18]: DatetimeIndex(['2015-07-03', '2015-07-04', '2015-07-05', '2015-07-06',
'2015-07-07', '2015-07-08', '2015-07-09', '2015-07-10'],
dtype="'datetime64[ns]', freq="'D")

B xauecTBe ambTepHATUBLI MOKHO TaK)Ke 33/1aTh AMANA30H AT ¢ TIOMOIIBIO HE Ha-
YaJIbHOM 1 KOHEYHOH TOYeK, a I0CPe/ICTBOM HayaIbHON TOYKU U KOJIMYeCTBa [1€PUO/I0B
BpEMEHMU:

In[19]: pd.date_range('2015-07-03', periods=8)

Out[19]: DatetimeIndex(['2015-07-03', '2015-07-04', '2015-07-05', '2015-07-06',
'2015-07-07', '2015-07-08', '2015-07-09', '2015-07-10'],
dtype="'datetime64[ns]', freq='D")

MoskHO M3MEHUTD UHTEPBAJI BPeMeHHU, IIOMEHSB apryMeHT freq, UMEIOIIHH 110 yMOJI-
yaHuio 3HayeHue 'D'. Hampumep, B caemnyiomeM ¢hparMeHTe MBI CO3/IaeM JAMATIa30H
YaCOBBIX METOK JIaThl/BPEMEHM:

In[20]: pd.date_range('2015-07-03', periods=8, freq='H')

Out[20]: DatetimeIndex(['2015-07-0300:00:00', '2015-07-0301:00:00',
'2015-07-0302:00:00', '2015-07-0303:00:00",
'2015-07-0304:00:00', '2015-07-0305:00:00",
'2015-07-0306:00:00', '2015-07-0307:00:00'],
dtype="datetime64[ns]', freq="H")

[lng co3manus peryaspHbIX TOCAe0BaTeIbHOCTEN 3HAUEHUH TepUOIOB WU BPEMEHHBIX
JIeJTbT MOKHO BOCIIOJTb30BaThesl GyHKIMAMU pd.period_range() u pd.timedelta_
range (), HartoMuHaONMMU GYHKIMIO date_range (). BoT HeCKOJIBKO TIEpUO/IOB BpEMEHU
JUTUTEJIBHOCTBIO B MECHIL:

In[21]: pd.period_range('2015-07', periods=8, freq='M")

Out[21]:
PeriodIndex(['2015-07', '2015-08', '2015-09', '2015-10', '2015-11', '2015-12',
'2016-01', '2016-02'],
dtype="int64', freq='M")
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Bot nocnenoBatebHOCTD MTPOOJIKUTENBHOCTEH, YBETMUNBAIONIMXCS HA Yac:
In[22]: pd.timedelta_range(@, periods=10, freq='H')

out[22]:

TimedeltaIndex(['00:00:00', '01:00:00', '02:00:00', '03:00:00', '04:00:00',
'05:00:00', '06:00:00', '07:00:00', '08:00:00', '09:00:00'],
dtype="timedelta64[ns]', freq='H")

Bce atn orepannmn Tp€6y10T IMOHMMaHMA KO/IOB TEPUOJINIHOCTH, ITPUBEJICHHBIX B CJIC-
AYIOIIEM pas/ieJie.

[eproaNYHOCTb U CMeLLIeHMa aaT

IIeproANYHOCTD UK CMELIEHHE IaThl — 0a30BO€ MOHATHE AJISI KHCTPYMEHTOB OO0~
texku Pandas, HeoOX0oaUMBbIX /1yt pabOThl ¢ BpEMEHHBIMU PsAgaMi. AHAJIOTMYHO YiKe
MPOJIEMOHCTPUPOBAHHBIM KO/IaM D (JieHb) U H (4ac) MOKHO MCII0JIb30BATh KOJIbI JIJIs
saganusa 000l TpebyeMoii mepuognunoctu. B Tabu. 3.7 ommcanbl OCHOBHBIE CyIIIe-
CTBYIOIIUE KOIBI.

Ta6nuua 3.7. Cnncok KoAoB NepUoanMYHOCTU bubnunotekn Pandas

Koa OnucaHue Kon OnucaHue

D Kanenpapusiii 1ennb B Pabounii renn

W Henemna

M Konery mecamna BM Kowner oruernoro mecsiia
Q Komner kBaprana BQ Komnerr otuernoro kBaprasa
A Koner roza BA Kouerr unancosoro roga
H Yac BH Paboune yacht

T MumnyTta

S Cekynza

L Muncekynaa

U MukpocekyHzia

N Hanocexynna

[TeproanaHOCTh B MECSIII, KBAPTAJ U TOJI OIIPEIEJISIETCS Ha KOHEI[ COOTBETCTBYIONIETO
nepuoa. JlobasieHue K r060My U3 KO0B cybdukca S IPUBOIUT K ONPEIETIEHUO Ha-
yasa nepuoja (rabi. 3.8).

Ta6nuua 3.8. Cnncok CTapToBbIX KOAOB NEPUOANYHOCTM

Kon OnuncaHue

MS Hauasno mecdra

BMS Hauaso oruetHoro mecsiiia
QS Hauaso kBaprasia




PaboTa c BpeMeHHbIMKU psiaamMu 239

Koa OnucaHue

BOS Hauvaso oTyetHOrO KBapTaia
AS Hayasno roza

BAS Hauano ¢unancosoro rojga

Kpowme 3T0r0, MOKHO M3MEHUTH MCITOJIb3yEMbIH JIJIST OTIPEIe/ICHUST KBapTaJa U ToJla
MECSILI € TOMOIIBIO 700ABIEHUST B KOHEL] KOJa MeCIa, COCTOSIIEr0 U3 Tpex OYKB:

QO 0Q-JAN, BQ-FEB, QS-MAR, BQS-APR 11 T. /1.
QO A-JAN, BA-FEB, AS-MAR, BAS-APR 1 T. JI.

AnanornaHbiM 06pa3soM MOKHO UBMEHUTH TOUKY Pa3OMEHMUsT ISt HEAEAbHON TePUO/INY-
HOCTH, T00aBUB COCTOSIINIT U3 TPeX OYKB KOJI [[HsT HEIETIN:

W-SUN, W-MON, W-TUE, W-WED H T. /L.

Jlnst ykazanust WHOM MEePUOIMIHOCTH MOKHO COUeTaTh KOJbI ¢ uynciaamu. Hampumep,
It ieprognvrocTr 2 yaca 30 MUHYT MOKHO CKOMOMHUPOBATh KOJbI /711 yaca (H)
u MUHYTHI (T):

In[23]: pd.timedelta_range(®, periods=9, freq="2H30T")

Out[23]:

TimedeltaIndex(['00:00:00', '02:30:00', '05:00:00', '07:30:00', '10:00:00',
'12:30:00', '15:00:00', '17:30:00', '20:00:00'],
dtype="timedelta64[ns]', freq='150T")

Bce ati KOpoTKHe KOABI CCHLIAIOTCS HA COOTBETCTBYIOIINE 3K3EMIIISIPHI CMEIEeHUN
JlaThl/BpeMeHU BPeMEHHbIX PsiioB Oubanorexku Pandas, KoTopbie MOXKHO HAliTH B MO-
nyJie pd.tseries.offsets. Hanpumep, MOKHO HETIOCPEACTBEHHO CO3/IaTh CMellleHue
B OJIH pabounii 1eHb CJIEAYIONNM 0b6pasom:

In[24]: from pandas.tseries.offsets import BDay
pd.date_range('2015-07-01', periods=5, freg=BDay())

Out[24]: DatetimeIndex(['2015-07-01', '2015-07-02', '2015-07-03',
'2015-07-06", '2015-07-07"'],
dtype="datetime64[ns]', freq='B")

HanbHeliiee 0OCYKICHUE TEPUOANIHOCTH U CMENEHUNA BPEMEHN MOKHO HANTH
B paszese «O0bexThl DateOffset» (http://pandas.pydata.org/pandas-docs/stable/timeseri-
es.html#dateoffset-objects) onmmaiin-gokymenTanuu 6ubmnorexku Pandas.

MNepeanckpeTusaums, BpeMeHHble CABUMM U OKHa

Bo3Mo:xHOCTB UCTIOTb30BATH I[aTY/BpeMH B Ka4eCTBE€ MHAEKCOB JIJIsI MHTYUTUBHO ITOHAT-
HOI Opranmn3dal JanHbIX U JOCTYIIa K HUM — HEMaJIOBaskKHasd 4aCTb MHCTPYMEHTapus
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6ubmorexn Pandas o pabore ¢ BpementbiMu pstgaMu. [Ipu aToM coxpasiioTest o0miye
[PEUMYIIECTBA KCIIO/Ib30BaHUS MHAEKCUPOBAHHBIX JAHHbIX (ABTOMATUYECKOE BbIPABHU-
BaHME BO BpeM:A OHepaHHﬁ, MHTYUTUBHO ITOHATHDBIC Cpe3bl 1 JAOCTYII K ITaHHbIM U T. II.), HO
6ubsmorexa Pandas mipeiocTaBIisieT elie HeCKOIBKO AOMOTHUTETbHBIX OTIEPAIUi CTIeIn-
QJILHO /1151 BPEMEHHDIX PSL/I0B.

MpbI paccMOTPUM HEKOTOPbIE U3 HUX, BOCITOIb30BABIINCH B KaUeCTBe IprUMepa IaHHbI-
MU 110 KypcaM akimii. Bubanoreka Pandas, Oyayun paspaGoTaHHOI B 3HAUNTENbHOIL
cTeneHu st paboThl ¢ GUHAHCOBBIMU JAHHBIMM, UMEET JIJIsI OTOM 1€ HECKOJIBKO
BecbMa crenuduueckux nHcrpymentos. Hanpumep, conyrersyiomuii Pandas naker
pandas-datareader (KOTOPBIIT MOJKHO YCTAHOBUTBD C IIOMOIIBIO KOMaH/Ibl conda install
pandas-datareader) ymeeT UMIIOPTUPOBaTh (PMHAHCOBBIE JaHHBIE M3 MHOKECTBA HC-
TOYHMKOB, BKIIodas Yahoo! Finance, Google Finance u npyrue.

B cirepytommem mpuMepe Mbl IMIIOPTHPYEM UCTOPUIO HieH akiuil aust Google:

In[25]: from pandas_datareader import data
goog = data.DataReader('GOOG', start='2004', end='2016",
data_source="'google")
goog.head()

Out[25]: Open High Low Close Volume
Date
2004-08-19 49.96 51.98 47.93 50.12 NaN
2004-08-20 50.69 54.49 50.20 54.10 NaN
2004-08-23 55.32 56.68 54.47 54.65 NaN
2004-08-24 55.56 55.74 51.73 52.38 NaN
2004-08-25 52.43 53.95 51.89 52.95 NaN

JL1st IpocToThI OyIeM UCIIOJIb30BATh TOJbKO OKOHYATENbHYIO LEHY
In[26]: goog = goog['Close']

Busyaimsuposarh 9T0 MOKHO € TIOMOTIBIO MeTo/ia plot () moc/ie 0ObIYHBIX KOMAH/I Ha-
crpoiiku Matplotlib (puc. 3.5):

In[27]: %matplotlib inline
import matplotlib.pyplot as plt
import seaborn; seaborn.set()

In[28]: goog.plot();

MNepeanckpeTmsaums N U3MeHeHne NepuoanYHOCTU MHTEPBASIOB

ITpu pabore ¢ JaHHBIMU BPEMEHHBIX PSAJOB 4acTo ObIBaeT HeOOXOAUMO IepepasduTh
UX C UCIIOJIb30BAHUEM MHTEPBAJIOB JIPYToii tepuoandnocTy. CresaTh 9T0 MOXKHO C T10-
MOIIbIO MeTO/A resample () WM Topasno Oosee IpocToro Metoaa astreq(). OcHoBHAs
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pasHuIla MEK/Iy HUMU 3aKJII0YAETCH B TOM, UTO resample () BBIOJHSET G2Pezuposanue
dannwix, a asfreq() — 6v100pKY danmvix.

PaccMOTprM, 4TO BO3BPALIAIOT HTH JIBa METO/A VISt IAHHBIX 110 [leHaM 3akpbiTust Google
MIPY TIOHIZKATOIIEH TUCKPETU3AIINN JaHHBIX. 3/I€CHh MBI BBITTOTHSIEM TIEPEIUCKPETH3ATIITO
JIaHHBIX HA KOHeIl (puHancoBoro roja (puc. 3.6).

800
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Puc. 3.5. Mpadvk “3MeHeHUs LieH akumii Google ¢ TEYEHNEM BPEMEHU

800 -
—— input
----- resample
700 -- asfreq
600
500
400

A
300 ﬁﬁ%‘ﬁw
200 )‘“"

100

Jata

Puc. 3.6. MNepeavckpeTusauus LeH akuuin Google

In[29]: goog.plot(alpha=0.5, style='-")
goog.resample('BA"').mean().plot(style=":")
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goog.asfreq('BA').plot(style="--");
plt.legend(['input', ‘'resample', ‘'asfreq'],
loc="upper left');

Ob6paTuTe BHIMaHNE HA PA3THYHE: B KAKIOH TOUKe resample BBITAET cpednee 3nauenue
3a npedvldyuguil 200, a asfreq — suauenue na Konew, 200a.

B ciryuae moBwbimmiatortieii iuckpeTn3anu MeTo/ bl resample () 1 asfreq() B 3HAUNTETTHHON
CTENCHU UCHTUYHBL, XOTS JOCTYITHBIX /IJIS UCIIOJIb30BAHNA IIapaMeTpoB y resample()
ropaszo 6oJbiie. B ganHoM cirydae 06a 9THX METO/a 10 YMOJYaHUIO OCTABJILIOT 3Ha-
YEHWST MHTEPTIOJINPOBAHHBIX TOUEK ITYCTHIMHU, TO €CTh 3aTI0JTHEHHBIMU 3HaUeHUAIMEU NA.
AHasornuso obcyskaasiieiics Bbiire GyHKIwu pd.fillna() MeTon asfreq() NpUHUMaET
apryMeHT method, onpezesooriuii, oTKya OyayT OpaThCst 3HAUCHUS [JIST TAKUX TOUEK.
371eCh MBI [IEPEUCKPETUSUPYEM JAHHbIE 10 PaOOUNM [JHSM C IEPUOANYHOCTHIO OOBIYHOTO
JTHST, TO €CTh BKJIIOYAsT BBIXO/IHbIE JHU (puc. 3.7):

In[30]: fig, ax = plt.subplots(2, sharex=True)
data = goog.iloc[:10]

data.asfreq('D').plot(ax=ax[@], marker='0")
data.asfreq('D', method='bfill').plot(ax=ax[1], style='-0")
data.asfreq('D', method='ffill').plot(ax=ax[1], style='--0")
ax[1].legend(["back-fill", "forward-fill"]);
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Puc. 3.7. CpaBHeHune nHtepnonsauum snepeq (forward-fill interpolation)
n Ha3zaa (backward-fill interpolation)



PaboTa c BpeMeHHbIMKU psiaamMu 243

Bepxuuii rpaduk mpecTaBIseT MOBeJACHUE M0 YMOJYAHUIO: B BBIXOAHbIE IHN' 3HAYCHUS
pasibl NA 1 otcyTeTByioT Ha rpaduke. HukHuil rpaduk 1eMOHCTPUPYET pasindust
MESK/LY JIBYMsI METOIMKAMU 3aMOJIHEHUsT IPOTTYCKOB: MHTeproJisiiueii Bnepes (forward-
fill interpolation) n untepmonsnueit Hasax (back-fill interpolation).

BpeMeHHble casuru

Eme ogna pacripoctpanenHad onepanusi ¢ BpeMEeHHBIMU PSIIaMU — CIIBUT JIAHHBIX BO
spemenn. B 6ubsmorexe Pandas ectb [iBa poACTBEHHBIX METOA ISl HOAOOHBIX BbIYKC-
seanit: shift() m tshift(). Pazaumna Mexmay HUMN 3aKIi0ouaeTcs B TOM, 9TO shift()
BBIIIOJIHAET 08Uz Oanmbix, a tshift() — cdeuz undexca. B 0boux ciydasx cIBUT 3a/1a€TCSA
KPaTHBIM IIEPUOLY.

B crenyromem ¢parmenTe Koja MbI C/IBUTaeM Kak JlaHHble, Tak U uHaekc Ha 900 mHeit
(puc. 3.8):

In[31]: fig, ax = plt.subplots(3, sharey=True)

# 3a/aeM NepuoMYHOCTb JaHHbIX
goog = goog.asfreq('D', method='pad"')

goog.plot(ax=ax[0])
goog.shift(900).plot(ax=ax[1])
goog.tshift(900).plot(ax=ax[2])

# JlereHgbl M NOACHeEHMUA
local_max = pd.to_datetime('2007-11-05")
offset = pd.Timedelta(900, 'D')

ax[0].legend(['input'], loc=2)
ax[0].get_xticklabels()[4].set(weight="heavy', color="red")
ax[@].axvline(local_max, alpha=0.3, color='red")

ax[1].legend(['shift(900)'], loc=2)
ax[1].get_xticklabels()[4].set(weight="heavy', color="red")
ax[1].axvline(local_max + offset, alpha=0.3, color='red")

ax[2].legend(['tshift(900)'], loc=2)
ax[2].get_xticklabels()[1].set(weight="heavy', color="red")
ax[2].axvline(local_max + offset, alpha=0.3, color='red');

Buum, uto shift(900) casuraer dannvie na 900 gHell, nepemelas 4actb U3 HUX 3a
npegensl Tpaduka (1 octapisisa NA-3HaueHUs ¢ IPYTOH CTOPOHBI), B TO BPEMs Kak
tshift(900) casuraer Ha 900 qHell sHauenus unoexca.

TaKyIO Pa3HOBUAHOCTD C/IBUTOB YaCTO UCIIOJb3YIOT AJId BbIYMCJICHUA M3MEHEeHU C TeYeHN-
eM BpeMeny. Harpumep, MbI BOCIIOJIb30BAINCh CABUHYTHIMU 3HAYECHUSIMHU, YTOOBI BBIYMC-
JIUTD IPUOBLIB 34 TOJL OT BokeHuit B akipu Google 1o Bcemy nHabopy ganubix (puc. 3.9):

! B maHHOM CJIydae UMEIOTCS B BULY KOHKPETHO TaK Ha3blBacMble OAaHKOBCKWE BBIXOIHbIC HH,
Kora GaHKu He paboTaroT.
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In[32]:

MnaBa 3 e MaHuNynsUMKM HaA AaHHBIMUK C MOMOLLbIO NakeTa Pandas

ROI = 100 * (goog.tshift(-365) / goog - 1)
ROI.plot()
plt.ylabel('% Return on Investment'); # Mpubblib OT BIOXEHWI

800
600
400
200

0
800

600

400
200
0 2006 2008 2010 2012 2014

800 hift(900
600 tshift( )

400
200
0

— input

2006 2008 2010 2012 2014
— shift(900)

2008 2010 2012 2014 2016 2018

Jata

Puc. 3.8. CpaBHeHue shift u tshift
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Puc. 3.9. Mpubbinb Ha TeKyLWwuit AeHb OT BIOXEHWI B akumu Google
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IT0 nomoraet yBuzieTh obiue Tpernbt akiuit Google: o cux mop Haubosee Graromnpu-
STHBIM JIJIst MHBeCTUIMiT B akimn Google 61 (4T0 HEYAMBUTEILHO) MOMEHT BCKOPE T10-
cJle TIEPBOHAYAIBHOTO MX PA3MEIEHUs Ha PhIHKE, & TAKKE B CEPEINHE SKOHOMUIECKOI
petteccuu 2009 roja.

Ckonb3suune okHa

CKoJIb3IIiie CTaTUCTUYECKIE [TOKAa3aTeId — TPEThs U3 PeaM30BaHHbIX B OubInoTeKe
Pandas pasHoBuzHOCTEl onepaiuii, IpeHasHaueHHbIX [l BDEMEHHBIX PAnoB. Pabo-
TaTh ¢ HUMU MOKHO C TIOMOIIbI0 aTprbyTa rolling() o6beKTOB Series 1 DataFrame,
BO3BPAIAIONIEro IpeacTaBIeHie, MOA0OHOe TOMY, ¢ KOTOPBHIM MbI CTAJKUBAJIMCH TIPU
BBITIOJTHEHUH OTIepaIiny groupby (cM. pasesn «ArpernpoBaHue U TPyHITAPOBKay JaHHON
TJIaBbl). ITO CKOJIb3sIIee TTPe/CTaBIeHIe TTPEJ0CTABIISET IO YMOTYAHUIO HECKOTBKO
omieparnuii arpernpoBaHus.

Hampumep, BOT 0ZHOTOAMYIHOE CKOJIB3SIIIEE CPEAHee 3HAUCHNE 1 CTAHAAPTHOE OTKJIO-
Henue 1eH Ha akuun Google (puc. 3.10):

In[33]: rolling = goog.rolling(365, center=True)
data = pd.DataFrame({'input': goog,
'one-year rolling mean': rolling.mean(),
'one-year rolling std': rolling.std()})
ax = data.plot(style=['-", '--", ":'])
ax.lines[@].set_alpha(®.3)
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Puc. 3.10. Ckonb3sipme CTaTUCTUYEeCKne nokasaTenu Ans LeH Ha akummn Google

Kak u B ciydae omnepaiuii groupby, MOXKXHO HCITOJIb30BaTh METO/bI aggregate()
u apply () JUIsI BBIYMCJIEHUS T10JIb30BATEIbCKUX CKOJIB3SIIINX TTOKa3aTe e,
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[ie HaTN AOMOSTHUTENbHYIO MHMOPMALIMIO

B saHHOM pasjiesie IpUBEEHA JIUIITH KPATKast CBOJIKA HEKOTOPBIX HanboJiee BasKHBIX
BO3MOKHOCTEH HHCTPYMEHTOB JIJIst PabOThI ¢ BpeMeHHbIMU psiziaMu 6ubarorekn Pandas.
BoJee pazBepHyTOe 00CysKAEHNE 9TON TEMbI MOKHO Haiitu B paznese Time Series/Date
(«BpemeHHbBIE Psijibl/aThl» ) OHIalH-ToKyMeHTaun oubanorekn Pandas (http://pan-
das.pydata.org/pandas-docs/stable/timeseries.html).

Elte o/iiH BeJIMKOIEHbI KCTOYHUK MH(GOPMAIUU — PYKOBOACTBO Python for Data
Analysis wapatennctsa O’Reilly (http://shop.oreilly.com/product/0636920023784.do). XoTs
eMy YK€ HECKOJIbKO JIET, 3TO OECLEHHbI NCTOYHNK MH(MOPMALUH 110 HCIOIb30BAHNIO
6ubmorexkn Pandas. B wacTHOCTH, B KHUTE cefiaH 0COOBIM aKIIeHT Ha HPUMEHEHUN
UHCTPYMEHTOB BPEMEHHBIX PAA0B B KOHTEKCTe OM3Heca n (PUHAHCOB U yAEAEHO OOIb-
1€ BUHUMAaHU KOHKPETHBIM JeTalsIM OusHec-KaneHaapsi, paboTe ¢ YaCOBBIMMU IIOSCAMI
U1 CBA3aHHDBIM C 9TUM BOHPOC&M.

Bbl Takike MoKeTe BOCHOJIb30BATHCA CIPABOYHON (PYHKIIMOHATBHOCTBIO 060JI0YKN
IPython myist usydeHus u SKCIEPUMEHTOB C APYTUMU IIapaMeTPaMU, UMEIOIIUMUICS
y 00CYKIaBIMMXCA 371€Ch QYHKIMI 1 METOJOB. S cCYMTal0, 4TO HTO ONTUMAIBHBIN CI10CO0
U3YyYEHUS KaKOTO-11n00 HOBOrO MHCTPYMeHTa si3bika Python.

[puMep: BM3yanunsaums Konuyectsa sBenocunenos B Cuatne

B kauecrBe Gosiee CI0KHOTO IIpruMepa paboThI ¢ JaHHBIMU BPEMEHHBIX PsIIOB pac-
CMOTPUM TIOJICUET KOJIM4ecTBa BesocuteoB Ha @puMoHTCKOM MOcTy B Cuatiie. DTu
JlaHHbIE ITOCTYIIAIOT U3 aBTOMATUYECKOr0 CYeTYMKA BEJIOCUIIe/I0B, YCTAHOBJIEHHOTO
B kKoHIle 2012 roja ¢ MHAYKTUBHBIMU JaTYMKAMU Ha BOCTOYHOM 1 3aMafHOI GOKOBBIX
noposkkax MocTta. CBeIeHUST O T0YacOBOM KOJTMYECTBE BEJIOCUIIEIOB MOKHO CKadyaTh
110 azipecy http://data.seattle.gov/; BOT npsaMas CChblIKa Ha Ha60p JIaHHBIX: https://data.seatt-
le.gov/Transportation/Fremont-Bridge-Hourly-Bicycle-Counts-by-Month-Octo/65db-xm6k.

ITo cocrosHuio Ha jeto 2016 roga CSV-daii MOKHO cKadyaTh CJAEAYIONM 00pasoM:

In[34]:
# lcurl -o FremontBridge.csv
# https://data.seattle.gov/api/views/65db-xmé6k/rows.csv?accessType=DOWNLOAD

[Mocte ckaunBanust Habopa JaHHBIX MOKHO BOCIIOIB30BaThCst Gubmorekoit Pandas st
yrernss CSV-daiina B 06beKT DataFrame. MOKHO yKasaTh, YTO B KAU€CTBE UHIEKCA Mbl
XOTHM BUJIETh OOBEKThI Date 1 YTOObI BBHITIOIHSIICS ABTOMATHYECKUT CHHTAKCIHYECK it
paszbop ATUX IaT:

In[35]:

data = pd.read_csv('FremontBridge.csv', index_col='Date', parse_dates=True)
data.head()

Out[35]: Fremont Bridge West Sidewalk \\



Date

2012-10-0300:
2012-10-0301:
2012-10-0302:
2012-10-0303:
2012-10-0304:

Date

2012-10-0300:
2012-10-0301:
2012-10-0302:
2012-10-0303:
2012-10-0304:

00:00
00:00
00:00
00:00
00:00

00:00
00:00
00:00
00:00
00:00

Fremont Bridge East Sidewalk
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Jliist ymobeTBa Mbl TOJIBEPTHEM TOT HaOOP MAHHBIX JasibHel el 06paboTKe, COKpaTHB
HazBaHust cTOJAOI0B ¥ 106aBuB ctosber Total («Toro»):

In[36]: data.columns =

["West',

'East']

data['Total'] = data.eval('West + East')

Tenepb PACCMOTPUM CBOAHDBIE CTATUCTUYECKNE ITOKa3aTEeJIN [IJId 9TUX JaHHbIX!

In[37]: data.dropna().describe()

Out[37]:
count 33544.
mean 61.
std 83.
min 0.
25% 8.
50% 33.
75% 80.
max 825

West
000000
726568
210813
000000
000000
000000
000000

. 000000

Busyanusaums gaHHbIX

33544.
53.
76.

.000000

.000000

28.
66.
717.

East
000000
541706
380678

000000
000000
000000

33544.
115.
144.

16.
64.
151.
1186.

Total
000000
268275
773983

.000000

000000
000000
000000
000000

MbI MOKEM MOYEPITHYTh MOJIE3HYI0 HHPOPMAIMIO U3 HTOr0 Habopa JaHHBIX, BU3YaIu-

3upoBasB ero. Haunem ¢ nmocrpoenust rpadpuka ucxoHbix fanubix (puc. 3.11).

In[38]: %matplotlib in

line

import seaborn; seaborn.set()

In[39]: data.plot()

plt.ylabel('Hourly Bicycle Count'); # KonuyecTBO BefocunenoB no 4vacam

[Tpumepro 25 000 mo4acoBBIX BEIGOPOK — CIIMIIKOM TIJIOTHAS TUCKPETH3AIU, YTOOBI
MOKHO OBLIO MOHATH XOTh YTO-TO. MOXKHO MOYEPIHYTH 60JIbIe HHOOPMATIUHT, €CIIH
BBITTOJHHUTD MEPEANCKPETH3AINIO 9TUX JaHHBIX Ha ceTKe ¢ Hosiee KPYMHBIM Iarom. Bei-

MTOJTHUM TIEPEIMCKPETU3AINIO C [ITaroM ojiHa Hejesist (puc. 3.12):
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In[40]: weekly = data.resample('W').sum()

weekly.plot(style=["':", '--', '-'])

plt.ylabel('Weekly bicycle count'); # KonuyecTBO BenocunenoB exeHenenbHO
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Puc. 3.11. KonmyecTBo BEMOCMNEAOB 3a KaXxabli Yac Ha ®PUMOHTCKOM MOCTy B CuaTne
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Puc. 3.12. Konnyectso Benocuneaos, nepecekatolmx OpuMoHTCkuiA MocT B CuaTne,
C WAaroM ofHa Heaens
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ITO JIEMOHCTPUPYET HaM HEKOTOPbIe MHTEPECHBIC CE30HHBIC TPEH/IBI: KaK U cJe-
JIOBAJIO OXU/ATh, JIETOM JIOJU €34T Ha BeJocuIeax 6oJblie, YeM 3UMOH, 1 JasKe
B TIpe/eaX KaXkJ0To 13 Ce30HOB BEJOCHUIIEB! MCIIOAB3YIOTCS C PA3HON MHTEHCUB-
HOCTBIO B PasHble Hejean (BepOsITHO, B 3aBUCUMOCTH OT TIOTOJBI; CM. Pasfies «3a-
rasiHeM Tory6GsKe: JTMHEHAst Perpeccus» TIaBbl 5, B KOTOPOM Oy/eM paccMaTpUBAThH
3TOT BOIIPOC).

Eute oquH yaoO6HbIH c11ocob arperupoBaHus TaHHBIX — BBIYMCJICHUE CKOJIb3SIIETO
CpeIHEero ¢ IIOMOIIbIO (pyHKuI/H/I pd.rolling mean(). 31eCb MbI BbIUMCJISIEM JIJIsT HAIITUX
JIAHHBIX CKOJb3s11ee cpennee 3a 30 mHel, 1ieHTpupys 1npu aToM okHo (puc. 3.13):

In[41]: daily = data.resample('D"').sum()
daily.rolling(30, center=True).sum().plot(style=[":"', '--', '-"'])
plt.ylabel('mean hourly count'); # CpefHee KONnM4ecTBO MO 4Yacam
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Puc. 3.13. Ckonb3siee cpeaHee 3HaYeHne exeHeaenbHOro KonmnyecTsa Benocmneson

[Tpuunta 3y6UaTOCTH TOTYUUBINETO N300pakKeHUsT — B PE3KOI rpaHuile okHa. Bosee
[JIAJIKYI0 BEPCHIO CKOJIB3AIIETO CPEHETO MOKHO MOJIYYUTD, BOCIIOIH30BABIIMNCH OKOH-
Hoi dynkuueit, nanpumep I'ayccosbim oknom. Creyomuil Koz (BU3yaau3upoBaHHbII
Ha puc. 3.14) 3amaeT Kak muUpuHy OKHa (B HateM ciaydae 50 qHeit), Tak u mmpuHy [ayc-
cOoBOU (hyHKIIMYU BHYTpU OKHA (B Haiem caydae 10 gHeit):

In[42]:
daily.rolling(50, center=True,
win_type='gaussian').sum(std=10).plot(style=[":", '--', '-'1);
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Puc. 3.14. CrnaxeHHas MayccoBa yHKUMS
eXxeHeaenbHOro KoIMYecTsa Benocuneaos

yFJ'IY6J'I$|eMC$I B N3y4eHne AaHHbIX

XO0T4 ¢ IMOMONIBIO CTIAKEHHBIX MTPEICTABICHUIT IaHHBIX HA PUC. 3.14 MOYKHO MOJYUNTD
oblIlee MpejiCTaBJIeHNE O TPEH/IAX TAHHBIX, OHU CKPBIBAIOT OT HAC MHOTHE HHTEPECHBIE
HIOAHCHI UX CTPYKTYpbI. Harpumep, HAaM MOKET MOHAI00UTHCSI YBUIETD YCPEAHEHHOE
IBUKEHUE BEJOCUTIETHOTO TPAHCIOPTA KaK (DYHKIUIO OT BPEMEHU CYTOK. DTO MOKHO
clIeTaTh ¢ MOMOTIBIO (DYHKIIMOHATBHOCTH GroupBy, 00Cy K IaBIneiicsa B pasere «Arpe-
TUPOBaHUE U IPYNITUPOBKay AaHHON riiaBsl (puc. 3.15):

In[43]: by _time = data.groupby(data.index.time).mean()
hourly ticks = 4 * 60 * 60 * np.arange(6)
by time.plot(xticks=hourly ticks, style=[':', '--', '-'1]);

TTouyacoBoe JABUKEHUE TPAHCIIOPTA TPEACTABJSIET COOOH CTPOTO OUMOAIBHOE pac-
npenenenne ¢ Mmakcumymamu B 08:00 yrpa u 05:00 Beuepa. BepositHo, aT0 cBUAETEb-
CTBYET O CyIIIECTBEHHOM BKJIajle MAsSITHUKOBOI MUTpAINK' 4epe3 MOCT. B o3y atoro
TOBOPST U PA3JIUYHSI MEKIY 3HAUEHUSMHU C 3aMafHON HOKOBOH TOPOKKH (0OBIYHO
HCIIOJIb3YEMOIi TIPU IBUKEHUU B 1e70BOH 1eHTp Cuatia) ¢ 6oJiee BhIpaKeHHBIMU
YTPEHHUMHU MaKCHUMyMaMU U 3HAUEHUSIMU C BOCTOUHOU GOKOBOU OPOKKU (0OBIUHO
UCIIOJIb3YEMON MPU ABWKEHUH U3 1eJ0BOTO 1teHTpa Custiia) ¢ 6osiee BoIpaKeHHBIMU
BEUEPHUMU MAKCHUMYMaMH.

! Cwm. https://ru.wikipedia.org/wiki/MasiTHUKOBasi MUTPALHSL.
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Puc. 3.15. CpegHee No4acoBoe KOMMYECTBO BENOCUMNELOB
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Hac moryT Tak:ke mHTEpecOBaTh U3MEHEHUS CUTYAIUU 110 JHIM Heleau. ITO MOXKHO
BBISICHUTD C ITOMOIIBIO oriepariuu groupby (puc. 3.16):

In[44]: by_weekday = data.groupby(data.index.dayofweek).mean()
by weekday.index = ['Mon', 'Tues', 'Wed', 'Thurs',

'"Fri', 'Sat', 'Sun']

by_weekday.plot(style=[':", '--', '-']);
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ITOT rpaduK IEMOHCTPUPYET CYNIECTBEHHOE PA3JNIne MEKIY KOJNIECTBOM BeJO-
CUIIeNOB B OyAHUE ¥ BHIXOIHbBIE JHIL: C IIOHEIeJbHIKA 110 IATHHIIY MOCT [IepeceKaeT
B CpeiHeM BJBOE GOJIBIIE BEJOCUTIEANCTOB, YeM B CyOOOTY 1 BOCKPECEHbE.

C y4eToM 3TOTO BBITIOJIHUM CJIOKHYIO OTIepaIiiio groupby 1 TTOCMOTPUM Ha TOYaCOBOM
Tper/ B OYIHU 110 CPABHEHUIO C BHIXOAHBIMU. HauHeM ¢ rpynimpoBKy Kak 10 PU3HAKY
BBIXO/IHOTO JIHS, TaK U 110 BPEMEHU CyTOK:

In[45]: weekend
by time

np.where(data.index.weekday < 5, 'Weekday', 'Weekend')
data.groupby([weekend, data.index.time]).mean()

Tenepb BoCIob3yeMcss HEKOTOPBIMU MHCTPYMEHTaMu U3 paszena « MHOKeCTBeHHbIe
cybOrpaduku» raassl 4, 4ToObI HApHCOBaTh ABa rpaduka 6ok o 6ok (puc. 3.17):

In[46]: import matplotlib.pyplot as plt
fig, ax = plt.subplots(1l, 2, figsize=(14, 5))
by time.ix[ 'Weekday'].plot(ax=ax[@], title='Weekdays',

xticks=hourly ticks, style=[':", '--', '-'])
by time.ix[ 'Weekend'].plot(ax=ax[1], title='Weekends',
xticks=hourly ticks, style=[':"', '--', '-']);

PesybTaT OKaszajicst O4eHb MHTEPECHBIM: Mbl BUAUM GUMOIA/IbHBII IIATTEPH, CBI3aHHbIIL
¢ TIoe3/IKaMu Ha paboTy B TOPOJ HA TIPOTSLKEHUN paboueil Hepeu, i YHIMOAATbHBII
HATTEPH, CBA3AHHBII ¢ OCYTOM/OTABIXOM BO BPEMsI BHIXOIHBIX. BbLI0 ObI HHTEPECHO
JlaJIbIIIEe [IOKOIIAThCA B 9TUX JAHHbBIX 1 U3YYUTh BJIMSHUE IIOTO/Ibl, TEMIIEpaTyPbl, BDEMEHU
rojia ¥ IPyTrx (hakToOpoB Ha MATTEPHBI OE3/I0K B TOPOI Ha BeJtocue/ax. JlanbHeiiiee 06-
CY’KJIEHUE 9THX BOIIPOCOB CM. B cooduiernn «/leiicruresnbio i 8 Cuatiie Habmonaercst
OKMBJIEHWE B cepe TT0e3/10K Ha Besiocutieax ?» (https://jakevdp.github.io/blog/2014/06/10/
is-seattle-really-seeing-an-uptick-in-cycling/) 13 Moero 6iora, B KOTOPOM UCIIOJIb3YETCs IO
MHO’KECTBO 9TUX JAaHHbBIX. MbI TaKsKe BEPHEMCS K 9TOMY HabOPYy JaHHBIX B KOHTEKCTE
MOZIEINPOBaHIis B pasjesie «3arjsgHeM TryOKe: IMHeiHAsA perpeccusi» TIaBbl 3.

YBenuyeHue nponsBoanTenbHOCTN BUbnnoTekn
Pandas: eval() n query()

OcHoBHbIE BO3MOKHOCTH cTeka PyData ocHoBbIBatoTcst Ha ymeHun Oubnnorek NumPy
u Pandas mepeaBaTh mpocThie OTIEpaIiy Ha BBITOTHEHIE TporpaMMaM Ha sisbike C mo-
CPENCTBOM MHTYUTUBHO MMOHATHOTO CHHTAKCHUCA: TTPUMEPAMU MOTYT TTOCTYKUTH BEK-
TOPU30BAHHbIE/TPAHCIUPYeMbIe omeparuu B 6ubanoreke NumPy, a Taxske omepariii
rpynmupoBku B 6ubsoreke Pandas. Xotst ati aGeTpakiiny BechMa MPOU3BOAUTETbHBI
1 9 beKTUBHO PabOTAIOT /ST MHOTUX PACTTPOCTPAHEHHDIX CI[EHAPHUEB MCTTOIH30Ba-
HUST, OHU 3a9acTyi0 TPEOYIOT CO3/IaHus BPEMEHHBIX BCIIOMOTAaTEIbHBIX 00BEKTOB, UTO
MPUBOINT K IYPEe3MEPHBIM HAKJIATHBIM PAcXo/laM KaK IIPOIECCOPHOTO BpEeMeHH, TaK
U OTIePATUBHON TTAMSITH.
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ITo cocrosnmio Ha Bepenio 0.13 (Boinyiennyio B saBape 2014 roga) 6ubimorexa Pandas
BKJIIOUAET HEKOTOPBIE 9KCIIEPUMEHTAIbHBIE HHCTPYMEHTBI, TIO3BOJISIONTIE 00PAIaThCst
K pabOTAIOIMM CO CKOPOCTBIO HAaITMCAHHBIX Ha st3bike C orepaliusim 6e3 BbIIeIeHUS Cy-
IECTBEHHBIX 0OBEMOB MaMSITH Ha IPOMEKYTOUHbIE MACCUBBL, DTH YTUIUTHI — (QYHKIINU
eval() u query(), ocHoBanuble Ha nakete Numexpr (https://github.com/pydata/numexpr).
Mpbl paccMOTPUM UX UCTIOJIb30BaHUE U TTPUBEEM HEKOTOPbIE SMITMPUYECKUeE TTPaBUIIA,
MO3BOJIAIOIINE PENIUTD, UMEET JIM CMBICJI UX [TPUMEHSITh.

OcHoBaHust Anst ncnonb3oBaHus dyHkumi query() u eval():
COCTaBHble BblpaXkeHUsl

Bubmorexkn NumPy u Pandas nmoaueps:KuBatoT BbIIOJTHEHE OBICTPBIX BEKTOPH30BAH-
HBIX OTlepaInii; HAITPUMep, MPU CJIO0KEHUN 9JTEMEHTOB JIBYX MAaCCUBOB:

In[1]: import numpy as np
rng = np.random.RandomState(42)
X = rng.rand(1E6)
y = rng.rand(1E6)
%timeit x + y 100 loops, best of 3: 3.39 ms per loop

Kak ysxe o6cyskaanoch B pasziesie «BbinosiHeHne BbIYucaeHrH Hajt MaccuBaMu GrOI-
orekr NumPy: yHuBepcaibHbie GYHKIMU» IJaBbl 2, TaKast OTEPaIiust BbIOJIHIETCS
ropaszio ObIcTpee, YeM CJIOKEHUE ¢ MOMOIIBIO UKJA MU CIIUCKOBOTO BKIIOUEHUST
sasbika Python:

In[2]:

%timeit np.fromiter((xi + yi for xi, yi in zip(x, y)),
dtype=x.dtype, count=len(x))

1 loop, best of 3: 266 ms per loop

OpHako nanHas abcTpakius okasbiBaeTcst MeHee a(h(HEKTUBHON TIPY BBIYUCICHUN CO-
CTaBHBIX BbIpaskeHil. Hampumep, paccMOTpUM BBIpaskeHue:

In[3]: mask = (x > 0.5) & (y < 0.5)

IMockomnbky 6ubmorexa NumPy BeIUIC/IIET KaKA0€ IIOABBIPAKEHIE, OHO SKBUBAJIECHTHO
cJIe/lyIoleMy:

In[4]: tmpl = (x > 0.5)
tmp2 = (y < 0.5)
mask = tmpl & tmp2

JIpyruMu cioBaMu, 0 Kajucooz0 nPOMEICYMOouH020 Ulaza s6HulM 06pasom evioesem-
cs onepamugnas namsamv. EcIM MacCUBBI X M y OU€HBb BEJUKH, 9TO MOXKET TPUBECTH
K 3HAUMTEJbHBIM HAKJIAJHBIM PACX0/IaM ONEPATUBHON NMAMSATH U IIPOIECCOPHOTO
BPEMEHU.
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Bubauoreka Numexpr 1mo3BoJisieT BhIYUCASATD TTO0OHbIE COCTABHBIE BBIPAKEHUS T10-
9IEMEHTHO, He TpeGyst BhIIeJeHUs TAMSATH MO/l TPOMEKYTOUHBIE MACCUBBI TIETUKOM.
B nokymenraruu 6ubsmorexun Numexpr (https://github.com/pydata/numexpr) ripuseieHO
6oJtbIITe TOAPOOHOCTEH, HO TIOKA JIOCTATOUHO GYIET CKasaTh, UTo (DYHKIIUE 3TOi OHOIHO-
TEKW TPUHUMAIOT HA BXOJIE CMPOKY, COIEPIKAIILYIO BbIPAKEHNE B CTUIIE OGUOINOTEKY
NumPy, KoTopoe TpedyeTcs BhIYUCINTD:

In[5]: import numexpr
mask_numexpr = numexpr.evaluate('(x > 0.5) & (y < 0.5)")
np.allclose(mask, mask_numexpr)

Out[5]: True

[TperMyIecTBO 3aKII0YAETCS B TOM, 4T0 6ubaroTeka Numexpr BEIYUCTSICT BhIpaske-
HUe, He UCTIOJIb3YST TIOJTHOPAa3MEPHBIX BPEMEHHBIX MACCHBOB, & TIOTOMY OKa3bIBACTCS
HamHOTO GoJiee s derTuBHOI, ueM NumPy, oco6eHHO B cirydae GOMbIINX MACCHBOB.
WucrpyMenTsl query() 1 eval(), KOTOpbIE MbI OyAeM 00CYKIaTh, MACOJOTMIECKH CXOKI
7 MICTIOJIB3YTOT TTakeT Numexpr.

Ncnonb3oBaHue dyHKunn pandas.eval() ans ahdekTnBHbIX
onepaumi
Oyuxruus eval () 6ubanorekn Pandas nmpuMenser cTpoKoBbIe BhIpasKeHus 1s1 ahdex-

TUBHBIX BBIYUCIUTETBHBIX OTIEpaIiii ¢ 00bexTamu DataFrame. Hampumep, paceMoTpum
crenymorue o0beKTh DataF rame:

In[6]: import pandas as pd
nrows, ncols = 100000, 100
rng = np.random.RandomState(42)
df1, df2, df3, df4 = (pd.DataFrame(rng.rand(nrows, ncols))
for i in range(4))

JIJ151 BBIYMCITEHNS CyMMBI BCEX YEThIPEX 0OBEKTOB DataFrame pu CTaHAAPTHOM MOAXOJIE
6ubmmorex Pandas MOKHO HarmmucaTh CyMMY:

In[7]: %timeit dfl + df2 + df3 + df4

10 loops, best of 3: 87.1 ms per loop

Mo:kHO BBIMMCINTD TOT K€ Pe3yJabTaT ¢ MOMOIIbI0 GyHKIMYN pd.eval(), 3aaB BbIpa-
JKeHUe B BUJle CTPOKU:

In[8]: %timeit pd.eval('dfl + df2 + df3 + df4')
10 loops, best of 3: 42.2 ms per loop

Bepcust aToro Beipaskenust ¢ hyHkiuei eval() paboraer Ha 50 % GpicTpee (M UCTIOIB3YeT
HAMHOTO MEHBIIIEe TTaMSITH ), BO3BPAIIasi TOT JKe CaMbIil Pe3yJIbTaT:
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In[9]: np.allclose(dfl + df2 + df3 + df4,
pd.eval('dfl + df2 + df3 + df4'))

Out[9]: True

IMoanep:xuBaembie pyukiueii pd.eval() onepaunun. Ha momenT Bbinrycka Bepcuu 0.16
6ubanoreku Pandas ¢pyHKkuus pd.eval() HoAAepKUBAET LIMPOKUI CIIEKTP OIIEPALHii.
JUJist uX IeMOHCTPAIUK MBI GY/IEM HCTIOIB30BATH CIIEAYIONINE TIEJT0UNCIEHHbBIE OOHEKTHI
DataFrame:

In[10]: df1, df2, df3, df4, df5 = (pd.DataFrame(rng.randint(@, 1000, (100,
3)))

for i in range(5))

Apudmernueckue onepatopsl. DyHkius pd. eval() moanep:KIBaeT Bce apudmMeTirye-
ckue ornieparopsl. Harpumep:

In[11]: resultl = -dfl * df2 / (df3 + df4) - df5
result2 = pd.eval('-dfl * df2 / (df3 + df4) - df5')
np.allclose(resultl, result2)

Out[11]: True

Oneparopsl cpaBHenusi. Oyukiys pd.eval() MoA/epKUBAET BCE OTEPATOPDI CPaBHE-
HUSI, BKJTIOUast BRIPAsKEHST, OPTaHM30BaHHBIE I[ETIOUKOIL:

In[12]: resultl = (dfl < df2) & (df2 <= df3) & (df3 != df4)
result2 = pd.eval('dfl < df2 <= df3 != df4')
np.allclose(resultl, result2)

Out[12]: True

IToGuToBbIe onepaTopbl. OyHruys pd.eval() moagepKUBaeT MOOUTOBbIE OIIEPATOPHI
&u |

In[13]: resultl = (dfl < @©.5) & (df2 < 0.5) | (df3 < df4)
result2 = pd.eval('(dfl < 0.5) & (df2 < 0.5) | (df3 < df4)")
np.allclose(resultl, result2)

Out[13]: True

KpOMe TOI'O, OHa JOITyCKa€T MCII0JIb30OBaHWE JIUTEPAJIOB and 1 or B 6y.HeBbIX BbIpake-
HUAX

In[14]: result3 = pd.eval('(dfl < ©.5) and (df2 < 0.5) or (df3 < df4)")
np.allclose(resultl, result3)

Out[14]: True

ATpu6GyThl 00b€KTOB U MHAEKChl. DyHKI pd. eval () MOAAEPKUBAET JOCTYII K aTpuly-
TaM 00bEKTOB C IIOMOII[BIO CHHTAKCKCA obj . attr 1 K MHEKCAaM II0CPEACTBOM CUHTAKCUCA
obj[index]:
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In[15]: resultl = df2.T[@] + df3.iloc[1]
result2 = pd.eval('df2.T[0] + df3.iloc[1]")
np.allclose(resultl, result2)

Out[15]: True

JApyrue onepanuu. /[pyrue onepaiuu, HalrpyuMep BbI30Bbl (DYHKIIMHI, YCIOBHbIE BbI-
pakeHust, IIUKJIBI 1 APyTHe, 6osee CI0KHbIe KOHCTPYKIMH, TOKa B (yHKIMHU pd.eval()
He peaqn30BaHbl. IIpu HEOOXOAUMOCTH BHIMOJHEHUST MOAOOHBIX CIOKHBIX BUIOB BbI-
paskeHUI MOKHO BOCIIOJIB30BaThCs caMoli GnbamoTekoit Numexpr.

Ncnonb3oBaHue MeToaa DataFrame.eval() ans
BbIMNOSIHEHUSI Onepauuin no crtonbuam

V 00bekToB DataFrame cyniecTByeT MeTozL eval (), paboTarommuii cxoKumM 00pasoM C Bbl-
COKOYpOBHeBOH yHKIMel pd.eval () u3 6ubamrorexu Pandas. IIpenmyiiectBo MeTosia
eval() 3aKJTI0YAETCS B BO3MOKHOCTH CCBIIATBCS Ha CTOJIOIDI 720 umenu. Bospmem st
HpuMepa CJAeAyIOMUi MapKUPOBAHHbIA MACCHB:

In[16]: df = pd.DataFrame(rng.rand(1000, 3), columns=['A', 'B', 'C'])

df.head()

out[16]: A B C
@ ©0.375506 0.406939 0.069938
1 ©0.069087 0.235615 0.154374
2 0.677945 0.433839 0.652324
3 0.264038 0.808055 0.347197
4 0.589161 0.252418 ©.557789

BocmnosbzoBasiiuch dynkimeii pd.eval () Tak, Kak IOKa3aHO BbIIe, MOKHO BBIYUCJISTh
BBIPAKEHUS C STUMU TPEMST CTOJIOIIAME CJIEYIOTTIM 00pasoM:

In[17]: resultl = (df['A'] + df['B']) / (df['C'] - 1)
result2 = pd.eval("(df.A + df.B) / (df.C - 1)")
np.allclose(resultl, result2)

Out[17]: True

Merto/ DataFrame.eval() II03BOJISIET OIMCHIBATD BHIUMCIIEHUS CO CTOAOLAMU TOPA3/0
JIAKOHUYHEe:

In[18]: result3 = df.eval('(A + B) / (C - 1)")
np.allclose(resultl, result3)

Out[18]: True

O6paTI/ITe BHHMaHHe, YTO Mbl 06pau§d€MCﬂ C HA36AHUAMU CmO/l61,406 B BbIYMCJ/IAEMOM
BbIpAKEHUUN KAK C NEePEMEHHBIMU N TIOJTydaeM JKeJlaeMbIit pe3yJabTar.
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MNpuceameaHue B MeToge DataFrame.eval()

MeTton DataFrame.eval() TIO3BOJISET BBIMTOJHATD IPUCBANBAHNE 3HAUYCHUS JIIO6OMy u3
CTOJ0110B. Bocrnionbsyemcd mpenbiaymmm 06beKTOM DataFrame cO CTOJNOIAME ‘A", "B’
u'c':

In[19]: df.head()

Out[19]: A B @
0.375506 0.406939 0.069938
0.069087 0.235615 0.154374
0.677945 0.433839 0.652324
0.264038 0.808055 0.347197
0.589161 ©0.252418 ©0.557789

P WNRO

Meton DataFrame.eval () MOXHO UCIIOJTH30BaTh, HAIPUMED, /IS CO3/ITAHUS] HOBOTO
crosibta ‘D' ¥ MpUCBAMBAHUST MY 3HAUEHUsI, BBIUMCICHHOTO Ha OCHOBE JIPYTHX CTOJIOIOB:

In[20]: df.eval('D = (A + B) / C', inplace=True)

df.head()
Out[20]: A B C D
© 0.375506 0.406939 0.069938 11.187620
1 0.069087 0.235615 0.154374 1.973796
2 0.677945 0.433839 0.652324 1.704344
3 0.264038 0.808055 0.347197 3.087857
4 0.589161 0.252418 ©0.557789 1.508776

AHaornaHO MOKHO MOIUMUINPOBATH 3HAYEHHUS JTIOOOTO YIKE CYIIECTBYIONIETO CTOTOMA:

In[21]: df.eval('D = (A - B) / C', inplace=True)
df.head()

Out[21]: A B C D
0.375506 0.406939 0.069938 -0.449425
0.069087 0.235615 0.154374 -1.078728
0.677945 0.433839 0.652324 0.374209
0.264038 0.808055 0.347197 -1.566886
0.589161 ©0.252418 ©0.557789 0.603708

P WNERO

JlokanbHble nepeMeHHble B MeToae DataFrame.eval()

Meton DataFrame.eval() MOAAEP:KUBAET JTOMOJTHUTEIBHBIN CHHTAKCHC IS pa6OTbI
C JIOKaJIbHBIMU ITIEPEMEHHBIMU A3bIKa Python. BarsnuTe Ha caemyiomuii (hparMeHT Koja:

In[22]: column_mean = df.mean(1)
resultl = df['A'] + column_mean
result2 = df.eval('A + @column_mean')
np.allclose(resultl, result2)

Out[22]: True
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CUMBOJI @ OTMEYACT UM NEPEMENHHOIL, A He UMsL CMOJ0UA, TIO3BOJISIS TeM caMbIM a(dex-
TUBHO BBIYUCJISATH 3HAYEHNE BBIPAKEHUH C MCIIOJIb30BAHUEM /IBYX IIPOCTPAHCTB UMEH:
IIPOCTPAHCTBA UMEH CTOJIOIOB 1 IPOCTPaHCcTBa UMeH 00beKkToB Python. O6paTure BHUI-
MaHue, YTO 3TOT CUMBOJ @ ITOJAEPKUBAETC JINIIH memodom DataFrame.eval(), HO He
¢ynkuueil pandas.eval(), OCKOJbKY y DyHKIIMU pandas.eval() ecTb JOCTYT TOJIbKO
K OJJHOMY [IPOCTpaHCTBY UMeH (s13bika Python).

MeTtoa DataFrame.query()

Y 06bekToB DataFrame eCTh €Ille OJIMH METO/I, OCHOBAHHDIH Ha BBIYUCIEHUH CTPOK,
nMeHyeMbIil query (). PaccMoTpum ciepyioniee:

In[23]: resultl = df[(df.A < 0.5) & (df.B < 0.5)]
result2 = pd.eval('df[(df.A < 0.5) & (df.B < ©.5)]")
np.allclose(resultl, result2)

Out[23]: True

Kak u B ciydae ¢ npuMepoM, KOTOPbIN Mbl UCIOJIb30BAIU TIPU o6cy>1</:[eH1/H/I MeTo1a
DataFrame.eval(), mepe/l HAMU BbIpayKeHUE, CoJiepsKaliee cTos161BI 00BeKTa DataFrame.
OHAKO ero HeJIb3s BBIPA3UTH C TIOMOIIBIO CUHTAKCHUCa MeTo/1a DataFrame. eval( )I Bwmecto
HETO I TOI00HBIX omepanuii GUAbBTPAIINUA MOKHO BOCIIOTH30BATHCS METOIOM query ():

In[24]: result2 = df.query('A < 0.5 and B < 0.5")
np.allclose(resultl, result2)

Out[24]: True

OH He TOJIBKO 00eCIIeunBaeT, M0 CPABHEHUIO € BBIPAKEHUSIMI MAaCKUPOBaHust, GoJiee
9 EKTUBHbIE BBIYUCIEHNSI, HO 1 HAMHOTO IIOHATHEe U Jierde untaercst. O6paTure BHU-
MaHue, 9TO MeTOJl query () TakKe TIO3BOJISIET UCTIOIb30BaTh (Jiar @ it 0603HAYEHIIST
JIOKQJTHHBIX IT€PEMEHHBIX:

In[25]: Cmean = df['C'].mean()
resultl = df[(df.A < Cmean) & (df.B < Cmean)]
result2 = df.query('A < @Cmean and B < @Cmean')
np.allclose(resultl, result2)

Out[25]: True

[pon3BOAMTENBHOCTL: KOraa criefyeT UCNosb30BaTh 3TH
yHKUMN
B npoiecce NpUHATHS PeIleHKs IPUMEHTD 1 9TH GYHKIMKM 00paTuTe BHUMAHKIE Ha

JIBA MOMEHTA: NPOUCCCOPHOE BPEMsL U 00BeM UCNOAb3YyeMou namamu. [Ipeackasath 00b-
€M HUCII0JIb3YeMOil TTaMsITH HaMHOro mpote. Kak yske yloMUHaI0Ch, BCE COCTaBHBIE
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BBIPAKEHMSI C TpUMeHeHrneM MaccuBoB NumPy win 00bekToB DataFrame GuGJIHOTEKH
Pandas mpuBoAT K HESTBHOMY CO3/IaHUIO BPEMEHHBIX MacCuBOB. Hampuwmep, BOT 3T0:

In[26]: x = df[(df.A < 0.5) & (df.B < 0.5)]
HpI/I6JII/ISI/ITe]IbHO COOTBETCTBYET CJIEAYIOIIEMY:

In[27]: tmpl = df.A < @.
tmp2 = df.B < @.
tmp3 = tmpl & tm
x = df[tmp3]

5
5
p2

Ecsin pasmep BpéMeHHBIX 00BEKTOB DataFrame CYIIECTBEHEH MO CPABHEHUIO C OCTYTHON
OlepaTUBHON MaMsIThO Ballell cucteMbl (0OOBIYHO HECKOJIBKO ruradaiitos), To Oyier
PasyMHO BOCIIOJIb30BATHCSI BHIPAKEHUIMU eval () uim query (). BeisscHUTD pubinsu-
TEJIbHBII Pa3Mep MaccrBa B HaliTax MOKHO € OMOIIIBIO CJEYIONIEro OTepaTopa:

In[28]: df.values.nbytes
Out[28]: 32000

eval() Gyzner paborarh ObICTpeEe, €CJIU BbI HE UCTIOJIb3yeTe BCIO IOCTYITHYIO B CHCTEME
omnepaTuBHYIO MaMsaATh. OCHOBHYIO POJIb UTPAET OTHOIIEHNE pa3Mepa BPEMEHHBIX 00b-
eKTOB DataFrame 1o cpaBHeHUIO ¢ pa3mepoM L1 uin L2 kamma npoiieccopa B cucteme
(B 2016 roay OH cocTaBJsIET HECKOJIBKO MeradaiiToB). eval() M03BOJsAET U30EKATD 110~
TEHIIUATBHO MEJJIEHHOTO IepeMeNeHNs 3HAUeHUH MeK/Ty Pa3JINIHBIMU KATITAMU TTAMSTH
B TOM CJIyyae, KOrjia 3T0 OTHOIIEHNE HAaMHOTO Gourbiiie 1. S oGHApysKIJI, 4TO Ha MPAKTHKE
pasjmuure B CKOPOCTH BBIYMCICHUN MEK/TY TPAUIIMOHHBIMI METOJIAMU U METO/IOM eval/
query OOBIYHO JIOBOJIBHO HE3HAYUTENbHO. HAPOTHUB, TPaAMINOHHbII MeTO/ paboTaeT
GeicTpee Ut MaeHbKIX MaccuBoB! ITpenMyIiiecTBO MeTO/a eval/query 3aKII0UaeTCsT
B 9KOHOMUHY OTIEPATHBHOMU MAMSTH U WHOT/IA — B G0Jiee TIOHSITHOM CHHTAKCHUCE.

Mbl paceMoTpesin GOJBIIMHCTBO HIOAHCOB PaboThI ¢ MeTozaMu eval() u query(), 10-
MOJTHUTEIbHYI0 WH(MOPMAIIMIO MOKHO HAiiTH B JOKyMeHTanuu no 6ubaunorexe Pandas.
B wacTHOCTH, MOKHO 3a/[aBaTh JIJIst PaOOTHI ATHX 3aIIPOCOB PA3JIMUYHBIE CHHTAKCUYECKUE
aHA/IM3aTOPBI 1 MexaHuaMbL. [TogpobHoct — B paszenie Enhancing Performance («IToBbi-
IIeHNe TPOU3BOUTETLHOCTH, http://pandas.pydata.org/pandas-docs/dev/enhancingperf.html).

[lononHUTENbHbIE UCTOYHMKM MHGPOPMaLINK

B 210ii riiaBe Mbl 0OXBaTHII GOJIBIIYIO YACTh OCHOB (D (HEKTUBHOTO MCTIOIb30BAHUA OGH-
6smorexkn Pandas 1t aHammsa qanabix. Ytobsl usyunTth 6ubanoreky Pandas riy6ike,
st GBI PEKOMEHI0BAJI OOPATUTHCSA K CJEYIONUM UCTOYHUKAM UH(POPMAIIUH,

Q Owmnaiin-doxymenmavus 6ubauomexu Pandas (http://pandas.pydata.org/). D10 Bce-
CTOPOHHMIT UCTOUHMK JOKYMEHTALUU 110 JAaHHOMY HakKeTy. XOTs IIPUMEpPLL B [10-
KyMEHTaIMK 0OBIYHO TIPEACTaBISIOT cO00i HeGOMbIINE CreHeprpOBaHbie HAGOPDI
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JIAHHBIX, TTAPaMETPBbI OIMCBHIBAIOTCS BO BCE ITOJHOTE, YTO 0OBIYHO OUeHb YA00HO /151
MOHUMAHUS TOTO, KaK UCTI0JIb30BATh PAa3INdHble (DYHKITUN.

Q Python for Data Analysis' (http://bit.ly/python-for-data-analysis). B krure, HarcanHoI
Yacom MakKiHHHM, yriaybIeHHO PacCMaTPUBAIOTCSI MHCTPYMEHTBI JIJIst PAGOTHI ¢ Bpe-
MEHHBIMU PsiIaMi, 0OeCTIeUUBIITIE €r0 Kak (DMHAHCOBOTO aHATUTHKA CPEICTBAMU
K CyIIeCTBOBaHMIO. B KHUTE TaksKe ITPUBEICHO MHOKECTBO NHTEPECHBIX ITPUMEPOB
npumeHeHus Python st mosryuerust mosiesHoil nHGOPMAIIUU U3 PeaybHbIX HabOPOB
nannbix. He 3a6biBaiite, 4o 9T0i1 KHUTE Y7Ke HECKOJIBKO JIET U ¢ TOTO BPEMEHU B TaKe-
te Pandas mostBIIIoch HeMasio HOBBIX BO3SMOJKHOCTEH, He OXBAUEHHBIX €10 (BIIPOYEM,
B 2017 romy® oskuaeTcst HOBOE U3AHIE).

Q O6cyacoenue 6ubnuomexu Pandas na popyme Stack Overflow. Y 6ubniuorexu Pandas
CTOJIBKO II0JIb30BaTe e, 9T 000 BOIIPOC, KOTOPBII TOJIBKO MOKET Y BAC BO3HUK-
HYTb, BEPOATHO, yike Obl 3azan Ha Gopyme Stack Overflow u Ha Hero nosyden or-
ser. [Ipu ncnosnb3oBarnu 6ubnnorexn Pandas Banmmmmu JIydiimiMu Ipy3bsMu CTaHy T
MOUCKOBBIE crcTeMbl. [IpocTo BBeAuTE CBOI BOmpoc, chopmyaupyiite mpobiaemy
uim onOKy, ¢ KOTOPOUH BbI CTOJIKHYJIUCEH, — G0JIee 4eM BEPOSATHO, 4TO BbI Haiijiere
pelenue Ha oHON 13 cTpanuil caiita Stack Overflow.

Q bubnuomexa Pandas na caiime PyVideo (http://pyvideo.org/tag/pandas/). Muorue dhopy-
Mbl, HaunHast ot PyCon, SciPy u 1o PyData, Bbinryckajiy pyKOBOACTBA OT pa3pabor-
YUKOB U OMBITHBIX TT0Jb30BaTes el 6ubanorexn Pandas. TTpesenTtaTopsl, cospaoniye
pykosojictBa PyCon, nanbosiee onbITHbIE U TIPOGHECCUOHATBHDIE.

Ha[[eIOCb, 4YTO C 9TUMH UCTOYHMKaMM I/IH(l)OpMaI_[I/II/I B COUYETaHUU C HO]Iy‘leHHOfI B JIAaHHOM
IJ1aBe ]IeMOHCTpaHI/Iefl BO3MOKHOCTEN BbI 6}7[[8Te TOTOBBI CIIPAaBUTHCS C ITOMOIIbIO 6u-
6nmotexu Pandas ¢ mo6oii 3ajlaueil 1mo AHAJIN3y MaHHbIX, KaKasa BaM TOJIbKO BCTpeTI/ITCH!

U Maxxunnu Y. Python n ananus gannpix. — M.: IMK-IIpecc, 2015. — 482 c.

2 Tlo npenBapuTeIbHBIM JAHHBIM, OHA OJDKHA BbINTH 25 aBrycta 2017 roga. B macrosiiee Bpemst
(espasb 2017 roma) Ha caiite usnateabctBa O'Reilly moctynHa npeaBapurebHast Bepcust
B BHJIE 9JIEKTPOHHOI KHUTHL.



Bnsyanusauusa ¢ noMoLblo
6ubnmnotekn Matplotlib

Matplotlib — mynprumiardopmeHtast 6ubanoTeKA IS BU3yaIM3allul JaHHBIX, OCHO-
BaHHast Ha MaccuBax Oubsmoreku NumPy u cripoeKTHpoBaHHast B pacuere Ha paboTy
¢ obmupubIM crekoM SciPy. Ona Oblia 3agymana /sxonom Xautepom B 2002 roxy
U M3HAYAJIbHO IpeacTaBiiaia coboii maty k obosouke IPython, npegnasnayenHbrii
JUIST peasin3aliii BO3MOKHOCTH MHTEPAKTUBHOTO MOCTPOEHUST C TIOMOIIBIO YTUJIUTHI
gnuplot rpadpuros B crure MATLAB u3 komauaHoii crpoku IPython. Cospatens o6o-
souku IPython @epuanzo Ilepec B 9T0T MOMEHT ObLI 3aHAT 3aBEPIIEHUEM HAIIMCAHUS
Jccepraiuu, on coobim J:Komy, 4ro B GJMKaiilie HeCKOJbKO MECSIIEB Y HEro He
OyJeT BpeMeH! Ha aHa/IU3 raTdya. XaHTep HPUHSJ 9TO Kak 6J1arocjoBeHIe Ha CaMOCTO-
SITEJBHYIO0 pa3paboTKy — Tak poauscs maker Matplotlib, Bepcust 0.1 koToporo 6bLia
Boinyitena B 2003 roxy. HCTUTYT nccieloBanrii KOCMOCA ¢ TTIOMOIIBIO KOCMUYECKOT0O
teneckona (Space Telescope Science Institute, 3aHuMaOIINIICS yIIPaBIEHUEM TeJle-
ckomoM «Xab06i1») huHaHCOBO Mozepskal paspaboTky nakera Matplotlib u obecrieun
pacIiupeHre ero BO3MOKHOCTEH, n30paB B KauecTBe MakeTa it (GOpMUPOBAHUS Ipa-
(buuecknx nu300paKeHmil.

Opna u3 BaxkHeH X Bo3aMokHOCTeH makera Matplotlib — xopomiast coBmecTrMocTh
€ MHOKECTBOM OII€PAIMOHHBIX CHCTEM 1 TpauIecKuX MPUKIaAHbIX yacreil. Matplotlib
MO/IEPIKUBACT IECATKU MPUKJIAJHBIX YaCTel W TUTIOB BBIBOJIA, & 3HAUUT, MOKHO TT0JIa-
raThCst Ha HETO HE3aBUCUMO OT MCITO/Ib3YEeMOI ONepPallmOHHON CUCTEMBI T TPpeOyeMOoro
dopmara BoiBozia. Camas cuiibHast cropoHa nakera Matplotlib — kpocc-ardopmerHbiil
MO/IXOJI TUTIA «BCE JIJIsT BCEX», KOTOPBIH MPUBEJ K POCTY TI0Jb30BaTENEH, 4TO, B CBOIO
ouYepeiib, CTAIO TPUYIHON TTOSIBJICHYST GOJIBIITOTO YHCTa AKTUBHBIX Pa3pabOTUNKOB, YBe-
JIMYEHUST BO3MOKHOCTEH HHCTpyMeHTOB makera Matplotlib 1 ero pacripocrpaneHHOCTH
B MUPE HAYYHBIX BbIYMCAEHUIT Ha A3bike Python.

B nocsieave toziet naTepdeiic u ctuib oubmorekn Matplotlib Hauann HeckombKO yeTa-
peBatb. Ha (hore HOBBIX yTuUimT, TaKUX Kak ggplot u ggvis B st3bike R, a Takske HAOOPOB
BeO-MHCTPYMEHTOB BU3YaJIM3aIiI, OCHOBaHHBIX Ha xoJctax D3js 1 HTMLS, ona kaskercst
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HEYKJIIO)KeN 1 cTapoMOAHOMN. Tem He MeHee, 5 ToJaraio, HeJib3si UTHOPUPOBATh BO3MOK-
Hoctu 6ubmorexu Matplotlib — HazgexkHOTO Kpocc-TIaThopMeHHOro rpahyeckoro Me-
xanusma. Ceeskne Bepcrn Matplotlib yrporiaror HacTpoiiky HOBBIX IIOGATBHBIX CTHJIEN
BbIBOJa rpaduku (cM. paszern «IlombsoBaresbekre HacTpoiiku Matplotlib: kouduryparmmn
1 TabJIILIBI CTUJIEI» JaHHOM T1aBbl ). PaspabaThIBaloTCs HOBbIE AKETDI, IIPeiHa3HAYeHHbIE
JUIst paboThI ¢ Hell uepes Gosiee coBpeMenHbie 1 «uncTbie» API, marnpumep Seaborn (em. pas-
nen «Busyanusanus ¢ momoripto oubiaorekn Seaborns atoii rassr), ggplot (http://yhat.
github.io/ggplot), HoloViews (http://holoviews.org/), Altair (http://altair-viz.github.io/) 1 naxe
camy 6ubsmorexy Pandas MoskHO rcIosib3oBath B KayecTse aganrepos mjist APT Matplotlib.
OjiHaKO Jaske TIPU HAJIMYUH TOJI00HBIX a/IAlITEPOB TIOJE3HO PasodPaThCsl B CHHTAKCUCE
Matplotlib s HacTpoiiku BeiBoa uroroBoro rpacduka. Vcexozst us aToro, st CYUTAIO, YTO
cama 6ubmoreka Matplotlib ocTaertcs skM3HeHHO BasKHOM YacThIO CTEKA BU3YATN3AIIN
JIAHHBIX, /IaJKe €CJIM HOBbIE MHCTPYMEHTBI TIPUBOJIAT K TOMY, 4TO COOOIIECTBO MOJIb30BaTe-
JIeii TOCTENeHHO OTXOANT OT HEHOCPeACTBEHHOTo ncnoabsosanus API Matplotlib.

O6wwme coBeThl No 6ubnMoTeke Matplotlib

[Ipeskie YeM TOTPY3UTHCS B MOAPOOHOCTH CO3MAHNS BU3YATU3AIUH ¢ TOMOIIHIO
Matplotlib, pacckasky HECKOIBKO MOJIE3HBIX BEIIEH TIPO ATOT MAKET.

NmnopTt matplotlib

AHalOrM4YHO TOMY, KaK Mbl UCIIOJb30BAIN COKpalenue np a1 6ubianorexu NumPy
u cokparienue pd as ouborekn Pandas, Mbl OyeM IPUMEHATH CTaHapPTHBIE COKPa-
eHus A1 uMIopros 6ubinorexu Matplotlib:

In[1]: import matplotlib as mpl
import matplotlib.pyplot as plt

Yamte Bcero Mbl OyieM UCIIOIb30BaTh HHTepdeiic plt.

HacTpolika ctunen

JL71st BBIOOPA TIOXOSIINX CTHIEH /IS HATTUX TPAPUKOB MbI Oy/IEM IPHUMEHSITE TUPEKTH-
By plt.style. B ciemyionieM pparmente Kojia Mbl 3a/IaeM IUPEKTUBY classic, KOTopas
obecIieunT B coslaBaeMbIX HaMu rpadprKax Kjiacciuaeckuii cruib oubanorexu Matplotlib:

In[2]: plt.style.use('classic')

B zanHoMm pasgesie Mbl OyzieM HacTpauBaTh 9TOT CTUJIb 110 Mepe HeobxoaumocTu. O6-
parure BHUMaHue, 4TO TabJAUIbI CTUJIEl ToALepKUBaIOTCs Bepcueil 1.5 6ubanore-
ku Matplotlib. B 60siee paHHUX BepCUSX TOCTYNEH TOJBKO CTUJIb 110 YMOJTYAHUIO.
JanpHeiinryio wHGopMaluio o Tabimnax cruieil cM. B pasjese «Ilob3oBaTenbckue
Hactpoiikun Matplotlib: konduryparun u Tabauipl cTueii» aToil TIaBbI.
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Ncnonb3oBaTb show()
NN He UCNonb30BaTh? Kak oTobpaxkaTb cBOM rpadunkm

Busyasusanusi, KOTOPYIo He BUIHO, 0COOOH TTOJIh3BI He HECET, HO TO, B KAKOM BUJIE BBI
yeuaure rpaduku 6ubanorexn Matplotlib, saBucut or konTexcra. imeercst Tpu Bo3-
MOJKHBIX KOHTEKCTA:

Q wucnosbzoBarre Matplotlib B crienapun;
Q B tepmunaie obomoukn [Python;

Q B 6aokHoTe IPython.

MNocTpoeHue rpadmkoB U3 cueHapus

DOyuknus plt.show()0Oyaer mosesna npu ucmnoab3oannn 6ubamorexu Matplotlib
usnytpu ciienapust. OHa 3ammycKaeT MUK OKUAAHIS COOBITHS, UTIET BCE AaKTHBHbBIE
B HACTOSIIIIIT MOMEHT 0OBEKTHI TPAGUKOB 1 OTKPBIBAET OJIHO W HECKOJIBKO MHTEPaK-
TUBHBIX OKOH JJIsl 0ToOpaskeHust Baiero rpaduka (rpaguxos).

[omyctm, y Bac mmeetcs daiis myplot. py, copepskaiiuii ciaemyroniee:

#o------- dann: myplot.py ------
import matplotlib.pyplot as plt
import numpy as np

x = np.linspace(0, 10, 100)

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

plt.show()

[lasiee MOXKHO 3aIyCTUTD 3TOT CIIEHAPUH M3 KOMAHJIHOM CTPOKH, YTO MMPUBEIET K OT-
KPBITHIO OKHA C BAIlTUM TPauKOM:

$ python myplot.py

Komanja plt.show() BBIIOJIHSET <0/ KAIIOTOM» MHOTO pa3Hoil paboThl, TaKk Kak eil
HEOOXOUMO B3aMMO/IeHCTBOBATH C MHTEPAKTUBHON rpadunyecKoil IIpUKIaHON YacThio
Bareil cuctembl. /letanm aToil orepanuu pa3inyanTcs B 3aBUCMOCTH OT OTIePAIOH-
HOH CHCTeMbI ¥ KOHKPETHOH Bepeun, Ho Gubsmorexa Matplotlib nemaer Bce Bosmosxkmoe,
4TOOBI CKPBITH OT BAC 3TH JIETAJIH.

OpHO BajkHOE 3aMedaHue: KOMaHLy plt.show() cieayer UCIoIb30BaTh TOIBKO 00U Pas3
3a cearc pabotsl ¢ Python, u yaiie Bcero ee MOJKHO YBUIETh B CAMOM KOHIIE CIIEHAPHSL.
BoimonHene HeCKOTBKUX KOMAH/] show() MOXET MPUBECTU K HEIMIPeCKa3yeMOMY TI0-
BEJEHUIO B 3aBUCUMOCTH OT IPUKJIAAHON YaCTH, TaK YTO Jy4lle u3berats 9TOro.
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MocTpoeHue rpadpmkoB U3 koMaHAHoM o6onoukm IPython

Ouenb yno6HO ucnosbzosath Matplotlib nHTepakTHBHO M3 KOMaHAHOI 000JI0YKM
IPython (cm. rmasy 1). O6onouka IPython Gyger ormuno paboratsh ¢ 6ubINOTEKOM
Matplotlib, ecsin mepesectu ee B peskum Matplotlib. [{ns aktuBusaiimu sToro pesknma
rocJie 3arycka IPython MOKHO BOCTIONB30BATHCS «MarHIecKoil» KOMaHA0u %matplotlib:

In [1]: %matplotlib
Using matplotlib backend: TkAgg

In [2]: import matplotlib.pyplot as plt

[Tocae mobas koManja plot NpUBEIET K OTKPLITUIO OKHA TpaduKa ¢ BO3MOKHOCTHIO
BBIIIOJIHEHUS JaJbHENRIINX KOMAH/ s ero u3MeHenus. Hexkoropsle nsmenenus (Ha-
npuMep, MOAN(pUKAIMA CBONCTB yKe HAPMCOBAHHBIX JIMHWH ) He Gy/IyT OTPUCOBBIBATHCS
aBTOMaTnyeckn. Ytobbl JOOGUTHCA HTOTO, BOCHOIb3yHTECh KOMaHA0M plt.draw(). Bor-
MOJTHATH KOMaHy plt.show() B pexkume Matplotlib He obsizarenbHo.

MNocTpoeHune rpadukos n3 6nokHoTta IPython

Baoknot IPython — GpaysepHblil MHTEPAaKTUBHBINA MHCTPYMEHT [JIsl aHAJI3a JaHHbIX,
JIOITYCKAIOIUI COBMEITeHe KOMMEHTapueB, Ko/a, rpacduku, anementoB HTML u mHo-
TOTO JIPYTOTO B €IMHBIN MUCTIOTHAEMBIN TOKYMEHT (cM. T1aBy 1).

MurepaktusHoe 1mocrpoenne rpadgukos B 610knore [Python Bosmosxkio ¢ momomusbio
KoMaH/Ibl %matplotlib, pabGoTaeT aHasornuHo KoMaHHOU o6osouke IPython. B 6iok-
Hote [Python y Bac OsIBJIsIETCST BO3MOKHOCTD BKJIIOUEHUSI TPAUKK HETIOCPEICTBEHHO
B OJIOKHOT C IByMsI BOSMOKHBIMU aJIbTePHATHBAMU:

O wucHosb3oBaHue KOMaH/bl Zmatplotlib notebook mmpuBeneT K BKIIOYEHUIO B OJIOKHOT
unmepaxmueHvlx TpahuKos;

O BbBIIOJTHEHWE KOMaH/Abl %matplotlib inline npuUBeAET K BKIIOYEHUIO B OJIOKHOT
CTaTHYeCKUX 300pakenuii rpauKos.
B kmure MBI Gy/eM HCOTB30BAaTh KOMAHIY %matplotlib inline:

In[3]: %matplotlib inline

I[Tocsie BBITTOMHEHNS HTOH KOMAHABI (KOTOPOE HYKHO MPOU3BECTH TOJIBKO OJMH Pa3 3a
ceaHc/ st ofHOTO siapa Python) Bee cospatonue rpaduku 610ku B 6JI0KHOTE Gy IyT
Bratouath PNG-usobpaskerust utorosoro rpaduka (puc. 4.1):

In[4]: import numpy as np
X = np.linspace(0, 10, 100)

fig = plt.figure()
plt.plot(x, np.sin(x), '-")
plt.plot(x, np.cos(x), '--');
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-1.0

Puc. 4.1. MpocTenwmin npumep NocTpoeHuns rpadukos

CoxpaHeHne pUCYHKOB B haii

VMeHue CoXpaHATh PUCYHKHU B (haii/ibl pasiaudHbIX (hOPMATOB — OHA M3 BO3MOKHOCTEN
6ubmorexn Matplotlib. Hanpumep, coxpanuts npeabiayiuil pucynok B ¢aiti PNG
MOZKHO C IIOMOIIbIO KOMaH/Ibl savefig():

In[5]: fig.savefig('my_figure.png")

B rexyiem paGouem KaTtasore mosiBuics (ailsi ¢ HasanueM my_figure.png:
In[6]: !1s -1h my_figure.png

-rw-r--r-- 1 jakevdp staff 16K Aug 1110:59 my_figure.png

Yro6bl yOeUThCsI, 9TO COAEPIKUMOE HTOTO (haiijia COOTBETCTBYET HANIUM OXKHUIIAHWSIM,
BOCTIOJIB3yeMcst 06bekTOM Image obomouky IPython st oro6paskemust ero comepsKu-
Moro (puc. 4.2):

In[7]: from IPython.display import Image
Image('my_figure.png')

1.0

0.5}

0.0

-0.5¢

-1.0

Puc. 4.2. MNpoctoit rpacuk B Buae PNG
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Komanpna savefig() onpenensier hopmat aiisia, UCX0/s1 U3 PaCIIUPEHUS 33/JaHHOTO
nMenn daitna. B 3aBucuMocT OT yCTaHOBJIEHHON B Balllel cucTeMe MTPUKJIAHON YacTh
MOJKET TTOIEPKUBATHCSI MHOKECTBO PA3TUYHBIX (hOpMaToB (aitoB. BeiBecT crimcok
nojiiepskuBaeMbix (hopmMaToB (hailjioB /sl Ballleil CUCTEMbBI BbI MOKETE C TOMOIIBIO
CJIEYIOIIETo MeToa 0OBhEKTa canvas PUCYHKA:

In[8]: fig.canvas.get_supported_filetypes()

Out[8]: {'eps': 'Encapsulated Postscript’,
'jpeg': 'Joint Photographic Experts Group',
'jpg': 'Joint Photographic Experts Group',
'pdf': 'Portable Document Format',
'pgf': 'PGF code for LaTeX',
'png': 'Portable Network Graphics',
'ps': 'Postscript’,
'raw': 'Raw RGBA bitmap',
'rgba': 'Raw RGBA bitmap',
'svg': 'Scalable Vector Graphics',
'svgz': 'Scalable Vector Graphics',
'tif': 'Tagged Image File Format',
'tiff': 'Tagged Image File Format'}

O6parute BHUMAHKE, YTO MPHU COXPAHEHUN PUCYHKA He 00s43aTeJbHO MCIOIb30BaTh
KOMaHIy plt.show() WIK IpyTrie KOMAHABI, 0OCYKAABIINECS PaHee.

[Ba nHTepdenca no LeHe 0aHOro

Ba unrepdeiica 6Gubanorexu Matplotlib (yzobusiit MATLAB-101061b1i nunTepdeiic,
OCHOBAHHBIH Ha COXPAHEHUN COCTOSHIS, W 0OJAAIONUH GOTBITNMI BOBMOKHOCTSIMI
00BEKTHO-OPUEHTUPOBAHHBII HHTEP(ENC) — CBOMCTBO, KOTOPOE MOTEHIMAIBHO MOKET
MPUBECTH K ITyTaHUIle. PaccMOTpUM BKpaTIle Pa3jinydns MeK/y HUMMA.

NHTepdeic B ctune MATLAB

Bubmoreka Matplotlib nusnauanbro OblIa HamrcaHa KaK aJbTePHATUBHBIN BapUAHT
(na sizbike Python) must mosbsosareseii makera MATLAB, u sHauuTeIbHAS YacTh ee
cuHTakcuca orpaxkaer s1oT dpakT. MATLAB-1momzo6Hble HHCTPYMEHTBI COLEPIKATCS
B uHTepdeiice pyplot (plt). Hampumep, ciaemyroninii Ko, BEPOSITHO, BBITJISIUT JI0-
BOJIbHO 3HAKOMO 1tosib3oBaresism MATLAB (puc. 4.3):

In[9]: plt.figure() # Co3pgaem pucyHoK Ans rpaduka
# Co3paem nepByk M3 ABYX obnacTeil rpaguka v 3ajaem Tekylyw oCb

plt.subplot(2, 1, 1) # (rows, columns, panel number)
plt.plot(x, np.sin(x))
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# Co3pgaem BTOpyw 06nacTb U 3ajaeM TeKyllyw OCb
plt.subplot(2, 1, 2)
plt.plot(x, np.cos(x));

BaskHo oTMeTHTD, 4TO 5TOT HHTEPdEC coxparnsem cocmosnue: OH OTCIEKUBACT TEKYIIUI
PUCYHOK M €r0 OCH KOODAMHAT U JIJI1 HETO BBIMOJHAET Bce KOManabl plt. ITomyunTs
Ha HUX CCBUIKH MOJKHO C ITOMOIIBIO0 KOMaH/ plt.gcf() (ot anri. get current figure —
<IIOJIYYUTDb TEKYIIUN pUCYHOK») 1 plt.gca() (orT auri. get current axes — «IIOJIy4UTb
TEKYIIHe OCH KOOPJUHAT» ).
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Puc. 4.3. Cybrpacukm, co3gaHHble ¢ nomoLybto MATLAB-nofo6Horo nHTepdeiica

XoTs B cirydae mpoCcThix TpahuKoB 9TOT HHTEPdENC ¢ COXpAHEHNEM COCTOSTHUST OBICTP
u ymoOeH, ero NCmob30BaHNe MOKET TPUBECTH K pobaeMam. Hampumep, Kak mocse
CO3/IAHMUST BTOPOH 06JIaCTH PUCYHKA BEPHYTHCS B EPBYIO U TOOABUTH YTO-THO0 B HEH.
Cuenarb 510 B MATLAB-110106HOM nHTEpdEiice MOKHO, HO JOBOJBHO TPOMO3IKUM
criocobom. CyIecTByeT JIyUIiinii BADHAHT.

O6bEeKTHO-OPUEHTUPOBAHHBIN MHTEPdENC

O06BEKTHO-OPUEHTUPOBAHHBIN HHTEPdEC TOAXOAUT st GoJiee CIOKHBIX CUTYAIU,
Kor/a Bam Tpebyercst GoJIblie BO3MOKHOCTEN YITpaBJIeH sl PUCYHKOM. B 00beKTHO-0pH-
EHTUPOBAHHOM nHTep(delice (HYHKIMY PUCOBAHUS He MTOJIATAIOTCS HA TIOHSTHE TEKYIIErO
PHUCYHKA WJIK OCEil, a SIBJISTIOTCS Memodamiu SSBHBIM 00PasoM OIPEIETSIEMbIX 00bEKTOB
Figure u Axes. UT0OBI IIepEPUCOBATH TPEABIYIIHIT PUCYHOK C €r0 MOMOIIBI0, MOKHO
cenath caenymoiiee (puc. 4.4):

In[10]: # CHavyana co3paem ceTky rpapukos
# ax byneT MaccMBOM W3 ABYX 06beKTOB Axes
fig, ax = plt.subplots(2)

# Bbi3biBaem mMeTos plot() cooTBeTcTBYyKWero obbekTa
ax[0].plot(x, np.sin(x))
ax[1].plot(x, np.cos(x));
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Puc. 4.4. Cybrpaduku, co3gaHHble C MOMOLLbO
06bEKTHO-OPUEHTUPOBAHHOMO UHTEPdElica

B cayuae 6osiee pocThix rpauKoB BHIGOP MHTEP(Eiica B OCHOBHOM BOIIPOC JIMYHBIX
MIPEIIIOYTEH I, HO TT0 MEpPe YCIOKHEHUs TPaUKOB 06BEKTHO-OPHEHTHPOBAHHBIH MOJI-
XOJI CTAHOBUTCST HEOOXOAUMOCTRIO. B aT0i riiaBe MBI Gy/IeM TEpEeKTIOUaThCsT MEKITY
MATLAB-110/106HbIM 1 0OBEKTHO-OPUEHTUPOBAHHBIM HHTEP(MENCaMI B 3aBUCMOCTH
OT TOTO, KaKOH 13 HUX Y06 Hee JIst KOHKPETHOH 3a/1aurt. B GOJIBIINHCTBE CITy4acB B KOJIE
[IPUXO/IUTCS BCETO JIMIIb 3aMEeHKUTD plt.plot() Ha ax.plot() u He Hosiee TOro, HO €CTh He-
CKOJIBKO HIOAHCOB, Ha KOTOPBIE MBI OyjieM 06paliath BHUMAHUE B CIEYIONINX Pasjesiax.

MpocTble NNMHENHbIE rpadunKu

BeposTho, ipocreiitnm 13 Beex TpaUKOB SIBISIETCS BU3yaTu3alus oT/1eTbHOM (DyHK-
un y = f(x). B aT0OM pasjiesie Mbl PACCMOTPUM CO3/IaHKE TIPOCTOTO TpahhKa TAKOTO THITA,
Kax u B0 Beex ciieyIomumx pasjesiax, HA4HeM ¢ HAaCTPOUKH GJIOKHOTA JIJIsT TIOCTPOEHUS
rpaduKOB ¥ UMITOpTa (DYHKIHIL, KOTOPbIE OYIEeM UCTTOIB30BaTh:

In[1]: %matplotlib inline
import matplotlib.pyplot as plt
plt.style.use('seaborn-whitegrid")
import numpy as np

Bo Beex rpadukax Matplotlib Mbr HaunHaem ¢ co3aHust pUCYHKA U CUCTEMbI KOOP/IMHAT.
B mpocteiitem ciydae puCyHOK ¥ CHCTEMY KOOPAMHAT MOKHO CO3/IaTh CJAELYIOIIM
o6paszom (puc. 4.5):

In[2]: fig = plt.figure()
ax = plt.axes()

B 6ubmorexe Matplotlib MoxHO pacecMaTpuBaTh pucynox (9K3eMILILp Kiacca plt.Fi-
gure) Kak eJIMHBII KOHTEHHED, COMEPKAINN Bce 0OBEKTHI, TIPEACTABIISIIONIHE CUCTEMY
KoopauHart, rpaduky, TekcT 1 MeTku. CrcremMa KoopanHaT (OHA JKe — 0cU K0opou-
Ham, 9K3eMILIAPBI K1acca plt.Axes) — TO, YTO BBl BUIUTE BBIIIE: OrPAHUYNBAIOIIHIT
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MPSIMOYTOJIBHUK C JIEJIEHUSIMU 1 METKaMHE, B KOTOPOM TTOTOM OY/IyT HAXOJAUTHCST COCTAB-
JISTIOTITHE HAIITY BU3YAJIU3AIMIO 31eMeHThI Tpaduka. B aToit kHure Mbl Gy/1eM HCTIOJIB30-
BaTh UM [lepeMeHHOH fig /7151 9K3eMIlIsIpa PUCYHKA U ax JJIs1 9K3eMILJISIPOB CUCTEMbI
KOOPAMHAT WJIN TPYIIIBI 9K3EMILIAPOB CUCTEM KOOPANHAT.

1.0
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0.6

0.4

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0

Puc. 4.5. Nycras cucremMa KoopaMHAT C KOOPANMHATHLIMU OCAMU

[Tocre co3manms oceit MOKHO IPUMEHUTH (DYHKIIMIO ax . plot it TocTpoeHus rpaduka
nanubix. Haunewm ¢ mpoctoii cunyconsbt (puc. 4.6):

In[3]: fig = plt.figure()
ax = plt.axes()

x = np.linspace(@, 10, 1000)
ax.plot(x, np.sin(x));

1.0
0.5

0.0

0 2 4 6 8 10
Puc. 4.6. Npoctas cuHyconaa
Mpbl MoT/Ti GBI BOCTIOJIb30BaThCs U MHTEP(EcoM pylab, IpH 5TOM PUCYHOK W CH-
cTeMa KOOpAMHAT ObLau Obl co3aHbl B GOHOBOM peskume (puc. 4.7, cM. pasgen «/IBa

urTepdeiica Mo 1eHe 0J[HOTO» AAHHOI IIABBI, B KOTOPOM OGCYIKIAIOTCS HTH IBA WH-
Tepdetica):

In[4]: plt.plot(x, np.sin(x));
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Puc. 4.7. MNocTpoeHue rpadvka NpocTo CHYcouzabl C MOMOLLbIO
06bEKTHO-OPUEHTUPOBAHHOTO NHTEpdelica

Ecau Hy:KHO cO3/1aTh TPOCTO# PUCYHOK C HECKOJBKUMU JIMHUSIMU, MOKHO BbI3BATh
¢ynakmmio plot Heckoabko pa3 (puc. 4.8):

In[5]: plt.plot(x, np.sin(x))
plt.plot(x, np.cos(x));
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Puc. 4.8. PvicyeM HECKOJbKO JIMHWMI

Bor u Bce, 4TO KacaeTcss MOCTPOEHUsT rPaUKOB MPOCTHIX (HYHKIWE B 6Gubanoreke
Matplotlib! Temneps yriybumcst B HeKOTOpbIe MOAPOOGHOCTH yIIPABJIEHIS BHEITHUM
BUJIOM OCEU M JIMHU.

HacTtpoika rpacduka: UBeTa u CTUIN NTNHUI

[TepBoe, 9TO BBI MOKETE 3aXOTETD C/IEJATH ¢ TPAUKOM, — HAYIUTBCS YITPABJISATH IIBETAMU
u crwisimu Juauid, Oy plt.plot TPUHUMAET TOTOJTHUTENBHBIE APTYMEHTDI, KO-
TOPBIMU MOKHO BOCTIOJIb30BAThCS JIJIST 9TOH 11estH. [I71s1 HacTPONKY 11BeTa NCIOJIb3yHTe
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KJTIOUEBOE CJIOBO color, KOTOPOMY CTAaBUTCS B COOTBETCTBUE CTPOKOBBIN apTyMeHT, 3a-
JAIOLINHI IPaKTHYeCKH JI000ii LIBeT. 3a7aTh [BET MOKHO pasHbIMU criocobamu (puc. 4.9):

In[6]:

plt.plot(x,
plt.plot(x,
plt.plot(x,

plt.plot(x,

plt.plot(x,
plt.plot(x,

np.
np.
np.

np.

np.
np.

1

.0

0.5

0.0

-0.5

-1

/

.0
0

XN

2 4 6 8 10

Puc. 4.9. YnpaBneHvie LIBETOM 3/1EMEHTOB rpacduka

sin(x
sin(x
sin(x

sin(x

sin(x
sin(x

- 0):
- 1):
- 2):

- 3):

- 4))
- 5))

color="blue") # 3apaem UBeT MO Ha3BaHUK
color="g") # KpaTkuit kop useTta (rgbcmyk)
color="0.75") # llkana OTTEHKOB ceporo uBeTa,
# 3HadeHuA B AmanasoHe oT © go 1
color="#FFDD44") # 16-puyHbIN KOA
# (RRGGBB oT 00 go FF)
color=(1.0,0.2,0.3)) # KopTex RGB, 3HayeHus @ u 1

color="chartreuse'); # lMogaepxMBawTCA BCe Ha3BaHuWA
# uBeToB HTML

Ecau user e sagan, 6ubimnorexa Matplotlib 6yner aBromatnuecku nepebupars mo
MUKy HaGOP IIBETOB 10 YMOJIYAHUIO TPY HAMYUK Ha rpadKe HECKOJIbKUX JTUHU.

CTuap JUHAN MOYKHO HacTpauBaTh U C IIOMOIIBIO KJIIOUYEBOrO cJjoBa linestyle

(puc. 4.10):

1
1
1

1
1

8
6
4
2
0

O N b OO

2 4 6 8 10

Puc. 4.10. MNMpuMepbl pasnnyHbIX CTUEN NUHWIA
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In[7]: plt.plot(x,
plt.plot(x,
plt.plot(x,
plt.plot(x,

0, linestyle='solid')
1, linestyle='dashed")
2, linestyle='dashdot")
3, linestyle='dotted');

X X X X
+ o+ + +

# MOXHO MCNonb30BaTb W Cleaylline COKpaleHHble KoAbl:
plt.plot(x, x + 4, linestyle="-"') CMJIOWHAA NUHUA
plt.plot(x, x + 5, linestyle='--") # wTpuxoBas nuHUSA
plt.plot(x, x + 6, linestyle='-.") # WTPUXNYHKTUPHAA NUHMA
plt.plot(x, + 7, linestyle=':"); NYHKTUPHAA NUHUA

X X X
H H HH

Ecuu BbI IpesiounTaete MaKCUMATBLHO CHKATHII CHHTAKCHUC, MOYKHO OOBE/IMHUTD 33/[aHIe
KOJIOB linestyle 1 color B O/IHOM HEKJIIOUEBOM aprymMenTe (pyHkimu plt.plot (puc. 4.11):

In[8]: plt.plot(x, x + @, '-g') # cnnowHas NUHWA 3eNeHOro uBeTa
plt.plot(x, x + 1, '--c') # wTpuxoBaa nuHMA ronyboro ugeTa
plt.plot(x, x + 2, '-.k') # WTPUXNYHKTUPHAA /SIMHUA YepHOro uBeTa
plt.plot(x, x + 3, ':r'); # NyHKTUPHaA SIMHWA KpacCHOro LBeTa
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4 s
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0
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Puc. 4.11. CoKpalLeHHbIN CUHTAKCUC ANS YNpaB/ieHus LBETaMU U CTUNSIMU

ITHU OIHOCUMBOJIbHBIE KOJIbI IIBETOB OTPAXKAIOT CTAHAAPTHBIE COKPAIIEHUSI, TIPUHSThIE
B IITUPOKO MUCIIOJIb3YEMBIX 7151 TPOBOIA IBETHOM rpacduku 11BeTOBbIX Mojiesisix RGB
(Red/Green/Blue — «kpacHbiii/3esenbiii/cunnii» ) 1 CMYK (Cyan/Magenta/Yellow/
blacK — «rosy6oii /iy pirypHbIii /5KeIThlil /9ePHBIIT» ).

CyliecTByeT MHOKECTBO JIPYTHX KJOUEBBIX APIYMEHTOB, TI03BOJISIFOIIX BBITIOJHSITH O0JIee
TOHKYIO HACTPOWKY BHEIHETO BU/a Tpacduka. UToObl y3HATE H0JIbITE, PEKOMEHIYIO TOCMO-
Tpeth docstring hyHKIMU plt.plot() ¢ MOMOIIBIO CIIPABOYHBIX MHCTPYMEHTOB 000JIOYKH
IPython (cm. pasnen «CripaBka u lokymenTarust B obosiouke Pythons riassr 1).

Hactpoiika rpadvka: npeaenbl ocev KoopavHaT

Bub6nuorexa Matplotlib mocraTouno xopomio nogbupaer mpegesbl 0ceil KOOPAU-
HaT 110 YMOJIYaHKI0, HO UHOTAA Tpebyercs Gojiee TouHas HacTpoiika. IIpocreiimii
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c10co6 HACTPOMKH IIPEJIEJIOB 0Ceil KOOPAUHAT — MeTO/bl plt.x1im() u plt.ylim()
(puc. 4.12):

In[9]: plt.plot(x, np.sin(x))

plt.xlim(-1, 11)
plt.ylim(-1.5, 1.5);
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Puc. 4.12. MpuMep 3afiaHns Npeaenos ocei KoopanHaT

Ecmm Bam HY3KHO, 4TOGBI 0CH 0TOOPaKaINCh 3ePKANbHO, MOKHO YKa3aTh apryMEHTBI
B oOparHOM mopsake (puc. 4.13):

In[10]: plt.plot(x, np.sin(x))

plt.xlim(10, ©)
plt.ylim(1.2, -1.2);
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Puc. 4.13. MNpumep 3epkanbHoro otobpaxeHusi ocn Y

Y 106HbIi MeTOJI IS 9THX AefcTBUil — plt.axis() (He nepemnyraiite MeTox plt.axis()
¢ MeTozioM plt.axes()!). Merox plt.axis() mpeaocTaBIsieT BO3MOKHOCTD 332/1aBaTh
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ripejiesibl oceir X u Y ¢ TOMOIIBIO OJTHOTO BBI30BA MyTEM TIePelaun CIIHCKA, B KOTOPOM
YKa3bIBAIOTCS [xmin, xmax, ymin, ymax] (puc.4.14):

In[11]: plt.plot(x, np.sin(x))
plt.axis([-1, 11, -1.5, 1.5]);
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Puc. 4.14. 3apaHve npeaenoB ocei KoopanHaT C NoMoLLbo MeToda plt.axis()
Merox plt.axis() ymeer gaxe 0oJblie, IIO3BOJIAS BaM, HAIPUMED, aBTOMATUYECKU
MOJITOHSITh TPAHUIIBI K TeKytieMy rpaduky (puc. 4.15):

In[12]: plt.plot(x, np.sin(x))
plt.axis('tight');
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0
Puc. 4.15. MprMep «KOMMNAKTHOro» rpadvika

C 1IOMOIIBI0 «KOMITAKTHOT0» Ipadika BO3MOKHO YKazaHe crenndukaiuii u eme 60-
Jiee BBICOKOTO ypoBHs. HampuMep, MOXKHO BBIPOBHSITH COOTHOIIIEHIE CTOPOH rpaduka
Tak, 4TOObI Ha BallleM dKpaHe JJIMHA PaBHbIX HpuUpamieHnii mo ocsam X u Y Bhirisgena
onnHAKOBOH (puc. 4.16):

In[13]: plt.plot(x, np.sin(x))
plt.axis('equal');



276 MaBa 4 e Bwusyanusauus c nomowbio 6nbnmnoTekn Matplotlib

0 2 4 6 8 10

Puc. 4.16. MpvMep «paBHOCTOPOHHEro» rpaduka, B KOTOPOM MPUPALLEHNS MO OCSM COOTBETCTBYIOT
BbIXOAHOMY pa3peLleHunio

JomommuTeapuyio HHPOPMAIINIO TI0 TIpejielaM oceil KOOPAMHAT U APYTUM BO3MOYKHO-
cTsAM MeTozia plt.axis() MOJKHO HaliTU B JOKYMEHTAIIMU 110 9TOMY METO/LY.

MeTKkun Ha rpadumkax

B 3aBepienme aToro pasiesra pacCMOTPUM MapKUPOBaHWe TPAMUKOB: HA3BAHMS, METKH
ocell KOOPIWHAT U TIPOCTHIE JIETEHIBI.

HasBauus u MeTKH oceli — mpocteiinmie u3 mogo6HbIX MeTOK. CyIIeCTBYIOT METOIBI,
Ho3BoJIsgoIMe GBICTPO 3a1aTh UX 3HaveHus (puc. 4.17):

In[14]: plt.plot(x, np.sin(x))
plt.title("A Sine Curve") # CuHycouAanbHas Kpuas

plt.xlabel("x")
plt.ylabel("sin(x)");

CuvHyconpanbHas Kpueas
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Puc. 4.17. Mprmep METOK OCEN KOOPAMHAT M Ha3BaHWs rpaduka
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C nomomipio HeobA3aTENBHBIX aPIYMEHTOB (DYHKITHIT MOKHO HACTPAUBATH PACTIONOKE-
HUE, pa3Mep U CTUJIb 9TUX MeTOK. [ToapobHast uHdopMaIus peicTaBieHa B JOKyMeH-
tary 6ubanoreku Matplotlib u B pasgene docstring aus kax o us GyHKINM.

B ciyuae orobpaskeHUs HECKOJIBKUX JIMHUIT B OJHON KOOPAMHATHOI ceTKe y100HO
co3/aTh JieTeH 1y /st rpaduKa, Ha KOTOPOiil Obl OTMeYaJICs KasKAblil TUII JuHuu. B 61-
6amorexe Matplotlib misg GbicTporo cosganus Takoil JlereHbl UMeeTCsl BCTPOEHHbBIN
Mmetoj| plt.legend(). XOTd CyIIECTBYET HECKOJIBKO BO3SMOKHBIX CII0OCOO0B, IIPOIIE BCETO,
KaK MHE KaXXeTCs, 33/I1aTh METKY KaK0H JIMHUU C TTOMOIIBIO KJII0UEBOTO cI0Ba label
$ynxiuu plot (puc. 4.18):
In[15]: plt.plot(x, np.sin(x), '-g', label='sin(x)"')

plt.plot(x, np.cos(x), ':b', label='cos(x)")

plt.axis('equal')

plt.legend();

0 2 4 6 8 10

Puc. 4.18. lNpumep nereHabl rpacdmka

ODyukius plt.legend() OTCAEKUBAECT CTUITh U IIBET JUHUU W yCTAHABJINUBAET X COOT-
BEeTCTBUE C HY:XHOU MeTKol. bosbiie madopmalinm 1o 3azannio n hpopMaTHPOBAHUIO
sieren1 TpadukoB MosKHO Haiith B docstring metoza plt.legend(). Kpome Toro, Mbl
paccMOTPUM HEKOTOPBIE TTPOABUHYTHIE TTapaMeTPHhI 3a/IaHns JereH/1 B paszesie «Ilomb-
30BaTeIbCKIE HACTPONKY JieTeH T Ha rpahuKax» 3TON TJIaBbI.

Hioancsi ucnoabaosanus Matplotlib

Xorst aist GosbiHeTBa GYHKIMN nHTepdeiica plt cOOTBETCTBYIONINE METO/IbI MHTEP-
(eiica ax HocAT Takoe ke HazBaHue (Harnpumep, plt.plot() - ax.plot(), plt.
legend() - ax.legend() uT.1.),9T0 KacaeTcs He BceX KoMaH/I. B vactHOCTH, DyHKIMN
TSI 33JIaHNUST TIPEJIesIOB, METOK U Ha3BaHUil rpahMKOB HA3bIBAIOTCS HECKOJIBKO MHAUe. BoT
crcok cooTBeTcTBUi Mexay MATLAB-mogo6HbIM DYHKITHSAME 1 00HEKTHO-OPHEHTH-
POBAaHHBIM METO/IAMU:
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* plt.xlabel() - ax.set_xlabel();
* plt.ylabel() - ax.set_ylabel();
e plt.x1lim() - ax.set_xlim();

e plt.ylim() - ax.set_ylim();

* plt.title() - ax.set_title().

B 06beKTHO-0pHrEeHTUPOBAaHHOM HHTepdelice HocTpoeHust rpadKOB BMECTO TOTO, 4TOOBI
BBI3bIBATH 9TU (DYHKIIUU 110 OTAEJIBHOCTH, Y00HEE BOCIOIb30BATHCSI METOIOM ax. set (),
4TOObI 33/1aTh 3HAYEHUST BCEX ITHUX IIAPAMETPOB 3a 0jiuH pa3 (puc. 4.19):

In[16]: ax = plt.axes()
ax.plot(x, np.sin(x))
ax.set(xlim=(0, 10), ylim=(-2, 2),
xlabel="x", ylabel="'sin(x)"',
title="A Simple Peot'); # MpocTas auarpamma

MpocTtas guarpamma
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Puc. 4.19. MNpumMep ncnonb3oBaHus Metoda ax.set() ans 3agaHns 3HayeHus
HECKOMbKMX NapaMeTpoB 3a OAVH BbI30B

MpocTble AnarpaMmbl paccesHus

Ete oma yacto uctosib3yemblii THI TPAUKOB — JiMarpaMMBbl PACCETHMS, POJCTBEHHbBIC
JUHEWHBIM TpadrKkaM. B HUX TOUKM He COeIMHIIOTCST OTpe3KaMu JIMHWH, a TIpeJicTaBJIe-
HBI 110 OT/IEIBHOCTH TOYKAMMU, KpyraMu Win apyrumu (purypamu Ha rpaduke. Haunem
€ HACTPOIKM GJIOKHOTA JIUIst TOCTPOEHYSE TPAUKOB U UMITOPTA HYKHBIX HaM (hYHKITHIA:

In[1]: %matplotlib inline
import matplotlib.pyplot as plt
plt.style.use('seaborn-whitegrid")
import numpy as np
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MocTpoeHne avarpamMM paccesiHusl C NOMOLLbIO PYHKLMK
plt.plot
B npempigytiem paszesie Mbl paCCMOTPEJIM TIOCTPOEHNE JTMHEHHBIX rpaduKOB MOCpe/I-

ctBoM (pyHKIUM plt.plot/ax.plot. C ee TOMOIIBIO MOKHO CTPOUTD U JIMATPAMMBbI
paccesinust (puc. 4.20):

In[2]: x = np.linspace(@, 10, 30)
y = np.sin(x)

plt.plot(x, y, 'o', color='black");
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Pwuc. 4.20. lNpumep anarpamMMbl paccesHus

Tpernii aprymMeHT B BBI30Be 3TOW (DYHKIIMN OMUCHIBAET TUI CUMBOJIA, ITPUMEHSIEMOTO
1t Tpacuka. Jlsist yrnpaBiaeHust CTUIeM JMHUN MOKHO MCTI0/Ib30BaTh TaKWe OIINN, KakK
'-'m -~ JI1g cTHIII MapKepa CyLIeCTBYeT CBOM HaOOp KPaTKUX CTPOKOBBIX KOZOB.
[Tobif cClIMCOK MOKHO HAUTHU B IOKYMeHTaInK 1o (pyHkimuu plt.plot nan B OHJIaIH-
nokymenraiuu mo 6ubanoreke Matplotlib. BobuinHCTBO BApHAHTOB UHTYUTUBHO
MTOHSATHBI, MBI TPOZIEMOHCTPUPYEM YaCTO UCTIOJIb3yeMbie (puc. 4.21):

In[3]: rng = np.random.RandomState(0)

for marker in ['o', ".', ',', 'x', 4+, v, Aty ety 'y sty td' ]
plt.plot(rng.rand(5), rng.rand(5), marker,
label="marker="'{0}"'".format(marker))
plt.legend(numpoints=1)
plt.xlim(@, 1.8);
OTHU CUMBOJIBHBIE KOJbI MOKHO HCIIOJIb30BaTh COBMECTHO C KOZaMU JIUMHUI U I[BETOB,
pHUCYsT TOYKHW BMECTe C COeINHSIONIe nx juanei (puc. 4.22):

In[4]: plt.plot(x, y, '-ok'); # nunus (-), mapkep kpyra (o), 4depHbiit uset (k)

C NOMOIIIBIO IOTIOHUTENBHBIX KIIOUEBBIX aPTYMEHTOB (yHKINK plt.plot MOKHO 3a-
JlaBaTh MHOKECTBO CBOWCTB JIMHUI 1 Mapkepos (puc. 4.23):

In[5]: plt.plot(x, y, '-p', color='gray',
markersize=15, linewidth=4,
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markerfacecolor="white',

markeredgecolor="gray"',

markeredgewidth=2)
plt.ylim(-1.2, 1.2);
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Puc. 4.21. [leMOHCTpaumsl pa3nmMyHbIX MapKkepoB
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Puc. 4.22. CoyeTaHue SIMHUI U MapKepoB TOYeK
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Puc. 4.23. NHauBuayanbHas HaCTPOMKa BMAQ IMHUIA U MapKepoB ToYek
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[MomobHast rubrOCTD PyHKIM plt.plot MO3BOJSET UCIOIB30BATD IUPOKUIT IHATTA30H
HacTpoek Busyanusanniu. IlosHoe onrcanne MMeNUXcsl HACTPOEK MOKHO HATH B J10-
KyMmeHTaruu 1o pyukimu plt.plot.

nOCTpOeHVIe AnarpaMm paccedHmnda C rnoMoLlbo

yHKumn plt.scatter

Erne 6ostbiimmu BO3MOSKHOCTSIME 00J1/I€T METOJT TOCTPOEHHSE JINArPAMM PACCESTHIISE C [0~
MOIIBIO (pyHKITH plt. scatter, BO MHOTOM HallOMHUHAIOTIEH (PYHKINIO plt.plot (puc. 4.24):

In[6]: plt.scatter(x, y, marker='o");

OcnosHoe paziuue Mexxay GyHKIMAMU plt.scatter u plt.plot COCTOUT B TOM, UTO
C IIOMOIIIBIO IIEPBOM MOXKHO CO3/jaBaTh JUarpaMMbl PacCesHUs ¢ NHAMBUAYAIbHO 3a/a-
BaeMbIMHU (MJIH BBIOUPAEMBIME B COOTBETCTBUH C JAHHBIMI ) CBOUCTBAMU KQXK/[ON TOUKU
(pa3mep, IIBET 3aJIMBKH, I[BET PAMKU U T. ]I.).
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Puc. 4.24. MNMpocTtasa anarpamMma paccesHus

[TponemoncTpupyeM aT0, CO3/IaB CJAYYANHYIO TUArPAMMY paccesdaHusd ¢ TOYKaMU Pas-
JINYHBIX TIBETOB ¥ pazMepoB. UToObl JydIiie BUICTh TIEPEKPHIBAIONIMECS PE3YIbTAThI,

BOCIIOJIb3YEMCsI KJIIOUEBBIM CJIOBOM alpha Jijisi HACTPOHKKM YPOBHS IIPO3PAYHOCTH
(puc. 4.25):

In[7]: rng = np.random.RandomState(0)
X = rng.randn(100)
y = rng.randn(100)
colors = rng.rand(100)
sizes = 1000 * rng.rand(100)

plt.scatter(x, y, c=colors, s=sizes, alpha=0.3,
cmap="viridis")
plt.colorbar(); # OTobpaxaem LBETOBYW WKany
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Puc. 4.25. 3meHeHWe pa3mepa, LBETa 1 NPO3pavyHOCT
TOYeK Ha AMarpamMMe paccesHus

Ob6parure BHUMaHUE, YTO 1[BETA ABTOMATHYECKH TIPUBS3BIBAIOTCS K 1[BETOBON IIKaJIe
(KOTOPYTO MBI OTOOPA3UJIH C TTOMOIIBIO KOMAH/IBI colorbar()), a pa3Mepbl YKa3blBAIOTCSI
B nukcesax. biarogaps Bcemy aToMy MOKHO HCIOJIB30BATh I[BET U PasMep TOYEK /LI
nepezaun wHGOPMAIUN Ha TpahuKe ¢ METbI0 ITIOCTPAITTH MHOTOMEPHBIX JIaHHbIX.

Jlst npuMepa BosbMeM Habop gaHHbIX Iris uz 6ubanorexkn Scikit-Learn, kaxkaas Bbi-
Gopka 1peacTaBisgeT coboil OAMH U3 TPeX TUIIOB 1BETOB ¢ THIATEJIbHO U3MEPEHHbIMU
JierleCcTKaM¥ U yarieaucTukamu (puc. 4.26):

In[8]: from sklearn.datasets import load_iris
iris = load_iris()

features = iris.data.T

plt.scatter(features[0@], features[1l], alpha=0.2,
s=100*features[3], c=iris.target, cmap='viridis')

plt.xlabel(iris.feature_names[@])

plt.ylabel(iris.feature_names[1]);
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Puc. 4.26. Vicnonb3oBaHue CBOWCTB TOYEK sl KOAUPOBAHMS
NpY3HaKOB AaHHbIX Habopa Iris
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Kak BuanM, sTa IuarpaMMa paccessHus M03BOJINIa HaM OJIHOBPEMEHHO HCCJIE0BATDh
YeThIpe PA3TUIHBIX U3MEPEHUS TAaHHBIX: (X, ¥)-KOOPANHATBHI KAXKI0H TOUKH COOTBET-
CTBYIOT JIUIMHE U IIUPUHE YallleJTMCTUKA, pa3Mep TOUYKU — IIUPUHE JIETIeCTKOB, 11BET —
KOHKDETHOI Pa3HOBUIHOCTH 11BeTKA. [10106HBIE MHOTOI[BETHBIE JIMATPAMMBI PACCESTHIIST
C HECKOTLKUMU TTPU3HAKAMI JI7TsT KasKIOH TOUKHU OYIyT OY€HD MOJTE3HBI KaK JIJIsT NCCTe-
JIOBAHMS, TaK U I [IPEICTaBICHUS JTaHHDIX.

CpaBHeHue dyHkumui plot n scatter: npumeyanne
OTHOCUTENBHO NMPOU3BOAUTENbHOCTHU

I[Tpu He6OMBITIX O6BEMaX JAHHBIX 9TO HE UTPAET POJIH, HO TIPU HAOOPax AHHBIX, TIPEBBITITA-
IOIIMX HECKOJIBKO THICSY TOYeK, (DYHKIMA plt.plot MOXKET OKa3aTbesi HAMHOTO a(hherTHB-
Hee plt.scatter. [TockombKy plt.scatter ymeeT BU3yaansnpoBarh pasjindHble Pa3Mephl
U T(BETA KAKION TOUKH, BU3YATH3aTOPY TIPUXOIUTCS BBITIOIHATE JOTOTHUTETHHYIO PaboTy
110 (hOPMHUPOBAHUIO KAKIOM TOUKH B OTIEBHOCTU. B ciryyae ske dynkimm plt. plot, Harrpo-
THB, TOYKU BCET/Ia IBOWHUKH JIPYT JIPYTa, IO3TOMY paboTa T10 OTPE/IETIEHIO BHEIITHETO BIJIA
TOYEK BBITIOJTHSIETCST TOJLKO OIUH a3 JUist Bcero Habopa fanubix. J1ist 60sbIimx Habopos
JTAHHBIX 9TO PA3/INYNE MOYKET IIPUBOAUTD K KOPEHHBIM Pa3INnINAM B IIPOU3BOIUTEIHHOCTH,
[I09TOMY B TAKOM CJIy4ae CJIejlyeT UCII0JIb30BaTh (hyHKIMIO plt.plot, a He plt.scatter.

Busyanusaums norpewHocTen

Tounblil yueT morpentHocTel, Kak 1 TouHasd WHHOPMAITII 0 CAMIX 3HAYCHUSAX BasKeH JIJIs1
JOOBIX HAYYHBIX H3MepeHnit. Harmprvep, mpeicTaBbTe, 4To 5T UCTONB3YI0 HEKOTOPBIE aCTPO-
(busnyeckue HaBIIOAEHUS IS OLEHKY TOCTOSHHON Xa66J1a, TO eCTh U3MEPSII0 CKOPOCTh
paciipenns BeesleHHOM B IaHHOM TOUKe. MHe M3BeCTHO, YTO B COBPEMEHHBIX NCTOUHNUKAX
110 9TOMY BOIIPOCY yKa3blBaeTcs 3HadeHue okoJio 71 (km/c)/MIIK, a g ¢ IIOMOII[bIO MOEero
MeTojIa TToIyunit 3Hauenue 74 (km/c)/Mnxk. He mpotuBopeyar jiv 3HaueHus JApyr Apyry?
[To BoITIIETIPUBEICHHOM MH(MOPMAITUN OTBETUTD HA ATOT BOITPOC HEBO3MOKHO.

Teneps fo1ycTuM, 4To 4 JONOJHUI 9TY UHGOPMAIUIO [TOIPEIIHOCTMU: COBPEMEHHbIE
MCTOYHUKH YKas3bIBaIOT 3HayeHne okoso 71 £ 2,5 (km/c)/MIik, a MO MeToJI Jajl 3Ha-
yenue 74 + 5 (km/c)/Mnk. He npoTuBopeyar jin Teriepb 3HAYE€HUsT IPYT APYTy? ITO
BOIIPOC, Ha KOTOPBII BIIOJIHE MOKHO JaTh KOJIUYECTBEHHDII OTBET.

[Tpw BU3yaM3aIiuy JAHHBIX U PE3YIbTATOB a(h(heKTUBHOE OTOOPaKEHNUE TOTPENTHOCTEN
MO3BOJISIET [IEPEABATH C TIOMOII[IO rpachuKa HAMHOTO HoJiee TOJIHY0 HH(DOPMAIIHUIO.

MpocTble NAaHKK NorpeLHocTen

IIpocThle IIaHKK IIOTPENTHOCTENH MOKHO CO3aTh C IIOMOIIBIO BHI30BA BCETO OLHOM
dynxm 6ubmorexu Matplotlib (puc. 4.27):

In[1]: %matplotlib inline
import matplotlib.pyplot as plt
plt.style.use('seaborn-whitegrid")
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import numpy as np
In[2]: x = np.linspace(@, 10, 50)
dy = 0.8
y = np.sin(x) + dy * np.random.randn(50)

plt.errorbar(x, y, yerr=dy, fmt='.k');
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Puc. 4.27. MpyMep nnaHoK norpeLHocTei

3nech fmt — Koz (hOpMaTUPOBAHNUS, YIIPABJISIONINI BHEITHIM BUJIOM JIMHUH U TOYEK,
€r0 CUHTAKCHUC COBIIA/IAET C COKPAIIEHHBIM CUHTAKCUCOM, UCIIOJIb3YyeMbIM B (DYyHKIIMN
plt.plot, omcbiBaeMoii B pasdzenax «IIpoctoie muneiinbie rpadukus u «IIpoctoie nna-
IPaMMBbI PacCesTHUST» TaHHON TJIaBbI.

[Tomumo aTUX TIpOCTEHINNX, Y PYHKIINH errorbar eCTh MHOKECTBO ITAPAMETPOB s
6oJiee TOHKON HACTPONKHU BBIBOAUMBIX JAHHBIX. C TIOMOIIBIO TUX JOMOJTHUTETBHBIX
MapaMeTPOB BbI MOKETE JIETKO HACTPOUTH B COOTBETCTBUU CO CBOMMU TPeOOBAHUSAMHU
BHEUIHUI By rpaduKa IJIAHOK TTorpentHocTeid. Il1aHKu ImorpenHocTeil yjo6Ho 1eaTh
GoJiee CBETJIBIMU, YEM TOUKH, 0COOEHHO Ha HACHINIEHHBIX rpadukax (puc. 4.28):

In[3]: plt.errorbar(x, y, yerr=dy, fmt='o', color='black',
ecolor="lightgray', elinewidth=3, capsize=0);

0 2 4 6 8 10

Puc. 4.28. MNonb30BaTesbCckMe HaCTPOMKM MAAHOK MOrpeLLHOCTEN
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B tonosiHe e K 9TUM OTIIHSIM MOKHO TAKsKe CO3/[aBaTh TOPU30HTAIBHbIE TIAHKH [OTPEII-
HocTeil (xerr), 0OIHOCTOPOHHNE TUIAHKH MTOTPEITHOCTE U MHOTO JIPYTiX BapuanToB. YToObI
y3HaTh GoJIbIIIE 00 MMEIOIIXCS OMIINsX, oOparuTech K docstring dhyHKImM plt.errorbar.

HenpepbIiBHbIE MOrPELHOCTY

B HEKOTOPBIX CIIyYasx KeJaaTeJbHO 0TOOPAKATD TUIAHKU [TOTPEITHOCTEN JIJIsT HETPEPHIB-
HBIX BesimunH, Xotst B 6ubsmorexe Matplotlib orcyrerByer Berpoennas ynoGHast ytu-
JIATA JIJIS PEIIEHNUST IAHHOI 3314, He COCTABUT 0COOOTO TPY/ia CKOMOMHUPOBATD TAKKE
IPUMUTHUBSEL, Kak plt.plot u plt.fill_between, 171 mOIy4eHNSI NCKOMOTO Pe3yabTaTa.

Boinosinum ¢ nomonipio API makera Scikit-Learn (cMm. noapobHocTu B paszene «3Ha-
KoMcTBO ¢ 6ubsmorekoil Scikit-Learn» riasbl 5) 1poctyio pezpeccuio na ocrose Iayccosa
npouecca (Gaussian process regression, GPR). Ona npezcrasiser coboil Mmeto1 moabopa
110 UMEIOTIUMCST IAaHHBIM OUeHb IMOKOI HelapaMeTpuyecKoil (DYHKIUU ¢ HEPEPbIBHON
MepOI HeOoIpeIe/IeHHOCTY u3Meperust. Mbl He Oy/ieM yriiyOJsiThCs B IETAIA PErPECCUN
Ha ocHoBe [ayccoBa mporiecca, a CKOHI[EHTPUPYEMCs Ha BU3YaJIM3aiuu ToJ00HON He-
MIPEPLIBHOI TIOTPEITHOCTH U3MEPEHMS:

In[4]: from sklearn.gaussian_process import GaussianProcess

# OnucbiBaem Mogenb U OTPUCOBLIBAEM HeKOTOpble AaHHble
model = lambda x: x * np.sin(x)

xdata = np.array([1, 3, 5, 6, 8])

ydata = model(xdata)

# BbinosiHAeM noAroHKy l[ayccoBa npouecca

gp = GaussianProcess!(corr='cubic', theta@=1e-2, thetal=1le-4,
thetaU=1E-1, random_start=100)

gp.fit(xdata[:, np.newaxis], ydata)

xfit = np.linspace(0, 10, 1000)
yfit, MSE = gp.predict(xfit[:, np.newaxis], eval_MSE=True)
dyfit = 2 * np.sqrt(MSE) # 2*curma ~ obnacTb C ypoBHem foBepus 95%

Tenepp y HaC UMerOTCs 3HaueHus xFit, yfit u dyfit, npeacrabisioniye BbIOOPKY Helpe-
PBIBHBIX MPUOJIMZKEHUI K HAIIIUM JaHHBIM. MbI MOKEM TI€PeIaTh UX, KaK U BbIIe, (DyHK-
uuu plt.errorbar, Ho pucosatb 1000 Touek ¢ momoiibio 1000 11aHOK TIOrperHoCTel He
X0TeJI0Ch Obl. BMeCTo 5T0ro MOsKHO BOCIIOJIb30BaThCst pyHKIHeNH plt.fill_between u Bu-
3yaJIM3UPOBATD ATY HEMPEPBIBHYIO MMOTPEITHOCTD C MTOMOIIBIO CBETJIOTO 11BeTa (puc. 4.29):

In[5]: # Busyanusupyem pesynbTaT
plt.plot(xdata, ydata, 'or'")
plt.plot(xfit, yfit, '-', color='gray')

! DTOT KIJIACC SBISETCS YCTAPEBIINM U TUIAHUpPYyeTcst K yaanenuio B Bepcuu 0.20 6ubinoreku
SciKit-Learn. BmecTo rero pekomenayercs ncrnomp3oBaTh kirace Gaussian Process Regressor.
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plt.fill between(xfit, yfit - dyfit, yfit + dyfit,
color="gray', alpha=0.2)
plt.xlim(e, 10);
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Puc. 4.29. MNpeacraBnsem HeNpepbIBHYHO NOrPeLHOCTb
C MOMOLLbIO 3aKpaLLieHHbIX obnacTei

Ob6paTuTe BHUMaHKe Ha mepefaBaemMbie (DyHKIMHU plt.fill_between mapaMeTpbl: Mbl
repenaay B Hee 3HAYEHUE X, 3aTeM HUKHIOIO IPAHUILY 110 Yy, 3aT€M BEPXHIOIO I'PAHUILY
10 y, B PE3yJIbTaTe MOJYYNIU 3ATIOTHEHHYTO 00JIACTh MEKTY HUMU.

[TosryuuBiuiics pucyHOK OTJIMYHO HOSICHSIET, UTO JieJIaeT aJITOPUTM PETPecCUr Ha OCHOBE
TayccoBa miporiecca. B obactsix Bo3Jie M3MEPEHHON TOYKM JAHHBIX MOJIEJTb KECTKO OTpa-
HIYEHA, YTO U OTPAKAETCS] B MAJIBIX OIMTHOKAX MOJIeJIH. B yIaleHHbIX JKe OT M3MEPEHHOI
TOYKH TAHHBIX 0OJACTSX MOJIETb KECTKO He OTPAHNYHBAETCST M OTITHOKH MOJIENTH PACTYT.

YT06bI y3HATH GOJIBIIE O BO3MOMKHOCTAX QyHKIMK plt.fill_between() (1 poACTBEH-

HOI1 el pyHKkumu plt.fill()), cMm. ee docstring mam goKyMeHTaIMI0 OMOIMOTEKN
Matplotlib.

Haxkomnerr, ecsin ormcanHoe BaM He TI0 BKYCY, 3arJIsTHATE B pas/iest « Busyanmsaius ¢ mo-
MoIIbI0 6ubaroTekn Seaborns» HaHHOI IJIaBbl, B KOTOPOM MbI 00Cy UM IakeT Seaborn
¢ npoaBuHyTHIM API 1151 Busyanusannuu mogo0HbIX HEIIPePhIBHBIX OIPEIIHOCTEN.

PapMKN NOTHOCTU N KOHTYPHbIE rpaduKu

WHoraa yao6Ho 0ToOpakaTh TPEXMEPHbBIE JaHHBIE B IBYMEPHOI IIJIOCKOCTH C IIOMOIIBIO
KOHTYPOB uJii 001acTell, KOAUPOBAHHBIX PasIMYHbIMU BeTaMu. CyIIeCTBYeT TPH IIPe/-
HasHaYeHHBIE A/ 9Toi mesun pyukuun 6ubanorekn Matplotlib:

Q plt.contour — AJ5T KOHTYPHBIX IPAQUKOB;
O plt.contourf — /Jig KOHTYPHBIX rPAGUKOB C 3aTIOJHEHUEM;

O plt.imshow — mist oTo6pakenus u3obpakeHnii. B aToM paszesie Mbl pacCMOTPUM
HECKOJIBKO MTPUMEPOB MCIOJIb30BAHUA AaHHBIX (yHKIMIT. HauneM ¢ HaCTpoOWiKu
GJIOKHOTA JIIST TOCTPOEHMsT TPahUKOB U HYKHBIX HAM HMITOPTOB:
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In[1]: %matplotlib inline
import matplotlib.pyplot as plt
plt.style.use('seaborn-white')
import numpy as np

Busyanmuzanus tpexmepHoii pyHkmmn. Haunem ¢ geMoHCTpaIiny KOHTYPHOTO rpaduka
st GyHKIMY Bufa z = £ (X, y), BOCIOJIb30BABIINCH JIJIsI ATOH 11eu hyHKIMe f (Mbl
ysKe BCTpeuasnch ¢ Heil B paszesie «Omnepaiinn HaJi MaccuBaMu. TpaHcaInpoBaHues ria-
BBI 2, IJle UCTI0JIb30BAJIU €€ B IIPUMePe TPAHCJIUPOBAHUSI MAaCCUBOB):

In[2]: def f(x, y):
return np.sin(x) ** 10 + np.cos(10 + * x) * np.cos(x)

CoznaTh KOHTYPHBIH rpahK MOKHO € TIOMOIIBIO (PyHKITUHM plt.contour. Y Hee umeeTcs
TPH apryMeHTa: KOOPAMHATHAS ceTKa 3HAYeHU X, KOOPJMHATHAS CceTKa 3HAYeHNH i 1 KO-
Op/IMHATHAS ceTKa 3HAUEHWH z. 3HAUeHWS X U i MIPeJICTaBJIeHbl TOYKAaMM Ha rpaduke,
a 3HaueHus z OyIyT IPeACTaBIeHbl KOHTypaMu ypoBHeil. BeposaTHo, Hanboiee mpocToi
€1ocob IOArOTOBUTH TaKKe JaHHbIe — BOCIIOJIb30BaThest (hyHKIMEN np.meshgrid, op-
MUPYIOIIeil IByMePHbIEe KOOPAAMHATHBIE CETKU U3 OJIHOMEPHBIX MACCUBOB:

In[3]: x = np.linspace(@, 5, 50)
np.linspace(@, 5, 40)

<
1}

X, Y = np.meshgrid(x, y)
Z = f(X, Y)

Temnepb NOCMOTPUM, Kak 9T0 0TOOpaskaeTcs Ha 0ObIYHOM JIMHEHOM KOHTYPHOM rpaduke
(puc. 4.30):

In[4]: plt.contour(X, Y, Z, colors='black');

Puc. 4.30. Buayanusaums TpexmepHbIX AaHHbIX C MOMOLLbIO KOHTYpPOB

O6paTuTe BHUMaHKE, YTO [0 YMOJTYAHHUIO [IPH MCIIOJb30BAHIUKI OJHOTO 1IBETA OTPU-
IfaTeJIbHbIe 3HAaYCHUA 0603Ha‘{aIOTC${ HITPUXOBbIMU JIMHUAMU, a ITOJOKUTEJbHbBIE —
CILIOIIHBIMU. MOYKHO Takske KOAMPOBATDH JIMHWUUN PA3JIMYHBIMU I[BETaMHU, 3a/1aB KapPThI
I[BETOB C TIOMOIIBIO apryMeHTa cmap. B TaHHOM cirydae MbI TakKe YKa3asid, 9TO XOTeIn
OBl HApUCOBaTh OOJIbIIE JUHUN — Pa3eJnuThb AanHbe Ha 20 HHTEPBAJIOB ¢ PaBHBIMU
npomeskyTkamu (puc. 4.31):
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In[5]: plt.contour(X, Y, Z, 20, cmap='RdGy');

Puc. 4.31. Busyanunsaums TpeXMepHbIX AaHHbIX C MOMOLLbIO Pa3HOLIBETHbLIX KOHTYPOB

Mol BbIOpasin 31eCh KapTy 11BeTOB RdGy (coxpainenue aius Red — Gray — «kpacHbiil —
cepblii») — OTJIMYHBIH BHIOOD /JIsT CTydast TIEHTPUPOBAHHBIX JaHHBIX. B 6ubinorexe
Matplotlib goctymen mupokuii AnanazoH Kapt BETOB, KOTOPbIE MOKHO TPOCMOTPETh
B IPython nmyrem TAB-aBTo0NOTHEHNSI HA3BaHUST MOJLYJIs plt. cm:

plt.cm.<TAB>

Ha rpaduk npuo6pest 6oJiee MpUSITHBIN TJ1a3y BUJL, HO IPOMEKYTKH MEK/LY JTUHUSIMU
HECKOJIbBKO OTBJIEKAIOT BHUMaHue. VI3MEeHUTh 9TO MOKHO, BOCIIOJIb30BABIITUCH KOHTYP-
HbBIM Tpa)uKOM C 3aroJHEHUuEM, IOCTYITHBIM ITOCPeACTBOM (pyHKIMHU plt.contourf()
(obparuTe BHUMaHKe Ha OYKBY f B KOHIIE ee HasBaHMUSI ), CHHTaKCHUC KOTOPOI He OTJIH-
yaeTcst OT cuHTaKkcuca (pyHkiuu plt. contour().

Bro6aBok MbI BOCIIOJIb3yeMCsI KOMaH/0l plt.colorbar(), aBTOMATHYECKN CO3AOIIEN
JUTst rpachuKa JIOTIOJTHUTEBHYIO OCh ¢ MAPKUPOBaHHON nHdopmaiiueii o iere (puc. 4.32):

In[6]: plt.contourf(X, Y, Z, 20, cmap='RdGy')
plt.colorbar();
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Puc. 4.32. Buzyanusaums TpexMepHbIX AaHHbIX C MOMOLLbIO 3aM0SIHEHHBIX KOHTYPOB
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[Mkaya 1BETOB HAIJISHO AEMOHCTPUPYET, YTO YepPHbIe 00JIACTH — TOYKU MaKCUMYyMa,
a KpacHble — TOUKU MUHUMYMa.

[MoreHuanbHas mpodeMa 3Toro rpahuka — ero «ISITHUCTOCTh. JIe10 B TOM, 4TO
rpajiallii IBETOB 3/1eCh AUCKPETHBI, & He HEIIPEPBIBHBL, 4TO He Beeraa yao0Ho. Menpa-
BUTDH 3TO MOYKHO IIYTEM 3a/[laHUA OYE€HDb 60]11)]].[01"0 KOJIMYEeCTBAa KOHTYPOB, YTO IIPUBE/IET
K HU3KOI mpousBoaurebHocTH: Oubmnoreke Matplotlib mpunercst Busyammsuposarhb
HOBBIH TTOJTUTOH JITIST KaXKOTO TTara ypoBHst. JIydliiee perreHie — BOCIOTb30BATHCST
dynaknmeii plt.imshow(), HHTEpHIpETUPYIONIEH ABYMEPHYIO CETKY JAHHBIX KaK M30-
OpazeHue.

Ha puc. 4.33 mokaszan pe3yJibTaT BHITOJHEHUS CIEYIONEr0 KOJa:

In[7]: plt.imshow(Z, extent=[@, 5, @, 5], origin="lower', cmap='RdGy")
plt.colorbar()
plt.axis(aspect="image');

OpHAKO €CTh HECKOJIBKO MOTEHIMAIBHBIX IIPoOJIeM 1 ¢ hyHKIeld imshow().
O DOyukiws plt.imshow() He TPUHUMAET B KAYECTBE MAPAMETPOB KOOPMHATHBIE CETKU

X ¥ Y, TaK Y4TO BaM MPUETCS BPYUHYIO 33/1aTh pasMepbl n300pakeHrst Ha TpapuKe:
extent [xmin, xmax, ymin, ymax].

Q Ilo ymosyanuto dyHKImMsA plt.imshow() ciemyeT CTaHIAPTHOMY OTIPeEIeHUT0
MaccuBa JIUIst U300pakeHus, B KOTOPOM HAYaJI0 KOOPIUHAT HAXOAUTCSI B BEPXHEM
JIEBOM, a HE B HUJKHEM JIEBOM YTJTy, KaK Ha OOJIBITHHCTBE KOHTYPHBIX rPahuKoB. ITO
MOBE/IEHUE MOKHO UBMEHUTD B CJIy4ae OTOOPasKeHUs JAHHBIX C IPUBA3KOI K CETKe.

QO Oyukius plt.imshow() aBTOMAaTHYECKN HACTPAWBAET COOTHOIIEHWE CTOPOH Tpa-
(¢uKa B COOTBETCTBUU C BXOJHBIMU JJAHHBIMU. JTO MOBE/IEHUE MOKHO U3MEHUTD,
3a/1aB, HanpuMep, plt.axis(aspect="image"), 4TOOBL OTPE3KU 10 ocaM X 1 Y 6b111
OJINHAKOBBLIMU.
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Puc. 4.33. MpeacraBnsieM TpexMepHble faHHble B BUAe M300paxeHus

Nuorga yno6Ho KOMOMHUPOBATH KOHTYPHBIH rpaduk ¢ rpaduKoM-u300pakeHreM.
Hamnpumep, /g co3ganus oKkazanHoro Ha puc. 4.34 ahekra Mbl BOCIIOJIb3yeMCs
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YACTUIHO TIPO3PAYHBIM (DOHOBBIM U300paKeHEM (3a/1aB TPO3PATHOCTD MOCPEACTBOM
mapaMmeTpa alpha) U HapucyeM Ha CaMUX KOHTYypax MeTKHU (¢ TOMOMIbI0 (hyHKIIMHT
plt.clabel()):
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Puc. 4.34. MapknpoBaHHbIE KOHTYPbl MOBEPX M306paXKeHns

In[8]: contours = plt.contour(X, Y, Z, 3, colors='black")
plt.clabel(contours, inline=True, fontsize=8)

plt.imshow(Z, extent=[@, 5, @, 5], origin="lower',
cmap="RdGy', alpha=0.5)
plt.colorbar();

Coueranue aTux Tpex pyHKIUN — plt.contour, plt.contourf u plt.imshow — npejo-
CTaBJISIET TIPAKTUYECKU HEOTPAHUYEHHBIE BO3MOKHOCTH 110 OTOOPAsKEHUIO MOA0OHBIX
TPEXMEPHBIX JIAHHBIX HA ABYMEPHBIX rpadukax. JanbpHeiintyio nugopmaimio OTHOCH -
TEJBHO UMEIOIMXCS Y ATUX (DYHKIUI apaMeTpoB Bbl MOskeTe Haiith B ux docstring.
Ecau Bac unTepecyer TpexMepHas BU3yaau3allisl TAKUX JaHHbBIX, 3alJIsTHUTE B pas/iel
«ITocrpoenue Tpexmepubix rpadukos B 6ubanorexe Matplotlib» gannoii riuassr.

fMcTorpaMmsl, pa3bueHust Mo MHTepBanam
M NNTOTHOCTb

[Tpocrast TucTOrpaMMa MOKET TPUHECTH OTPOMHYIO TIOJIb3Y MTPU IEPBUYHOM aHAJM3E
HaGopa JaHHBIX. PaHee Mbl BU/IEIN TPUMEP UCIIOIb30BaHUs DYHKIMN OUOIMOTEKH
Matplotlib (cm. pasgen «CpaBHenust, Macku u GyJieBa JIOTUKa» TJIAaBbI 2) JIJIST CO3aHMUST
POCTON THCTOTPAMMBI B OJIHY CTPOKY [OCJIE€ BBITIOJTHEHHS BCEX OOBIYHBIX MMITOPTOB
(puc. 4.35):

In[1]: %matplotlib inline
import numpy as np
import matplotlib.pyplot as plt
plt.style.use('seaborn-white")



mcTorpamMMbl, pasbueHns nNo MHTepBanaM M MIOTHOCTb 291

data = np.random.randn(1000)

In[2]: plt.hist(data);
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Puc. 4.35. NpocTas rucrorpamMma

Y dyukimn hist() umeeTcss MHOKECTBO ITAPAMETPOB JIJIsT HACTPONKY KaK BbIYUCJIEHMS,
Tak 1 oToOpaskenust. BoT mprMep THCTOrPaMMBbI ¢ JAETATBHBIMU TTOJb30BATEIBCKUMH
HacTpoitkamu (puc. 4.36):

In[3]: plt.hist(data, bins=3@, normed=True, alpha=0.5,
histtype="'stepfilled', color='steelblue',
edgecolor="none");
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Puc. 4.36. MMcTorpamMma C Nosib30BaTeNbCKUMM HAaCTPOVKaMu

Docstring GyHkimu plt.hist comepxkut 6osee moAPOOHYIO WHGOPMAIIHIO O APY-
TUX JIOCTYITHBIX BO3MOKHOCTSX TTOJIH30BaTEIbCKON HAacTpoiiku. CoyeTaHue omIuu
histtype="'stepfilled' c 3a71aHHOI MPO3PAYHOCTDIO alpha MpeicTaBageTCS MHE OUeHD
YIOOHBIM JIJIs1 CPaBHEHUsI TUCTOIPAMM HECKOJIBKUX pacipeznesenuii (puc. 4.37):

In[4]: x1 = np.random.normal(@, 0.8, 1000)
X2 = np.random.normal(-2, 1, 1000)
X3 = np.random.normal(3, 2, 1000)
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kwargs = dict(histtype='stepfilled', alpha=0.3, normed=True, bins=40)

plt.hist(x1, **kwargs)
plt.hist(x2, **kwargs)
plt.hist(x3, **kwargs);
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Puc. 4.37. Pucyem HecKonbKo rucTorpaMmm noBepx Apyr apyra

Ecnm ke BaM HYXHO BBIYUCJAUTD TUCTOTPAMMY (TO €CTh MOACYUTATH KOJMIECTBO
TOUYEK B 3aJaHHOM MHTEpBaje) U He 0ToOpakaTh ee, K BAllUM yCayraM (yHKIIs
np.histogram():

In[5]: counts, bin_edges = np.histogram(data, bins=5)
print(counts)

[ 12 190 468 301 29]

[1ByMepHbIE rMCTOrpamMMbl U pa3bueHunsi No MHTepBaniam

AHaJIOTHYHO TOMY, KaK MBI CO3/[aBajil OJJHOMEPHbIE THCTOTPAMMBbI, pasOuBast mocJe-
JIOBATETHHOCTD YUCEJT TI0 MHTEPBAJIAM, MOKHO CO3/IaBaTh U JIByMEPHbIE THCTOTPAMMBI,
pacipezesisis TOYKU M0 ABYMEPHBIM MHTEpBaiaM. PaccMOTPUM HECKOJIBKO CIOCOO0B
BbinoiHenus. HauneMm ¢ ornucanus JaHHBIX MACCUBOB X U Y, ITOJIyYEHHBIX U3 MHOTO-
MepHoro ['ayccoBa pacripesesienns:

In[6]: mean = [0, 9]
cov = [[1) 1]) [11 2]]
X, Yy = np.random.multivariate_normal(mean, cov, 10000).T

®yHKuma plt.hist2d: gBymepHas rucrtorpamMma

OpuH 13 NPOCTBIX CMOCOO0B HAPMCOBATH IBYMEPHYIO THCTOTPAMMY — BOCITOJIb30BATHCS
¢dynkimei plt.hist2d 6ubmmoreku Matplotlib (puc. 4.38):

In[12]: plt.hist2d(x, y, bins=30, cmap='Blues')
cb = plt.colorbar()
cb.set_label('counts in bin') # KonuyecTBBO B MHTepBane
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Puc. 4.38. [IymMepHas rmcrorpamMma, NoCTpOeHHas C NoMoLLbio cyHkumm plt.hist2d

Y dynaknmm plt.hist2d, kak n y hyHKImM plt.hist, nMeeTcss HeMaJo JTOTTOTHUTETbHbBIX
[apaMeTpOB /I TOHKOM HacTPOoiKu rpaduka u pasbueHus 1o HHTepBaiaM, IOAPOOHO
onucanHbix B ee docstring. AHaJIOruH4HO ToMy, Kak y (pyHKIMKU plt.hist ecTh sKBUBaA-
JIEHT np.histogram, Tak 1y hyHKIMYN plt.hist2d mMeeTcst 5KBUBAJIEHT np . histogram2d,
KOTOPBII UCIIOJIB3YETCs CIEAYIOIUM 00PasoM:

In[8]: counts, xedges, yedges = np.histogram2d(x, y, bins=30)

Jliist 06001eHs pasOUeH st TT0 MHTEPBAJIaM JIJIsST THCTOTPAMMBI Ha YKC/I0 M3MEPEHHi,
npesbInawiiee 2, cM. GyHKIHUIO np . histogramdd.

®yHKkuma plt.hexbin: rekcaroHanbHoe pasbueHne No nHTepBanam

/IByMepHas rucTorpaMma cosjiaeT Mo3anyHoe Ipe/icTaBJeHne KBajpaTaMi BJIOJb KO-
OpAMHATHBIX ocell. /Ipyras reoMerprdeckas purypa ajst mog00HOTO MO3AMYHOTO MIPe/-
CTaBJIEHUsT — TPABUIIBHBII MecTryronbuuk. [lst atux nesneii 6ubnnoreka Matplotlib
npegocTaBisieT GyHKIUIO plt.hexbin — AByMepHBINA HAOOP JaHHBIX, Pa3OUTHIX IO
WHTepBaJIaM Ha CeTKe U3 MeCcTUyTOIbHUKOB (puc. 4.39):

In[9]: plt.hexbin(x, y, gridsize=30, cmap='Blues"')
cb = plt.colorbar(label="'count in bin') # KonuyecTBo B WHTepBane
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Puc. 4.39. Co3paHue ABYMEPHOM FMCTOrpamMMbl € MoMoLLbio dyHKUmK plt.hexbin
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Y dyukium plt.hexbin nMeeTcss MHOKECTBO MHTEPECHBIX TTAPAMETPOB, BKIIOYAs BO3-
MOXKHOCTD 3/1aBaTh BEC JIJIs1 KAXK/I0M TOUKU U MEHSATD BLIBOAUMOE 3HAUCHUE /11 KaXK/I0T0
uHTepBasa Ha 060l CBOAHBIN Tokazaresns 6ubanorekn NumPy (cpentee 3HaueHue
BECOB, CTAaH/IaPTHOE OTKJIOHEHNE BECOB M T. I1.).

SlpepHasi oueHKa NNOTHOCTU pacnpeaeneHms

E1te omH 9acTo ucnosib3yeMbiit METOJT OIIEHKH TIJIOTHOCTEH B MHOTOMEPHOM TIPOCTPaH-
cTBe — sdepnas ouenxa naomuocmu pacnpeoenenus (kernel density estimation, KDE).
BoJiee oipo6GHO MBI PACCMOTPUM €€ B pasjiesie «3arjistHeM TryOKe: siiepHast OlleHKa
IJIOTHOCTHU PACIIPeNeIeHusT» TIaBbl J, a moka orMeTuM, uto KDE MoKHO TIpencTaBisiaTh
KaK crmocob «pa3Masarh» TOYKH B TPOCTPAHCTBE W CIOKUTH PE3YJIBTATHI JIJIs Oy YCHUST
rajikoii hyHkIwy. B makere scipy. stats IMEETCsT HCKITIOUUTETbHO OBICTPAst 1 ITPOCTAsT
peanuzarusg KDE. Bot koporknit mpumep ncnosb3oBanusg KDE va BeimeykazaHHbIX
nauubixX (puc. 4.40):

In[10]: from scipy.stats import gaussian_kde

# BbinonHAem nofbop Ha maccuBe pasmepa [Ndim, Nsamples]
data = np.vstack([x, y])
kde = gaussian_kde(data)

# Bbluucnsem Ha perynsipHoi KOOpAWHATHOW ceTke

xgrid = np.linspace(-3.5, 3.5, 40)

ygrid = np.linspace(-6, 6, 40)

Xgrid, Ygrid = np.meshgrid(xgrid, ygrid)

Z = kde.evaluate(np.vstack([Xgrid.ravel(), Ygrid.ravel()]))

# BbiBOAMM rpaduk pe3ynbTaTa B BUAe M30b6paxeHus

plt.imshow(Z.reshape(Xgrid.shape),
origin="lower', aspect='auto’,
extent=[-3.5, 3.5, -6, 6],
cmap="Blues")

cb = plt.colorbar()

cb.set_label("density") # MnoTHocTb
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Puc. 4.40. figepHas oueHka NAoTHOCTU pacrpeaeneHms
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Jmna crinaxusanus metoga KDE nossosiser a(hdexTUBHO BEIOMPATh KOMIIPOMUCC MEKILY
TJTaIKOCTBIO U JleTanu3anueil (OInH 13 TTPUMEPOB Be3/IeCyINX KOMITPOMHUCCOB MEK/LY
cMentenreM u gucrepcreii). Cyliectsyer oOMMpHAast JIUTEPATyPa, OCBIIEHHAA BHIOOPY
MTO/IXO/ISATIEN JITTUHBI CTJIAKUBAHM: B (DYHKITUU gaussian_kde MCIOJIb3yeTcsT AMITUpUYe-
CKO€ TIPABUJIO JIJIST TTOMICKA KBa3UONI TUMATBHOM IJTMHBI CTVIAKUBAHUS /71T BXOHBIX TAHHBIX.

B akocucreme SciPy umetorcst u ipyrue peanusariuu Mmetoga KDE, kaxmas co ceonmm
CHJIBHBIMU ¥ CJIaObIMU CTOPOHAMH, HaIIpUMep MeTozibl sklearn.neighbors.KernelDensity
" statsmodels.nonparametric.kernel_density.KDEMultivariate. Mcrmomb3oBanne
6ubamorex Matplotlib s ocHoBanHbix Ha MeToge KDE Busyanusanmii tpedyer Ha-
MCAHUs U3IUITHEro Koja. bubmoreka Seaborn, kotopyio Mbi GyjieM 06CyK1aTh B pas-
neste «Busyanusaiust ¢ moMoIbio 6ubirorekn Seaborny JaHHON TIaBbl, IPEJIATaeT st
cozmanus Takux Busyanusanuit AP ¢ HaMHOTO GoJtee CKATBIM CUHTAKCHCOM.

[Monb30BaTENbCKME HACTPOMKK NEreHs Ha rpacumkax

Bosbuias nonstHoCTS rpadrka obecrednBaeTcs 3aJaHueM METOK /ISl Pa3/JIMYHbIX DJ1e-
MeHToB rpaduka. MbI panee yxKe pacCMaTPUBAIU CO3LAaHUE IIPOCTOI JIETEHIbI, 31€Ch
MPOAEMOHCTPUPYEM BO3MOKHOCTH MOJb30BATENbCKON HACTPONKY PACIIOIOKEHUS
u BHelHero Buza geren B Matplotlib.

C nomo1ibio koMaH/Ibl plt.legend() MOKHO aBTOMATUYECKHU CO3/IaTh MTPOCTENUTITYIO
JIETeH/1y [l JIIOOBbIX MApKUPOBAaHHbBIX 2/1eMeHTOB Tpaduka (puc. 4.41):

In[1]: import matplotlib.pyplot as plt
plt.style.use('classic')

In[2]: %matplotlib inline
import numpy as np

In[3]: x = np.linspace(0, 10, 1000)
fig, ax = plt.subplots()
ax.plot(x, np.sin(x), '-b', label='Sine"') # CuHyC
ax.plot(x, np.cos(x), '--r', label="'Cosine') # KocuHyc
ax.axis('equal')
leg = ax.legend();

— CuHyc
— -KocuHyc |

0 2 4 6 8 10

Puc. 4.41. JlereHpa rpadvka no ymonyaHuio
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CymecTByeT MHOXECTBO BAPHAHTOB MOJb30BATEIbCKUX HACTPOEK TAKOTO rpaduka, Ko-
TOPBIE MOTYT HaM MOHa06UThes. HampriMep, MOKHO 3a1aTh MECTOIOIOKEHNE JIETE€H/TbI
1 OTKJIIOYUTD PaMKy (puc. 4.42):

In[4]: ax.legend(loc='upper left', frameon=False)
fig

| — Cumyc
ol —- KocuHyc

0 2 4 6 8 10

Puc. 4.42. JlereHpa rpacuka c nonb30BaTeNlbCKUMU HaCTPOMKaMu
MO3KHO TaKsKe BOCIIONb30BaThCA KOMaHI0M ncol, 4ToObI 3a/1aTh KOJIMYECTBO CTOIOII0B
B Jeren/ie (puc. 4.43):

In[5]: ax.legend(frameon=False, loc='lower center', ncol=2)
fig

— CuHyc - - KocuHyc

0 2 4 6 8 10

Puc. 4.43. Jlerenga rpacwvka B aBa ctonbua

MoO2KHO UCIIOTH30BATH JIJIST JIET€H/IbI CKPYTJIEHHYIO IIPSIMOYTOJIBHYIO PaMKY (fancybox)
un 106ABUTD TEHB, TOMEHSITH TPO3PAYHOCTD (aTbha-hakTop) paMKN WK TOJIST OKOJIO
tekcra (puc. 4.44):

In[6]: ax.legend(fancybox=True, framealpha=1, shadow=True, borderpad=1)
fig
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Puc. 4.44. NlereHaa rpacuka co CKpyr/ieHHOW NPSIMOYrofibHOW pamMKoi

JTomoTHUTEIBHYI0 HH(MOPMAITHIIO 06 UMEIOTIIXCS HACTPOUKAX JIJIs JIETEH T MOYKHO TIOJTY-
unth B docstring pyHkimu plt.legend.

Bbl6op 31eMeHTOB Ans NereH bl

[To ymomyanuio jerenia BKIOYaeT BCe MAPKUPOBAHHDIC 3JIEMEHTHI. Ecyi HaMm 3TOTO He
HY/KHO, MOKHO YKa3aTb, KAKHE 2JIEMEHTDBI 1 METKU JIOJIKHBI IIPUCYTCTBOBATD B JIET€H/IE,
BOCIIOJIb30BABINNCH 00bEKTAMU, BO3BpAllaeMbIMKM KOMaHIaM1 [10CTPOeHMs rpaduka.
Komanja plt.plot() ymeeT pucoBaTh 3a OJINH BbI30B HECKOJIbKO JIMHUI U BO3BPAIIaTh
CITUCOK CO3/ITaHHBIX 9K3eMILISIPOB JUHUM. /7151 yKa3anus, Kakue 3J1eMeHTBI MCTI0JIb30BaTh,
JIOCTATOYHO IIepeaTh Kakue-11m00 U3 HuUX (byHKI_[I/H/I plt.legend() BMecCTE C 3a/1aBaCMbl-
Mu MeTKamu (puc. 4.45):

In[7]: y = np.sin(x[:, np.newaxis] + np.pi * np.arange(0, 2, 0.5))
lines = plt.plot(x, y)

# lines npepacTaBnAeT coboit CcNMCOK 3K3emnniAapoB knacca plt.Line2D
plt.legend(lines[:2], ['first', 'second']); # MepBubiii, BTOpOMH
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Puc. 4.45. Monb30BaTeNbCKME HACTPOMKM 3/IEMEHTOB NereHabl
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OO6bIYHO Ha TIPpaKTUKE MHE ya00Hee UCI0Jb30BaTh IEPBbIil CIoco0, YKasbiBas METKI
HEIIOCPEACTBEHHO JJIS 3JIEMEHTOB, KOTOPbIE HY:KHO 0TOOpaskaTh B jiererze (puc. 4.46):

In[8]: plt.plot(x, y[:, @], label='first')
plt.plot(x, y[:, 1], label='second')
plt.plot(x, y[:, 2:])
plt.legend(framealpha=1, frameon=True);
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Puc. 4.46. AnbTepHaTUBHbIN CNOCO6 NMOMb30BaTENbCKOW HACTPOMKM 31EMEHTOB NIereHAbl

OO6paruTe BHUMaHUE, 4TO 10 YMOJYAHUIO B JIETEH/IE UTHOPUPYIOTCS BCE 3JIEMEHTBI, JIJIsT
KOTOPBIX HE YCTAHOBJIEH aTpubyT label.

3agaHune nereHabl Ans Toyek pa3nInM4yHOro pasMepa

WHora Bo3MOKHOCTET JIeTEeH Bl TI0 YMOJIIAHUIO HeZIOCTATOUHO JIJIsT HAIIeTo rpaduka.
JlomycTrM, BBI IICIIOTb3YeTe TOUKH PA3IMIHOTO pa3Mepa IS BU3YAIU3aI[iH O pe/iesieH-
HBIX [IPU3HAKOB JAHHBIX U XOTEJU Obl CO3[aTh OTPAsKAOILYI0 9TO JiereHy. BoT mpumep,
B KOTOPOM MBI Oy/IeM OTpaskaTh HacesreHnue ropoaos Kamudopunu ¢ momMomisio pasvepa
Todyek. Ham Hy’KHa JlereH/1a co MIKAIOH pasMepoB TOUEK, U MBI CO3/[a/IUM ee ITyTeM BbI-
BOJIa Ha rpadrKe MapKUPOBAHHbBIX JaHHBIX Oe3 caMuX MeToK (puc. 4.47):

In[9]: import pandas as pd
cities = pd.read_csv('data/california_cities.csv')

# M3BNneKaem WHTepecywwme Hac AaHHble
lat, lon = cities['latd'], cities['longd']
population, area = cities['population_total'], cities['area_total km2']

# PacnpepenseMm TOYKM MO HYXHbM MecTam,

# C ucnonb3oBaHMeM pa3Mepa M LBeTa, HO 6e3 MeTokK

plt.scatter(lon, lat, label=None,
c=np.logl@(population), cmap="viridis',
s=area, linewidth=0, alpha=e.5)

plt.axis(aspect="equal')
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plt.xlabel('longitude')
plt.ylabel('latitude")

plt.colorbar(label="1log$ {10}$(population)"')
plt.clim(3, 7)

# Co3paem nereHay:
# BbLIBOAMM Ha rpaduk MmycTble CAUCKMU C HYXHbIM pa3sMepoM U MeTKOi
for area in [100, 300, 500]:
plt.scatter([], [], c='k', alpha=0.3, s=area,
label=str(area) + ' km$72%$")
plt.legend(scatterpoints=1, frameon=False,
labelspacing=1, title='City Area') # lopoga

plt.title('California Cities: Area and Population');
# Foposa KanupopHuu: MecTOMONOXEHUE U HaceneHue

lfopopa KanndopHun: MeCcTonoNoXeHMe 1 HaceneHme

44 T T T T T 7.0
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Puc. 4.47. MecTononoxeHune, pa3mep 1 HaceneHue ropoaos wrata KanudopHus

Jlerenia Bceraa OTHOCUTCST K KAaKOMY-JTnG0 HaxXo/AIeMycst Ha rpacduke o6beKTy, mo-
HTOMY, €CJIU HAM HYKHO 0TOOPasUuTh 06HEKT KOHKPETHOTO BU/IA, HEOOXOIMMO CHaYaa
€ro HapucoBaThb Ha rpaduke. B aHHOM cirydae HY;KHBIX HaM 00BEKTOB (KPYTOB CEPOTO
11BeTa) Ha rpaduKe HeT, IT09TOMY WJIeM Ha XUTPOCTb U BBIBOJIMM Ha TPa(UK IIyCTbIE CIIU-
ckn. O6parure BHUMAHUE, 4TO B JIETEH/IE TIEPEYUCIIEHbI TOJBKO TE 3JIEMEHTBI TpaduKa,
JUJIS1 KOTOPBIX 33/IaHa METKa.

\Y13 CO3/1aJIN IIOCPE/ICTBOM BbIBO/Ia Ha l’pa(bI/IK ITYCTBIX CIIMCKOB MapKUPOBaHHbIE O6’b€KTbI,
KOTOpPbIE 3aTEM C06I/IpaIOTC${ BJlerem/ze. Tenepb Jierena [a€T HaM ITOJIE3HY IO I/IH(bOpMaL[I/IIO.
3Ty CTpATErnio MOKHO MCIIOJIb30BATb /IJIA CO3JaHUsA 1 6oJ1ee CJI0KHBIX BHBy&HHBaHHﬁ.

OG6paruTe BHUMaHUE, YTO B CJIydae MOA00HBIX reorpaduuecKix TaHHBIX rpaduK cTaj
ObI TOHATHEE TPU OTOOPAKEHNU HA HEM TPAHUIL ITaTa U APYTUX KapTorpadudeckux
s1eMeHTOB. OTINYHBIN HHCTPYMEHT JIJISI 3TOU 1eJIN — JIOTIOJHUTEIbHBIN HAaOOp yTUIIAT
Basemap st 6ubsmorexu Matplotlib, koropsiit Mbr paccmoTpum B paspesie «Otobpa-
JKeHue reorpaUuecKX JaHHBIX € TOMOIIbI0 Basemap» nanHoii riaasbl.
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OTob6paXkeHne HECKOMbKUX NereHa

Wnorga npu nocTpoeHnn rpaduka HeoOXoauMo 100aBUTh Ha HETO HECKOIBKO JIETEH]
JUI OJIHOM M TOH ke cucteMbl koopaunat. K coxanennio, 6ubanorexa Matplotlib ne
CUJIBHO YTIPOINAET ATY 33/[a4y: UCTIOJIb3Ys CTaHAPTHBIN WHTepdelic legend, MOKHO
€O3/IaBaTh TOJBKO OJIHY JIETeH/Ty J17isl Beero rpaduka. Eciiu nornbItaTtbest co31aTh BTOPYIO
JieTeH/ly ¢ momMoInbio hyHKIni plt.legend() u ax.legend(), OHA ITPOCTO TIEPEKPOET
nepsylo. Pemuts a1y mpobieMy MOKHO, CO31aB U3HAYAIBHO JAJIS JIET€H/ bl HOBBII pU-
coBareJib (artist), mocJie yero 106aBUTh BPYYHYIO BTOPOI pricoBaTeb Ha TpaduK ¢ Mo-
MOIITbIO HU3KOYPOBHEBOTO MeTO/IA ax.add_artist() (puc. 4.48):

In[10]: fig, ax = plt.subplots()

lines = []

styles = ['-", '--", '"-.', ':']
x = np.linspace(@, 10, 1000)

for i in range(4):
lines += ax.plot(x, np.sin(x - i * np.pi / 2),
styles[i], color='black")
ax.axis('equal')

# 3ajaeM JIMHUM M MeTKW MepBOW NereHzsl
ax.legend(lines[:2], ['line A', 'line B'], # NvHuA A, nuHuA B
loc="upper right', frameon=False)

# Co3paem BTOpyw nereHay U AobaBisemM pucoBaTeslb BPYUHYH

from matplotlib.legend import Legend

leg = Legend(ax, lines[2:], ['line C', 'line D'], # Nuuua C, nuHua D
loc="lower right', frameon=False)

ax.add_artist(leg);
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Puc. 4.48. Pa3neneHHas Ha 4acTv nereHaa

MbI MEJIBKOM PacCMOTPEIN HU3KOYPOBHEBbIE 0OBEKTHI PUCOBAHMSL, 13 KOTOPHIX COCTOMT
mo6oit rpaduk 6ubanorexkn Matplotlib. Ecin Bbl 3arjisHere B MCXOAHbII KOJ METO/IA
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ax.legend() (HAIOMHIO, YTO CZeJaTh 9TO MOKHO B Os10KHOTE 060/10uKu IPython ¢ mo-
MOIIBIO KOMaH/IBI legend??), TO yBUAMTE, YTO 9Ta (DYHKIIMSA COCTOUT IIPOCTO U3 JIOTUKK
CO3IaHMs TIOAXO/SIIErO PUCOBaTEI Legend, COXpaHsAEMOro 3aTteM B arpubyTe legend
1 106aBJIIEMOTO K PUCYHKY TP OTPUCOBKE Tpauka.

[lonb3oBaTenbLCKme HaCTpOVIKM LLKal UBETOB

Jlerenpl rpacuka 0TOOPAKAIOT COOTBETCTBUE AUCKPETHBIX METOK JAUCKPETHBIM TOYKAM.
B ciryyae HelpepbIBHBIX METOK, Oa3UPYIONIMXCS Ha [[BETE TOYEK, JIMHUI 1an obJacTei,
OTJIMYHO TMOOMIET TAKON MHCTPYMEHT, KaK MiKasa 11BeToB. B 6ubmnoreke Matplotlib
1IKaJIa [[BETOB — OT/IeJIbHAs CUCTeMa KOOPAMHAT, [IPEIOCTABIISIONAs KJII0Y K 3HAYEHUIO
1uBeToB Ha rpaduke. IToCKOJIbKY 9Ta KHIUra HalleyaTaHa B 4epHO-OeI0M MCIIOJIHEHNH,
JUUTSL TAHHOTO pasfiesia UMeeTCs TOTIOTHUTEIbHOE OHIAH-TIPUIOKEHNE, B KOTOPOM BBI
MOJKeTe TTOCMOTPEeTh Ha opurnHasibHbie rpacduku B 11Bete (https://github.com/jakevdp/
PythonDataScienceHandbook). Hautem ¢ HacTpoiiku 6I0KHOTA U1 HOCTPOEHUS IPahuKoB
Y UMTIOPTA HY>KHBIX (DYHKITH:

In[1]: import matplotlib.pyplot as plt
plt.style.use('classic"')

In[2]: %matplotlib inline
import numpy as np

[Tpocreiinnyio mKamy IBETOB MOKHO CO3/IaTh ¢ MOMOIIbIO HyHKIUK plt.colorbar
(puc. 4.49):

In[3]: x = np.linspace(0, 10, 1000)
I = np.sin(x) * np.cos(x[:, np.newaxis])

plt.imshow(I)
plt.colorbar();
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Puc. 4.49. MNMpocTtas nereHpa-ikana LBETOB

I[aJIee MbI PaCCMOTPHUM HECKOJIBKO I/II[QI?I I10 TI0JTb30BATEIbCKOI HaCTpOﬁKe HIKaJIbI I1BE-
TOB N 3(1)(1)8KTI/IBHOMy HX UCITOJIb30OBAHHWIO B Pa3HbIX CUTYallUAX.
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3azarh KapTy 1IBETOB MOKHO C IIOMOIIBIO apryMeHTa cmap (DYHKI[MU CO3IaHus BU3ya-
suzarmn (puc. 4.50):

In[4]: plt.imshow(I, cmap='gray');

Bce pocrynuble 11 UCIIOIb30BaHUA KapThL 1IBETOB COJePKATCs B IIPOCTPALCTBE UMeH
plt.cm. Bpl MOXeTe TTOSyYUTh TTOJTHBIN CITUCOK BCTPOEHHBIX ONIUH ¢ ToMornibio TAB-
aBrojionosHeHus B ob6osouke [Python:

plt.cm.<TAB>

Ho 603mosxcrocmp BbIOOpa KapThl 1IBETOB — JIMIIb IIEPBbIi [1ar, TOPa3io BasKHEE 8b10pams
cpeau umeromuxcs BapuanTos! Beibop okasbiBaercs ropaszno 60jiee TOHKUM, Y4€M Bb
MOIJIH OBl O3KU/IATh.
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Puc. 4.50. KapTa UBETOB Ha OCHOBE OTTEHKOB CEPOro

Bbibop KapThbl LIBETOB

BcecTopomtee paccMOTpenne BOTIPOca BHIOOPA TIBETOB B BU3YATM3AINN BBIXOIUT 32
TIPEIENTBI ITAHHOM KHUTH, HO TTO 9TOMY BOTIPOCY BBI MOKETE TIOYUTATH cTaThio Ten Simple
Rules for Better Figures («/lecsiTb poCThIX MPABUII JIST YTy UIIIEHUsT PUCYHKOB>, http://
bit.ly/2fDIn93). Onnaiin-gokymenTaius 6ubiuoreku Matplotlib takske comepkut nH-
TepecHyio MHGOPMAIIMIO 110 BOIpocy Bbibopa KapThl 11BeToB (http://matplotlib.org/1.4.1/
users/colormaps.html).

Bawm creyet 3HaTh, UTO CyIIECTBYET TPU PA3JNYHbIE KATETOPUU KapPT I[BETOB:

Q mociesoBaTeIbHbIe KaPTHI IIBeTOB. COCTOAT M3 OTHOI HETPePBIBHOI TIOC/Ie/I0BATETh-
HOCTH 1IBETOB (HaIIpuMep, binary wim viridis);

Q auBepreHTHBIE KapThl 1[BeTOB. OOBIYHO COMEPIKAT IBA XOPOIIIO PA3TMINMBIX 1[BETA,
OTPasKAIOIIUX TTOJIOKUTETbHBIE U OTPUIATEIbHBIE OTKIOHEHUS OT CPETHETO 3HAYe-
Hus (Hampumep, RdBu wiu Puor);

QO KavyecTBEHHBIE KAPTHI I[BETOB. B HUX 11BeTa cMeMUBAIOTCSA 6e3 KaKOro-T1uh0 YETKOTO
nopsiika (Harpumep, rainbow nim jet).
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Kapra uBeros jet, ucnosb3oBasinasics 1o ymosauanuio B oubanoreke Matplotlib 1o
Bepcuu 2.0, peacTaBsger coboii mpuMep KauecTBeHHOI KapThl 1[BeToB. Ee BbiOop B Ka-
YecTBe KapThl I[BETOB 0 YMOIYAHUIO OBLIT BeCbMa HeyIa4yeH, II0CKOIbKY KaueCTBEHHBIE
KapTbI IIBETOB IIJIOXO MOAXOJAT AJA OTPAKEHUA KOJTMICCTBEHHBIX TAHHBIX! O6bI‘—IHO OHIn
He OTPaKaloT PABHOMEPHOTO POCTA APKOCTH TIPU MPOABUKEHIUH 110 MIKATIE.

[TpoeMOHCTPUPOBATH 9TO MOKHO IIyTeM IPeoOPasoBaHuUsI IIKAJIbI IIBETOB jet B YepHO-
6enoe npezacrasienue (puc. 4.51):

In[5]:
from matplotlib.colors import LinearSegmentedColormap

def grayscale_cmap(cmap):
"""Bo3BpalaeT BepCcUw B OTTEHKaX Ceporo 3ajaHHOW KapTbl LBETOB
cmap = plt.cm.get_cmap(cmap)
colors = cmap(np.arange(cmap.N))

# MNpeobpasyem RGBA B BoOCMpvMHMMaeMyk rna3oM CBETUMOCTb Ceporo uBeTa
# cp. http://alienryderflex.com/hsp.html

RGB_weight = [0.299, 0.587, 0.114]

luminance = np.sqrt(np.dot(colors[:, :3] ** 2, RGB_weight))
colors[:, :3] = luminance[:, np.newaxis]

return LinearSegmentedColormap.from_list(cmap.name + "_gray",

colors, cmap.N)

def view_colormap(cmap):
"""PucyeT KapTy UBETOB B 3KBMBAJIEHTHbIX OTTEHKax Ceporo
cmap = plt.cm.get_cmap(cmap)
colors = cmap(np.arange(cmap.N))

cmap = grayscale_cmap(cmap)

grayscale = cmap(np.arange(cmap.N))

fig, ax = plt.subplots(2, figsize=(6, 2),
subplot_kw=dict(xticks=[], yticks=[]))

ax[@].imshow([colors], extent=[0, 10, 0, 1])

ax[1].imshow([grayscale], extent=[0, 10, 0, 1])

In[6]: view_colormap('jet")

Puc. 4.51. KapTa uBeTOB jet 1 ee HepaBHOMEpHas LUKana CBETUMOCTH

OTMeTuM SIPKHUE TOJI0CH B aXpOMaTu4ecKoM n3o6paskeHuu. Jlaxke B IOJTHOM I[BETE
9Ta HepaBHOMEPHas IPKOCTb O3HAYAET, YTO OllpejleJIeHHble YaCTH JMala3oHa I[BeTOB
OyIyT MPUTATUBATH BHUMaHUE, 4TO MOTEHIIUMAJbHO MPUBEAET K aKIIEHTHPOBAHUIO
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HeCYTIeCTBEHHbBIX YacTeil Habopa fanHbIX. JIydiiie IPUMeHsITh TAKHe KapThl IIBETOB, KaK
viridis (1cmosb3yeTest o yMomdanuio, Haunnast ¢ Bepen 2.0 6ubmmorexn Matplotlib),
CITEIUAJIBHO CKOHCTPYUPOBAHHBIE /[JIs1 PABHOMEPHOTO UBMEHEHUST SIPKOCTH 110 [UATIA30-
Hy. Takim 06pasoM, OHI He TOJBKO COTIACYIOTCS C HAIIIUM I[BETOBBIM BOCIIPUSATHEM, HO
U IpeobpasyIoTest ISt HeJieil TedaT B OTTeHKaX ceporo (puc. 4.52):

In[7]: view_colormap('viridis")

Puc. 4.52. KapTta uBeToB viridis 1 ee paBHOMepHasi LuKana CBETUMOCTU

Ecou BBI mpeinounTaeTe pajlysKHbIE IIBETOBBIE CXEMBbI, XOPOIITUM BADUAHTOM JIJIsI Hellpe-
PBIBHBIX JaHHBIX OyeT KapTa 11BeTOB cubehelix (puc. 4.53):

In[8]: view_colormap('cubehelix")

Puc. 4.53. Kapta uBetos cubehelix un ee ceeTumocTb

B apyrux ciydasgx, HapuMmep st OTOOPaKeHUsT MOJOKUTETbHBIX U OTPUIATETBHBIX
OTKJIOHEHWH OT CPETHErO 3HAUCHVIST, MOTYT OKa3aThCs YA0OHBI TAKHE JIBYIIBETHBIC KAPTHI
IIKAJIBI [[BETOB, KaK RdBu (cokpaiienue ot Red — Blue — «kpactbiii — cunwuii» ). OpHako,
KaK BB MOJKETe BUIETD Ha puc. 4.54, Takast wHbOpMAIus GyIeT moTepstHa TTPU MePEXO/Ie
K OTTEHKaM ceporo!

In[9]: view_colormap('RdBu')

1

Puc. 4.54. RdBu (kpacHo-CuHsIS) kKapTa LIBETOB M ee CBETMMOCTb

ZIaJIee MbI YBUJIUM ITPUMEPDI NCITOJIb30BAHUA HEKOTOPDBIX U3 9TUX KapPT IIBETOB.

B 6ubnmoreke Matplotlib cymecTByer MHOKECTBO KapT IIBETOB, /Jist TIPOCMOTPA UX
CITHCKA BBl MOJKETE BOCIIOJIb30BaThCst 000J104K0i [Python juist mpocMoTpa comepsKumMoro
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HOAMOYJIst plt . cm. BoJsiee IPUHITMITUATBHBIH TTOXO0/] K UCTIOTIb30BAHUIO TIBETOB B A3bI-
ke Python MOHO HaiiTi B MHCTPYMEHTAX ¥ JOKyMeHTaIuu 1o 6ubanoreke Seaborn
(cM. paszen «Busyanusanus ¢ nomoibio 6ubanorexu Seaborns» a1oii riaassl).

OrpaHVILIEHVIFl N pacClUnpeHHbIE BO3MOXHOCTU
Nno UCnoJib30BaHUIO LIBETOB

Bubmmorexa Matplotlib mpexocTasisger Bo3MOKHOCTD PasHOOOPA3HBIX II0JIb30BATE Ib-
CKUX HACTPOEK TKaJI 11BeToB. CaMu 110 cebe MIKaJIbI [[BETOB — MPOCTO HK3EMILISIPhI KJIac-
ca plt.Axes, IOITOMY /IJIT HUX MOKHO UCIIOJIb30BATh BCE YrKe U3yUYEHHbIEC HAMU TPIOKH,
CBsI3aHHbBIE ¢ (HOPMATUPOBAHKUEM OCEN KOOPIMHAT U JiejieHnil Ha HuX. [TTKaibt 1BeToB 06-
JIAJIAIOT JIOCTATOYHON THOKOCTBIO: HATTPUMED, MOKHO CY3UTh TPAHUIIBI IHATIA30HA [[BETOB,
0003HAYNB BBIXOJISIINE 32 TIPEIEJIBI ITOTO IHANIA30HA 3HAYEHHSI € TIOMOII[HIO TPEYTOTHHBIX
CTPEJIOK BBEPXY M BHU3Y IIyTeM 33/IaHN4 3HAUCHUS CBOICTBA extend. ITO MOXKET OKa3aTh-
1 ytoGHO, HATIPUMED, TIPU BBIBOJIE 3AITYMJIEHHOTO M300paskeHust (puc. 4.55):

In[10]: # co3paem wym pasmepoMm 1% OT nuKCenoB U3obpaxeHun
speckles = (np.random.random(I.shape) < 0.01)
I[speckles] = np.random.normal(®, 3, np.count_nonzero(speckles))

plt.figure(figsize=(10, 3.5))

plt.subplot(1, 2, 1)
plt.imshow(I, cmap='RdBu')
plt.colorbar()

plt.subplot(1, 2, 2)
plt.imshow(I, cmap='RdBu')
plt.colorbar(extend="'both")
plt.clim(-1, 1);
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Puc. 4.55. 3apaeM paclumpeHmne kapThbl LBETOB

O6paTI/IT€ BHUMaHME, YTO Ha JIEBOM PHUCYHKE 3alllyMJIEHHbIE€ ITMKCEJIbl BJAUAIOT Ha
IIpe/ieJibl /lMalla30Ha I[BETOB, 110 ATON IIpUYMHE /IUAITa30H NIyMa JieJlaeT COBEPIIEHHO
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HEPa3JIMYUMbIM UHTEPECYIONUI Hac naTTtepH. Ha mpaBom prcyHKe Mbl 3a/1aeM Tpejie-
JIBI INANa30Ha I[BETOB BPYUYHYIO 1 [0OABJISIEM CTPEJKHU, YKA3hIBAOIINE HA 3HAYEHUS,
BBIXO/ISATINE 32 OTU NpeJiesibl. B pesysbTaTe Mbl MoJydaeM HaMHOTO GoJiee yI06HYIO
BU3yaJIN3aINIO HAIIUX JIAHHbBIX.

I,E',VICK[:)eTH bl€ LKaJlbl LULBETOB

KapThl BETOB MO YMOIYAHUIO HETPEPBIBHbI, HO MHOT/IA HYKHO 0OECTIEUUTh OTPAsKEHIE
NVCKPETHBIX 3HaueHuit. [IpocTeiimuii crocob 106UThCsT HTOTO — BOCIOJIB30BATHCS
cdbyHkueit plt.cm.get_cmap(), IepenaB B Hee Ha3BaHUE TTOAXOASIIEN KaPTHI I[BETOB
BMECTE C HYKHBIM KOJIMYECTBOM JIMANa30H0B (puc. 4.56):

In[11]: plt.imshow(I, cmap=plt.cm.get_cmap('Blues', 6))
plt.colorbar()
plt.clim(-1, 1);
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Puc. 4.56. [IckpeTnanmpoBaHHasi KapTa LBETOB

Wcnonb3oBaTh AMCKPETHBIN BAPUAHT KapThl IIBETOB MOXKHO COBEPIIEHHO TaK JKe, Kak
1 JII0OYI0 IPYTYIO KapTy I[BETOB.

MpuMep: pyKonucHble Lndpbl

B kauecTBe mpuMepa pPACCMOTPUM MHTEPECHYIO BU3YATU3AIIUIO IAHHBIX C PYKOMUCHBIMI
mdpavu. Onu BRIIOUeHb! B Oubioreky Scikit-Learn u cocrost mourn u3 2000 MuHma-
TIOP pa3MepoM 8 x 8 ¢ pyKOTIMCHBIMU 1T PAMU.

HauneMm co ckaunBanus coiepsKanux Mudpbl JaHHBIX U BU3yaJIU3allud HECKOJIBKUX
PUMEPOB U300pakeH it ¢ TToMOIIb0 yHKIMK plt.imshow() (puc. 4.57):

In[12]: # 3arpyxaem usobpaxeHusa uudp oT © [0 5 M BU3YyaNU3UPyeM HEKOTOpble U3 HUX
from sklearn.datasets import load_digits
digits = load_digits(n_class=6)
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fig, ax = plt.subplots(8, 8, figsize=(6, 6))

for i, axi in enumerate(ax.flat):
axi.imshow(digits.images[i], cmap='binary')
axi.set(xticks=[], yticks=[])
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Puc. 4.57. MNpumep AaHHbIX C PYKOMMUCHBIMKU Ldpamm

B cuny Toro uTo kaxkaas mudpa onpezpensieTcss OTTEHKOM ee 64 TUKCEI0B, MOKHO
CUMTATD €€ TOYKOH B 64-MEPHOM MPOCTPAHCTBE: KakK/0€ M3MEPEHHIE OTPAKAET APKOCTD
onHoro Tmkcena. OIHAKO BU3yaIu3aius 3aBUCUMOCTEN B HACTOJIBKO MHOTOMEPHOM TTPO-
CTPaHCTBE TIPEACTABIAET COO0N NCKIIOUNTENBHO HENPOCTYIO 3aga4y. OauH u3 crocobos
ee pereHnst — BOCIOJIb30BATHCA KAKUM-TH00 U3 METONOB NOHUNCEHUSL PASMEPHOCTIU
(dimensionality reduction), Hanpumep obyuenuem na 6ase mnozoobpasuit (manifold
learning) ¢ HesIBIO CHUKEHNST Pa3MEPHOCTH JIAHHBIX ¢ COXPAHEHNEM MHTEPECYIONINX HAC
3aBrcuMocTeit. [ToHMsKeHne pasMepHOCTH — NPUMEP MAITMHHOTO 00y4YeHnst Ge3 yuuTeJist
(unsupervised machine learning). MsI 06cyaum ero noxpobGHee B paszese «Uto Takoe
MAITUHHOE 00y YeHe» TIaBh 3.

PaccmoTpuM oToOpaskeHue ¢ moMombio o0ydenus Ha 6aze MHOr0oOpasuii Halux gaH-
HBIX Ha ABYMEPHOE MPOCTPAHCTBO (CM. TTOAPOOHOCTH B pasjene «3arjasHeM riayosxe:
o0yueHme Ha baze MHOTOOOPas3Nii» TJIaBhl 5):

In[13]: # OTob6paxaem uudpbl Ha ABYMEpHOe MPOCTPAHCTBO C Momowbkw ¢yHKUuUM IsoMap
from sklearn.manifold import Isomap
iso = Isomap(n_components=2)
projection = iso.fit_transform(digits.data)

Bocriobayemcd Hateit AMCKPETHOH KapToil 1IBETOB I/ TPOCMOTPA Pe3yJabTaToB, 3a-

JIaB TTapaMeTpbl ticks u clim jiyist yurydiieHust BHENTHETO BU/IA MTOTOBOM KapThI IIBETOB
(puc. 4.58):
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In[14]: # BbiBOoAUM pe3ynbTaThl Ha rpaduk
plt.scatter(projection[:, @], projection[:, 1], 1lw=0.1,
c=digits.target, cmap=plt.cm.get_cmap('cubehelix', 6))
plt.colorbar(ticks=range(6), label='digit value')
# LundpoBble 3Ha4eHuA
plt.clim(-0.5, 5.5)
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Puc. 4.58. MHoroo6pasune pykonucHbIX Lmdp

IT0 0TOOpAKEHE TAKIKE TPETOCTABISIET HAM TOJIE3HYIO HHGMOPMAITIIO O 3aBICHMOCTSIX
BHYTpHU Habopa ganHbx. Hampumep, auanazoHsl udp 5 u 3 B IPOEKIMN TPAKTUIECKH
MEPECeKanTCsl, TO €CTh HEKOTOPbhIE PYKOMUCHBIE MSTEPKH W TPOWKHU OTJIUYUTD JAPYT OT
IPyTa I0BOJBHO HEIIPOCTO, 1, CJIeI0BATEBHO, BBIIIE BEPOSITHOCTD, YTO AaBTOMATIYECKUI
anropuT™ Kiaccudukanuu 6yaer ux myrtath. J[pyrue snavenst, Hanpumep 0 u 1, pas-
J1€JICHbI 60.716‘6 OTYETJINBO, 3HAYUT, BEPOATHOCTD ITyTaHUI[bI HAMHOTO MEHbIIIE. IT10 Ha-
GJITOJIEHIE XOPOIIIO COTJIACYETCS € HAIIEH HHTYUITHEN, TIOCKOIBKY TdPbt 5 1 3 GoibIie
MOXOKU JIpyTa Ha ApyTa, ueM 0 u 1.

MbI BepHeMcs K 00yueHnIo Ha 6aze MHOrooOpasuii 1 Kiaaccudukanuu nudp B riase 5.

MHOXeCTBeHHble cybrpadukm

WHoria yo6HO CpaBHUTH PasIndHbIe TPEACTaBICHNUS TaHHbIX, PA3MECTUB X OOK 0 OOK.
B 6ubmorexe Matplotlib Ha Takoii caydaii npegycMOTpeHO MOHATHE CYbepapuros
(subplots): HecKOTbKO MATIEHBKUX CHCTEM KOOPAMHAT MOTYT COCYIIIECTBOBATH Ha OTHOM
pucytke. Itu cybrpaduku MOryT IPEACTaBIATh COOOI BCTaBKU, CETKHU rPaUKOB WK
ente GoJiee CJOKHBIE CXEMbI pasMelenus. B JaHHOM pasjiesie Mbl PaCCMOTPHUM YeThIPE
byurmu 1Uist cosmanust cyorpadukos B bubmnoreke Matplotlib. Haunewm ¢ Hactpoiiku
GJIOKHOTA JIJIsT TOCTPOEH U TPaUKOB ¥ UMITOPTa (DYHKIINH, KOTOPbIe HaM ITOHA00SATCS:

In[1]: %matplotlib inline
import matplotlib.pyplot as plt
plt.style.use('seaborn-white')
import numpy as np
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plt.axes: co3gaHue cybrpadmkoB Bpy4HYO

Ucnosnb3oBanue pyHkimu plt.axes — MPOCTENUITNIT METO/] CO3/IAHUST CUCTEM KOOPIU-
HAT, 110 YMOJIYAHKIO CTAaHAAPTHOTO OOBEKTa IJIsl CUCTEMbI KOODAMHAT, 3aII0JHSIONIEr0
Bech rpaduk. plt.axes TakKe IPUHUMAET Ha BXOJIE HeOOSA3aTeIbHBII apryMeHT, IIPejl-
CTaBJISIOLIMIA COOOM CIIMCOK U3 YeThIPEX YMCe B CUCTEME KOOPAMHAT PUCYHKA. ITU
4HCJIa O3HAYAIOT [HM3, NIeBbll Yron, WWpUHAa, BbICOTa] B CHCTEME KOOPAMHAT PUCYHKA,
OTCYET KOTOPBIX HaunHaeTcs ¢ () B HUKHEM JIeBOM 1 3aKaHunBaeTcst 1 B BepXHEM ITPaBoM
YIJIy pUCYHKA.

Harmpumep, Mbl MOJKEM CO3[IaTh «BCTABHYIO» CUCTEMY KOODIUHAT B BEPXHEM MIPABOM
YIJIy IPYTO# CHCTEMbI KOOPIMHAT, 33/1aB KOOPJAWHATBI X U i/ €€ MECTOIOJIOKEHUST PaB-
upiMu 0.65 (TO eCTh HAYMHAIOIIUMUCS Ha 65 % mupunbt u 65 % BBICOTHI PUCYHKA), a ee
paamepsi 110 ocsiM X 1 Y paBbiME 0.2 (TO €CTh Pa3Mep 3TOH CUCTEMBI KOOPANHAT COCTAB-
sstet 20 % mmpuabt u 20 % BBICOTHI prucyHKa). PUCYHOK 4.59 1eMOHCTPUPYET pe3yibTaT
CJIEIYIOIIETO KO/IA:

In[2]: ax1
ax2

plt.axes() # ob6bl4HblE OCU KOOPAMHAT
plt.axes([0.65, 0.65, 0.2, 0.2])
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Puc. 4.59. NpyMep BCTaBHOW CUCTEMbI KOOPAMHAT
AHaJIOT 9TOI KOMaH/[bI B O6'beKTHO-OpI/IeHTI/Ip0BaHHOM uaTepdeiice — GyHKIUA

fig.add_axes(). Bocrosb3yemcs eio /Ui co3anud IBYX PACIIOJNIOKEHHBIX PYT HAJ
ZIPyTOM cucTeM KoopauHaT (puc. 4.60):

In[3]: fig = plt.figure()
axl = fig.add_axes([0.1, 0.5, 0.8, 0.4],
xticklabels=[], ylim=(-1.2, 1.2))
ax2 = fig.add_axes([0.1, 0.1, 0.8, 0.4],

ylim=(-1.2, 1.2))

x = np.linspace(0, 10)
axl.plot(np.sin(x))
ax2.plot(np.cos(x));
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Puc. 4.60. MNpurMep pacnonioXXeHHbIX APyr Haj APYroM CMCTEM KOOpPAMHAT

MBI TOJTYYIITH JIBE COTPUKACAIOTINECST CHCTEMBI KOOPAWHAT (BepXHsist — €3 mereHnii):
113 Bepxueit obsactu (Haxomsmiics Ha 50 % 0T paMepa PUCYHKA) COOTBETCTBYET
Bepxy HuzKHeil obmacty (Haxoaurest Ha 10 + 40 % ot pasmepa pucyHka).

plt.subplot: npocTble ceTkn cybrpadunkos

BoIpoBHEHHBIE CTOMOIBI UJIN CTPOKU CyOrpaduKoB GBIBAIOT HY/KHBI IOCTATOUHO YACTO
115t TOro, 4To6bl B 6nbsmorexy Matplotlib 6b1710 BK/IH04UEHO HECKOIBKO YIOOHBIX YTUIINT,
obuservarorux ux cozanne. CaMast HU3KOYpPOBHeBast M3 HUX — (QYHKIU plt. subplot,
CO3/IATONIAsT OTAENBHBIH cyOTpah K BHYTPHU CETKU. ITa KOMAH/Ia MPUHUMAET Ha BXOJIE
TPH TIETOYHNCTEHHBIX APTYMEHTa — KOJMYECTBO CTPOK, KOJMUYECTBO CTONOIOB U MHAEKC
CO3/IaBaEMOTO I10 TaKOi cxeMe TpacduKa, 0TCYeT KOTOPOTO HAYMHAETCS B BEDXHEM JIEBOM
YIJIy ¥ 3aKaHYMBAeTCs B MPaBOM HUKHeM (puc. 4.61):

In[4]: for i in range(1, 7):
plt.subplot(2, 3, i)
plt.text(0.5, 0.5, str((2, 3, i)),
fontsize=18, ha='center')
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Puc. 4.61. Mpvmep ncnonb3oBanust dyHKumK plt.subplot



MHOXXeCTBeHHbIe cybrpadukn 311

[l HacTpoiiKK pazMepoB TOJEH MEXKAY 3TUMU TpahuKaMu MOKHO BBITIOJTHUTD
KoMaHIy plt.subplots_adjust. Crenyroniuii kox (pe3yJabTaT KOTOPOTO MOKa3aH
Ha puc. 4.62) UCHONb3YeT SKBUBAJIEHTHYIO 00bEKTHO-OPUEHTHPOBAHHYIO KOMAH/Y
fig.add_subplot():

In[5]: fig = plt.figure()
fig.subplots_adjust(hspace=0.4, wspace=0.4)
for i in range(1, 7):
ax = fig.add_subplot(2, 3, i)
ax.text(0.5, 0.5, str((2, 3, i)),
fontsize=18, ha="center")
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Puc. 4.62. plt.subplot() ¢ BbIpOBHEHHLIMW NONSIMM

MbI BOCTIONIb30BAJIMCHh apTyMeHTaMu hspace u wspace GyHKIuu plt.subplots_
adjust(), HO3BOJIAIONIMMHU 33J]aTh I10J4 110 BBICOTE U MUPUHE PUCYHKA B €AMHUALIAX
BbICOTBI cyOrpacduka (B JaHHOM CJydae 10Jist cOCTaB/IsioT 40 % OT IIUPUHBI U BBICOTHI
cybrpaduka).

®yHkumsa plt.subplots: co3paHue Bcen ceTku 3a 0OANH pas

ToJBKO UTO ONMCAHHBIH TTOIX0T MOKET 0Ka3aThCS IOBOJBHO TPYAOEMKUM TIPH CO3/[aHUN
GOITBITION ceTKM CyOTPahIKOB, 0COGEHHO eCITH HYKHO CKPLITh MeTKH oceit X n Y Ha Biy-
TpeHHUX rpadukax. B atoMm ciyuae ymoOHee UCIIONb30BaTh (DYHKIHO plt.subplots()
(obparuTe BHUMaHKEe Ha OYKBY s B KOHIle subplots). BmecTo oriesnbHoro cybrpaduka
aTa (DYHKIIUSI CO3IAET LENYI0 CeTKY cyOrpahuKoB OHOI CTPOKOI KO/la 1 BO3BpAIaeT
nx B MaccuBe NumPy. Ee apryMeHTbI: KOTHYeCTBO CTPOK ¥ CTOJIOTIOB, a TakykKe HeoOsI-
3aTebHBIE KII0UEeBBIE CI0Ba sharex U sharey, TIO3BOJIAIONINE 3371aBATh CBSI3U MEXKIY
Pa3MMIHBIMU CUCTEMaMU KOOpAMHAT.

3/ech MbI co3jiaeM ceTKy 2 x 3 cyOrpaduKoB, B KOTOPOU y BCEX CHCTEM KOOPIUHAT
B O/IHO¥ CTPOKE OJJMHAKOBAs IIIKAJa 110 OCU Y, a Y BCEX CUCTEM KOOPAUHAT B OJTHOM
cTosbLe — opuHakoBas mkaa 1o ocu X (puc. 4.63):



312 MaBa 4 e Bwusyanusauus c nomowbio 6nbnmnoTekn Matplotlib

In[6]: fig, ax = plt.subplots(2, 3, sharex='col', sharey='row')
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Puc. 4.63. O6wme ocn koopamnHaT X 1 Y npu ucnonb3oBaHum plt.subplots()

O6paTuTe BHUMaHUE, YTO YKa3aHUE KJIIOUYEBBIX CJIOB sharex U sharey MPUBOAUT K aB-
TOMATUYECKOMY YIQJIEHUIO BHYTPEHHUX METOK C CETKH B IEJISIX OUMCTKH IIPOCTPAHCTBA
rpaduka. VlTorosas cerka cucteM KOOpauHAT Bo3Bpainaercs: B maccue NumPy, uto
JlaeT BO3MOYKHOCTD JIETKO CCHIIATHCS Ha TPeOYeMyIO CHCTeMY KOOPAUHAT ¢ OMOTIBIO
0OBIYHON UHIEKC AL, UCIIOIb3YeMOil 111 MaccuBoB (puc. 4.64):

In[7]: # CucTeMmbl KOOpAMHAT pacrnonaralTcA B ABYMEPHOM MaccuBse,
# vHpgekcupyemoMm no [cTpoka, cTonbeu]
for i in range(2):
for j in range(3):
ax[i, j].text(@.5, 0.5, str((i, j)),
fontsize=18, ha='center')
fig
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Puc. 4.64. Hymepauusi rpacmkoB B ceTke cybrpadukos

ITo cpaBHenwmto ¢ plt.subplot() dyHkIus plt. subplots() HAMHOIO JIy4Iile COTTIACYEeTCs
¢ IpUHATON B s3bIke Python unexcanumeii, Haunnaromieiics c 0.
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dyHKumsa plt.GridSpec: 6onee cnoxHble KOHMUrypaumm

IIpu BBIXOJE 32 Ipene/bl 00BIYHOI ceTKU rpadUKoB K cyOrpaduKaM, 3aHUMAIOLIIM
MHOTO CTPOK U CTOJIONOB, HAUIYUIIUM HHCTPYMEHTOM curTaercst plt.GridSpec. Cam
1o cebe 06beKT plt.GridSpec He cozgaer rpadKoB, 9TO IMPOCTO YA0OHbII HHTEPdEIiC,
TMOHATHBIN KoMane plt.subplot(). Hampumep, Bbi30B GridSpec 171 ceTKU U3 IBYX
CTPOK U TPEX CTOJIONOB € 33laHHBIMI 3HAYCHUSIMU IITUPUHBI 1 BBICOTBI OY/IET BBITJISIIETH
CIIELYIOIUM 0OPasoM:

In[8]: grid = plt.GridSpec(2, 3, wspace=0.4, hspace=0.3)

3areM MbI MOJKEM 33/IaTh MECTOTIONIOJKEHTE U Pa3MePHI CyOrpaduKOB € TOMOTITBIO 0OBIY-
HOIO CHMHTaKcuca cpesoB s3bika Python (puc. 4.65):

In[9]: plt.subplot(grid[e, ©])
plt.subplot(grid[0, 1:])
plt.subplot(grid[1, :2])
plt.subplot(grid[1, 2]);
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Puc. 4.65. CozgaHue cybrpacmkoB HEOAMHAKOBOM hOpMbl C MOMOLLbIO dyHKUMKM plt.GridSpec

[Tono6Hoe TMOKOE BHIPABHUBAHUE CETKU HAXOAUT MHOYKECTBO PA3JINYHBIX TIPUMEHEHUH.
1 Jarme Bcero MCIOTB3YIO €T0 MIPH CO3TAHNN TPAPUKOB THCTOTPAMM € HECKOJIBKUMNI
crucreMaMu KoopauHart (puc. 4.66):

In[10]: # Co3paeM HOpManbHO pacnpedesneHHble AaHHble
mean = [0, 9]
cov = [[1, 1], [1, 2]]
X, y = np.random.multivariate_normal(mean, cov, 3000).T

# 3apaem cucTembl KOOpAMHAT C mnomoubk ¢yHKuuM GridSpec

fig = plt.figure(figsize=(6, 6))

grid = plt.GridSpec(4, 4, hspace=0.2, wspace=0.2)

main_ax = fig.add_subplot(grid[:-1, 1:])

y _hist = fig.add_subplot(grid[:-1, @], xticklabels=[], sharey=main_ax)
x_hist = fig.add_subplot(grid[-1, 1:], yticklabels=[], sharex=main_ax)

# Pacnpepensem TOYKM NO OCHOBHOM CUCTemMe KOOpAMHAT
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main_ax.plot(x, y, 'ok', markersize=3, alpha=0.2)

# Pucyem ructorpammbl Ha [OMONAHUTENbHBIX CUCTEMaX KOOpAMHAT

x_hist.hist(x, 40, histtype='stepfilled',
orientation="vertical', color='gray')

x_hist.invert_yaxis()

y_hist.hist(y, 40, histtype='stepfilled’,
orientation="horizontal', color='gray"')

y_hist.invert_xaxis()

4

-6 o

-4 -8 -2 -1 0 1 2 3

Puc. 4.66. Busyanusvpyem MHOroMepHble pacnpeaeneHuns ¢ noMoLbto dyHkumm plt.GridSpec

Taxkoe pacipezie/ienue, BbIBOAMMOE Ha OTAEIbHBIX IpaduKax 110 GoKaM, HaCTOJIbKO pac-
IPOCTPAaHEHO, 4TO B nakeTe Seaborn A/ mMocTpoeHus ero rpaduKoB IPeayCMOTPEHO
orzaenbHoe API. TToapo6Hyto nHbopMaIHio cM. B pasesie « Busyaausanus ¢ moMOIIbIO
6ubmorexkn Seaborn» JaHHOI rIaBbI.

TeKCT U nodcHgwme Haanucum

Xopotias BU3yajansaius J0JKHA PACCKA3bIBATh YMTATENIO UCTOPUIO. B HEKOTOPBIX
CIIy4asix 9T0 MOKHO ClIeJIaTh TOJIbKO BU3YaJIbHBIMU CPeACTBaMU, 0e3 JAOIOTHUTEBHOTO
TEKCTa, HO MHOT/Ia HeOOIbIINE TEKCTOBBIE IOACKA3KU U METKK He0OX0MMbL. BeposTHo,
TIPOCTEUTITNI BUJT TIOSICHSIONTUX HAMICEH — METKH Ha OCSIX KOOPAWHAT U UX Ha3BaHUS,
HO MIMEIOIIUECsS BO3MOKHOCTH Topaszio mupe. PaccMoTpuM Ha npuMepe KaKux-HuOy b
JaHHBIX, KAK MOKHO UX BU3YaJU3UPOBATh 1 JOOABUTH MOSCHSIOINE HAAIICH, YTOOBI
06J1eTunTh JOHECEHUE JI0 YuTaTesis ose3Hoi nndopmarn. Haunem ¢ HacTpoiiku 610k-
HOTa JIJIst TOCTPOEHUST TPA(UKOB U UMITOPTA HEOOXOIUMBIX HaM (DYHKITHIL:

In[1]: %matplotlib inline
import matplotlib.pyplot as plt
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import matplotlib as mpl
plt.style.use('seaborn-whitegrid")
import numpy as np

import pandas as pd

MpuMep: BAUSIHWE BbIXOAHbIX AHEN
Ha poxkaeHue aeten B CLUA

Bepremest Kk JaHHbIM, ¢ KOTOPBIMU Mbl paboTtajiu paHee B pasjene «IIpumep: gaHHble
0 POK/IAeMOCTH» TJIaBBI 3, T/IE Mbl CTeHEPUPOBAJIU IPAhUK CPEHETO KOJTNIECTBA POIK-
JIEHU JIeTeil B 3aBUCUMOCTH OT JIHS KaJIeH/JaDHOTO rojla. DT JIAHHble MOKHO CKa4aTh
110 azipecy https://raw.githubusercontent.com/jakevdp/data-CDCbirths/master/births.csv.

Haunewm c Toii Ke mpore/lypbl OUNCTKHU JAaHHBIX, KOTOPYIO MBI HCIIOJb30BAJIN PaHEe,
1 TIOCTpouM rpaduk pe3yabtaToB (puc. 4.67):

In[2]:
births = pd.read_csv('births.csv')

quartiles = np.percentile(births['births'], [25, 50, 75])
mu, sig = quartiles[1], ©.74 * (quartiles[2] - quartiles[@])
births = births.query('(births > @mu - 5 * @sig) & (births < @mu + 5 * @sig)"')

births['day'] = births['day'].astype(int)

births.index = pd.to_datetime(10000 * births.year +
100 * births.month +
births.day, format='%Y%m%d')
births_by date = births.pivot_table('births',
[births.index.month, births.index.day])
births_by date.index = [pd.datetime(2012, month, day)
for (month, day) in births_by_date.index]

In[3]: fig, ax = plt.subplots(figsize=(12, 4))
births_by date.plot(ax=ax);
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Puc. 4.67. CpefiHee exeHEBHOE KOMNYECTBO HOBOPOXAEHHbIX B 3aBUCUMOCTU OT AaTbl
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ITpu pabote ¢ maHHBIME TOJOOGHBIM 0OPA30OM YACTO OBIBAET MOJIE3HO CHAGUTD HJIEMEH-
TBI TpadyKa MOSICHEHUSIMHU JIJIST TIPUBJICUEHIST K HUM BHUMAHUS YUTATE S DTO MOXKHO
c/lesIaTh BPYYHYIO € TOMOIIBIO KOMaHABI plt.text/ax.text, KOTOpas MOMECTUT TEKCT
B M€eCTe, COOTBETCTBYIOIEM KOHKPETHBIM 3HAYeHUSAM KoopauHart (X, i) (puc. 4.68):

In[4]: fig, ax = plt.subplots(figsize=(12, 4))
births_by date.plot(ax=ax)

# [lobaBnseM MeTKM Ha rpaduk
style = dict(size=10, color='gray')

ax.text('2012-1-1', 3950, "New Year's Day", **style)
ax.text('2012-7-4"', 4250, "Independence Day", ha='center', **style)
ax.text('2012-9-4', 4850, "Labor Day", ha='center', **style)
ax.text('2012-10-31"', 4600, "Halloween", ha='right', **style)
ax.text('2012-11-25", 4450, "Thanksgiving", ha='center', **style)
ax.text('2012-12-25"', 3850, "Christmas ", ha='right', **style)

# JlobaBnAaemM MeTKU ANA ocCeil KOopAMHAT
ax.set(title="USA births by day of year (1969-1988)°',
ylabel="average daily births")

# Pa3meyaeM oCb X LEHTPUPOBAHHbIMKU MeTKaMu A8 MecAueB
ax.xaxis.set_major_locator(mpl.dates.MonthLocator())
ax.xaxis.set_minor_locator(mpl.dates.MonthLocator(bymonthday=15))
ax.xaxis.set_major_formatter(plt.NullFormatter())
ax.xaxis.set_minor_formatter(mpl.dates.DateFormatter('%h'));

EXeaHeBHOE KONMYECTBO HOBOPOXXAEHHbIX B 3aBUCUMOCTM OT gaThbl, CLLIA (1969-1988)
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Puc. 4.68. ExxeaHeBHOE KONMMYECTBO POXAAEMbIX [eTell B 3aBMCUMOCTMU OT AaTbl, C KOMMEHTapUAMA

Mertoj ax. text MpUHUMAET Ha BXO/IEe KOOPAIMHATY X, KOOPIMHATY Y, CTPOKOBOE 3HAUEHNE
1 HeoOs13aTe/IbHbIE KIIOUEBbIE CI0BA, 3a/IAI0MIKE I[BET, Pa3Mep, CTUJIb, BhIDAaBHUBAHUE
U IpyTHEe CBOMCTBA TEKCTA. B JaHHOM cirydae Mbl MCTIOJIB30BAIN 3HaUeHnd ha="'right’
u ha="center’, rjie ha — cokpaiienue ot horizontal alignment («BbIpaBHUBaHUE 110 TO-
pusoHTaM» ). CM. HaibHElIy 0 nHbOPMAIIo 00 IMEIOIINXCS HacTpoiiKax B docstring
ynxmmit plt.text() mmpl.text.Text().
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Mpeobpa3oBaHUs U KOOPAUHATLI TEKCTA

B nipesbizytiieM mpuMepe Mbl IPUBSI3AJIM HAIIT TEKCTOBBIE MOSICHEHWST K KOHKPETHBIM
3HAYEHUsIM JaHHbIX. VIHOT/Ia ObIBaeT yj00Hee IPUBSA3ATh TEKCT K KOOPAUHATAM Ha OCAX
PHCYHKA, HE3aBUCUMO OT JaHHbIX. B 6ubanorexe Matplotlib a1o ocymecrsisgercsa myrem
Mozaudukauu npeobpasosanus (transform).

Bcem dpeiimBopkam oTobpaskenust Tpaduki HeOOXOMUMBI CXEMBI TPe0OPa30BAHUS
MEKIy Pa3HbIMK CHCTeMaMu KoopauHat. Hanpumep, TOYKY TaHHBIX ¢ KOOPAHUHA-
tamu (%, y) = (1, 1) caemyeT npeaCcTaBuTh B BUJle TOYKU B ONIPe/ieIEeHHOM MecTe Ha
PUCYHKE, KOTOPBI, B CBOIO OU€ePE/lb, HEOOXOAUMO TIPEJACTABUTD B BU/IE TUKCEJIOB HA
skpane. C MaTeMaTHYECKON TOUYKH 3PEHUsT MO0OHbBIE TTPe0OPa3OBAHUS HECTOKHBI,
u cama 6ubsmoreka Matplotlib BHYTpH ncioibayeT 1711 X BBITIOJTHEHVS HMEOIIUICS
B Hell HAGOP UHCTPYMEHTOB (3TH HHCTPYMEHTDI MOSKHO HAUTH B TIOAMOJLYJIe matplot-
lib.transforms).

CpezHecTaTHCTHYECKIUH TOTB30BATENb PEAKO 3aMyMBIBAETCS O ETANSX ITUX TTPe00-
pasoBaHUi, HO €CJIN pedb UIET O Pa3MeIeHNN TeKCTa Ha PUCYHKE, He TOMeIaeT MMETh
0 HUX OTpe/iesieHHoe TipesicTaBiaenue. CynecTByeT TpH MpeIonpeeeHHbIX Tpeobpa-
30BaHU, KOTOPBIE MOTYT OKa3aThCsT TIOJE3HBIMU B TIO0OHO CUTYATIN:

QO ax.transData — npeoOpasoBaHKe U3 CUCTEMbI KOOPAUHAT JAHHBIX;

O ax.transAxes — IpeoGpasoBaHUe U3 CHCTEMBI KOOPAWHAT 0ObheKTa Axes (B eIMHUIIAX
pa3MepoB PUCYHKA);

QO fig.transFigure — mpeoOpasoBatue U3 CUCTEMbI KOOpAHAT 0ObeKTa Figure (B eu-
HUIIAX Pa3MePOB PUCYHKA)

PaccmoTpum mipuMep BBIBOJIA TEKCTA B PA3JIUYHBIX MECTAX PUCYHKA C TIOMOIIBIO OTUX
npeobpasoBanuii (puc. 4.69):

In[5]: fig, ax = plt.subplots(facecolor="'lightgray')
ax.axis([@, 10, @, 10])

# transform=ax.transData - 3HayeHue MO yMONYaHWI0,

# HO Mbl BCe paBHO yKa3biBaem ero

ax.text(1, 5, ". Data: (1, 5)", transform=ax.transData)

ax.text(®.5, 0.1, ". Axes: (0.5, 0.1)", transform=ax.transAxes)
ax.text(0.2, 0.2, ". Figure: (0.2, 0.2)", transform=fig.transFigure);

O6partute BHUMAHKE, YTO M0 YMOJYAHWIO TEKCT BBIPABHUBACTCS 110 6a30BOW JIMHUT
7 JIeBOMY Kpaio YKa3aHHBIX KOOP/AMHAT, T03TOMY "." B Hadasle Ka’KA0H CTPOKH TPU-
GIMBUTENHHO OTMEYAET 3/1ECH 3AIAHHBIE KOOPANHATHL.

Koopaunarer transData 3a1ai0T 0ObIYHbIE KOOPAMHATBI JaHHBIX, COOTBETCTBYION[UE
MeTkaM Ha ocsix X u Y. KoopauHatsl transAxes 3a/1al0T MECTOTIONOKEHHE, CYUTAST OT
HUZKHETO JIEBOTO YTJIa CHCTEMBI KOOPANUHAT (3/1eCh — OeJIbIil IPSIMOYTOJIbHIK ), B BUIE
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JIOJIM OT pa3Mepa cucteMbl KoopanHat. Koopaunatel transFigure CXoXu ¢ transAxes,
HO 33/IA10T MECTOIOJIOKEHME, CYMTAst OT HUXKHETO JIEBOTO YIJIa PUCYHKA (3/1eCh — CEPIN
MPSIMOYTOJIBHUK ) B BUJIE JIOJIU OT Pa3Mepa PUCYHKa.

10

.Data: (1.5)

.Figure: (02.0.2) Axes: (0.5.0.1)

0 2 4 6 8 10

Puc. 4.69. CpaBHeHune pasnnyHbIX CUCTEM KoopanHaT bubnmotekn Matplotlib

OtmMmeuy, 4TO, €CJTH TIOMEHSITD ITPEJIENbl 0CEH KOOPAMHAT, TO TOBJIUSIET TOJBKO HAa KOOP-
JIMHATHI transData, a Apyrue ocTanyTcst HendMeHHbIMU (puc. 4.70):

In[6]: ax.set_xlim(@, 2)
ax.set_ylim(-6, 6)

fig
6
.Data: (1.5)
4
2
0
-2
.Figure: (02.0.2) .Axes: (0.5.0.1)
-4
0.0 0.5 1.0 1.5 2.0

Puc. 4.70. CpaBHeHWe pa3nnyHbIX CUCTEM KoopauHaT bubnmotekn Matplotlib

Habmozath 510 nosegenune 60Jee HAMJISIHO MOKHO IIyTeM MHTEPAKTUBHOTO U3MEHEH M
pesesioB ocell KoopanHart. IIpu BBITOMHEHIH Ko/ia B GJIOKHOTE 3TOTO MOKHO JTOOUTHCS,
3ameHuB %matplotlib inline Ha %matplotlib notebook 1 BOCIOJIb30BABIINCH MEHIO
KakJ10r0 13 rpadrKOB 11 PaGOThI ¢ HUM.
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CTpEﬂKM N NoACHAKOWME Haanncun

Hapsiny ¢ ormerkamu geieHuil 1 TeKCTOM y100HOI TTOSCHSIONEN METKO SABJISIETCS
[POCTasi CTPeJIKa.

Pucosanue crpesiok B Matplotlib sauactyio oxasbiBaercs 6GoJiee cI0KHOI 3agaueii, uem
BbI MOTJIM OBl Iipejnosarath. HecMoTpst Ha cymectsoBanue GyHkimu plt.arrow(),
HCIIOJTh30BATH €€ sT OBl He COBETOBAI: CO3/IaBaeMble €10 CTPENKU TPEICTABISIOT cob0it
SV G-06beKThl, MoIBepP;KEHHBIE N3MEHEHUSIM B 3aBUCIMOCTH OT COOTHOIIIEHYSI CTOPOH
rpadUKOB, MOITOMY Pe3YJIbTAT PEIKO OKA3bIBAETCS COOTBETCTBYIOUINM OXKUAAHUSIM.
BMmecTo aTOTO 5T TIpeToRIT GBI BOCTIOMB30BATHCST (hyHKITMEN plt.annotate(). Ona
CO3/IaeT TEKCT U CTPEJIKY, TPUYEM TTO3BOJISIET OYeHb THOKO 3a/1aBaTh HACTPOMKY JIJist
CTPEJIKML.

B caenyioniem dparmenTe Kojia Mbl UCITOJIb3YeM (DYHKIHIO annotate ¢ HECKOJIbKUMU
napamerpamu (puc. 4.71):

In[7]: %matplotlib inline
fig, ax = plt.subplots()

x = np.linspace(@, 20, 1000)
ax.plot(x, np.cos(x))
ax.axis('equal')

ax.annotate('local maximum', xy=(6.28, 1), xytext=(10, 4),
arrowprops=dict(facecolor="black', shrink=0.05))

ax.annotate('local minimum', xy=(5 * np.pi, -1), xytext=(2, -6),
arrowprops=dict(arrowstyle="->",
connectionstyle="angle3,angleA=0,angleB=-90"));

6
4 local maximum
2 \/—</\/\
0
-2
local minimum
-4
0 5 10 15 20

Puc. 4.71. MpyMepbl NOSICHSIOLWMX Haanucen

Crunem CTPEJIKN MOJKHO YTIPABJIATDH C TIOMOIIBIO CJIOBAps arrowprops ¢ MHOKECTBOM
ImapaMeTpoB. ITHn ITapaMeETpPbl OTJIMYHO OIIMCAaHbl B OHﬂaﬁH-ﬂOKyMEHTaHHH 6nbmMoTeKn
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Matplotlib, mosTomy BMecTO TIepedncieHrst UX 5T IPOCTO MOKAKY HECKOJIBKO BO3ZMOK-
HocTel. [IpoIeMOHCTPUPYEM YaCTh UMEIOIINXCST TAaPAMETPOB HA YiKE 3HAKOMOM BaM
rpacduke poxxgaemoctu (puc. 4.72):

In[8]:
fig, ax = plt.subplots(figsize=(12, 4))
births_by date.plot(ax=ax)

# [lobaBnsem Ha rpaduk mMeTkwu
ax.annotate("New Year's Day", xy=('2012-1-1', 4100), xycoords='data',
xytext=(50, -30), textcoords='offset points’,
arrowprops=dict(arrowstyle="->",
connectionstyle="arc3,rad=-0.2"))

ax.annotate("Independence Day", xy=('2012-7-4', 4250), xycoords='data',
bbox=dict(boxstyle="round", fc="none", ec="gray"),
xytext=(10, -40), textcoords='offset points', ha='center’,
arrowprops=dict(arrowstyle="->"))

ax.annotate('Labor Day', xy=('2012-9-4', 4850), xycoords='data', ha='center’,
xytext=(0, -20), textcoords='offset points')

ax.annotate('', xy=('2012-9-1"', 4850), xytext=('2012-9-7', 4850),
xycoords="data', textcoords='data’,
arrowprops={'arrowstyle': '|-|,widthA=0.2,widthB=0.2", })

ax.annotate('Halloween', xy=('2012-10-31', 4600), xycoords='data',
xytext=(-80, -40), textcoords='offset points’,
arrowprops=dict(arrowstyle="fancy",
fc="0.6", ec="none",
connectionstyle="angle3,angleA=0,angleB=-90"))

ax.annotate('Thanksgiving', xy=('2012-11-25', 4500), xycoords='data',
xytext=(-120, -60), textcoords='offset points',
bbox=dict(boxstyle="round4,pad=.5", fc="0.9"),
arrowprops=dict(arrowstyle="->",
connectionstyle="angle,angleA=0,angleB=80,rad=20"))
ax.annotate('Christmas', xy=('2012-12-25', 3850), xycoords='data’',
xytext=(-30, @), textcoords='offset points’,
size=13, ha='right', va="center",
bbox=dict(boxstyle="round", alpha=0.1),
arrowprops=dict(arrowstyle="wedge, tail width=0.5",
alpha=0.1));

# 3apaem MeTKM ANSA ocel KoopAuMHAT
ax.set(title="USA births by day of year (1969-1988)°',
ylabel="average daily births")

# Pa3meyaeM 0oCb X LEHTPUPOBAHHLIMM MEeTKaMu A/S MecsueB
ax.xaxis.set_major_locator(mpl.dates.MonthLocator())
ax.xaxis.set_minor_locator(mpl.dates.MonthLocator(bymonthday=15))
ax.xaxis.set_major_formatter(plt.NullFormatter())
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ax.xaxis.set_minor_formatter(mpl.dates.DateFormatter('%h'));
ax.set_ylim(3600, 5400);

Bol BumTe, 4TO CrierudUKAIINK CTPEJIOK U TEKCTOBBIX TTOJIEH 04€eHb MoApoOHbL. Biaro-
JTapst 3TOMY MBI MOXKEM CO3/IaBaTh CTPEJNKH TPAKTHUECKHU JTI0OOTO HY;KHOTO HAM BHUJA.
K coskanennio, 5To Takke 03HAYAET, UTO MOAOOHBIE DIEMEHTHI TPEOGYIOT OTIATKH BPYU-
HYIO — IIPOIIECC, 3aHIMAIOINI HeEMaJIo BPEMEHH, eCJIN pedub UeT O CO3/[aHny TpaduKkn
tumnorpadcroro yposus kadectsa! Hakonerr, oTMeuy, 4To NCTIOJIb30BATH /IS TTPECTAB-
JIEHUsI IAaHHBIX [TPOJIEeMOHCTPUPOBAHHYIO BBIIIIE CMECh CTUJIEH 51 OTHIO/b He PEKOMEH/IYIO,
OHa JlaHa B KauecTBe IIpUMepa BO3MOXKHOCTEH.

5400
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-

Aenb Tpyna
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\ e —
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Puc. 4.72. CpegHsis poXXaaeMoCTb N0 AHAM C NOSICHEHUSMU

Janpreiiniee o6cyKIeHIEe U IPUMEPbI CTHJIEH CTPEJNOK U IOACHAIOINX HaANCel
MOKHO HaiiTh B rasiepee 6ubsmorexu Matplotlib mo agpecy http://matplotlib.org/examples/
pylab_examples/annotation_demo2.html.

Monb30BaTeNbCKME HAaCTPOUKM AENEHUN
Ha OCsIX KoopAuHaT

JloxkaTtopsl 1 hopMaTePDT TETEHIH Ha OCSX, UCTIONB3YEMbIE TI0 YMOTIAHUTO B OMOIOTEKE
Matplotlib, cipoektupoBanbr Tak, 4TO B GOMBITMHCTBE OOBIYHBIX CUTYAIIMH WX BIIOJHE
JIOCTATOYHO, XOTsI OHU OTHIO/b HE ONTUMAJILHBI /IS BCeX rpadukoB. B aToMm pasjese Mbl
PacCMOTPUM HECKOJBKO TIPUMEPOB HACTPONKH PACTIONOKEHUS eTeHUTT 1 uX (hopmaTn-
POBaHUSI JI7IsT KOHKPETHBIX MHTEPECYIOTTIX HAC BU/IOB TPaduKOB.

[Tpeskie ueM TepeiiTu K TIPUMEpPaM, CJIefyeT pa3ooparbest B 00bEKTHO HepapXuu rpa-
uxos 6ubmorexn Matplotlib. Matplotlib crapaercs penars o6bexTamu si3bika Python
BCE 9JIEMEHTHI Ha rpaduke, HapuMep 00beKT figure — OrpaHUYMBAIONIIIL CHAPY KU
Bce 9J1eMeHThl rpaduka npsaMoyrobauk. Kasxkabrii oobekt 6ubanoreku Matplotlib
TaKKe CJHYKUT KOHTeiiHepoM nogo0obexToB. Hampumep, m060ii 00bekT figure MoxkeT
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CO/IEPIKATH OIUH OOBEKT axes WK H0JIee, KK IbII U3 KOTOPBIX, B CBOIO OUEPE/Ih, CO/IEP-
JKUT JIPyTHe 00BEKTHI, OTPasKAIOIINE COAEPKUMOe rpaduKa.

Mertku gesieHnil He UCKIoYeHne. Y KaIoro o0beKTa axes UMEIOTCST aTpUOyThI Xaxis
U yaxis, KOTOpbIe, B CBOIO 04Yepe/ib, COIEPsKaT BCe CBOMCTBA JUHUMH, IeJIeHUI U METOK
OCHU KOOPIWHAT.

OCHOBHbIE 1 NPOMEXYTOYHbIE AENEHUA ocen KOOpAUHAaT

Ha xamoit ocu KOOPAMHAT UMEIOTCSI OCHOGHDIE U NPOMENCYMOUHbIe METKU JICJICHUT.
OcHoBHbI€ JlesieHnst 00bIYHO GOIIbIe UK 00Jiee 3aMETHBI, & TIPOMEKYTOUHBIE — MEHb-
mre. [To ymomuanuio 6ubmnorexa Matplotlib peako mcmonbp3yer mpomeskyTodmbie
JeJIEHsI, HO OJTHO U3 MECT, TJle MX MOKHO YBU/ETh, — Jorapudmudeckue rpabuku
(puc. 4.73):

In[1]: %matplotlib inline
import matplotlib.pyplot as plt
plt.style.use('seaborn-whitegrid')
import numpy as np

In[2]: ax = plt.axes(xscale='log', yscale='log')
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Puc. 4.73. MpvMep norapmmMmyeckmx LWKan n MeTok

Ha sToM Tpaduike MBI BUIUM, YTO KaKIO€ OCHOBHOE JIEJIEHUE COCTOUT U3 OOJIBIIIOTO
MEEHVsT 11 METKM, & TIPOMEKYTOUHOE — 13 MATIEHBKOTO JIeTeH st e3 METKL.

MoskHO 33/1aTh 110JIb30BATEILCKIE HACTPOUKHU JIJII 9TUX CBOUCTB JlesieHunii (pacoio-
JKeHUI U MEeTOK), 3ajlaB 3HaYeHKs 00beKTOB formatter 1 locator KasKaol U3 oceil.
Paccmorpum ux 3navenust st ocu X Ha rpaduke (cm. puc. 4.73):

In[3]: print(ax.xaxis.get_major_locator())
print(ax.xaxis.get_minor_locator())

<matplotlib.ticker.LoglLocator object at ©x107530cco0>
<matplotlib.ticker.LoglLocator object at ©x107530198>



Monb3oBaTeNbCKME HACTPOMKWN AENEHUIA Ha OCAX KOOpAMHaT 323

In[4]: print(ax.xaxis.get_major_formatter())
print(ax.xaxis.get_minor_formatter())

<matplotlib.ticker.LogFormatterMathtext object at 0x107512780>
<matplotlib.ticker.NullFormatter object at 0x10752dc18>

MpbI BUuiM, 9TO PACIIONIO}KEHNE METOK KaK OCHOBHBIX, TAK U TIPOMEKYTOUHBIX JIEJTEHIH
3a/1aeT JIOKaTop Loglocator (4To JIOTHYHO [171s1 JorapudMudeckoro rpadguka). Merku
MTPOMEKYTOUHBIX JlesieHuit (hopmatupyiorcest hopmarepom NullFormatter (9TO 0O3HAUAET,
YTO METKH 0TOOpaKaThes He OYayT).

[TpomeMoHCTPHIPYEM HECKOJIBKO TPUMEPOB HACTPOHKN 9THX JJOKATOPOB U opMaTEpPOB
JIJIST PA3JIMYHBIX TPa(hUKOB.

MpsiyeM aeneHns n/vnu MeTKM

Haubousee uacrast onepanusi ¢ AeJeHUsIMU/METKaMU — CKPbIBAHKE J€JIeHUI UM METOK
C IOMOIIBIO KjTaccoB plt.NullLocator() u plt.NullFormatter(), KaK ITOKa3aHO Ha
puc. 4.74:

In[5]: ax = plt.axes()
ax.plot(np.random.rand(50))

ax.yaxis.set_major_locator(plt.NullLocator())
ax.xaxis.set_major_formatter(plt.NullFormatter())

Puc. 4.74. Mpadvk co CKpbITbIMU METKaMU AeneHmii (ocb X)
1 CKPbITbIMK AeneHusamu (ocb Y)

O6paruTe BHUMaHUE, YTO MbI yOpaay METKH (HO OCTABUJIN A€JIEHNUS /TMHUN KOOPIH-
HaTHOIT ceTKn) ¢ ocu X, u yOpanu neenus (a caegoBaTeabHo, U MeTkn) ¢ ocu Y. Ort-
CYTCTBUE JIeJIEHUI MOKET OBbITh [10JIE3HO BO MHOIUX CJIy4asX, HAPUMED, eCJU HYKHO
oto6pasuTh ceTKy uzobpakennii. Hampumep, pacemotpuM puc. 4.75, comepsRaniuit
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n300paKkeHns JIUIL JIOJeH, — MPUMED, YaCTO UCTIONb3YEMbIH B 3a/[a4aX MalluHHOTO
o6yuenus ¢ yuuresem (6osee moapodHyo MHHOOPMAIIIO BbI MOJKETE HAWTH B pas/esie
«3arnstHeM riy6sKe: MeTo ] OIOPHBIX BEKTOPOB»> TJIABBI 5):

In[6]: fig, ax = plt.subplots(5, 5, figsize=(5, 5))
fig.subplots_adjust(hspace=0, wspace=0)

# Mony4aem AaHHble Mo nvuam nwgein us b6ubnunotekn scikit-learn
from sklearn.datasets import fetch_olivetti_faces
faces = fetch_olivetti_faces().images

for i in range(5):
for j in range(5):
ax[i, j].xaxis.set_major_locator(plt.NullLocator())
ax[i, j].yaxis.set_major_locator(plt.NullLocator())
ax[i, j].imshow(faces[10 * i + j], cmap="bone")

Puc. 4.75. CkpbiBaeM AeneHns Ha rpacukax ¢ 3obpaxeHnsamm

OO6paruTe BHUMaHKE, YTO Y KayKI0T0 M300pakeHUsT — OTeIbHAs CUCcTeMa KOOPIH-
HAT 1 MbI C/I€JIa/IN JIOKATOPDI IMTyCTBIMU, ITIOCKOJIbKY 3HAYCHUA I.[eJIEHI/Iﬁ (B JaHHOM
cJlydae KOJIMYeCTBO MUKCEJOB) He HECYT HUKAKOW OTHOCSIIENCs K /ey ungop-
Malluu.

YMeHbLUEHNE UK YBENUYEHNE
KONMYecTBa AeneHumn

PacnpoctpaneHHas 1mpobJjieMa ¢ HacTPOHKaMK 110 YMOJIYAHUIO — TO, YTO METKH Ha
MaJICHBKUX cyOrpadruKax MOTYT OKa3aThCsl PACIIOJIOKEHHBIMHU CJIUIITKOM OJIU3KO APYT
K ZIPYTY. DTO 3aMETHO Ha ceTKe TpahuKoB, MOKa3aHHON Ha puc. 4.76:

In[7]: fig, ax = plt.subplots(4, 4, sharex=True, sharey=True)
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Puc. 4.76. Bug pycyHka no yMOMYaHUIO CO CAIULLKOM MSIOTHO PacriofioXXEHHbIMU AefIlEHNSMU

Yucsia pakTHYECKH HAKJIAIbIBAIOTCS APYT HA JAPYyTra, 0COOEHHO B JleJieHHsIX Ha ocu X,
U3-3a Y€ro UX OYeHb CJIOKHO pa3obparh. VICIPaBUTh 3TO MOKHO € TIOMOIIBIO KJIacca
plt.MaxNLocator (), KOTOPbIii Ia€T BO3MOKHOCT 33/[aBaTh MAaKCUMaJIbHOE OTOOPaKa-
eMoe KOJIMYeCTBO JieJieHuil. [Ipu 3aiaHui 9TOro YKcia KOHKPETHbIE MECTOIIOMOKEH ST
neJieHuii BoiOepeT BHyTpeHH s joruka 6ubanorexn Matplotlib (puc. 4.77):

In[8]: # 3apaem, AnA BCeX CUCTEM KOOPAMHAT, JIOKAaTOPbl OCHOBHbIX AeneHuit ocein X u Y
for axi in ax.flat:
axi.xaxis.set_major_locator(plt.MaxNLocator(3))
axi.yaxis.set_major_locator(plt.MaxNLocator(3))
fig
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Puc. 4.77. Monb3oBaTeNbCKkMe HACTPOMKM KONMMYECTBa AeNeHn

bnaromapst aTomy prcyHOK cTaHOBUTCS TOpa3/o noustHee. [Ipn HEoOXOIMMOCTH ellle HoJiee
TOYHOTO KOHTPOJISI PACIIOJIOKEHUS JIeIeHU ¢ PABHBIMU UHTEPBATIAMUA MOKHO BOCIIOJIB30-
BaThCA KIaccoM plt.Multiplelocator, KOTOPBIN MBI o6cy/:11/1M B CJIelyIOlIeM paszelie.

Bonee 3k30TMYeckme dopmaThbl AENEHNN

DopmarupoBaHue AeJIeH i, UCII0Ib3yeMoe 110 yMoJauaHuio B 6ubinoreke Matplotlib,
OCTaBJIAET JKeJaTh Jy4iiero. B kadecTse BapuaHTa 110 yMOJIYaHUIO, KOTOPBIHA Obl
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TIOIXO/TAIT JIJIST ITUPOKOTO CIIEKTPA CUTYAITHH, OHO paboTaeT HETI0X0, HO MHOTA TPeOy-
ercst HeuTo GoJibiiee. PaceMoTprM MOKasaHHbI Ha pHC. 4.78 rpaduK cHHYca 1 KOCHHYCA:

In[9]: # CTpoum rpadukm CUHyca U KOCUHyca
fig, ax = plt.subplots()
X = np.linspace(@, 3 * np.pi, 1000)
ax.plot(x, np.sin(x), lw=3, label='Sine')
ax.plot(x, np.cos(x), lw=3, label='Cosine')

# HacTpauBaem ceTKy, NereHay M 3ajaem npefesbl oceil KoopAuHAT
ax.grid(True)

ax.legend(frameon=False)

ax.axis('equal')

ax.set_x1lim(@, 3 * np.pi);

|

Puc. 4.78. pachvk No yMOMYaHUIO C LIENOYUCIEHHBIMU AENEHNSIMU

Xotesnoch Obl BHECTH HECKOJIBKO M3MeHeH i, Bo-mepBbIX, I TAaKOro poja AaHHBIX
Jiy4liie paciiojiaraTb AeJIeHUsA 1 JIMHUKW CETKU 110 KPATHBIM YMCJTY T TOYKaX. ClleﬂaTb 3TO
MOJKHO IIyTeM 3aJaHusl JoKkaTopa Multiplelocator, pacosaraiolInero JeJIeHs B TOYKaX,
KPaTHBIX MepeJlaHHOMY eMy YrcIy. B pomnoHeHe 106aBUM IIPOMEKYTOUHBIE JeICHMsI
B TOYKAX, KpaTHBIX /4 (puc. 4.79):

In[10]: ax.xaxis.set_major_locator(plt.MultipleLocator(np.pi / 2))
ax.xaxis.set_minor_locator(plt.MultipleLocator(np.pi / 4))

fig
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Puc. 4.79. [leneHuvst B To4Kax, KpaTHbIX mt/2
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Ho Tenepb aTu MeTKH JieJIeHUH BBITJISISAT HECKOJIbKO TTO-YPAIKU: MOKHO JI0Ta1aThCs,
UTO OHU KPATHBI ®, HO U3 IECSTUMHOTO TIPECTABIEHISI cpa3y 3To HenmoHsATHO. Heobxo-
Mo MouIpoBaTh hopMmatep Aenenus. Berpoernnoro hopmarepa /s Hatelt 3a/1a-
YW HET, TO3TOMY MBI BOCTIOJIb3yeMcs (hopMaTepoMm plt.FuncFormatter, IpUHUMAIOIINM
HAa BXOJI€ MOJIb30BATENBCKYIO (DYHKITHIO, 00ECTIeYNBAIOILY 0 GoJIee TOUHBII KOHTPOJIb 38
dopmarom BoiBojIa fesiennit (puc. 4.80):

In[11]: def format_func(value, tick_number):
# Onpepensem KOJIMYECTBO KPaTHbIX MWU/2 3HAYeHui
# [B Tpebyemom auanasoHe]
N = int(np.round(2 * value / np.pi))
if N == @:
return "0"
elif N == 1:
return r"$\pi/2%$"
elif N ==
return r"$\pig$"
elif N % 2 > o:
return r"${@}\pi/2$".format(N)
else:
return r"${@}\pi$".format(N // 2)

ax.xaxis.set_major_formatter(plt.FuncFormatter(format_func))

fig
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Puc. 4.80. [leneHns ¢ nonb3oBaTeNbCKUMU METKAMU

Hawmuoro smyurire! O6paturte BHUMaHUE: MBI BOCIIOJIb30BAJIMCh TEM, 4TO OMOIMOTEKA
Matplotlib nmogaepskusaer cucremy Bepcrku LaTeX. [lyis ee ucrosib3oBaHust HeoO-
XOJIMMO 3aKJIIOUNTh HY/KHYIO CTPOKY B 3HAKU J0JIJIapa ¢ JABYX CTOPOH. ITO obJerdaer
orobpaskeHne MaTeMaTHIeCKUX CUMBOJIOB 1 (hopmyJl. B HamreM caryuae "$\pi$" Busya-
JIUBUPYETCS B BUJIE TPEYECKOI OYKBBI TT.

Dopmarep plt.FuncFormatter 00ecreynBaeT BO3MOKHOCTb Ype3BbIYAliHO TOHKOTO
KOHTPOJISI BHEITHETO BUJIA IeJICHUH TpahuKa 1 04eHb yA00eH MTPU MOATOTOBKE TPapUKOB
JUIST TIPE3EHTAIVI WITH 1Ty OJIMKATIHH.
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KpaTkasi cBoZIka JIoKaTopoB M (hopMaTepoB

MpbI y3Ke yIOMUHATHM HECKOJIbKO UMETOIUXCs (hOPMATEPOB | JIOKaTopoB. B 3akmouenune
5TOTO paszieJia Mbl IIEPEYHCIMM BCE BCTPOEHHbIE JJOKaTOPhI 1 (hopMarepbl. JJanbHeinyio
uH(OPMAIUIO 0 HUX BbI MOXKeTe HaliT B ux docstring uim B OHaiiH-0KyMEHTal[ii
6ubanorekn Matplotlib. Bee hopmaTepbl 1 TOKATOPBI TOCTYITHBL B TIPOCTPAHCTBE UMEH
plt (tabu. 4.1, 4.2).

Ta6nuua 4.1. JlokaTopbl

Knacc nokaTtopa OnucaHue
NullLocator Bes nenennit
FixedLocator Ionoxenus nenenuii GUKCUPOBAHBI
IndexLocator Jlokarop /151 Tpadhmka MHAEKCUPOBAHHOM 1TepeMeHHOo (Hapumep,
st x = range(len(y)))
LinearLocator PaBHOMepHO pactpesiesieHHbIE /leJIeHUS OT Min 10 Max
LogLocator JlorapudmMuiecku pacripesieieHHble IeJIeHus OT min /[0 max
MultipleLocator Jlenenus v iuana3oH 3HaY€HUI KPATHBI 33/]AHHOMY OCHOBAHUIO
MaxNLocator Haxoxut yraumnbsle MeCTOIIOTIOKEHIS [JIsI IeJIEHUI B KOJIMYECTBE, He IIPEBLI-
MIAOTIEM 33/IAHHOTO0 MAKCUMAJIbHOTO YMCJIa
AutoLocator (ITo ymomyanuto.) MaxNLocator ¢ npocreiiinmmmu 3HaueHUsIMH 110 YMOJTYaHUIO
AutoMinorLocator | JlokaTop st TPOMEKYTOUHBIX J€JTeHIIT

Ta6nuua 4.2. ®opmatepsbl

Knacc ¢opmartepa OnucaHue

NullFormatter Jlenennda 6e3 METOK

IndexFormatter 3a/laeT CTPOKOBbIE 3HAYEHUSI JIJIs METOK HAa OCHOBE CITNCKA METOK
FixedFormatter [TozBousieT 3a/1aBaTh CTPOKOBBIE 3HAUEHUS JIJISI METOK BPYUHYIO
FuncFormatter 3HAYEHUST METOK 3a/1aI0TCSI C TIOMOIIBIO TT0JIb30BATENbCKON (DYHKITMN
FormatStrFormatter J17151 Bcex 3HAYEHUIT NCTTOIb3YeTCsT CTPOKa hopMaTa

ScalarFormatter (ITo ymomaanmio.) Dopmatep /715t CKaTSIPHBIX 3HAUCHUT
LogFormatter DopmaTtep O YMOTIAHUIO JIJIST TOTAPU(DMUUECKIX CUCTEM KOOPMHAT

IIaJIee MBI PaCCMOTPUM JOIIOJTHUTEJTbHBIE ITPUMEPDI 9TUX KJIACCOB.

Monb3oBaTenbCckmne HacTponkm Matplotlib:
KOHDUrypauumn n tabnuubl cTunen

TTosp30BaTENH YACTO KATYIOTCS Ha HACTPOWKHM TPAGbUKOB TT0 YMOTIAHUIO B OMOIHOTEKE
Matplotlib. Xors 8 Beinycke 2.0 6ubnnorekn Matplotlib MmuoTOE OMKHO M3MEHUTBCS,
YMEHVE HACTPanBaTh 3HAYCHVSI IO YMOJIYAHUIO TIOMOKET BaM TIPUBECTH ATOT MAKET B CO-
OTBETCTBUE C BAalIUMK COOCTBEHHBIMU 3CTETUICCKUMU TTPEATTOYTCHISIMH.
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3/1eCh MBI PACCMOTPUM HEKOTOPbIE TAPAMETPhI KOH(BUTYpaIiu cpeibt (rc) 6ubanoTeku
Matplotlib u nHoByIo BoamozxkHOCTE — mabauupt cmusieil (stylesheets), conepaxare me-
toxue Habopbl KOH(PUTYPAIUI [0 YMOTIAHUIO.

BbinonHeHne Nonb3oBaTeNbCKUX HAaCTPOeK Fpaq)MKOB
BPY4HYIO

Pamnee B 21011 T71aBE MBI BH/1€JIN, YTO MOKHO MEHATDH OT/IE€/IbHbIC HaCTpOIL/,IKI/I I‘paq)I/IKOB,
[oJIy4ast B UTOTEe HEYTO GoJiee MPUSATHOE I1asy, YeM HaCTPOUKH 10 YMOJTYAHUIO., DTH
HACTPONKK MOKHO BBITIOJHSITD U JIJIs K&KA0TO Tpaduka otaeabHo. Hampumep, BOT 10-
BOJIBHO CKy4YHasi TUCTOrpaMMa 1o ymoJrdanuio (puc. 4.81):

In[1]: import matplotlib.pyplot as plt
plt.style.use('classic")
import numpy as np

%matplotlib inline

In[2]: x = np.random.randn(1000)
plt.hist(x);

250

200

150 1

100 1

50

-3 -2 -1 0 1 2 3
Puc. 4.81. 'nctorpamma B ctune 6ubnunotekn Matplotlib no ymonuanumio
MBI MOKeM HACTPOUTH €€ BUJI BPYUHYIO, IPEBPATHUE 9Ty MUCTOrPaMMy B HAMHOTO (oJiee
MPUATHBIN 171a3y rpaduk, MoKazaHHbIN Ha puc. 4.82:

In[3]: # Wcnonb3yem cepblit GpoH
ax = plt.axes(axisbg="#EGE6E6")
ax.set_axisbelow(True)

# Pucyem cnsowHble 6enble MHUU CeTKMU
plt.grid(color="w', linestyle='solid")

# CkpblBaeM OCHOBHble JIMHUM OCEN KOOpAMHAaT
for spine in ax.spines.values():
spine.set_visible(False)

# CkpblBaem fJefileHMA cCBepxy W cnpasa
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ax.xaxis.tick_bottom()
ax.yaxis.tick_left()

# OcBeTnsem UBET [eNeHUh U MeToK

ax.tick_params(colors='gray', direction='out")

for tick in ax.get_xticklabels():
tick.set_color('gray')

for tick in ax.get_yticklabels():
tick.set_color('gray')

# 3ajaeM uBeT 3a/MBKWM M TPaHUL, FUCTOrPaMMbl
ax.hist(x, edgecolor="#E6E6E6', color="#EE6666');

IIII--
0 1 2 3

Puc. 4.82. MicTorpamMma C 3aZlaHHbIMU BPYYHYIO NMOMb30BaTENLCKUMU HAaCTPOMKaMm
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BbIrJIsiiuT HAMHOTO JIYYIIIe, U MOKHO 3aMETHTD, YTO 3TOT BUJL ObLI BIOXHOBJIEH [TAKETOM
BUsyajmsaiun ggplot aabika R. JIjist TakuX HacTPOEK MoTpebOBAIOCh HEMAJIO TPY/IA U He
XOTeJIOCh Obl CHOBA TIPOJIEJIBIBATH UX BCE MIPU KaykKioM co3anuu rpaduka. K cuacToio,
CYIIECTBYET cocob 33/[aTh 9TH HACTPOIKH OINH Pa3 IS BCeX TPapUKOB.

N3MeHsAeM 3HaueHnda no ymon4vaHuio: rcParams

Kaxapiii pas npu sarpyske 6ubinoreku Matplotlib ona onucsiBaer kondurypamnuio
cperpbt (rc), COMEPSKAIILYIO CTHIIHU TI0 YMOJTYAHWIO /IS BCEX CO3/IaBAEMBIX BAMU 2JIEMEHTOB
rpauKoB. Ty KOH(DUTYPAIHIO MOKHO HACTPOUTD B JIIOOON MOMEHT, BOCIIOJIb30BABIIICH
yIOOHON yTUIUTON plt.rc. PaccMOTpHM, Kak MOKHO MOTU(DHUITUPOBATH TAPAMETPHI rc
TakuM 06paszom, uToObI TPaPUK 110 YMOTIAHUIO BBITJISIEN CXOKE C BBITIETPUBEIECHHBIM.

HauHeM ¢ coXpaHeHUs KOTIMU TEKYIIETO CJI0Bapst rcParams, 4TOObI MOKHO ObLIO (€3
OIaceHU i BOCCTAaHOBUTH 9T 3HAUEHUSI B TEKYIIEM CeaHCe:

In[4]: IPython_default = plt.rcParams.copy()

Ternepb MOKHO BOCITOIb30BAThCS (DyHKITHEH plt.rc U UIBMEHUTHh HEKOTOPbIE U3 Ha-
CTPOEK:
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In[5]: from matplotlib import cycler
colors = cycler('color',
[ '#EE6666', '#3388BB', '#9988DD',
'#EECC55', '#88BB44', '#FFBBBB'])

plt.rc('axes', facecolor="#E6E6E6', edgecolor="none',

axisbelow=True, grid=True, prop_cycle=colors)
plt.rc('grid', color='w', linestyle='solid'")
plt.rc('xtick', direction='out', color='gray')
plt.rc('ytick', direction='out', color="gray')
plt.rc('patch', edgecolor="#EGE6E6")
plt.rc('lines', linewidth=2)

OrnucaB 9T HACTPOWMKHU, MBI MOKEM CO3/IaTh IPpa(uK 1 MOCMOTPETH HA HUX B JICWCTBUN
(puc. 4.83):

In[6]: plt.hist(x);
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Puc. 4.83. MNonb30oBaTesbckas rMcTorpaMMa C HaCTPONKaMm rc

[TocMOTpUM, KaK BBITJISIST € 3TUMU ITapaMeTpaMu rc mpocTbie rpaduku (puc. 4.84):

In[7]: for i in range(4):
plt.plot(np.random.rand(10))

1.0~

0.8 -
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0.6 -
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0.2-

0.0~ i i i i ] T Y i
o 1 2 383 4 5 6 7 8

O -

Puc. 4.84. JInHeliHbIi rpadyvk ¢ Nosb30BaTENbCKUMM CTUIISIMU
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Takue CTHITH IPEICTABISIIOTCS] MHE TOPA3/I0 O0JIee 3CTETHUYECKU TIPUSTHBIMU, YeM CTUJIH T10
yMourdanuio. Ecii Moe 4yBCTBO IIPEKPaCHOI0 PACXOAUTCA C BAllIUM, TO Y MEHS €CTb /IS Bac
XOPOIIIasi HOBOCTb: BbI MOKETE HACTPOUTD TTAPAMETPHI rc MoJ] CBOM BKyc! ITH HACTPOHKU
MO>KHO 3aTeM COXPaHNTh B (haiire .matplotlibrc, 0 KOTOPOM MOKHO TIPOUNTATH B JIOKY-
menTaruu 6ubimorexn Matplotlib. Ho paske HecMoTpst Ha 910, 51 IPETNIOYKTAIO BBITOIHSATh
0JIb30BaTe/IbcKKe HacTpoliku 6ubanoreku Matplotlib ¢ momorbio ee Tabwi; cTueil.

Tabnuubl cTunen

B Boimytientoii B arycre 2014 roga sepcun 1.4 6ubmnorexu Matplotlib 6611 nobasien
yI06HBIIT MOZLYJTb style, BKIIOYAIONINI HEMAJIO HOBBIX TaOJIHI[ CTHIIEH [0 YMOJTYAHHMIO,
a TaKkKe BO3MOXKHOCTD CO3/1aBaTh U KOMIIOHOBATH T10JIb30Baresibeckne ctuim. @opmar
9TUX TaOJIUI CTUJIEH aHATIOTHYEH YITOMSIHYTOMY Bbitite (aiiny .matplotlibrc, Ho pac-
nperne nMeH ux Gailios 10/sKHO ObITh .mplstyle.

Jlaske ecJtvt BBI M He XOTUTE CO3/IATh CBON COOCTBEHHBIN CTHITh, BKITIOYEHHBIE TT0 YMOTIYAHIIO
TabJIUIIBI CTHIIEN OueHb YA0OHbL. VIMeIoIecs: CTHIIN TIepedrcieHbl B plt.style.ava-
ilable — 1 KPaTKOCTH IIPUBOKY TOJIBKO IIEPBBIE IIATD!

In[8]: plt.style.available[:5]

Out[8]: ['fivethirtyeight',
'seaborn-pastel’,
'seaborn-whitegrid’,

‘ggplot’,
'grayscale']

ITpocreiimuii criocob nepekoueHnst TabJIUI CTUIEH — BBI3BATH (DYHKIUIO:
plt.style.use('stylename")

Ho ne 3a6biBaiiTe, 4TO 9TO IPUBEAET K M3MEHEHHUIO CTUJIS Ha BECh OCTATOK cearca! B ka-
YecTBe aTbTEPHATUBEI MOKHO BOCIIOIb30BATHCSI KOHTEKCTHBIM MEHEKEPOM CTHUJIEH,
YCTaHABJIUBAIONINM CTUJIb BDEMEHHO:

with plt.style.context('stylename'):
make_a_plot()

Coznaznm HyHKIMIO, PUCYIONLYIO JBa TPOCTEHINNX BU/Ia rPpaKoB:

In[9]: def hist_and_lines():
np.random.seed(0)
fig, ax = plt.subplots(1l, 2, figsize=(11, 4))
ax[@].hist(np.random.randn(1000))
for i in range(3):
ax[1].plot(np.random.rand(10))
ax[1].legend(['a"', 'b', 'c'], loc='lower left')

MbI BOCIHOJIb3YeMCS €10, YTOOBI YBU/IETh BUJI 9TUX TPAbUKOB IIPU UCIIOIb30BAHUHT Pa3-
JIMYHBIX BCTPOEHHBIX CTUIIEH.
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CTvnb no ymMonyaHuio

Cruab 1o YMOJ/I49aHUIO — TOT, KOTOprIL/,I MBI BUJIEJIN 10 CUX IIOP BO Bceii knure. Haunem
C HEro. BO-HepBbIX, BOCCTAHOBUM HaIITy KOH(bI/II'ypaHI/IIO Cpe/ibl K UMEBIINMCSA B 6JI0K-
HOTE 3HAYECHUAM I10 YMOJTYaHUTO:

In[10]: # BoccTaHaBnauBaem rcParams
plt.rcParams.update(IPython_default);

Ternepb MoCMOTPUM, KaK BBITJISIAAT Haty rpadukn (puc. 4.85):

In[11]: hist_and_lines()
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Puc. 4.85. Ctunb 6ubnmotekun Matplotlib no ymonuanuio

Ctunb FiveThirtyEight

Crub FiveThirtyEight noppasxaer odpopmnenuio nomyJspHoro caiita FiveThirtyEight
(http://fivethirtyeight.com/). Kak Bbl MO;keTe BuieTh Ha puc. 4.86, OH BKJIIOYAET KUPHbIE
MIPUQTHI, TOJICTHIE IMHUU U TPO3PAYHBIE OCH KOOPMHAT.

In[12]: with plt.style.context('fivethirtyeight'):
hist_and_lines()
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150 [ [
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Puc. 4.86. Ctunb FiveThirtyEight
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ggplot

B a3bike mporpammupoBanust R maker ggplot — odenb MOMYJISIPHOE CPENCTBO BU3Ya-
muzanun. Ctuiab ggplot 6ubmnorekn Matplotlib noapaxaer cruisam o yMoa4anuio u3s
atoro nakera (puc. 4.87):

In[13]: with plt.style.context('ggplot'):
hist_and_lines()

2504 10 A
200- 0.8-
150~ 0.6-
100- 0.4-
—a
50- 02 o
—C
0- . 0.0-

-4 -8 -2 -1 0 1 2 3 01 2 3 4 5 6 7 8 9

Puc. 4.87. Ctunb ggplot

Ctunb «barecoBckne MeToabl AN XakepoB»

CyuiectByer 3aMeuaresbHas OHIaliH-KHUTA « BeposTHOCTHOE TTporpaMmMupoBatme u Oaiie-
COBCKME METOIbI 11 Xakepos» (Probabilistic Programming and Bayesian Methods for
Hackers, http://bit.ly/2fDIsKC). OHa coep>kuT PUCYHKH, CO3/[aHHBIE C TTOMOIIHIO 6ubMO-
texu Matplotlib, 1 wcnob3yer B KHUTE IS CO3MaHUS ¢MHOOOPA3HOTO U TIPUSTHOTO
BHEIHE CTUJIA HabOp TapaMeTpoB rc. ITOT CTHIL BOCIPOU3BEAEH B TabauUIle cTUIIel
bmh (puc. 4.88):

In[14]: with plt.style.context('bmh"'):
hist_and_lines()
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Puc. 4.88. Ctvnb bmh
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TeMHbIN oH

JlJist NCTIO/Ib3YyEMBIX B MPE3EHTAIUAX PUCYHKOB 4acTo yA0OHee TEMHBIN, a He CBETJIbII
¢oH. ITY BOZMOKHOCTD TIPE/IOCTABIISIET CTUIb dark_background (puc. 4.89):

In[15]: with plt.style.context('dark_background'):
hist_and_lines()

—
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Puc. 4.89. Ctunb dark_background

OTTeHKM ceporo
I/IHOI‘Ha IMPpUXOJUTCA T'OTOBUTD AJIA II€4aTHOTO U3JaHUA '-IepHO-6eJIbIe PUCYHKMU. [[]IH
ATOTO MOKET TPUTO/INTHCS CTUITh grayscale, TPOJIeMOHCTPUPOBAHHbBIN Ha puc. 4.90:

In[16]: with plt.style.context('grayscale'):
hist_and_lines()
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Puc. 4.90. Ctunb grayscale

Ctunb Seaborn

B 6u6amnorexe Matplotlib ectb Takke cTWIM, MCTOYHUKOM BIOXHOBEHUS /IS KOTOPBIX
nocayskuia 6ubmoreka Seaborn (o6cyskaaemast mogpoGHee B pasjeie «Busyaiusariis
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¢ omoripto 6ubarorexu Seaborny» gannoii riass). Kak Mbl yBUANM, 9TH CTUJIN 3arpy-
JKAIOTCS AaBTOMATHYECKY TIpU uMmopre nakera Seaborn B 60KHOT. MHe 9T HACTPONKH
OYeHDb HPABSITCH, S CKIOHEH NCIOIb30BATh NX KaK HACTPOHKM 1O YMOJTUYAHUIO B MOMX
cOOCTBEHHBIX UCC/Ie0BAHUAIX JAaHHBIX (puc. 4.91):

In[17]: import seaborn
hist_and_lines()
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Puc. 4.91. Ctunu nocTpoeHust rpacmkos
6nbnmotekn Seaborn

Brarogaps BceM 9THM BCTPOEHHBIM BapHaHTaM Pa3JINYHBIX CTUIEH IIOCTPOEHNUS Ipa-
duros 6ubimoreka Matplotlib cranosuTcs ropasmo 6oJiee ynoOHOI Kak iJist HHTEP-
AKTUBHON BU3YyaM3allMU, TaK 1 CO3JAHM PUCYHKOB I myOnukanuu. B aToil kuure
s OOBIYHO MCIIOMB3YIO MIPU CO3AaHUK TPAUKOB OANH WJIU HECKOIBKO TAKUX CTHJICH.

[ocTpoeHue TpexmepHbIX rpadunkos B bubnuoteke
Matplotlib

ITepBonavanbio 6ubanoreka Matplotlib 6bta cosgana B pacuere Ha nocrpoenue
TOJIBKO JIByMepHbIX Tpacukos. B nepuos Boimycka Bepcun 1.0 Ha ocHOBE MMEBIIETOCS
B 6ubsmorteke Matplotlib aBymeproro otoGpaketust rpadukoB OBLIN CO3AHBI HEKO-
TOPbIE TPEXMEPHBIE YTUIUThI OCTPOEHUS IPAGUKOB, YTO MPUBEJIO K yA0OHOMY (XOTsI
1 HECKOJIbKO OTPAHUYEHHOMY B BOBMOJKHOCTSIX ) HAOOPY MHCTPYMEHTOB I/t TPEXMep-
HOI BU3ya/Iu3aluy JaHHbIX. Mbl aKTHUBU3UPYEM BO3MOKHOCTD [IOCTPOEHMUST TPEXMEPHBIX
rpauKOB IyTeM UMIOPTa Habopa HHCTPYMEHTOB mplot3d, BKIIOYEHHOIO B OCHOBHOI
ycranoBouHbIH aker 6ubanorexn Matplotlib (puc. 4.92):

In[1]: from mpl_toolkits import mplot3d

[Tocsie nMIiopTa 3TOr0 NOAMOYJIS IOSBISAETCS BO3MOXKHOCTD CO3/1aBaTh TPEXMEPHbIE
CHCTeMbI KOOPAUHAT IIyTeM IIePefadl KIIOUeBOro ¢aoBa projection="3d" moboii us
OOBIUHBIX (DYHKI[HIT CO3/IaHMSI CHCTEM KOOP/MHAT:
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In[2]: %matplotlib inline
import numpy as np
import matplotlib.pyplot as plt

In[3]: fig = plt.figure()
ax = plt.axes(projection="'3d")
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Puc. 4.92. lNycrasa TpexmepHas cucteMa KoopauHaT

C 1moMmol1ipio TaKOH TPEXMEPHOII CUCTEMBI KOOPJMHAT MOXKHO CTPOUTH PA3JTUYHbIE
BUJIBI TPeXMepHbIX TpadukoB. [locTpoenne TpexmMepHBIX TpapUKOB — OJMH U3 BUIOB
(GYHKIMOHATBHOCTH, /IJIsI KOTOPOTO OYeHb M0JIe3eH MHTEPAKTUBHBIN, a He CTAaTHUYeCKUN
IIPOCMOTP PUCYHKOB B GJioKHOTE. HarmoMHI0, uTo /171t paboThl ¢ HHTEPAKTUBHBIMU PU-
CYyHKaMU HeoOXOAMMO BMECTO KOMaH bl %matplotlib inline mcronb30BaTh KOMaHILY
%matplotlib notebook.

TpexMepHble TOUYKN U INHUK

Jluneitnplii Tpaduk 1 AMarpamMma paccesiHus — IpocTeilnue TpexMepHbie Tpaduki,
co3/1aBaeMble Ha OCHOBE MHOXKECTB KOPTeKel 13 Tpex ajeMeHToB (&, y, z). [lo ananorun
¢ 06CcysKAaBIIUMUCS paHee GoJiee pacpoOCTPaHEHHBIMU JABYMEPHBIMU rpadUKaMu X
MOJKHO CO3/IaTh C TIOMOIIBIO (DYHKINI ax.plot3D u ax.scatter3D. CUTHATYDBI BBI3OBOB
ATUX (QYHKIMI TPAKTUYECKU COBMAAAIOT C UX JABYMEPHBIMU aHAJIOTaMHU, TO3TOMY BBI
Mozkere 0OpaTuThest K pasienam «IIpoctsie mHeiinbie rpadgukn» u «IIpocThie guarpam-
MBI PACCEesTHUS» HTON IJIaBbl 3a HoJee moApobHON nHOpMAaIKeil 1o HaCTPoiiKe BHIBO/A
MMU JIaHHBIX. MBI ToCcTporM rpaduK TPUTOHOMETPUYECKON CIINPAJIH, & TAKIKE HAPUCYeM
PSIZIOM € KPUBOI HECKOJBbKO Tovek (puc. 4.93):

In[4]: ax = plt.axes(projection="3d")
# [laHHble AnA TpexmepHON KpuBOM

zline = np.linspace(0@, 15, 1000)
xline = np.sin(zline)
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yline = np.cos(zline)
ax.plot3D(xline, yline, zline, 'gray')

# JlaHHble ONA TpexMepHbIX To4yek

zdata = 15 * np.random.random(100)

xdata = np.sin(zdata) + 0.1 * np.random.randn(100)

ydata = np.cos(zdata) + 0.1 * np.random.randn(100)
ax.scatter3D(xdata, ydata, zdata, c=zdata, cmap='Greens');

Puc. 4.93. TOYKM 1 IMHUM B TPEX U3MEPEHMSIX

O6paTuTe BHUMAHWE, YTO 110 YMOJYAHUIO CTEIEHD TPO3PAYHOCTH PACCETHHBIX TI0
rpaduKy TOUYEK HACTPAaUBaeTCs TAaKUM 0O6pa3oM, 4ToOBI pUAaTh rpaduky shdexT
ray6uHbl. XOTs B CTATHYECKOM M300PasKeHUU HTOT TPEXMEPHBIN adekT nHoraa
He3aMeTeH, IUHAMUYeCcKoe MpeCTaBAeHIEe MOXKET 1aTh MH(OPMAIIMIO O TOTIOJIOTUN
TOYEK.

TpexmepHble KOHTYpPHbIE rpaduku

AHAJIOTUYHO KOHTYPHBIM TpachuKaM, pacCMOTPEHHBIM HaMU B pazjene «[paduku
MJIOTHOCTU ¥ KOHTYPHBIE rpaduKi» 3TOM T1aBbl, mplot3d COMEPKUT UHCTPYMEHTBI TSI
CO3/IaHUST TPEXMEPHBIX pesibehHbIX TPADUKOB HAa OCHOBE TeX JKe BXOAHbIX JJaHHbIX. [To-
JMOGHO JIBYMEPHBIM rpadukaM, Co3/aBaeMbIM C TOMOIIBIO (DYHKIMK ax.contour, JJist
(byHKuH}Iax.contour3DHEO6XOHMMD,qT06bIBceBXOﬂHbuaﬂaHHbquaxonHﬂHCBB(bop—
Me JIBYMEPHBIX PETYJISIPHBIX CETOK, C BBIUMCIEHUEM JAHHBIX 110 0CH Z B KaXKJ0M TOUKe.
MpbI TposieMOHCTPUPYEM TPEXMEPHYIO KOHTYPHYIO MarpaMMy TPEXMEPHOU CTHYCOM/IBI
(puc. 4.94):

In[5]: def f(x, y):
return np.sin(np.sqrt(x ** 2 + y ** 2))

X
y

np.linspace(-6, 6, 30)
np.linspace(-6, 6, 30)

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



MocTpoeHne TpexMepHbIX rpacdmkoB B 6ubnunoteke Matplotlib 339

Z = f(X, Y)

In[6]: fig = plt.figure()
ax = plt.axes(projection='3d")
ax.contour3D(X, Y, Z, 50, cmap='binary')
ax.set_xlabel('x")
ax.set_ylabel('y")
ax.set_zlabel('z');

Puc. 4.94. TpexMepHblii KOHTYPHbIN rpaduk

WHoraa ncmosp3yeMBlii TI0 YMOJTIaHIIO YTOJT 3pEHNS HewfleasleH. B aToM cirydae MOKHO
BOCITOJTb30BATHCSI METO/IOM View_init ISt 3alaHMsT YTJIa BO3BBINIEHUS W a3UMYTaJIbHOTO
yrza. B Harrem nipumepe (pe3ysibTaT KOTOPOTO ITOKa3aH Ha prc. 4.93) UCIOIb3yeTcs yrol
Bo3Bbienust 60 rpaxycoB (To ecth 60 rpamycoB Haz mwiockocTbio X-Y) u azumyT 35 rpa-
1ycoB (TO ecTb rparK HOBEPHYT HA 35 TPAJLyCOB IIPOTUB YaCOBOI CTPEJIKU BOKPYT OCU Z):

In[7]: ax.view_init(60, 35)
fig

Puc. 4.95. Hactpoiika yrna 3peHust Ans TpexmMepHoro rpacuka

BbImoiHnTh Takoe BpanieHne MoKHO U MHTEPAKTUBHO, IETYKOM KHOTIKO MBIIIH 1 1€~
peTacKMBaHUEM, TIPU UCIIOIb30BAHMK OAHON M3 MHTEPAKTUBHBIX IIPUKJIAIHbIX YacTei
6ubmorekn Matplotlib.
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Kapkacbl 1 MOBEPXHOCTHbIE rpaduku

Kapkace! 1 moBepxHOCTHBIE rpadUKu — ellle Ba THUIIA TPEXMEPHBIX rPa(UKOB, MO/I-
XOJANINX JIJIS TAHHBIX ¢ TIPUBA3KOHN K KoopauHaTaM. OHU BBITIOJHATIOT MTPOEKITUIO KO-
OPAMHATHBIX 3HAYCHHU Ha 3aJaHHYI0 TPEXMEPHYIO TIOBEPXHOCTD, 06JIeryast HarJIsiIHOEe
MIpeJicTaBJIeHNe TI0JyYeHHbIX TpexMepHbIX ¢huryp. Bot npumep ¢ kapkacom (puc. 4.96):

In[8]: fig = plt.figure()
ax = plt.axes(projection='3d")
ax.plot_wireframe(X, Y, Z, color="black")
ax.set_title('wireframe'); # Kapkac

Puc. 4.96. pacuk kapkaca

[TosepxHocTHBIN rpaduk aHamoTHYEH rpaduKy Kapkaca, HO Kask/[ast TPaHb TIPEe/ICTaBISIeT
co00I1 3a1oiHeHHBIH MHOTOYTrOJIbHUK. [loOaBiieHne KapThl IIBETOB JJist 3alI0JHEHHbBIX
MHOTOYTOJIbHUKOB TIOMOTAeT JIyullle TIPOYYBCTBOBATH TOIIOJOTUIO BU3YaJIN3UPyeMOI
noBepxHocTH (puc. 4.97):
In[9]: ax = plt.axes(projection="3d")

ax.plot_surface(X, Y, Z, rstride=1, cstride=1,

cmap="viridis', edgecolor="none')
ax.set_title('surface'); # MNoBepxHOCTb

[MoBepxHOCTb

arh 1.0

-2
-4 26

Puc. 4.97. TpexMepHblii NOBEPXHOCTHbIN rpachuk
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OG6parute BHUMaHUE, YTO, XOTSI KOOPIHUHATHBIE 3HAYEHUSI JIJIST TIOBEPXHOCTHOTO TPa-
(huka 1o/KHBL OBITH IBYMEPHBIMU, OH He 00s13aH OBITD TIPSIMOJIMHEHBIM. BoT ipuMep
CO3/IAHUS HETIOJIHON CETKHU B TOJISIPHOI CHCTEME KOOP/IMHAT, KOTOpasi TIPH MCIOJIb30-
BaHUM JIJIs TOCTpoeHnd rpaduka hyHKIMN surface3D [aeT HaM Cpe3 BU3YaTU3UPyeMOn
dyuxuu (puc. 4.98):

In[10]: r = np.linspace(@, 6, 20)
theta = np.linspace(-0.9 * np.pi, 0.8 * np.pi, 490)
r, theta = np.meshgrid(r, theta)

X = r * np.sin(theta)
Y = r * np.cos(theta)
z (X, Y)

ax = plt.axes(projection='3d")
ax.plot_surface(X, Y, Z, rstride=1, cstride=1,
cmap="viridis', edgecolor="none');

Puc. 4.98. MoBepxHOCTHbLIN rpadvk B NONSPHON CUCTEME KOOpAMHAT

TpuaHrynaums noBepxHoCTeN

B HEKOTOPBIX TPUIOKEHUSAX HEOOXOAUMBIE JIJIst IPE/BIAYIIIX ONepaiuii pAaBHOMEPHO
JIUCKPETU3UPOBAHHBIE KOOPAUHATHBIE CETKU HEYMIOOHDI M HAKJIABIBAIOT CAUMIKOM
MHOTO OrpaHrdeHuii. B Takux ciydasix MOryT GbITh y100HBI rpadUKK, OCHOBAHHBIE HA
KOOPJIMHATHOI CeTKe U3 TPeyroJbHUKOB. UTO, €CIi BMECTO PABHOMEPHO BHIOPAHHDBIX
3HAYEHUI 13 IeKaPTOBOI WM IIOJISPHOM CHCTEM KOOPIMHAT, MBI IMEEM J€JI0 ¢ HabopoM
CJTy4aitHO BHIOPAHHDBIX 3HAUCHUIN ?

In[11]: theta = 2 * np.pi * np.random.random(1000)
r = 6 * np.random.random(1000)

np.ravel(r * np.sin(theta))

np.ravel(r * np.cos(theta))

f(x, y)

X
y
z
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HapucyeMm auarpaMmy paccesHus To4ek, 4ToObl IPeACTaBUTh cehe BUJL IOBEPXHOCTH,
KOTOPYIO MbI IMCKpeTu3upyem (puc. 4.99):

In[12]: ax = plt.axes(projection="3d")
ax.scatter(x, y, z, c=z, cmap='viridis', linewidth=0.5);

Puc. 4.99. TpexmepHas ANCKPETU3MPOBaHHas MOBEPXHOCTb

ITosryueHHOE OCTABJIAET sKeJIaTh JIydIiero. B mogo6HoM ciiydae HaM MOMOKeT (yHKIIUST
ax.plot_trisurf, mpeagHasHaveHHA 1/ CO3AAHN TOBEPXHOCTH IIyTEM ITOMCKA CHAYAIA
Habopa TPeyroJIbHUKOB, PACIIOIOKEHHBIX MEXKIY CMEKHBIMU TOUKaMu (Pe3yJIbTaT 0~
kazaH Ha puc. 4.100. Harmomunaem, 4To X, y U z — O[THOMEPHBIE MACCUBDI ):

In[13]: ax = plt.axes(projection='3d")
ax.plot_trisurf(x, y, z, cmap='viridis', edgecolor='none');

2 -4
4 -6

Puc. 4.100. TpuaHrynmMpoBaHHbIi Y4aCTOK MOBEPXHOCTY

PesysnbraT He Takoil KpacuBBI, Kak IIPU IIOCTPoeHNU TpahuKa ¢ TOMOIILIO KOOP/U-
HATHOI CeTKHU, HO THOKOCTH MOXOOHON TPUAHTYJISIIIUN a€T BO3MOKHOCTD CO3/1aBaTh
WHTEepecHbIe TpeXMepHbIe Tpaduku. Hanmprmep, ¢ MOMOIIBIO 3TOTO METO/Ia MOKHO JIasKe
HApPHUCOBATh TPEXMEPHYIO JieHTy Mebuyca.
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ITpumep: Busyanusaius Jentsl Mebuyca. Jlenta Mebuyca npejacrasiser co6oi 1o-
JIocKy GyMaru, CKJICEHHYIO B KOJIBI[O KOHI[aMH, iepeBepHyThiMu Ha 180 rpaxycos. Ona
BeCcbMa MHTEPECHA TOTIOIOTHYECKH, TIOCKOJIbKY Y Hee, HeCMOTPsT Ha BHETITHHIA BUJT, TOJIBKO
omHa croponal B 5ToM pasfesie Mbl BU3yaJIM3UPYEM €€ C TIOMOITIBIO TPEXMEPHBIX HHCTPY-
menToB Oubmorexn Matplotlib. Kiiou k cospanmio ientsr Mebuyca — ee mapamerpusa-
1¥st. ITO JIByMEPHAs JIEHTa, TOATOMY HaM TIOHAZI00SITCS /ISt Hee JIBe COOCTBEHHBIE KOOP-
nunatel. HazoBem onny n3 Hux 0 (ee quamnason snadennii — ot 0 10 21), a BTopyio — w,
€ INATTa30HOM 3HAYEeHUH OT —1 Ha OZIHOM Kpalo JIeHTHI (110 mmpuHe) 10 1 Ha 1pyrom:

In[14]: theta = np.linspace(@, 2 * np.pi, 30)
w = np.linspace(-0.25, 0.25, 8)
w, theta = np.meshgrid(w, theta)

Tenepb HaM HY>KHO Ha OCHOBE 3TOH I1apaMeTPU3AIIUK BLIYUCIUTD KOOPAUHATLI (X, Y, 2)
JIEHTBI.

PaSMbII_HJIS[H, MOJKHO ITIOHATDH, YTO B [TaHHOM CJIy4dae IIPONCXOJAT /iBa BpalllaTe/JIbHbBIX
JIBUZKEHUST: O/IHO — M3MEHEHUEe PACIIONIOKEHNsT KOJIbIIA OTHOCUTETHHO €ro eHTpa (Ko-
Op/ZIMHATA, KOTOPYIO MbI Ha3BaJH 0), a BTOPOE — CKPYUYMBAHUE MTOJOCKU OTHOCUTETHHO
ee ocu KoopauHaT (Ha30BeM 3Ty KoopauHaty ¢). UTo0sl mosyumiack seHra Mebuyca,
ITOJIOCKa NOJIKHA BBITOJTHUTD ITOJIOBUHY CKPYUYMBaHUSA 3a BPEM:A ITIOJIHOTO CBOpAaUYMBaHUA
B KOJIBIIO, TO eCTh AQ = A /2.

In[15]: phi = 0.5 * theta

Ternepb BCIIOMHUM TPUTOHOMETPHUIO, 4TOOBI BBITIOJIHUTD TPEXMEPHOE HasoxkeHue., Otpe-
JIEJTAM TIEPEMEHHYIO 7 — PACCTOSTHUE KaK/[0M TOUKH OT IEHTPA U BOCTIOIb3YEMCS €10 JIJIs
HAXOK/IeHUS BHYTPEHHUX KOOPAUHAT (X, Y, 2):

In[16]: # paguyc B nnockocTu X-Y

r=1+w* np.cos(phi)

X = np.ravel(r * np.cos(theta))
y = np.ravel(r * np.sin(theta))
z = np.ravel(w * np.sin(phi))

s mocrpoenust rpaduka 5Toro 00beKTa HyKHO yOeaUThCs, YTO TPUAHTYJIALMS Bbl-
IOJIHEHA TIPaBJIbHO. JIyuluii criocob cueiaTh 9T0 — OIUCATh TPUAHTYJISIIAIO 8 KOOP-
Junamax 643060l napamempusayuiL, NOCje 4ero mo3pouth 6ubianoreke Matplotlib
BBITIOJIHUTD MTPOEKIINIO MOJTyYeHHON TPUAHTYJIAIINY B TPEXMEPHOE TIPOCTPAHCTEO JIEHTHI
Mebuyca. DT0 MOKHO CAeIaTh caeayionmm obpasom (puc. 4.101):

In[17]: # BbinonHsAeM TPUaHrynsUMKW B KoopAMHaTax 6a30BOW NapameTpusauuu
from matplotlib.tri import Triangulation
tri = Triangulation(np.ravel(w), np.ravel(theta))

ax = plt.axes(projection="'3d")
ax.plot_trisurf(x, y, z, triangles=tri.triangles,
cmap="viridis', linewidths=0.2);

ax.set_xlim(-1, 1); ax.set_ylim(-1, 1); ax.set_zlim(-1, 1);
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Puc. 4.101. Buyanuzaums neHtoel Mebuyca

Couetast Bce 9TH METO/Ibl, MOKHO co3/aBaTh 1 oToOpakaTh B Matplotlib mupoxuii aua-
[A30H TPEXMEPHBIX 0OBEKTOB U IPOCTPAHCTBEHHBIX MOJIE/IE.

OTobpakeHne reorpadmnyeckmx AaHHbIX
C noMoLLbio Basemap

Busyanuzaiusg reorpaduieckux JaHHBIX — PACHPOCTPAHEHHDIN BUJL BU3YaIU3AIIT
B HayKe 0 JaHHbIX. [lJ1s1 910l 11esm npenasHadena yruaurta 6ubanorekun Matplotlib —
HaGop nmporpamm Basemap, paciosioKeHHBIX B IIPOCTPaHCTBe MMeH mpl_toolkits.
ITpasma, Basemap HeckoabKo Hey0OeH B HCTTOTIB30BAHIH, 1 [Ia’Ke MPOCThIE M300pake-
HUS BUSYQJTU3UPYIOTCSI I0JIBIITE, UeM XOTeI0Ch Obl. J{Jist 0siee pecypcoeMKIX BU3YaI-
3a1uil KapT, BO3MOKHO, IIOJOMAYT GoJiee COBPEMEHHbIE PellleHus], Takue Kak Oubinorexa
Leaflet wnu kaprorpaduueckuit APT Google. Tem He meHee Basemap — WHCTPyMEHT,
KOTOPBII He MMOMEIITaeT UMETh B 3aItace 1moJib30BaTe isiM si3bika Python. B atom pasmesne
MBI TTPOIEMOHCTPUPYEM HECKOIBKO MPUMEPOB, BO3MOKHBIX GJaroapst aTomy Habopy
HMHCTPYMEHTOB BU3yaIU3alluil KapT.

YcranoBka Ha6opa IIporpamMm Basemap HE IpeACTaBJIACT CJIOKHOCTH. Ecim BBI HC-
IIOJIb3YyETE conda, JIUId CKaYUBaHUs U YCTaHOBKHU ITaK€Ta BaM JOCTAaTOYHO Ha6paTb
KOMaHYy:

$ conda install basemap?

Heob6xoaumo Jmtirb 106aBUTh B HAII OOBIYHBII ITIA0JI0H UMIIOPTOB €IIle OIHY CTPOKY:

! O6paraem Ballle BHUMaHUE Ha TOT (GAKT, YTO HAa MOMEHT BBIXOJA PYCCKOIO U3IAHUs JaHHOU
KHUTU TeKyias opunnaibias Bepeust Basemap (1.0.7) Tpebyer st coeit paborst Python 2 nnn
ske Python 3 ¢ muazneii Bepcueii ve Boie 3.3. IIpu HeoOXO0MMOCTH BbI MOKETE YCTAHOBHUTD Ha
CBOIO MAIlIMHY HeO(MUIMATbHBII BBITYCK MakeTa Basemap ¢ mMoMoIIbio cireyionieil KOMaH/Ibl:
conda install -c conda-forge basemap=1.0.8.dev0.
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In[1]: %matplotlib inline
import numpy as np
import matplotlib.pyplot as plt
from mpl_toolkits.basemap import Basemap

JIUb HECKOIBKO CTPOK KOJIa OT/EJISIeT YCTAHOBKY U UMIOPT Habopa UHCTPYMEH-
ToB Basemap oT mocrpoenus reorpadpuueckux rpadukos (mocrpoenue rpaduka
Ha puc. 4.102 tpebyer Takke Haauuns makera PIL B Python 2 uin makera pillow
B Python 3):

In[2]: plt.figure(figsize=(8, 8))
m = Basemap(projection="'ortho', resolution=None, lat_©0=50, lon_0=-100)
m.bluemarble(scale=0.5);

Puc. 4.102. MNMpoekuus 3emnu ¢ nomoLlbio Metoaa bluemarble

Cwmpblca nepegaBaeMbIx Basemap arpu0yToB MbI 00CYy UM Haee.

Ynobree Bcero To, 4To oTobpaskaeMasi Ha pucyHke cdepa — He mpocTo n3obpaxkeHue,
3TO MoHOMYHKI[MOHAIbHAs cucTeMa Koopannat Matplotlib, nonumartomas cepuye-
CKMe KOOP/IMHATBI U ITO3BOJIAIONIAL JIETKO IOPUCOBBIBATD JlanHble Ha KapTy! Hanpumep,
MO>KHO B3$ITh IPYTYIO KapTOrpadmiecKyo MPOEKIHNIo, ITOCMOTPETh Ha KPYITHBIN IITaH
CeBepHO#l AMEpUKHN 1 HApUCOBATh MecTomnosokerarne Cuatia. Mbl BOCTIONb3yeMCs
n3obpaxkenneM Ha OCHOBe HaGopa MaHHBIX etopo (OTPAKAIOIUM TOTIOTpadUIecKue
2JIEMEHTHI KaK Ha MOBEPXHOCTH 3€MJIN, TAK U HAXOSAIINECS IO/ OKEAHOM) B KaUuecTBe
dona kaptsl (puc. 4.103):
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In[3]: fig = plt.figure(figsize=(8, 8))
m = Basemap(projection="'lcc', resolution=None,
width=8E6, height=8E6,
lat_0=45, lon_0=-100,)
m.etopo(scale=0.5, alpha=0.5)

# MNpoeunpyem KopTex (JONTroTa, WMpPOTa) Ha KoopauHaTbl (X, Y)
# Ana nocTpoeHua rpaduka

X, y = m(-122.3, 47.6)

plt.plot(x, y, 'ok', markersize=5)

plt.text(x, y, ' Seattle', fontsize=12);

Puc. 4.103. HaHOCUM Ha KapTy AaHHbIE U METKM

[TpuBeneHHBIN TPHMeP MTO3BOJIJ HaM B3TJITHYTh Ha TO, KaKWe reorpadnudeckue BU-
3yaJM3aIII BO3MOXKHBI C TOMOTIIBIO BCETO HECKOJIBKIX CTPOK Kofia Ha si3bike Python.
Ternepb Mbl 06CYNM BO3MOKHOCTH Habopa MHCTpyMeHTOB Basemap 6oJiee metanbHoO
1 pacCCMOTPUM HECKOJIbKO ITPUMEPOB BU3yaJIn3alinu kaprorpahuieckux ganupix. [1osb-
3ysICh OTUMU TIPUMEPAMU KaK FOTOBBIMU GJI0KaMU, BbI CMOKETE CO3/[aBaTh PAKTUUECKH
Jir00bIe KapTorpaduiyecKue BU3yaTH3aliii.

KapTorpaduyeckue npoekumm

ITepBoe, ¢ ueM HY:KHO ONpeIeIUTLCS MTPH UCIOIb30BAHNN KapT, — KaKyI0 IIPOEKITNI0
MCIOJb30BaTh. BeposaTHo, BbI 3HaeTE, 4TO chepriecKylo KapTy, HalpUMep KapTy 3eMJIH,
HEBO3MOKHO OTOOPA3UTD Ha IIOCKOCTH 6e3 HEKOTOPOTO €€ NCKAKEHUS WITH HAPYIIEeHUs
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cBsisHoCcTH. Ha MpOTSIKEHUN UCTOPUY YeJIOBeueCcTBa OBLIO pa3paboTaHO MHOTO TaKIX
IIPOEKIINI, TaK YTO Y BAC €CTh U3 Y4ero BhIOMpaTh! B 3aBUCHMOCTH OT MIPEATIOIaraeMoro
[IPUMEHEHUsT KOHKPETHO KapTorpahuvecKkoil MpoeKIuu ObiBaeT yI00HO COXPAHUTh
oTpe/ieIeHHbIe CBOMICTBA KapThl (HAIIPUMED, TIPOCTPAHCTBEHHbBIE HATIPABJIEHUSI, TIJI0-
111a/1b, paccTosiHue, popMy u T. 11.).

[Taker Basemap peasinsyeT HECKOIBKO JIECATKOB TAKUX TTPOEKITUI, HA KOTOPbIE MOKHO
COCJIATBCSL € TIOMOIIBIO KOPOTKOro Koja (opmarta. Mbl ipojieMOHCTpUpyeM HanboJiee
YaCTO UCIIOJIb3yeMble CPeIN HUX.

Haunewm c onmmcanus y[[O6HbIX YTUJINT, TIPEAHA3SHAYCHHDIX /1JIA OTPUCOBKU Halen KapTbl
MuUpa C JIMHUAMUA JOJITOTHI U NIUPOTHI:

In[4]: from itertools import chain
def draw_map(m, scale=0.2):
# OTpucoBbiBaeM u3obpaxeHune C OTTEHEHHbM penbedom
m.shadedrelief(scale=scale)

# 3HaYyeHMA WMPOTb M AONTOTh BO3BpAWATCA B BuUAe CioBapsA
lats = m.drawparallels(np.linspace(-90, 90, 13))
lons = m.drawmeridians(np.linspace(-180, 180, 13))

# Knwun, copepxawme sk3emnnspbl knacca plt.Line2D
lat_lines = chain(*(tup[1][@] for tup in lats.items()))
lon_lines = chain(*(tup[1][@] for tup in lons.items()))
all_lines = chain(lat_lines, lon_lines)

# BbiNOMHAEM LMKA MO 3TUM JIMHWUAM, YCTaHaBAMBAA HYXHbIA CTUNb
for line in all_lines:
line.set(linestyle="-"', alpha=0.3, color='w")

LimnnHapunyeckme npoekuum

[Tpocreiinivie 13 kaprorpauyecKux MPOEKIUil — IUJINHAPUIECKHE, B KOTOPBIX JIMHUT
OIMHAKOBOMN MIMPOTHI U JIOJTOTHI IIPOEIUPYIOTCS HA TOPU3OHTAIBHbBIE U BEPTUKAIbHbIE
JIMHUW COOTBETCTBEHHO. TaKOMH THIT TIPOEKITUH XOPOIIIO TIOAXOAUT I 0TOOpasKeHUs 00-
JlacTell y 9KBaTOpa, HO IIPUBOJIUT K CUJIBHON JIMCTOPCHUU BO3JIe MTOJII0COB. B pasimuHbIX
MUJIMHAPUYIECKUX TTPOEKITUSAX PACCTOSTHUSI MEK/LY JTUHUSAMU IUPOTHI PA3JINYAIOTCSI, UTO
MIPUBO/IUT K PA3JINIHON CTENIEHN COXPAHEHWS TIPOTIOPIINIA U IUCTOPCUH B palioHe TOJIT0-
coB. Ha puc. 4.104 11oxasas npuMep pasHonpoMedcymoutoi UUiuHOPULecKol npoexuuu
(equidistant cylindrical projection), xapakTepusyomieiicst BBI60OPOM TaKOro MacITabupo-
BaHUST MIUPOTHI, TIPH KOTOPOM PACCTOSTHUST BJIOJIb MEPUIUAHOB OCTAIOTCST HEM3MEHHBIMMU.
Cpenmu ApyTux MUJIMHAPIYECKUX TIpoeKInii — nipoekiiisd Mepkartopa (projection="merc')
1 paBHOBeJIMKast HUJIMHApUYecKas poekius (equal-area cylindrical projection).

In[5]: fig = plt.figure(figsize=(8, 6), edgecolor="w")
m = Basemap(projection="'cyl', resolution=None,
1llcrnrlat=-90, urcrnrlat=90,
llcrnrlon=-180, urcrnrlon=180, )
draw_map(m)
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Puc. 4.104. PaBHoBenMKas LnaMHApUYecKas npoekums

[TepenaBaemble B Basemap 0NOTHUTENbHbBIE aDIYMEHTDI AJs1 3TOTO MPeCTABICHUS
3azai0T mupoTy (lat) u gosroty (lon) HUKHETO JeBOTO (1lcrnr) 1 BepXHETo MPaBOTO
(urcrnr) yIJ0B KapThl B rpajycax.

MceBaOLUMNMHAPUYECKME NPOEKLNN

B nceBaonuaMHAPUIECKUX TIPOEKITMAX OTCYTCTBYET TpeGOBAHME BEPTUKATHHOCTH
MepUAMAHOB (JIMHUU OJAMHAKOBON JIOJITOTBI), 3TO IO3BOJISAET YJIYUIIUTD [10Ka3aTean
BO3JIe 1os1ocoB mpoekiun. IIpoekus MoubBeiine (projection="moll") — pacupo-
CTPaHEHHBIH IIpUMep IICEeBIOIMINHIPUYECKON TPOEKIIUU, B KOTOPOH BCe MepUIMaHbI
npeacTaBisior coboil asmmnrdeckue ayru (puc. 4.105). Ona paszpaborana ¢ 1nesnbio
COXPaHEeHUs MPOIOPINIA HA BCEH TIONAAN KapThL: XOTS UMEIOTCS HEKOTOpBIe AMCTOP-
CHU OKOJIO TIOJIIOCOB, MEJIKHE YUACTKI OTOOPaKAIOTCs IPaBAonof06Ho. B uncie apyrux
MICEeBOIUIMHIPUYECKUX TPOEKIINI — CHHYCcOU/a/IbHAs TPoeKIus (projection="sinu")
u npoekiust Pobuncona (projection="'robin").
In[6]: fig = plt.figure(figsize=(8, 6), edgecolor='w")

m = Basemap(projection="moll', resolution=None,

lat_0=0, lon_0=0)
draw_map(m)

Puc. 4.105. lMNpoekuus MonbBeige
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[TepenaBaembie B Basemap momosiHUTEIbHBIEC ADTYMEHTBI OTHOCATCS K upoTe (lat_0)
u frosirote (lon_0) 1eHTpa KapThl.

nepCI'IeKTVIBHbIe npoeKkunn

[TepcrieKTUBHBIE TPOEKIIMK CO3AAIOTCS TTyTeM BbIGOPAa KOHKPETHON TJIaBHON TOY-
KU, aHaJOru4no gororpadupoBanmio 3eMan U3 KOHKPETHOM TOYKHU MPOCTPAHCTBA
(B HEKOTOPBIX ITPOEKIMAX 9Ta TOYKA (GOPMATIbHO HAXOAUTCS BHyTpU 3emun!). Pac-
MMpOCTPaHeHHBIN TpuMep — opTorpaduueckas npoeknus (projection="ortho"),
MOKA3bIBAIOIAST OJIHY CTOPOHY 3eMHOTO TIapa Tak, Kak ero Obl BUAesT HabIo1aTesb
¢ 0YeHb GOJBIIOrO paccTosTHIs. TakuM 06pa3oM, TIPU Hell MOKHO BUIETH OJHOBPE-
MEHHO TOJIBKO TIOJIOBUHY 3¢eMHOTO 11apa. Cpe/in Ipyrux mepcreKTUBHBIX MPOEKITI —
rHOMOHMYecKad (projection="'gnom') u crepeorpaduueckas (projection="stere")
npoexiuu. OHU Jydie BCEro MOAXOAAT st 0ToOpakeHuss HeGOMbIINX YYaCTKOB
KapTHl.

Bot npumep oprorpadudeckoii nmpoekiuu (puc. 4.106):

In[7]: fig = plt.figure(figsize=(8, 8))
m = Basemap(projection="ortho', resolution=None,
lat_@=50, lon_0=0)
draw_map(m);

Puc. 4.106. OpTorpacduyeckas npoexkums
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KoHnuyeckne npoekumnm

[Ip1 KOHUYECKUX MTPOEKIUSAX KapTa IPOEIUPYyeTcs Ha KOHYC, KOTOPBII 3aTeM pa3Bopayu-
Baetcst. Takoii croco6 Mo3BOJISIET MOTYYUTh OTJIMYHBIE JIOKATBHBIE XaPAKTEPUCTUKH, HO
yIaJeHHbIE OT TOUYKU (hOKyca KoHyca 06JacTi MOTYT OKa3aThCsl CUIIBHO UCKAKEHHBIM,
OnuH 13 TPUMEpPOB TaKUX MPOEKINIT — PaBHOYTOJbHAS KOHUYecKas mpoekius Jlam-
6epra (projection="lec"), koropyto MbI yike Buesan B kKapre CeBeproii AMepuxu. [Ipu
ee UCIOJIb30BAaHUHU KapTa MPOEIUPYETCS Ha KOHYC, YCTPOEHHBIN TaKUM 00Pa3oM, 4TOObI
COXPAHAJIMCh PACCTOSHUS Ha JIBYX CTAHAAPTHBIX MapaJliesiax (3aaBaeMbix B Basemap
C TMOMOIIBIO apTYMEHTOB lat_1 u lat_2), B TO BpeMsl Kak MesKly HUMU Maciitab Gbi
MEHBIIIE PEATbHOTO, a 32 UX MpejieiaMu — GoJIbIlie peasbHoro. /[pyrue yao6Hbie KoHmde-
CKHe MTPOEKITNN — PABHOIIPOMEKYTOUHAS KOHMUECKas Mpoekius (projection="eqdc")
U paBHOBEJIMKast KoHUYeckast nmpoekius Anbbepca (projection="aea") (puc. 4.107).
Konnyeckue mpoekimm, Kak 1 IepcreKTUBHbIE TIPOEKITUN, XOPOIIO MOAXOAAT /LI OT-
pakeHUs MAJICHBbKUX U CPEJIHUX KYCKOB 3€MHOTO TIapa.

In[8]: fig = plt.figure(figsize=(8, 8))

m = Basemap(projection="lcc', resolution=None,
lon_@=0, lat_0=50, lat_1=45, lat_2=55,
width=1.6E7, height=1.2E7)

draw_map(m)

Puc. 4.107. PaBHOBeNMkas koHU4Yeckas npoekumst Anbbepca

[Apyrvie npoekumn

Ecin BbI co6upaeTech 4acTo UMETh A€JI0 ¢ KapTorpahuyecKUMK BU3yalu3aliaMu,
PEKOMEHJIYIO TIOYUTATh U O IPYTUX ITPOEKITUSIX, UX CBOMCTBAX, TPEMMYIIECTBAX U HEJ0-
cratkax. Ckopee Bcero, oHu nMmeroTcs B akete Basemap (http://matplotlib.org/basemap/
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users/mapsetup.html). OKyHYBIIINCH B 3TOT BOMPOC, BbI OOHAPYKUTE MOPASUTETHHYIO
CyORyIBTYPY (haHATOB TEOBUBYATM3AIHH, IPOCTHO OTCTAWBAOIINX MTPENMYIIIECTBO WX
U3MOGIEHHON TTPOEKITHN JIJIsT JII0O0TO TIPITOKEHs!

OTpucoska (hoHa KapThbl

Panee mb1 paccMoTpesiu MeTojibl bluemarble() u shadedrelief(), npennasnaven-
Hble IS IPOEKIUI n300pakeHil BCero 3eMHOr0 1apa Ha KapTy, a TaKyKe MeTO/[bl
drawparallels() u drawmeridians()d pUCOBAaHUS JUHUH C TTOCTOSHHON MUPOTON
i gosrotoil. Ilaker Basemap comep:KuT MHOKECTBO YAOOHBIX QYHKIIUI AJIsT PUCO-
BaHusl TpaHul] (GU3NYeCKUX 06BEKTOB, HAIPUMEP KOHTUHEHTOB, OKEAHOB, 03€P U PEK,
a TakKe MOJTUTUYECKUX IPAHUIl — TPAHUI] cTpaH win mraToB/okpyros CIIIA. [lanee
MIPUBEIEHBI HEKOTOPbIE U3 UMEIOTNUXCS (PYHKITUN PUCOBAHIS, BO3MOKHO, BBl 3aXOTHUTE
UBYUYUTh UX HOAPOOHEE C OMOIIBIO CIIPABOYHBIX cpeacTB 000s10uku IPython.

QO Dusuyeckne rpaHUIBI U BOTOEMBI:
® drawcoastlines() — pucyeT KOHTUHEHTAIbHbIE OEPErOBBIE JIMHUY;

® drawlsmask() — pUCYeT MACKy «3€MJisl/MOPE» C IeJIbI0 TPOEKIINU N300pasKeHU i
Ha TO WJIH JIPYTOE;

® drawmapboundary() — puCyeT rpaHuIlbl Ha KapTe, BKJIIOYad 3aJUBKY IIBETOM
OKEaHOB;

® drawrivers() — puCyeT peKu Ha KapTe;

® fillcontinents() — 3ajiMBaeT NPOCTPAHCTBO KOHTUHEHTOB 3aJaHHBIM IIBETOM;
B KayecTBe JAOMOJHUTEIbHON HACTPOUKN MOYKET 3aJIUTh 03ePa IPYTUM IIBETOM.

Q [Honutnyeckue rpaHUIIBL:
® drawcountries() — pucyeT IrpaHuIlbl CTPaH;
® drawstates() — pucyer rpanuiipl mratoB CIIIA;
® drawcounties() — pucyer rpanuiisl okpyros CIITA.
O CsoiicTBa KapThI:
® drawgreatcircle() — pucyeT GONBIION KPYT MEKIY ABYMS TOUKAMU;
® drawparallels() — pucyer JUHUHU C TIOCTOSTHHOMN IMUPOTON (MepPU/INAHBI );
® drawmeridians() — pHUCyeT JUHUU C TIOCTOSHHON AOJTOTON (TIapasijiesn);
® drawmapscale() — pUCYeT Ha KapTe JJHHEHHYIO KAy MaciiTaba.
O UsobpaskeHust BCEro 3eMHOTO Tapa:

® bluemarble() — nmpoenupyer caenatHyio NASA ¢ororpaduio «roayboro mra-
pUKa» Ha KapTy;

® shadedrelief() — mpoerUpyeT Ha KapTy M300paskeHNE ¢ OTTEHEHHBIM PeTbehoM;
® etopo() — prcyeT Ha KapTe n300paskerne pebeda Ha OCHOBe Habopa TaHHbBIX etopo;

® warpimage() — IPOEIMPYET HA KAPTY MOJIb30BATENCKOE U300PAKEHIE,
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Jl1s1 06BEKTOB ¢ TpaHKUIaMU He0OXOAUMO IIPU Co3JaHnu n3obpakens Basemap 3a-
JIaTh jKeJlaeMoe paspeliernne. ApryMeHT resolution kiacca Basemap 3aaeT ypOBEHb
nerajusaiuu rparui’ (‘c' (ot anrir. crude) — rpybas geranusanus, '1' (0T aHTIL
low) — Huskas geranusanus, 'i' (ot anru. intermediate) — cpeanss geranausanus, ‘h'
(ot anru. high) — Bbicokas aeramusanus, '£' (ot anri. full) — nonnas peranusanus,
wii None — eCJIM TPAHUIIBI He UCITOJIb3YIOTCsT ). BBIGOP 3HAUEHMST 9TOTO TTapaMeTpa OueHb
BaskeH. Harpumep, OTpUCOBKA TPAHUI] ¢ BBICOKUM Pa3peIeHneM Ha KapTe 3eMHOTO Iapa
MOJKET IIPOUCXOUTH 0UeHb MEJIEHHO.

Bot mpuMep OTpUCOBKY TPAHMUIL «3eMJIsI/MOPE» U BIUSHUE Ha Hee TTapaMeTpa pasperiie-
Hust. MbI CO3/Ia/TM KapTy HMIOTJIaHACKOTO ocTpoBa CKaii Kak ¢ HU3KUM, TaK U C BICOKUM
paspernerrieM. OCTPOB pacoyiokeH B Touke ¢ KoopanHaTamu 57,3 °N, 6,2 ° W, kapra
pasmepoM 90 000 x 120 000 kM pekpacHo ero geMoHcTpupyeT (puc. 4.108):

resolution="1" resolution="h"

4 { Ea 7
L

2

< -

Puc. 4.108. 'paHuLbl Ha KapTe NpY HU3KOM U BbICOKOM pa3peLleHnn

In[9]: fig, ax = plt.subplots(1l, 2, figsize=(12, 8))

for i, res in enumerate(['l', 'h']):
m = Basemap(projection="'gnom', lat_©=57.3, lon_0=-6.2,
width=90000, height=120000, resolution=res, ax=ax[i])
m.fillcontinents(color="#FFDDCC", lake_color='#DDEEFF")
m.drawmapboundary (fill_color="#DDEEFF")

! O6parure BHUMaHUE, YTO 110 YMOJIYAHHIO YCTAHABJIUBAIOTCS (CM. TIPEbIYIIee IPUMEYaHue)
HaGOPbI IAHHBIX TOJIBKO JIJIst [PYyOOTO 1 HU3KOTO YPOBHEH Aetanusaruu. J[jis yetaHoBK HabopoB
JIAHHBIX JUJI1 BBICOKOTO PaspelieHust HeOOXOMMO BBINIOJIHUTH CIEAYIONLYI0 KOMAH/LY:
conda install -c conda-forge basemap-data-hires
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m.drawcoastlines()
ax[i].set_title("resolution="{0}'".format(res));

OG6paruTe BHUMaHUE, YTO P HU3KOM paspelieHud GeperoBbie JIMHUU Ha 9TOM YPOBHE
MacITabupoBaHusi 0TOOPAIKAIOTCSI HEKOPPEKTHO, & IPU BBICOKOM — JIOCTATOYHO XOPO-
o, OIHAKO HU3KO0E Pasperenyie OTINIHO TOAXOINT ST TIT00ATHHOTO MTPEICTABIEHIIST
u paboTaet 20pazdo GbICTpee, YeM 3arpy3Ka JAHHBIX [0 TPAHKUIAM B BBICOKOM paspeliie-
HU JIJisE BCETO 3eMHOTO 11apa. MoskeT oTpe6GoBaThCsl HEMHOTO MO9KCIIEPUMEHTHPOBATE
C paspelieHreM /I KOHKPETHOTO MIPeCTaBICHI, YTOOBI HATH HYKHOE, JIYUIIIe BCETO
HayaTh ¢ GBICTPO OTPUCOBBIBAEMOTO TPaUKa ¢ HU3KUM PaspelieHueM U HapaluBaTh
paspelienne mo Mepe HeOOXOANMOCTH.

HaHeceHWe aaHHbIX Ha KapTbl

BeposaTHo, camas 11oJ1e3Has Ha MPaKTUKe BOSMOXKHOCTh Habopa MHCTPyMeHToB Basemap —
yMeHHe HaHOCUTh pasHOooOpasHble JaHHbIE MOBEPX (DOHOBOTO M300paKeHUsT KapThL. J{Jist
MOCTPOEHUST TIPOCTHIX IMArPaMM U TEKCTa Ha KapTax Mozoiiner mobas us hpyHKiuii plt.
YUto0bI HAHECTH JTaHHBIE HA KAPTY € MOMOIIBIO plt, MOSKHO BOCIIOJIb30BATHCS [IJIsT TPOEK-
I[UM KOOP/AMHAT IIMPOTHL U JIOJITOTHI Ha KoopAuHaTh! (X, Y) 9K3eMILIIpOM Ki1acca Basemap,
KaK MBI Y2Ke JlesTaiu panee B npumepe ¢ CUaTIoM.

[Tomumo 3TOTO, CPe/IN METOOB K3eMIIIIsIpa Basemap mMeeTcst MHOKECTBO (hyHKITNIA,
CIIeIUalbHO IpeAHasHauYeHHBIX [ paboThl ¢ Kapramu. OHu paboTaoT 0YeHb CX0Ke
co cBouMMHU aHasjoramu us 6ubmuorexu Matplotlib, Ho mpuHUMAOT TOTOTHUTETLHBIT
OysieB apryMeHT latlon, O3BOISOIINI (IIPH PABHOM True 3HAYEHKK) [IEPEJaBaTh UM
MCXO/IHbIE 3HAYEHUS TUPOTHI U JIOJITOTHI, a He UX MpoeKIun Ha koopanHathl (X, Y) .

Bor HEKOTOPbIE N3 METOA0B, CIIENNAJIbHO ITpe/IHaSHAYCHHDIX JIA pa6OTbI C KapTaMu:

Q contour()/contourf() — pucyer KOHTYPHbIC JIMHAU WU 3aII0JTHEHHbIE KOHTYPbL;
Q imshow() — oToOpaskaeT n300paKeHuUE;

Q pcolor() / pcolormesh() — pucyeT MCEBOIBETHON rpad UK JJsT HEPETYJISIPHBIX
U PEryJadpHbIX CETOK;

plot() — pucyer JUHUU U/WITH MapKePBhI;
scatter() — pucCyer TOUKU C MapKepaMy;
quiver() — pUCYeT BEKTOPA;

barbs() — pucyer CTpeJIKU BeTpa;

0O00OD0O

drawgreatcircle() — pucyer 60JbIION KPyT!.

MpbI paccMOTPHUM ITPUMEPBI HEKOTOPBIX U3 ATUX DyHKINI fasee. [ladpHelinmyo nHbop-
MAIIIIO O HUX, BKJIIOYAsT IPUMEPHI TPAGIKOB, MOKHO HAWTU B OHJIAIH-JOKYMEHTAIIUN
Basemap.

1

Cwm. https://ru.wikipedia.org/wiki/Boabiioii_Kpyr.
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Mpumep: ropoaa KanndopHun

B pasnene «Ilombp3oBarenmbckue HACTPOWKY JieTeH]T HA TpaduKax» JaHHON TJIaBbI
OBLIO TPOJIEMOHCTPUPOBAHO MCIIOJAB30BAHKME Pa3Mepa U [IBETAa TOUEK Ha JuarpaMmme
paccesgHus Ipu nepegavye HHGOPMAIUKI O PACIOJOKEHUH, Pa3Mepe U HaceJIeHuu
roponos mrara Kamudopuus. 3nech ske Mbl BOCCO3JJaIUM 3TOT TpacduK, HO C UC-
[I0JTh30BAHIEM Basemap 7151 BKITIOUEHUS JaHHBIX B COOTBETCTBYIOMMI KapTOrpa-
(bmaeckmit KOHTEKCT.

Haunewm, kak 1 paHbllle, ¢ 3arpy3Ku JaHHBIX:

In[10]: import pandas as pd
cities = pd.read_csv('data/california_cities.csv')

# N3Bnekaem uHTepecywlwme Hac AaHHble

lat = cities['latd'].values

lon = cities['longd'].values

population = cities['population_total'].values
area = cities['area_total_km2'].values

HacrpanBaem 1npoekiuio KapTbl, HAHOCUM JIAHHBIE, TTOCJIE YEr0 CO3/IAeM IIKAIY [[BETOB
u gerenpy (puc. 4.109):

In[11]: # 1. Pucyem ¢oH KapTbl

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

m = Basemap(projection="lcc', resolution='h",
lat_0=37.5, lon_0=-119,
width=1E6, height=1.2E6)

.shadedrelief()
.drawcoastlines(color="gray")
.drawcountries(color="gray")
.drawstates(color="gray")

3 3 3 =3

=+

2. HaHOCMM fAaHHble MO ropojaM, OTpaxas HacesieHWe pasHbiMW LBeTamu,
a niowagb - pasHbLMW pasmMepamu Toyek

m.scatter(lon, lat, latlon=True,

c=np.logle(population), s=area,

cmap="Reds', alpha=0.5)

++

# 3. Co3paem wKany UBETOB WU nerexHay
plt.colorbar(label=r'$\log_{10}({\rm population})$')
plt.clim(3, 7)

# Jlenaem nereHpy c QUKTUBHBIMM TOYKaMU
for a in [1e0, 300, 500]:
plt.scatter([], [], c="k', alpha=0.5, s=a,
label=str(a) + ' km$~2%$")
plt.legend(scatterpoints=1, frameon=False,
labelspacing=1, loc='lower left');
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log,, (HaceneHne)

Puc. 4.109. [inarpamMma paccesiHusi NOBEPX KapThbl B kayecTBe (oHa

ITOT TpadUK IEMOHCTPUPYET NPUOIUZUTENBHO, B KaKnX MecTax Kamudoprun sxKu-
BeT GOJIbIIOE KOJIMYECTBO JIIOJIeil: OHU COCPeNOTOYeHbI Ha mobepexbe B paiione Jloc-
Anpkeneca n Can-®pannucko, o 6oxam mocce B Llenrpanbioil gonnne, nzberas
MIPAKTUYECKH MTOJHOCTHIO TOPUCTHIX PAIIOHOB HA IPAHUIIAX IITATA.

MpuMep: AaHHbIE O TEMNEpATYpE
Ha MNOBEPXHOCTUN 3eM/n

B kauecTBe npuMepa BU3yaJn3aiiy HEMPEPhIBHBIX TeorpahmuecKuxX TaHHBIX PACCMO-
TPUM <IIOJISIPHBIN BUXPb», OXBaTUBIIMIA 3amaaayio onosuny CIIIA B ssuBape 2014 rogna.
3ameyaresIbHbI UCTOUHUK PA3HOOOPA3HBIX METEOPOJIOTMUYECKHUX JAHHBIX — MOJPas/ie-
searie NASA Vuctutyt ndydenust kocmoca nmenn lomapaa (https://data.giss.nasa.gov/).
B atom caydae MbI Bocmosib3yeMcst TeMmiiepatypubivu ganubivu GIS 250, kotopbie
MOJKHO CKQ4aTh ¢ TIOMOIIbI0 KOMaHAHOU 00010uKK (BO3MOKHO, Ha pabOTAIONINX MO
yIIpaBJIeHIEM OllepallnoHHON crcTeMbl Windows aTH KOMaH/Ibl IPUAETCST HECKOJIBKO
U3MeHUTH ). Vcrmomp3yemble 3/iech Januble ckaunBainch 12 nions 2016 rona, u ux pas-
Mep TOT/Ia COCTABJIT IpuMepHo 9 Mbaiit:

In[12]: # !curl -0 https://data.giss.nasa.gov/pub/gistemp/gistemp250.nc.gz
# lgunzip gistemp250.nc.gz
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Taunbie Haxomsrest B (hopmate Net CDF, kotopsiii B si3bike Python MoskHO pounTath
C TTOMOTIBI0 GUOIMOTEKN netCDF4. Y CTAaHOBUTD 9Ty GUOINOTEKY MOKHO CIEAYIOTIIM
obpaszoM:

$ conda install netcdf4
[IpounTaem janHbIe C TOMOITHIO KOMAHI!

In[13]: from netCDF4 import Dataset
data = Dataset('gistemp250.nc')

Daiis coepKUT MHOKECTBO TJI0OANBHBIX TIOKa3aHUI TeMIIEPaTyPhl Ha PasJInIHbIC
JIaThl, HAM HY’KHO BbIOpPATh MHIEKC, COOTBETCTBYIONIMI HHTEpeCyIolleil Hac gare —
15 suBapst 2014 ropa:

In[14]: from netCDF4 import date2index
from datetime import datetime
timeindex = date2index(datetime(2014, 1, 15),
data.variables['time'])

Tenepb MOXKXHO 3arpy3uTh JJaHHBIE 110 HIUPOTE U JOJTOTE, a TaKKe TeMIlepaTypHbIM
aHOMAJIMAM JJI1 9TOr0 3HAaYCHUA NH/EKCA:

In[15]: lat = data.variables['lat'][:]
lon = data.variables['lon'][:]
lon, lat = np.meshgrid(lon, lat)
temp_anomaly = data.variables['tempanomaly'][timeindex]

Bocnosbayemcs MeTonoM pcolormesh () s OTPUCOBKH IBETOBOI CETKU HAIIUX
naunbix. Hac warepecyer CeBepHast AMepHKa, 1 B KauecTBe (hoHa MbI Oy1eM UCTIOJIb-
30BaTh KapTy ¢ OTTEHEHHBIM pesibedom. OOpaTrTe BHUMAHUE, YTO JJIST 9THX JaHHBIX
MBI CIIELIAIBHO BHIOPAIU AUBEPreHTHYIO KapTy IBETOB, ¢ HEUTpaibHbIM 1IBETOM /1 0
U IBYMSI KOHTPACTHBIMU I[BETAMM JIJIsl OTPULIATEIbHBIX U IIOJOKUTENbHBIX 3HAY€HUI
(puc. 4.110).

B CIIPAaBOYHDbIX IEJISAX MbI TaAKKE HAaPHUCYEM CBETJIbIM I[BETOM IIOBEPX IIBETOB 6eper0-
Bbl€ JIMHNU:

In[16]: fig = plt.figure(figsize=(10, 8))
m = Basemap(projection="lcc', resolution='c',
width=8E6, height=8E6,
lat_0=45, lon_0=-100,)
m.shadedrelief(scale=0.5)
m.pcolormesh(lon, lat, temp_anomaly,
latlon=True, cmap='RdBu_r"')
plt.clim(-8, 8)
m.drawcoastlines(color="1lightgray"')
plt.title('January 2014 Temperature Anomaly')
plt.colorbar(label="temperature anomaly (°C)');
# TemnepaTypHble aHOMaanun
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TemnepatypHble aHoMmanuu (°C)

Puc. 4.110. TemnepaTtypHas aHomanus B sHBape 2014 roga

JnarpamMMma JIeMOHCTPUPYET KapTUHY 9KCTPEMasbHbIX TeMIePaTyPHbIX aHOMaJINIA,
MMEBIINX MECTO Ha MPOTSKEHNN 3Toro Mecsta. B Boctounoit wactn CIITA temmepary-
pa ObLi1a Topas/io HUzKe 0OBIYHOIO, B TO BpeMs Kak Ha 3aia/e U Ajisicke ObLIO HAMHOTO
Tersee. B Mecrax, rje TemiepaTypa He perucTpupoBasach, Mbl BUAMM (DOH KapThl.

Busyanusauus ¢ noMoLubio 6ubnmnotekn Seaborn

bubaunorexa Matplotlib sapekomenioBaia cebst kKak HEBEPOSATHO YAOOHDIN U MOy JISIP-
HBII MHCTPYMEHT BU3YAIM3alMK, HO JIasKe 3as/I/Ible ee TI0JIb30BaTeJN IPU3HAIOT, YTO OHA

3a4aCTyI0 OCTaBJSIET KeJaaTh aydnrero. CylecTByeT HECKOIbKO 9aCTO BO3HUKAIOIIMX
skanob na Matplotlib.

O Mo sepcunu 2.0 mapamerpsl o ymoadanuio oubamorexun Matplotlib 6b1n manexo
He njeanbHbiMu. OHU Besn cBoe npoucxoxaenrie or MATLAB-Bepcuu npumepHo
1999 roza, u 3TO YACTO OMIYIIATOCH.

O API 6ubauorekn Matplotlib — otHOoCcHTEIBHO HUBKOYPOBHEBBIL. C €r0 TOMOIIBIO
MOJKHO CO3/IaBATh CJIOKHbIE CTATHCTUIECKUE BU3YATN3AIINH, HO 9TO TPeOyeT HeMao
mabJIOHHOTO KOJIA.

O Matplotlib 6bira Bemyena Ha gecstuieTne panbiie, yem Gudbaoreka Pandas, u nmo-
TOMY He OpHeHTHpOBaHa Ha paboTy ¢ oObekTaMu DataFrame 6ubinorexu Pandas.
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[l BUsyamsanum JanHbix 13 o0bexTa DataFrame 6ubsmoreku Pandas nipuxoaures
U3BJIEKATh BCe OOBEKTHI Series 1 3a9acTyi0 KOHKATEHNPOBATh UX B HYKHBIH (hopMaT.
Xopotio 66110 661 UMETH GUOIMOTEKY JIJIS TIOCTPOEHUS TPAhUKOB, B KOTOPOU TIPHUCYT-
CTBOBaJIM GBI BOSMOKHOCTH TI0 MHTEJLIEKTYaIbHOMY HCIIOJTb30BaHUIO METOK DataFrame
Ha rpaduKax.

Bubmoreka Seaborn — pereHue atux npobsem. Seaborn mpexocrasisier API mosepx
6ubmorexu Matplotlib, obecreunBaomuii pasyMHble BApUAHTHI CTUJIEH TPadUKOB
1 IIBETOB M0 YMOJYAHMUIO, OTIPEAECSIONIMNA TPOCThIE BBICOKOYPOBHEBbIE (DYHKIINM 1T
Y4aCcTO BCTPEYAIONIIXCS TUTIOB IPAUKOB U XOPOIIIO MHTETPUPYIONIHHACS ¢ (DyHKITMOHATb-
HOCTBIO, ITPEI0CTABIISIEMOiT 0O bekTaMu DataFrame 6ubsoreku Pandas.

CripaBe/UIMBOCTH Pajii YIIOMSIHY, 4TO KOMaH/[a pa3paboturkos 6ubanorexn Matplotlib
TOKE TIBITAETCS PEITUTD 9TU TPOGJIEMBbI: OHU J0OABUJIA YTUIIATHI plt.style (KOTOpbIE
MbI 00CyskaaIn B paszedie «IlonbsoBaresnbekue HacTpoiiku Matplotlib: korndurypaimu
1 TabJUIIBI CTUIIEH» DTOM TJIaBbI) U MPUHUMAIOT MEPBI K Oosiee oprannaHoii o6paboTke
nanubix Pandas. Bepcus 2.0 6ubsmorex Matplotlib Bkitouaer HoByto tabiuily cruseit
[0 YMOJIYAHUIO, HCIIPABJISIIONIYIO CUTYaIHio. Ho 110 BIIIEU3I0KEHHBIM MTPUYHAM G-
6smoTeka Seaborn ocTaeTcst HCKJIFOYUTENbHO YIOOHBIM JTOTIOJTHEHUEM.

Seaborn no cpaBHeHuto ¢ Matplotlib

Bor npumep mpocToro rpaduka caydaiiHbIX OJyKAaHUN ¢ UCIOJb30BAHUEM CTUJIS
classic i hopMaTUpOBaHUs U IIBETOB Tpacuka. HauHeM ¢ 0GBIYHBIX HMITOPTOB:

In[1]: import matplotlib.pyplot as plt
plt.style.use('classic')
%matplotlib inline
import numpy as np
import pandas as pd

CosmaeM JaHHBIE CIYIalHBIX Oy 7KAAHMIA:

In[2]: # Co3paeM [aHHble
rng = np.random.RandomState(®0)
x = np.linspace(0, 10, 500)
y = np.cumsum(rng.randn(500, 6), ©)

Pucyewm nipocroii rpacuk (puc. 4.111):

In[3]: # Pucyem rpaduk, ucnonb3ysa napameTpbl Matplotlib no ymonyanuio
plt.plot(x, y)
plt.legend('ABCDEF', ncol=2, loc='upper left');

XoTs pe3yJbTaT COAEPIKUT BCIO I/IH(I)O])MEU_II/IK)y KOTOpPYIO HaM Tpe6yeTCH JJOHECTH 10
quTaTeid, 3TO IMIPOUCXOANT HE CIAUIIKOM IIPUATHBIM TJ1a3y o6pa30M, 1 J1a’Ke€ BbITJIAINUT
CJIeTKa CTapOMO/JIHBIM B CBETE€ COBPEMEHHDBIX BI/ISyaJII/ISaHI/Ifl JTaHHDbIX.
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0 2 4 6 8 10
Puc. 4.111. [lanHble B cTune 6ubnmotekn Matplotlib no ymonuanuio

Tenepb MOCMOTPUM, KaK MOKHO CIEJIATh HTO ¢ MOMOIIBIo Seaborn. [ToMMMO MHOKECTBA
COOCTBEHHBIX BEICOKOYPOBHEBBIX (DYHKIIMI TTOCTpoeHwst rpadukos Oubarorexkn Seaborn,
OHa MOJKET TaKKe MepeKpbIBaTh IIapaMeTphl 10 yMoJdanuio 6ubarnorexu Matplotlib,
Guiaroapst ueMy rpuMeHeHwe gaxe boJee mpocThix crieHapres Matplotlib npusoanT k Ha-
MHOTO JIUIIIEMY Pe3yJIbTaTy. 3aaTh CTUJIb MOKHO C OMOIIBIO MeToza set () Gubamorexn
Seaborn. TTo puHATHIM coraneHustM Seaborn UMIOPTUPYETCSI IOl UMEHEM SNS:

In[4]: import seaborn as sns
sns.set()

Termnepb BBITIOTHUM e€l1ie pa3 Te Ke JBe CTPOKU KOJIa, 4TO U paHbiie (puc. 4.112):

In[5]: # ToT xe camblii KOo4 AN NOCTpPOeHus rpaduka, YTO W Bblue!
plt.plot(x, y)
plt.legend('ABCDEF', ncol=2, loc='upper left');

0
30 2 -

20

0 2 4 6 8 10

Puc. 4.112. [laHHble B MCMONb3yeEMOM MO YMONYaHuio ctune bubnmotekn Seaborn

O, HamHoro Jryurre!
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AHanunsnpyem rpadukmn 6ubnunotekn Seaborn

OcHoBHas niaea 6ubanorexu Seaborn — IIpeaoCTaB/ieHNE BBICOKOYPOBHEBBIX KOMaH/|
JUIA CO3/IaHUA MHOJKECTBaA PAa3JIMYHBIX TUIIOB Fpa(bI/IKOB, yI[O6HbIX JJIA Uccjeg0oBaHuA
CTAaTUCTUYECKUX JAHHBIX U JaKe MOATOHKN CTaTUCTUYECKUX MOJIENTEN.

PaccMOTpUM HEKOTOpbIE M3 MMEIOMNXCA B Seagborn HaGoOpOB JaHHBIX M THIIOB Ipa-
dbukos. O6paruTe BHUMAHKE, YTO BCE U3JI0KEHHOE JAJIEE MONCHO BBIIIOJHUTD U C 110~
MOIIBIO 0OBIYHBIX KoManz 6ubmuorexu Matplotlib, mo API Seaborn mamuoro 6osee
ya06eH.

I'vctorpammel, KDE 1 nnotHocTu

3avacTyio Bce, 4YTO HYKHO C/IeJIaTh IPU BU3YaJN3alUN CTATUCTUYECKUX AHHDBIX, —
5TO MOCTPOUTH TUCTOTPAMMY U TPahUK COBMECTHOTO PACIIPE/IETEHUS TEPEMEHHDIX.
Mo yske Buges, uto B 6ubanoreke Matplotlib ciesmars 910 0THOCUTENHHO HECIOKHO
(puc. 4.113):

In[6]: data = np.random.multivariate_normal([@, @], [[5, 2], [2, 2]1],
size=2000)
data = pd.DataFrame(data, columns=['x", 'y'])

for col in 'xy':
plt.hist(data[col], normed=True, alpha=0.5)

0.30

0.25

0.20

0.10

0.05

-8 -6 -4 -2 0 2 4 6 8 10
Puc. 4.113. M'cTorpamMmbl Ans BU3yanusaumm pacnpeaeneHumi
BwmecTo rucTorpaMMbl MOKHO TTOJIYIUTD TJIAKYIO OTICHKY pPacIIpeleJIeHUs ITyTeM Sep-

HOU OIIEHKH TJIOTHOCTHU PacCIpesieieHnst, KOTOPYIo Seaborn BBIMOMHSET ¢ TIOMOIIBIO
(ynkimu sns. kdeplot (puc. 4.114):
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In[7]: for col in 'xy':
sns.kdeplot(data[col], shade=True)

0.30
0.25

0.20

-8 -6 -4 -2 0 2 4 6 8 10

Puc. 4.114. Vicnonb3oBaHue SAepHON OLEHKM MIOTHOCTM ANS BU3yanu3auuy pacnpeaeneHni

C nomornpio pyukinun distplot MoxkHo coyerath ructorpamme 1 KDE (puc. 4.115):

In[8]: sns.distplot(data['x"'])
sns.distplot(data['y']);

0.30
0.25
0.20
0.15
0.10

0.05

-8 -6 -4 -2 0 2 4 6 8 10

Puc. 4.115. CoBMeCTHbIii rpacuk siAepHON OLIEHKM MIOTHOCTU U FUCTOrpaMMbl

Eci niepenars ¢yrakmnnn kdeplot Bech ABYMEPHBINH HAOOP JaHHBIX, MOKHO TOJTYUUTh
JIBYMEPHYIO BU3yaJIN3aInIo TaHHbIX (puc. 4.116):

In[9]: sns.kdeplot(data);
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-5 0 5 10

Puc. 4.116. [IByMepHbiii rpadvk siAepHON OLIEHKM MIOTHOCTU

[TocMoTpeTh Ha COBMECTHOE pacripe/ieleHUe 1 YaCTHbIE pacrpeneeHust MOKHO, BOC-
M0JIb30BABIINCH (DYHKIIMEN sns.jointplot. [t aToro rpacduka Mbl 3a1aIIM CTUJIb
¢ 6estpiM poroM (puc. 4.117):

In[10]: with sns.axes_style('white'):
sns.jointplot("x", "y", data, kind='kde');

/\

pearsonr = 0.63; p = 2.9e-225

-4

-5 0 5 10
X

Puc. 4.117. Npacprk COBMECTHOrO pacrnpeaeneHns ¢ ABYMEPHbLIM rpadukom
SA0EPHOW OLIEHKM NNOTHOCTH
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Oymukinn jointplot MOKHO MepeaBaTh U ApyTue mapaMeTpbl, HATPUMEDP MOKHO BOC-
I10JIb30BAThCS THCTOIPaMMOIi Ha Gase mecTuyroabHuKkos (puc. 4.118):

In[11]: with sns.axes_style('white'):
sns.jointplot("x", "y", data, kind="hex")

_Hqrrl_l_lrl_l_l-[|_|_|_|hTrn_rn

4 pearsonr = 0.63; p = 2.9e-225

e

1]

-6 -4 -2 0 2 4 6 8
X

Puc. 4.118. padvk COBMECTHOrO pacrpeAeneHuns C rekcaroHabHbIM pas3bueHneM no MHTepBanam

ITpu 06061eHnK rpadMKOB COBMECTHBIX pacipeneeHnii Ha Habopsl JaHHbIX GoJiee
BBICOKMX Pa3MEPHOCTEI MbI IIOCTEIIEHHO IPUXOANUM K zpapukam nap (pair plots). Oun
O4YeHb yA00HbI I U3YYEHHS 3aBUCUMOCTEN MEsKy MHOTOMEPHBIMU JaHHBIMU, KOT/Ia
HEOOXOAUMO TIOCTPOUTH rpadUK BCexX Hap 3HaYECHMIA.

MBI TPOIEMOHCTPUPYEM 9TO Ha YKe 3HAKOMOM BaM Habope manubix Iris!, comep:xkariem
“3MepeHus JIeTIeCTKOB U YallleJIMCTUKOB TPEX BUI0B UPHCOB!

In[12]: iris = sns.load_dataset("iris"
iris.head()

Out[12]: sepal_length sepal_width petal_length petal_width species
(4] 5.1 3.5 1.4 0.2 setosa
1 4.9 3.0 1.4 0.2 setosa

! Ecau Bbl pabotaere B onepanuontoii cucreme Windows u Bama sepcust Python — 3.6, npu
BBIIIOJTHEHUN HTUX KOMAH/I BbI MOKETE CTOJKHYThCSI ¢ M3BECTHON OMIMOKOM, CBA3aHHOIL ¢ 13-
MeHeHneM KOIUPOBKY MMeH (aitos o ymordanmio B Python 3.6. TIpocreiinmmm perernem
po6JieMbl Gy/IeT U3MEeHeHHe KOAUPOBKY Ha UCTIOJIb30BABIIYIOCS B MIPE/ABILYIIUX BEPCHUIX:
import sys
sys._enablelegacywindowsfsencoding().



364 MaBa 4 e Bwusyanusauus c nomowbio 6nbnmnoTekn Matplotlib

2 4.7 3.2 1.3 0.2 setosa
3 4.6 3.1 1.5 0.2 setosa
4 5.0 3.6 1.4 0.2 setosa

Busyaiusaiyss MHOTOMEPHBIX 3aBUCUMOCTEN MeK/Iy BHIOOPKAMU CBOAUTCS K BBI3OBY
(yaknmm sns.pairplot (puc. 4.119):

In[13]: sns.pairplot(iris, hue='species', size=2.5);
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Puc. 4.119. 'padvk nap, AEMOHCTPUPYIOLLMIA 3aBUCMMOCTU MEXAY YETLIPbMS NepeMeHHbIMU

daceTHble rMcTorpamMmml

W Horma onTMabHbIi CrIocob MpecTaBIeHNst JAHHBIX — THCTOIPAMMBbI TOJMHOKECTB.
Oyuxmus FacetGrid 6ubmmorekn Seaborn memaer a1y 3amady anemenTapHoi. Pac-
CMOTPHM JIaHHBIE, OTOOPAKAIONINE CYMMBI, KOTOPbIE IEPCOHAT PECTOPAHA TTOJyYaeT
B KaueCTBe YaeBbIX, B 3aBUCUMOCTH OT JIAHHBIX PA3JIMYHBIX UHIUKATOPOB (puc. 4.120):

In[14]: tips = sns.load_dataset('tips')
tips.head()

Out[14]: total _bill tip sex smoker day time size
(4] 16.99 1.01 Female No Sun Dinner 2
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1 10.34 1.66 Male No Sun Dinner 3
2 21.01 3.50 Male No Sun Dinner 3
3 23.68 3.31 Male No Sun Dinner 2
4 24.59 3.61 Female No Sun Dinner 4
In[15]: tips['tip_pct'] = 100 * tips['tip'] / tips['total_bill']

grid = sns.FacetGrid(tips, row="sex", col="time", margin_titles=True)
grid.map(plt.hist, "tip_pct", bins=np.linspace(@, 40, 15));
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Puc. 4.120. Mpumep dhaceTHo ructorpamMmbl

padukm dhakTopos

I'paduku HakTopoB TOKE MOAXOAAT AJIA HOAOOHBIX Busyanusaiuil. OHU O3BOJIAIOT
MIPOCMATPUBATH PacIIpeie/ieHne TTapaMeTpa o UHTEPBAIAM, 33/[aBAEMBIM ITOCPEICTBOM
Jsioboro apyroro mapamerpa (puc. 4.121):

In[16]: with sns.axes_style(style="ticks'):
g = sns.factorplot(“"day", "total bill", "sex", data=tips,
kind="box")
g.set_axis_labels("Day", "Total Bill"); # [eHb; WTOro

CoBMecCTHble pacnpegeneHunst

AnanornyHo rpaduKaM nap, KOTOpble Mbl PACCMATPUBAJIN PaHee, Mbl MOYKEM BOCITOJIb-
30BaThCst PYHKIMEH sns.jointplot A7t OTOOPAsKEHUsST COBMECTHOTO PACTIPETETEHYIS
MESK/LY Pa3JIMYHBIMU HAOOPAaMU JIAHHBIX, & TAKIKE COOTBETCTBYIONIUX YaCTHBIX PacIipe-
nenennii (puc. 4.122):
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In[17]: with sns.axes_style('white'):
sns.jointplot("total_bill", "tip", data=tips, kind='hex')
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Puc. 4.121. Mpumep rpacuka hakTopoB CO CPAaBHEHWEM pacripeseneHuii
NP1 PasNYHbIX ANCKPETHBIX (hakTopax
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pearsonr =0.68; p=6.7e-34
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Puc. 4.122, Mpaduk COBMECTHOrO pacrnpeaeneHums

I'paduk coBmecTHOTO pacipesiesieHust MO3BOJISIET JaKe BBITIOJIHATH aBTOMATUIECKYIO
SJIEPHYIO OIEHKY TIJIOTHOCTH paciipesiesienus u perpeccuto (puc. 4.123):

In[18]: sns.jointplot("total_bill", "tip", data=tips, kind='reg');
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Puc. 4.123. pacmk COBMECTHOrO pacrnpeaesneHms

CronbuaTtble gnarpammbl
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A

pearsonr =0.68; p=6.7e-34
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I'pachukn BpeMeHHBIX PAIOB MOKHO CTPOUTH C TIOMOIIBIO (DYHKITUU sns.factorplot.
B caemytomniem npumepe, mokazaHHOM Ha puc. 4.124, Mbl BOCIIOJTb3yeMCs IAHHBIMU 13
Habopa Planets («ILtaHeTbi» ), KOTOPbIE MBI YK€ BUAEIU B pasjiesie «ArperupoBaHue

U TPYIIITUPOBKAY TJIABBI 2:

In[19]: planets = sns.load_dataset('planets')

planets.head()

Out[19]: method
Radial Velocity
Radial Velocity
Radial Velocity
Radial Velocity
Radial Velocity

PwnNnpPRPRO

number

1

=

orbital_period
269.300
874.774
763.000
326.030
516.220

In[20]: with sns.axes_style('white'):

g = sns.factorplot("year", data=planets, aspect=2, #
kind="count", color='steelblue') #
g.set_xticklabels(step=5)

mass
7.10
2.21
2.60
19.40
10.50

distance

77.
56.
19.
11e.
119.

40
95
84
62
47

lfon

year
2006
2008
2011
2007
2009

Konu4ecTtBo
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Puc. 4.124. l'ictorpamMMa Kak YacTHbli cnydait rpacdvka dhakTopos

MbI MOKeM y3HaTh GOJIbIIE, eCIM IOCMOTPUM Ha Memod, ¢ IOMOILbI0 KOTOPOro Oblia
OTKPBITA KAJK/IAsI U3 9TUX IJIAHET, KaK MO0Ka3aHo Ha puc. 4.125:
In[21]: with sns.axes_style('white'):
g = sns.factorplot("year", data=planets, aspect=4.0, kind='count',
hue="method', order=range(2001, 2015))
g.set_ylabels('Number of Planets Discovered')
# KonnyecTBO O6GHapyXeHHbIX MaaHeT

JlomoTHUTETbHYI0 HHPOPMATIUIO O TIOCTPOCHUH TPAhUKOB € MOMOIILI0 OUOINOTEKH
Seaborn MokHO HaliTH B JOKyMEHTAIIUHU, CIPABOYHOM PYKOBOJICTBE U rajiepee Seaborn.

MpumMep: BpeMs NpoxoxaeHns MapadoHa

B aToM pasjiesie Mbl PACCMOTPUM KCIIOJIb30BaHue Orbinoreku Seaborn iy Busyasim-
3aIlMU U aHAJIN3a JAHHBIX 110 BPEMEHHU MTPOXOXKAEHNST MapapOHCKOW IUCTAHIIUN. JTH
JTaHHbIE sT COOPAJ 13 Pa3JIUYHBIX HHTEPHET-UCTOYHUKOB, arPErMpoBall, yopas Bce HjieH-
Trudunupyore ganHbie u momecti Ha GitHub, oTkyza X MOKHO cKauaTh (ecjim Bac
UHTepecyeT UCIIONb3oBanue g3bika Python nia Be6-ckpanunra, peKOMEHIYI0 KHUTY
Web Scraping with Python' (http://shop.oreilly.com/product/063 6920034391.do) Paiiana
Muryesia. Haunem co ckaunBaHust JaHHbIX 13 MIHTepHeTa n 3arpysku ux B Pandas:

In[22]: # !curl -0 https://raw.githubusercontent.com/jakevdp/marathon-data/
# master/marathon-data.csv

In[23]: data = pd.read_csv('marathon-data.csv')
data.head()

Oout[23]: age gender split final
(4] 33 M ©01:05:38 02:08:51
1 32 M ©01:06:26 ©02:09:28
2 31 M 01:06:49 02:10:42
3 38 M ©01:06:16 ©02:13:45
4 31 M ©01:06:32 02:13:59

U Paiian M. Cxparnuar caiditos ¢ momoribio Python. — M.: IMK-IIpecc, 2016.
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ITo ymonuanuio 6ubanoreka Pandas 3arpysxkaer cTos01bl ¢ BpeMeHeM KaK CTPOKH
Python (Tum object), ybeanuTbes B 9TOM MOKHO, TIOCMOTPEB 3HaueHune arpudyra dtypes
obbekTa DataFrame:

In[24]: data.dtypes

Out[24]: age int64
gender object
split object
final object

dtype: object
WcrnipaBuM 210, cO371aB QYHKITUIO TSI 1peobpasoBaHus 3HAUEHMI BPEMEHMU:

In[25]: def convert_time(s):
h, m, s = map(int, s.split(':"'))
return pd.datetools.timedelta(hours=h, minutes=m, seconds=s)
data = pd.read_csv('marathon-data.csv',
converters={"'split':convert_time,
"final':convert_time})
data.head()

Out[25]: age gender split final
0 33 M 01:05:3802:08:51
1 32 M 01:06:2602:09:28
2 31 M 01:06:4902:10:42
3 38 M 01:06:1602:13:45
4 31 M 01:06:3202:13:59

In[26]: data.dtypes

Out[26]: age inte4
gender object
split timedelta64[ns]
final timedelta6b4[ns]

dtype: object

Boirsisiant HaMHOTO Jryutiie. J[o6aBuM [t HCTIOJIb30BAHYS TPU TOCTPOEHNUU rPpahuKOB
CTOJIOIBI ¢ BpeMeHeM B CeKyH/ax":

In[27]: data['split_sec'] = data['split'].astype(int) / 1E9
data['final_sec'] = data['final'].astype(int) / 1E9
data.head()

out[27]: age gender split final split_sec final_sec
0 33 M 01:05:3802:08:51 3938.0 7731.0
1 32 M 01:06:2602:09:28 3986.0 7768.0
2 31 M 01:06:4902:10:42 4009.0 7842.0
3 38 M 01:06:1602:13:45 3976.0 8025.0
4 31 M 01:06:3202:13:59 3992.0 8039.0

! TIpu pabore B koManHOU 060m0uke IPython B 64-6uTtHoii onepannontoii cucreme Windows
MOJKET BO3HUKHYTb orinbKa rpeobpasoBanst Tuina. OuH U3 1y Tell pereHst 301 1pobieMbl —
UCIOJIB30BATD B CJIEYIONIEM KOJIe THII Np.int64 BMecTo int.
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YT106bI IIOHATH, 4TO IIPEACTABJIAIOT COOON aHHble, MOKHO HAPUCOBATD JJIsl HUX rpauk
jointplot (puc. 4.126):

In[28]: with sns.axes_style('white'):
g = sns.jointplot("split_sec", "final_sec", data, kind="hex')
g.ax_joint.plot(np.linspace(4000, 16000),
np.linspace(8000, 32000), ':k')

[TyHKTUpHAS JTUHNS MTOKA3bIBAET, KAKUM OBLIO Obl 111 GETYHOB BPeMs IPOXOK/ICHUS
Bcero Mapadona, eciu 6b1 OHI GEKATN €T0 ¢ HeM3MEHHOH CKOPOCThIO. Pactpenerenne
JIEKUT BBITITE STON TPSAMOIT, ¥ 9TO 3HAUUT (KaK ¥ MOKHO OBIIIO OJKU/AATH), UTO GOITBITIH-
CTBO JIIOZIEN CHUKAET CKOPOCTD 110 Mepe IIPOX0K/IeHUS JucTanuu. Eciu Bbl yyacTBoBa-
s B MapahoHax, TO 3HaeTe, 4To B ciydae GeryHoB, HOCTYMAIONNX HA0G0POT — YCKOPSIIO-
IIUXCS BO BPEMsT BTOPOH YaCTH IUCTAHITN, — TOBOPST 006 06pammom pacnpedenenuil Cu.

il

pearsonr=0.96;p=0

35000

30000

25000

final_sec

20000

15000

10000 1

L L P P L
SRS VIR R

split_sec

SO

Puc. 4.126. 3aBUCMMOCTV MEXAY BPEMEHEM MPOXOXAEHUS MEPBOIN MOMOBUHbI
MapadoHa 1 Bcero MapadoHa Liennkom

CosmanmmM B TaHHBIX ellle OAWH CTOIOET, KoahdOUIIHEHT pacpeieeH s, TOKa3biBa-
IOTIH, CTETIeHD MPSIMOTO U 0OPATHOTO PACTIPE/IeJIEHUST CUJT KAKIIBIM OETYHOM:

In[29]: data['split_frac'] =1 - 2 * data['split_sec'] / data['final_sec']
data.head()

Out[29]: age gender split final split_sec final_sec split_frac
(4] 33 M ©01:05:3802:08:51 3938.0 7731.0 -0.018756
1 32 M 01:06:2602:09:28 3986.0 7768.0 -0.026262
2 31 M 01:06:4902:10:42 4009.0 7842.0 -0.022443
3 38 M 01:06:1602:13:45 3976.0 8025.0 0.009097
4 31 M 01:06:3202:13:59 3992.0 8039.0 0.006842
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Ecmm aToT koaddunmenT Menblie HyJid, 3HAYUT, COOTBETCTBYIONINI CIIOPTCMEH Pac-
TIpeJIeTISIET CBOU CHJTBI B 0OPATHON TIPOTIOPIIUH Ha COOTBETCTBYIONTYIO 0.110. [TocTponm
rpaduk pacrpezenernus 3Toro koadgduimenta (puc. 4.127):

In[30]: sns.distplot(data['split_frac'], kde=False);
plt.axvline(@, color="k", linestyle="--");

In[31]: sum(data.split_frac < 9)

out[31]: 251
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split_frac

Puc. 4.127. Pacnpepenenve koadduumeHToB ans Bcex 6eryHo; 0.0 cooTBETCTBYET BeryHy,
npobexasLueMy NepByto 1 BTOPYHO NOSIOBMHBLI MapadoHa 3a OANHAKOBOE BpeMs

W3 mourn 40 000 yyacTHUKOB TOJBKO 250 4eJIOBEK PaCIIPEeIsiioT CBOY CHJIbI Ha Mapa-
(hOHCKOIT TUCTAHIINU B OOPATHOI TIPOMOPIIUH.

BoisicHUM, CYIECTBYeT JIN Kakas-TuH0o KOPPEATHsT MEXKIY Koa(phUITHEHTOM pactpe-
JIeIEHUS CUJI U IPYTUMU TiepeMeHHbIMI. /L1 mocTpoeHns rpauKoB BCeX 3TUX KOppe-
JISIUN MBI BOCTIOJIb3yeMcsT hyHKImel pairgrid (puc. 4.128):

In[32]:

g = sns.PairGrid(data, vars=['age', 'split_sec', 'final_sec', 'split_frac'],
hue="gender', palette='RdBu_r")

g.map(plt.scatter, alpha=0.8)

g.add_legend();

[Toxoske, 4TO KOA(DDUIMEHT pacTpesiesieHN st CUJI HUKAK He KOPPEJUPYET ¢ BO3PACTOM, HO
KOPPEUPYET ¢ UTOTOBBIM BpeMeHeM 3abera: 6osiee ObIcTpbie GeryHbl CKIIOHHbI PacIipesie-
JISITH CBOM CUJIBI TOPOBHY. Kak Mbl BuiuM Ha aToM rpaduke, 6ubimoreka Seaborn — ve
nanarest OT «HexyroB» oubsmroreku Matplotlib, ecain peus uzer o crumsx rpaduros:
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B YACTHOCTHU, METKHU Ha ocu X mepekpbiBaioTcst. OIHAKO, TOCKOJBKY PE3YJIbTaT — MPO-
croii rpaduk Matplotlib, moskHO Bocmosib3oBaThCst MeToaMu U3 pasena «I1oJb30-
BaTeJbCKUE HACTPOUKHU JIeJIEHUI Ha OCSIX KOOPAWMHAT» JaHHOU TJIaBHI 1T HACTPOUKN
Mo100HbBIX Beleil.

age

split_sec

final_sec

split_frac

1.0

=3 9 9
<3 S 2
=3 S o
o o w©
« -

30000
35000
40 000

o
SRSV

age split_sec final_sec split_frac

Puc. 4.128. 3aB1UCMMOCTU MeXay BeNMYMHaMmn
B «MapachOHCKOM» Habope AaHHbIX

Kpome Toro, mpeicTaBiaseT HHTEPEC pa3andyue MeXIy MYKUNHAMU U JKEHITMHAMU.
PaccmoTpnm ructorpaMmy Koa(hhUITMEeHTOB pacpeieIeHUsT CIJI JIsT 9THUX IBYX IPYIII
(puc. 4.129):

In[33]: sns.kdeplot(data.split frac[data.gender=='M'],
label="men', shade=True)
sns.kdeplot(data.split_frac[data.gender=="W'],
label="women', shade=True)
plt.xlabel('split_frac');
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Puc. 4.129. Pacnpeaenenve ko3achduumneHToB anst 6eryHoB B 3aBMCMMOCTM OT nona

WuTepecHo 371€Ch TO, UTO MYKUUH, YbH CHJIBI PACIIPEIEJICHBI TPAKTHUECKU TOPOBHY, Ha-
MHOTO GOJTBIIE, YeM JKEHTINH! DTO BBITJISANT TPAKTHYECKU KaK KaKoe-TO GHMOIaTbHOE
pacrpe/iesieHIe TI0 MY KYMHAM U JKEHIIIHAM. Y IACTCST JI HaM PasoOpaThCs, B 4EM JIEIO,
B3IJISIHYB Ha 3TU PaclipesiesieHrs Kak Ha (QyHKIIMIO Bo3pacTa?

Y 106Hb1# cr1ocob cpaBHEHM paciipeeJIeHii — UCIIOIb30BaHUE TaK Ha3blBAEMON CKPH-
nuyHO# Auarpammel (puc. 4.130):
In[34]:
sns.violinplot("gender", "split frac", data=data,
palette=["lightblue", "lightpink"]);

Ectb 1 etrte ouH ¢rmocob CpaBHUTH PACTIPEIETEHHUS IS MYSKIUH U JKEHTITHH.

3aryistHeM 9y Th TIy6sKe 1 CPABHUM 9TH «CKPUTIHYHBIE» TMArPAMMBI KaK (DYHKIIUIO BO3-
pacta. Haunem ¢ co3anmst B MaCCUBE HOBOTO CTOJIOMA, OTPAKATIOIIETO BO3PACT OeTyHa
€ TOYHOCTBIO J10 flecsaTuiieTus (puc. 4.131):

In[35]: data['age_dec'] = data.age.map(lambda age: 10 * (age // 10))
data.head()

Out[35]:

age gender split final split_sec final_sec split frac age_dec
o 33 M ©1:05:3802:08:51 3938.0 7731.0  -0.018756 30
1 32 M 01:06:2602:09:28 3986.0 7768.0  -0.026262 30
2 31 M 01:06:4902:10:42 4009.0 7842.0  -0.022443 30
3 38 M 01:06:1602:13:45 3976.0 8025.0 0.009097 30
4 31 M 01:06:3202:13:59 3992.0 8039.0 0.006842 30
In[36]:

men = (data.gender == 'M")
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women = (data.gender == 'W')
with sns.axes_style(style=None):
sns.violinplot("age dec", "split_frac", hue="gender", data=data,
split=True, inner="quartile",
palette=["lightblue", "lightpink"]);
0.8
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Puc. 4.130. «CkpunuyHas» auarpamma, nokasblBaroLlas 3aBUCUMOCTb
koacdduumeHTa pacrnpeseneHns oT nona
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Puc. 4.131. «CkpunuyHas» gmarpamma, otobpaxatoLias 3aBMcMMoCTb
KoaduLmeHTa pacnpeaeneHms ot nosa u Bo3pacra

375
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[Ipu B3r7Is171€ HA ATOT TpahK 3aMETHO, B YeM MMEHHO Pas3/InIaloTCs PACIPEIe/ICHI I
MY’KUMH ¥ sKeHIH. Pactpenenenust 1y mysk4aus Bozpacta ot 20 10 50 et 1eMoHcTpu-
PYIOT BBIPAKEHHYIO CKJIOHHOCTD K 60JIee HU3KMM 3HAYeHMsIM Koo duIireHTa pasbueHus
[0 CPAaBHEHUIO C JKEHIIIMHAMHE TOTO Ke Bo3pacTa (1iu BooObiie J1060To Bo3pacra).

W na yausienue, 80-1eTHsS JKeHIIIHA, T0X0Ke, 000IILIa 6CeX B CMBICJIE PACIIPEIeICHIs
cu1. BeposiTHO, /1€710 B TOM, YTO MbI OTIEeHMBAEM paciipeieJieHne Ha MaJIbIX KOJIMYeCcTBaXx,
Bellb GEryHOB TAKOTO BO3PACTa BCETO HECKOJIBKO:

In[38]: (data.age > 80).sum()
out[38]: 7

BosBparmasch k MyXUrHAM ¢ 0GPATHBIM pacpeieleHneM CUui: KTo ot Oeryunr? Cy-
IECTBYET JIM KOPPEJISIIIHST MEKIY STUM 0OPATHBIM PACTIPENETCHIEM CUIT U GBICTPHIM
nmpoxoxkaeHneM Mapadona B 11es1oM? Mbl MOKEM JIETKO MTOCTPOUTD COOTBETCTBYIONTUT
rpaduk. Bocrosibayemest (hyHKInel regplot, aBTOMAaTHUYECKU BBITTOTHSIIOMIEN TT0160D
MapaMeTpOB JIMHEHHON Perpeccuu [Tt UMEToNUXCs TaHHbIX (puc. 4.132):

In[37]: g = sns.lmplot('final_sec', 'split_frac', col='gender', data=data,
markers=".", scatter_kws=dict(color="'c"))
g.map(plt.axhline, y=0.1, color="k", 1ls=":");

gender =M gender =W
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Puc. 4.132. KoaddurumeHTbl pacnpeaeneHns cun no nony
B 3aBMCMMOCTW OT BpeMeHu npobera

Kak Buanm, o1 ¢ HU3KUM 3HaUYeHHeM K03 DUIMeHTa pacipeieIeHns CUIT — 3JINT-
Hble OeryHbl, huHumupyooiue B npeeaax 15 000 cexyna (mpumepHo 4 yacos). Be-
POSATHOCTD TIOJOGHOTO pacTpe/ieJIieHUs CUIT [UIst H0oJiee Me/ITIEHHBIX GETYHOB HEBEINKA.
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[ ONONHUTENbHbIE UCTOYHUKK MHPOPMaLIUK

NcTouHukm nHpopmaumm o bubnmoteke Matplotlib

BeceMbICIEHHO HAZIesIThCST OXBATUTH B OJ[HO# TviaBe Bee umerotuecs: B Matplotlib Bos-
MOKHOCTH 1 TUTIBI TpacdukoB. Kak 1 a1t APYriX paCCMOTPEHHBIX HAMU TTAKETOB, Pa3-
yYMHOe rcrosib3oBanre TAB-aBTOIOMOIHEHUS U CIIPABOYHBIX BO3MOKHOCTEH 0O0TIOUKH
IPython (cMm. pasgen «CrpaBka u jokyMeHTalus B obosiouke Pythons riassr 1) Mosker
NPUHECTH HeMayIo 1mosb3y npu usydennn API 6ubauorexn Matplotlib. Kpome Toro,
IOJIE3HBIM HCTOYHNKOM MHMOPMAIIMI MOKET CTaTh OHJIaliH-1oKyMeHTaluss Matplotlib
(http://matplotlib.org/), B uactHocTu rasepes Matplotlib (http://matplotlib.org/gallery.html).
B mell npescTaBieHbl MUHAATIOPBI COTEH PA3JUYHBIX THUITOB TPAPUKOB, KaKAas U3
KOTOPBIX TPEACTABIAET COO0N CCHIKY Ha CTPAHUILY € (DPArMEHTOM KOJa Ha S3bIKe
Python, ucrnossayembim jiiist ero rerepariuu. Takum 06pa3oM, BBl MOKETE BU3YAIBHO
WU3YYUTH IMUPOKUH AMATTA30H PA3IMYHBIX CTUJIEH TTOCTPOEHUS IPAUKOB U METO/IMK
BU3YaJIH3aIIH.

B kauecrse 6osee o61mpHoro o63opa 6ubarorexu Matplotlib s 6br pexomenosan Bam 06-
paTUTh BHUMaHUe Ha KHUTY Interactive Applications Using Matplotlib (http://bit.ly/2fSqswQ),
HaIMCcaHHyo paspaborunkom siyipa Matplotlib Bernom Pyrtowm.

Apyrue rpadunyeckne 6ubnmnotekn a3bika Python

Xota Matplotlib — manGosee sHaunTenbHA U3 IPeHASHAYCHHBIX JJI1 BU3YaIA3aL[II
6ubsmorek st3bika Python, cytiectBytot u apyrue, 6ojiee COBpeMeHHbIE HHCTPYMEHTHI,
3aCITY’KUBAIOIINE TTPUCTATHHOTO BHUMAHUS. 1 TIepeYnciIio HEKOTOPbIe U3 HUX.

O Bokeh (http://bokeh.pydata.org/) — JavaScript-6ubamorexa BUSyaIusaluu ¢ KJIK-
EHTCKOII YacThio jiuist si3bika Python, npenHasHaueHHast Jist CO31aHUST BBICOKOUH-
TepaKTHBHBIX BU3YaIM3alUN ¢ BOSMOKHOCTBIO 00pabOTKU 04eHb OOJIbLUIMX M/ UK
MOTOKOBBIX HaGOpOB maHHbIX. KieHTckast yacth Python BosBpariaer cTpyKTyphI
naHHbix B hopmate JSON, nHTEpIpETUPYEMbIE 3aTeM JavaScript-ABuKKoM 6ubIno-
texn Bokeh.

O Plotly (http://plot.ly/) — TIPOAYKT ¢ OTKPBITHIM KCXOIHBIM KOJIOM OJIHOUMEHHOI KOM-
MaHWH, aHAJOTUYHBIH 110 ayxy 6ubsmorexe Bokeh. ITockoabky Plotly — ocHoBHOI
MPOJLYKT TOTO CTapTana, pazpaboTanKy MPUIATAIOT MAKCUMYM YCUJIMH K €To pas-
pabotke. Vcrosb3oBarh a1y GMOJINOTEKY MOKHO COBEPIIEHHO OECILIaTHO.

Q Vispy (http://vispy.org/) — akTUBHO pa3pabaThiBaeMblii IIPOrPAMMHBII IPOLYKT, OPH-
EHTUPOBAHHBII Ha ITHAMUYECKUE BU3YATN3AIUU OUYeHb GOJIBITNX HaGOPOB JAHHbIX.
B cuty ero opuenTaruu Ha OpenGL 1 ahextuBHOE McTiob30BaHMe rpauyecKnx
POIIECCOPOB OH crocobeH GOPMHUPOBATH OUEHBb GOJIBIIIE U BIIEYATIISIONME BU3ya-
JIU3AIUN.
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O Vega (https://vega.github.io/) u Vega-Lite (https://vega.github.io/vega-lite) — orucaresb-
Hble rpaddeckre GOPMATHI, TPEACTABIISIONINE COO0I Pe3yIbTaT MHOTUX JIET UCCJIe-
JOBaHWi B 00J1acTy (DyHIAMEHTAIHLHOTO SI3bIKA BU3Yyain3anuy fanHbix. CraHmapTHast
peanu3aiust — Ha s13bike JavaScript, no ux API or g3bika He 3aBucut. AP jiis si3bika
Python naxoaurcs B porecce paspaborku, B makere Altair (http://altair-viz.github.io/).
XOT4 OH ellle He BIIOJHE TOTOB, MEHS PAIyeT caMa BO3MOXKHOCTD, YTO ATOT MPOEKT
HOCJTYKUT 00IIelt TOYKON oTcuera JJist BU3yaausanuil Ha si3bike Python u apyrux
SI3bIKAX TTPOrPAMMUPOBAHMSL.

Cdepa Busyasimszanuu B Python-coobiiecTse MeHsieTcst OueHb JUHAMUYHO, U 1 YBEPEH,
YTO HTOT CIIMCOK yCTapeeT Cpa3y Mocje MyOauKanui. BHIMATEIbHO CIEANTE 32 HOBO-
CTSAMU B JaHHOI obJtacTi!



MalnHHoe oby4yeHune

Marmnnoe O6y‘{€HI/Ie — OCHOBHOI1 c110c00 AEMOHCTPpall HAYKN O JaHHbIX H_II/IpOKOI?I
06H.[eCTBeHHOCTI/I. B mammnaom O6y‘-IeHI/II/I BbIYUCJIUTE/IbHbIE N aJITOPUTMHUYECKUE BO3-
MOKXHOCTH HAYKH O JaHHBIX COCNHAIOTCA CO CTATUCTUYECKUM 06pa30M MbINLJICHNA,
B pe3yJibTaTe€ BOSHUKAET Ha6op IIOAXO0A0B K MCCIeA0BaHNIO JaHHbIX, CBA3aHHbIX B OC-
HOBHOM C 3(1)(1)€KTI/IBHOCTI)IO HE TeopuHu, a BBIYMCJIEHUIA.

TepMuH «MalIMHHOE 00yYeHHe> MHOTAA PACCMATPUBAIOT KaK HEKYIO BOJIIEOHYIO Ta-
GJIETKY: B0CNONB3YUCS OIS CBOUX OAHHBIX MAWUNIHBIM 00y UeHUeM — U Ce TNEOU NPOOIEMbl
6ydym pewenvt! OIHAKO PEATLHOCTD PEIKO OBIBAET CTOJIb TPOCTA. XOTSI BO3MOKHOCTH
STHUX METOJ0B OTPOMHBL, A1 3P GHEKTUBHOIO MX UCIIONb30BAHUS HEOOXOAUMO XOPOLIO
pasbupaThCs B CUABHBIX U CJa0BIX CTOPOHAX KasKAOIO METO/a, PABHO KaK U B OOLIMX
MOHSATHUSAX, TAKUX KaK cucTeMarnueckast ommbOku (bias) u gucnepcus (variance), epe-
obyuenue (overfitting) u Henoobyuenne (underfitting) u . 1.

B 2710ii ry1aBe Mbl PACCMOTPUM IIPAKTUYECKUE ACIIEKThI MAIIMHHOIO 00y4EeHUs ¢ IIOMO-
mbio maxera Scikit-Learn (http://scikit-learn.org/) sspika Python. 3nech ne mianupyercs
BCECTOPOHHee BBeJeHKe B cepy MallUHHOIO 00y4eHus], IIOCKOJIbKY 9T0 0OIIMpPHAs
TeMa, Tpebyiotiast bosee (hopMaTn30BaHHOTO Moxo/1a. He IuraHupyeTcst 1 BCecTopoHHee
pykoBozcTBO 110 nakery Scikit-Learn (Takue pyKoBoJCTBa BbI MOKETE HATU B pasjieJie
«JlomoiHuTEIbHbIE KICTOYHUKK MH(POPMALMH 110 MAIIMHHOMY 00y4YeHHIO» DTOI TJIaBbl).

33.[18.‘{1/1 JIAHHOI I'JIaBbl — ITO3HAKOMUTD YU TATEJIS:

O c 6a30Boil TEPMUHOIOTHEN U MOHATUSIMHU MAIIMHHOTO O0YYeHUST;
Q c API 6ubanoreku Scikit-Learn u HeKOTOPbIME IIPUMEPAME €0 KUCIIOIb30BAHIS;

O ¢ noApoGHOCTAMU HECKOJIbKMX HanboJiee BasKHBIX METOL0B MAaIllMHHOIO 00yYeHusl,
[IOMOYb PaszoOparbCs B TOM, KaK OHU PaboTaIOT, a TAK/KE /i€ U KOI/a IIPUMEHIMBI.

Boubiirast wacth MaTepuajia B3saTa U3 yueOHbIX KypcoB mo Scikit-Learn, a takke cemu-
Hapos, npoBojauBiuxcs Muoit Ha PyCon, SciPy, PyData u apyrux koudepeniusx.
MHoroseTHIE OT3BIBBI YIACTHUKOB U IPYTUX JAOKJIATUNKOB CEMUHAPOB MO3BOJIAIN
cleNIaTh M3JI0KeHre Matepuasia 6oJiee TOXOMIMBbIM!
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Ecs Bam Tpebyercst BceCTOPOHHUN uitu 6oJiee (hOpMaTM30BaHHBIN MOAXO K JTI000H U3
ATHX TEM, 5T IEPEUNCITUI HECKOJIbKO MCTOUHUKOB MH(DOPMAIINH U CIIPABOYHUKOB B Pas/eie
«JloTosTHUTE TbHBIE HCTOYHUKY HH(DOPMAIUH 110 MAITMHHOMY 00YUEHUI0» TEKYIIEHN TJIABbL.

YTO Takoe MalunHHoe 0byyeHune

[Ipeskae yeM yriayOuThes B HOAPOOHOCTH PasJMYHBIX METOA0B MAIMMHHOTO 0OyYeHus,
pasbepeMcst, UTo TPEICTaBIIsteT coO0 MalnHHoe 00yueHne. MaltmHHOe 00yUeHHe YacTO
paccMaTpUBAETCA KaK 4acTh C(hephl MCKYCCTBEHHOrO NHTeIeKTa. OHAKO TaKasl KIacCH-
duKaLus, Kak MHE KaKeTCs, HePeKOo BBOAUT B 3ab.ryskaenue. Vccaegosanus B 061acTu
MaIIMHHOTO 00yYeH s BO3HUK/IA Ha OCHOBE HAYYHbIX UCCJIE0BAaHMI B 9TOI 00/1aCTH, HO
B KOHTEKCTE MPUIOKEHNS METOA0B MAITMHHOTO 00y4YeHNs K HayKe O JAHHBIX MOJIE3HEE
paccMaTprBaTh MallHHHOE 00YUEHUE KaK CPECTBO CO30aHUs MOOCNCU OaMHbLX.

Mamunnoe o0yueHne 3aHMMAETCs II0CTPOEHIEM MaTEMaTUYeCKUX MOJE/Iei sl Uc-
cJIeJ0BaHus JAHHbIX. 3a1a4i «00ydeHus» HAYMHAIOTCS C TOSIBIECHNEM Y 9THX MOJIeIel
HACTPAUBAEMBIX NAPAMEMPOE, KOTOPBIE MOKHO MPUCIIOCOOUTD IS OTPAKEHUS Ha-
GJII01aeMbIX JIaHHBIX, TAKMM 00pa3oM, IporpaMmMa Kak Obl o0ydaercs Ha gaHHbIX. Kak
TOJIBKO T MOJIeJIM 00ydaTcs Ha UMEIONIMXCS JaHHbIX HaOIOAeHUH, UX MOXKHO Oy1er
UCIIOJIb30BaTh /IS IIPEACKA3AHUS U MOHMMAHUS PAa3/IMYHbIX ACIEKTOB JAaHHBIX HOBDIX
nabmoenuii. OcTaBlio YMTATEIO B KAYECTBE CAMOCTOATEIBHOIO 3aaHusl 004yMaTh
dbunocodckuii BOIpoc 0 TOM, HACKOJIbKO 1T000HOE MaTeMaTHYECKOE, OCHOBAHHOE Ha
MozeasX 00ydeHne cxoxke ¢ 00yIeHIeM YeJJ0BEIeCKOTO MO3TA.

Jist 5bEKTUBHOTO MCIIOJIb30BaHS HTUX HHCTPYMEHTOB HEOOXOAMMO OHUMATD OOIILYIO
(bOPMyIHPOBKY 331241 MAIITIHHOTO 06y YeHNSsT, I0OITOMY HAYHEM C IIHPOKOIT Kiaaccubu-
KaIli| TUTIOB TIOJIXO/I0B, KOTOPBIE MBI OyIeM 0OCY KAATb.

KaTeropmun mMalMHHOro obyyeHus

Ha 6a30B0M ypoBHE MaMIHHOE 00yIeHre MOKHO PA3IeTUTD Ha 1BA OCHOBHBIX THITA.

Q Mawuoe obyuenue ¢ yuumenem (supervised learning) — BKtouaeT Mo IMPOBaHIE
MPU3HAKOB JIAHHBIX ¥ COOTBETCTBYIOIIUX AaHHBIM MeTOK. [Tocie BoiGopa Mojenn ee
MO’KHO MCITOJIb30BATD JIJIS TPUCBOEHWST METOK HOBBIM, HEU3BECTHBIM PaHee JJAaHHBIM.
Ono pasziensietcst masee Ha 3adauu kraccugukauuu n 3adauu peepeccuu. TIpu Kiaccu-
(UK METKE TPEJICTABJISIOT COO0# IMCKPETHDIE KATETOPUH, & TPU PErPECCUU OHU
SIBJIAIOTCS. HETIPEPHIBHBIMK BeIMYMHAMU. MBI PACCMOTPUM TIPUMEPBI 060UX TUTIOB
MAITHHHOTO OOYUEHNUST C YYUTEJIEM B CTEYIONEM pas/eie.

Q Mawunnoe obyuenue 6es yuumens (unsupervised learning) — BxJouaeT Moze/u-
poBaHue MPU3HAKOB Habopa AaHHBIX 0e3 Kakux-1ub0 METOK U ONUChIBaeTcs (pa-
3011 «IlycTh HAGOP JAAHHBIX TOBOPUT caM 3a ceOsi». DTU MOJENN BKIIOYAIOT TaKKUe
3ajaun, Kak kracmepusauust (clustering) u nonuwicenue pasmepnocmu (dimensionality
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reduction). AJITOPUTMBI KJTACTEPUBAIIUH CIIYIKAT JIJIsT BBIACTECHUS OTAETbHBIX TPYIIIT
JAHHBIX, B TO BPEMs KaK aJIFOPUTMbI IOHUIKEHUS Pa3MEPHOCTH ITpe/[HA3HAYEHbI /LIS
moucka 6oJjiee CKaThIX MPEACTABICHIH TaHHBIX. MBI PACCMOTPUM MPUMEPBI 000X
THUIOB MANTMHHOTO 00yYeHrst 6e3 YUuTesIst B CIe/YIONeM pas/eJie.

Kpome ToT0, CYIECTBYIOT Tak Ha3biBaeMbIe METOJIBI YaCTUUHOTO 00y4YeHus (semi-
supervised learning), pacrosaratoruecst IpPUMEPHO MOCEPEANHE MEKIY MallliHHBIM
obyueHueM ¢ yauTeseM U MalMHHbIM 00ydenneM 6e3 yuuresss. MeTo bl 4aCTUIHOTO
06yueHust GLIBAIOT MOTE3HbBI B CTyYae HAJIMYHUST JIUIITH HETIOJHBIX METOK.

KayecTBeHHbIe NpMMepbl NPUKIAAHbIX 3a4a4 MALLIMHHOIO
obyueHus

YT06bI KOHKPETU3UPOBATH BBIIEOMMCAHHBIE TIOHATHS, PACCMOTPUM HECKOJIBKO TIPO-
CTBIX MTPUMEPOB 3a/1a4 MAITMHHOTO 00ydeHust. 1leib 9TUX MPUMEPOB — JaTh UHTYH-
TUBHO TIOHATHBIN 0630p TeX Pa3HOBUAHOCTEH MAIIMHHOTO 0OYUYEHUS, ¢ KOTOPBIMU MbI
CTOJIKHEMCSI B 9TOH ryiaBe. B creayionux pasesax Mbl pacCMOTPUM TTOAPOGHEe COOT-
BETCTBYIOIIIE MOJIEJIN U UX UCTIOJIb30BaHue, UToOBI MOJTYUUTh IPe/ICTaBIeH e 0 HoJiee
TEXHUYECKUX ACIeKTaX, Bbl MOXKETE 3aTJISIHYTh B oHalH-Tipusiokerue (https://github.
com/jakevdp/PythonDataScienceHandbook), a Tak:ke B TeHepUPYIOIIHe COOTBETCTBYIOININE
PHCYHKH UCXOJIHBIE KOJbI Ha si3bike Python.

Knaccudukaums: npeackasaHue AMCKPETHbIX METOK

PaccMOTpUM ITPOCTYHO 33/1a4y KIacCU(pUKAIIMN: UMeeTCst HAbOP TOUYEK ¢ METKAMU U TPe-
Oyercs knaccuUIIPOBATh HEKOTOPOE KOJUYECTBO TOYEK OE3 METOK.

JlomycTum, y Hac ecTb IOKa3anHble Ha puc. 5.1 manmbre (KO, UCIOIb30BABITUICS JIJIsT
reHepaIiy 3TOTO, KaK 1 BCEX OCTATHHBIX B 9TOM Pasjiesie, PUCYHKa, TPUBEIEH B OHJIAMH-
MIPUJIOKEHUN ).

Harmu rasHbIe IBYMEPHBI, TO €CTh JIJIsT KyKI0U TOUKU UMeroTest iBa npusnaxa (feature),
KOTOPBIM COOTBETCTBYIOT KOOPIMHATHI (X, i ) TOUKU HA IIJIOCKOCTH. B /l0TToTHeHNE Kask-
JIOI TOUKe MMOCTaBJIeHa B COOTBETCTBHUE OfIHA U3 ABYX Memok xaacca (class label), mpen-
CTaBJIeHHAas OIPEAEJEeHHBIM [[BeTOM TOUKK. Ham TpeOyercs Ha OCHOBE STHX IIPU3HAKOB
1 METOK CO3/IaTh MOJIEJIb, C OMOIIBIO KOTOPOI MbI CMOTJIK Gbl OTIPEIEIATh, JOJIKHA JIH
HOBast TOUKA ObITh «CUHEN» MU «KPACHOIT».,

Cy1itecTByeT MHOKECTBO BO3MOKHBIX MOJIETIEH JIJIsT PEIeH s TIO00HON 3a/[a4t KITacCH-
(ukarm, Ho Mbl BOCIIOJIb3YEMCS UCKJIIOYUTEIbHO IIPOCTO MOzie/Iblo. ByeM ucxoaurs
W3 IONYIIEeHUS], YTO HAIIH JIBE TPYIIIBI MOKHO Pa3/ieIUTh MPSIMO JIMHUEH Ha MJI0CKO-
CTH, TaK YTO TOYKH C OJIHOI CTOPOHBI IPSMON OYyT MPUHAIEKATH K OJHON IPyIITIE.
JlasHast MojieJib MpeCTaBIsgeT cOO0H KOJNYeCTBEHHOE BhIPAaKEHIE YTBEPKIACHUS
«IpsIMast JINHUST PA3JIEJISIET KIACCHI», B TO BPEMsI KaK napamempvl MOOeiu TPEeICTaB-
JISTIOT cOO0U KOHKPETHBIE YHCJIa, OMUCHIBAIOIINE MECTOMOJIOKEHUE 1 HAPABJIEHHOCTh
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3TO IPAMOIA IJId HAUX AaHHBIX. ONITUMATbHBIC 3HAYCHUS HTUX TTAPAMETPOB MOJIETTN
MOJIYYaI0TCsT ¢ TOMOIIBIO 0OYUEHISI Ha MMEIOTIIXCST TaHHBIX (3TO U €CTh 00yUIeHue
B CMBICJIE MAIITTHHOTO OGYUYEHNUST), 4acTO HA3bIBAEMOTO 00yuenuem modeau (training
the model). Pucynox 5.2 gemoncrpupyet Bu 06y4eHHOM MOIEN Ui HANIUX TaHHbIX.
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Puc. 5.2. MpocTasi Mogenb knaccudmkaumm
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[Tocie 00yveHMsT MOJIESTH €€ MOKHO 0000IINTH Ha HOBbIE, HEMAPKUPOBAHHbIE IAHHBIE.
JIpyrumu croBaMu, MOKHO B35Th APYroii HaOOp AaHHbIX, IIPOBECTH MPSIMYIO MOJIE/IH
yepes HUX, II0CJIe Yero Ha OCHOBE 3TOM IIPAMOIL IIPUCBOUTH METKI HOBBIM TOUKAM. DTOT
srai 00bIYHO HasbiBaloT npedckasanuem (prediction) (puc. 5.3).

TakoBa ocHOBHas njed 3afadu KiIaccuGUKaIUK B MAIIMHHOM O0yYeHUH, IPUYEM
CJIOBO «KJIACCU(UKAIMSI> O3HAUAET, YTO METKHU KJIACCOB Y JAHHBIX UCKpeTHbI. Ha mep-
BBIii B3TJISIL 9TO MOJKET TIOKA3aThCs OBOJBHO IIPOCTHIM: HET HIYETO CJI0KHOTO B TOM,
4TOGBI IIPOCTO OCMOTPETD Ha JJAHHbIE ¥ IPOBECTU TOA0OHYIO PasIeIsIONyIo MPAMYIO
UL KjaccuduKanuy JaHHbIX. JIOCTOMHCTBO MOAX0a MAIIUHHOTO 00YYeH S COCTOUT
B TOM, YTO €0 MOKHO 00001mKTh Ha G0JIbIIIe HAOOPBI JAHHBIX 1 GOJIbIIEE KOJIMIECTBO
M3MepeHui.

HewnsBecTHble faHHble MporHo3upyemble MeTKu

Mpun3Hak 2
&
Mpu3Hak 2
|
|
|
|
|
|
&

Mpu3Hak 1 Mpu3Hak 1

Puc. 5.3. Vicnonb3oBaHne Moaenu Knaccubukaumm s HoBbIX AaHHbIX

Harnpumep, BBIIEOTMCAHHOE AHATIOTHYHO 3a/[a4e aBTOMATHYECKOTO OOHAPYIKEHUST CIia-
Ma B 9JIEKTPOHHOII IToUTe. B aTOM ciyyae MOKHO MCITOJIBb30BATh CJeYIOMINe TPU3HAKN
U METKU:

Q npusuax 1, npudnax 2 u T. I. - HOPMUPOBAHHBIE KOJTMYECTBA KJIIOUEBBIX CJIOB WA
¢pas («Buarpay, «Hurepuiickuii npuHi» u T. 11.);

O memka — «CIlaM» UJIN <«He CIIaM».

Jliist obyuarolieil mocae0BaTEIbHOCTH 3TH METKU OMPEIEIISIOTCS Ty TeM WHIUBU/LY -
ATLHOTO OCMOTPa HEGOJIBINO PEMpe3eHTATUBHON BEIGOPKU COOOIIEHNH HIEKTPOHHOT
MIOYTHI, JIJIST OCTATHHBIX COOOIIEHU 3JIEKTPOHHON TIOUTHI METKA OY/IET OTIPEIETISIThCST
¢ moMOTIsI0 Moziesn. IIpu 06y4eHHOM COOTBETCTBYIONTIM 06Pa30M alTOPUTME Kac-
CU(DUKAIUH € OCTATOUYHO XOPOUIO CKOHCTPYUPOBAHHBIMYU MpU3HAKaMu (0OBIYHO
TBICSYW WJIW MUJIJTUOHBI CJIOB/(pa3) aTOT TUT KIACCU(DUKAIIUT MOKET OKa3aThCs
BecbMa 9 GeKTUBHBIM. Mbl PaCCMOTPUM IIpUMeED I10L00HOI TEKCTOBOI Kiaccu-
(ukanuu B pasnene «3arisiHeM riyOke: HauBHast OallecOBCKast Kiaccu(pUKaIus»
JTAHHOM TJIaBBhI.
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Camble BaKHBIE aITOPUTMBI KJIACCU(DUKAIINHU, KOTOPBIE MbI 0OCYIUM B IAHHOI TJIaBe, —
o710 'ayccoB HauBHBINA OGailecOBCKUN KaaccuduraTop (cM. paszen «3arjisgHeM riayosxe:
HauBHast OallecOBCKAast KJIaCCU(DUKAIIUST> TAHHO TJIaBbI ), METOJT OTTIOPHBIX BEKTOPOB (CM.
paszien «3arjsiHeM TIyOsKe: MeTo/ OIIOPHBIX BEKTOPOB» Jajiee) U KiaccupuKanmus Ha
OCHOBE CJTyYallHbBIX JIECOB (CM. pas/iesi «3ariisiHeM TIyOKe: IePeBbst IPUHSITUS PEIECHU T
U CIIyJaiiHbIe Jieca» 3TOM TJIaBhl ).

Perpeccus: npeackasaHune HenpepbiBHbIX METOK

B otsimume oT 1UCKPETHBIX METOK, C KOTOPBIMU MBI IMEJTH JIeJI0 B aITOPUTMAaX KJIACCH-
(buxarny, ceffgac MBI PACCMOTPUM TIPOCTYIO 3319y pezpeccuil, Tie METKH TPEe/ICTaBISIOT
€060l HETPEPBIBHBIE BETUYNHBI.

W3yurM nokasaHHbIe Ha prC. 5.4 JaHHbBIE, COCTOSIINE 13 Habopa TOYEK ¢ HEIPEPhIBHBIMI
METKaMH.

Kakus InpuMmepe K]IaCCI/I(bI/IKaL[I/II/I, Hallln JaHHbI€ JIBYMEPHDbI, TO €CTb KayK/iasl TOYKa OIln-
CbhIBA€TCA ABYMS IPU3HAKAMMU. HerepblBHbIe METKH TOYEK IIPE/CTAaBJICHbI UX IIBETOM.
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Puc. 5.4. MpocToi Habop AaHHbIX A1S perpeccum

Cyl1iecTByeT MHOTO BO3MOKHBIX MOJIEJIEN PETPECCUU, TIOAXOSIIIX JIJISl TAKUX JTAHHbIX,
HO MBI JIJIsl TPEJICKA3aHUsT METOK JIJIsl TOYEK BOCIIOJIb3yeMCsI IIPOCTON JIMHEITHON perpec-
cueil. Mojiesib TpocTOol JIMHEIHO perpecci OCHOBaHA HA JIOMYIIEHNUH, YTO, €CJIN Pac-
CMaTpHUBATh METKH KaK TPEThe IPOCTPAHCTBEHHOE U3MEPEHUE, MOKHO 110100paTh /s
9TUX JAHHBIX PA3AEJISIONIYIO [IJIOCKOCTh. ITO BICOKOYPOBHEBOE 0000IIIEHIE XOPOIIO
U3BECTHOM 3a/1aurt 1000pa pasAe/IAIoIeil IIPSIMO /IS JAaHHBIX € ABYMS KOOPAMHATAMH.
BusyanusupoBarb 9T0 MOJKHO TaK, Kak IIOKa3aHO Ha PuC. 5.5.
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MeTka

Mpuanak 1
Puc. 5.5. TpexmepHoe npeacTaBneHne AaHHbIX perpeccum

OGparure BHUMaHWE, 4TO MIOCKOCTh «npusnax 1 — npusnax 2» 31eCh aHaJIOTNIHA
BbIIIEIPUBEAEHHOMY AByMepHOMY rpaduky. OQHAKO B JAHHOM CJIy4ae METKU IIPeJ-
CTaBJIEHbl KaK I[BETOM, TaK W MOJIOKEHUEM 110 TPeThell 0CU KoOpAuHAT. JIOTMUHO,
4TO 000D PAsIESIONell TIIOCKOCTH JIJIst THX TPEXMEPHDIX TAHHBIX MTO3BOJIUT HAM
IpeCcKasbiBaTh OyAylue METKU JJIs JI0ObIX BXOAHBIX IapaMeTpoB. Bosspaiasich
K JIBYMEPHOU TPOEKIINH, TIOCIe ToA60Pa MoJ00HOH MI0CKOCTH MBI TIOJIYYUM PE3YJib-
TaT, MOKa3aHHbBIIN Ha puc. 5.6.

BBopA: AaHHbIE C NIMHENHBIM NOAXOA0M

Mpwn3Hak 2

MpunsHak 1

Puc. 5.6. BusyanbHoe npeacrasneHve
MOAEeNu perpeccum
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C aroii mogo6panHoil ITOCKOCTHIO y HAC OY/IET BCe HYIKHOE 7SI MPENCKA3AHNST METOK
IIST HOBBIX Touek. ['pahudecku Hatmm pe3yabTaThl OYIyT BHITISIETH TaK, KaK MOKA3aHO
Ha puc. 5.7.

HensBecTHble faHHble MporHo3upyembie METKK
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Puc. 5.7. lMpyMeHeHve Moaenn perpeccMm K HOBbIM AaHHbIM

Kak u B ciryuae npumepa KiaaccuGUKAIIK, TP HEOOIBIIOM KOJUYECTBE U3MEPEHUIA
aTa 3a/[aua MOXKeT ITOKAa3aThCs BIOJTHE TPUBHANbHONW. OHAKO CHUIa 3THX METO/I0B 3a-
KJIFOYAETCS KaK Pa3 B TOM, YTO UX MOKHO HUCIIOJIb30BaTh U JIJIS JAHHBIX C MHOKECTBOM
IIPU3HAKOB.

HaHpI/IMep, BbIIIEIIpUBEAEHHOE aHAJIOTUYHO 3a/la4€ BbIYMCJIIEHUA PACCTOAHUA 10 Ha-
6JIIOlIa€MbIX B TE€JIECKOII TraJJaKTUK — B J/IaHHOM CJIy4a€ MOJKHO HCIIOJIb30BaThb CJI€/1y-
o1e Npu3Hak 1 METKU:

Q npusnax 1, npusiax 2 v T. i. — SIPKOCTD KAKIOM TATAKTUKU HA OJTHOHN U3 HECKOJIBKUX
JUIUH BOJIH (1IBETOB);

O Mmemxa — pacCTOsIHUE 10 TAJTaKTUKU UJIN €€ KpaCHOE CMellleHE.

Mo’kHO BBIUNCIUTH paccToAanuAg 10 He6OJIleOFO YucJa 9TUX raJlakTukK Ha OCHOBaHUN
HesaBUCUMOTO Habopa (06braHO Gostee goporocrosiiux) HabsroaeHnil. [locie aTOro
MO’KHO OIIEHUTH PACCTOSIHUS [I0 OCTABIIMXCS TAJTAKTHK € OMOIIBIO TIOAXO/ISIIEH MO-
JIeJIN PErPECCUHE, BMECTO TOTO YTOOBI HCIIOJIB30BaTh H0JIee T0OPOrOCTOAIIIE HAOIIOIeH ST
JUISL BCETO HY/KHOTO Habopa rajlakTHK. B acTpoHOMUYECKUX Kpyrax 9Ta 3a/1a4a U3BeCTHA
I10/I HA3BAHMEM <«3a/1autl (POTOMETPHIECKOTO KPACHOTO CMEIIEHMUST».

Jlasiee B 9TOM ry1aBe Mbl GyjieM 00CYKIaTh U TAKUE BAKHBIE PETPECCUOHHBIE aJITOPUTMBI,
Kak JiMHeliHas perpeccust (CM. paselt «3arjisiieM TiyOsKe: TMHeliHas perpeccusi» 9Toi
[JIaBBI), METOJI OIIOPHBIX BEKTOPOB (CM. pasies «3arjstHeM TIyGsKe: MeTO/ OTIOPHBIX
BEKTOPOB» 3TOMU TJIaBbl) M PETPeccusl Ha OCHOBE CIYyYaHBIX JiecOB (CM. pazjest «3a-
rIstHeM TJIyGsKe: 1ePeBbs TIPUHATIS PENIeHUH U cIydaiiHble jiecas aajee).
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Knactepusauus: onpeaeneHme MeTok 419 HEMAaPKMPOBaHHbIX
OaHHbIX

Knaccudukanus u perpeccusi, KOTOpble Mbl TOJIBKO YTO PACCMOTPEJIN, IPE/ICTABIILIOT
co60ii TIPUMEPBHI ANTOPUTMOB 0OYUEHUS C YUUTEIEM, B KOTOPBIX CO3/[AeTCA MOJIENh
C TIEJTBIO MTPEICKA3AHUST METOK [Tt HOBBIX Manibix. OOyderne 6e3 yauTesnst KacaeTcs
Mojtestedt JI7isT OMMCAHYST TAHHBIX 0€30THOCUTENHHO KAaKHX-THG0 M3BECTHBIX METOK.

YacTo BCTpeYaomuiicst caydait MAMHHOTO 00y e st 6e3 yIuTest — KIacTePU3alus,
[P KOTOPOIl IAHHbIE ABTOMATUYECKU PACIIPEAEIISIOTCS 10 HEKOTOPOMY KOJIMUECTBY
OT/ICJIBHBIX TPy Hampumep, Hali IByMepHbIE JAaHHBIE MOTJIN Gbl OKa3aThCs TAKUMH,
KaK TTOKa3aHbl Ha pHcC. 5.8.

McxoaoHble gaHHble
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Puc. 5.8. MNpumep gaHHbIX ANg KnacTepu3aumm

BusyanbHO 04€BU/IHO, YTO KasK/asl U3 ATUX TOYEK OTHOCUTCH K OJIHOM M3 HECKOJIBKUX
rpymi. [Ipu Takux BXOAHBIX AAHHBIX MOJIEJb KJIACTEPU3AIUN ONPEIEJUT Ha OCHOBE
BHYTPEHHEN UX CTPYKTYPbI, KAKKe TOUKU 00beANHEHBI OIHOU Tpymoil. Bocmonb3osa-
BIIIUCH OYECHB OBICTPBIM U HHTYUTHUBHO TIOHSTHBIM aJITOPUTMOM KJIACTEPU3AIIN METO-
JIOM k-cpenHux (cM. pasient «3arjissHeM ryOsKe: KiacTepusaliis MeToIoM K-cpeHnx»
JAHHOU TJIaBbI), MbI TIOJIy4aeM [TOKA3aHHbIe HA PUC. 5.9 KIacTephL.

Mertoz k-cpeHUX BBIIOIHSET 00ydeHne MOe/IH, COCTOIIEN 13 k-1eHTPOB KJIaCTePOB.
Hanmydnmmu cauTaroTest Te MeHTPBI, Uit KOTOPBIX PACCTOSTHUE OT TOYEK /10 COOTBET-
CTBYIOIUX WM IIEHTPOB MUHUMAJbHO. B ciyyae ByX M3MepeHUN aTa 3a/1a4a MOXKET
[I0Ka3aThCsl TPUBMAJIBHOM, HO 110 MEpe YCJIOKHEHUs aHHbIX U yBeJIUnYeHus X oobemMa
10J00HbIE AJITOPUTMBI KJIACTEPU3AI[MN MOKHO MCII0JIb30BaTh /IS U3BJICYECHUS U3 Ha-
60pa JaHHbIX 110JIe3HOI nHGOPMAIIN.
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Cpenu pyrux BaKHBIX aJITOPUTMOB KJlacTepusaliuu — cMech ['ayccoBbIX pacripejielie-
Huil (cM. paszuen «3arsineM riayoske: cMecu [ayccoBbIX pacripe/iesieH it 9TO! TJIaBbl)
U CIeKTpabHast KJacTepusarus (CM. JOKYMEHTAIINIO 10 KJIacTepusalii GuOJNOTeKH
Scikit-Learn, http://scikit-learn.org/stable/modules/clustering.html).

[laHHble, MapKMPOBaHHbIE C MOMOLLbIO MOAENN KiacTepusaumm
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Puc. 5.9. [JaHHble, MapKMpOBaHHble C MOMOLLbIO MOAENN KnacTepusaumm
METoAOM K-CpefiHmX

MNMoHmXeHne pa3MepHOCTH

[MoHmKeHre Pa3MEPHOCTH — €lile OJ[IH MPUMeD aITOPUTMa 00yueHus 6e3 yaurers,
B KOTOPOM METKM WU Apyrasg WH(MOPMaIUsa OTPEAeNsIOTCA NCXOAA U3 CTPYKTYPbI
caMoro Habopa JaHHbIX. AJITOPUTM IOHIZKEHNS PA3MEPHOCTH HECKOJIBKO TPYAHEE IS
MOHUMAHWST, 4eM PACCMOTPEHHBIE HAMHU PaHee TPUMEPBI, HO OH 3aKJII0YAETCST B MOTIBITKE
MOJTyYEHUs PEACTABAEHNST HU3KON Pa3MePHOCTH, KOTOPoe Obl B KaKOW-TO Mepe CO-
XpaHAJI0 CyHieCTBEHHbIE KadyeCTBa IMOJTHOTO Ha60pa JaHHDbIX. Pazanunbie AJITOPUTMbI
MOHMKEHUST PA3MEPHOCTH OTIEHNBAIOT CYTIIECTBEHHOCTD ITUX KAYECTB MO-Pa3HOMY, KakK
MBI YBU/IM Jlajiee B pasjiesie «3arjsiieM riyOske: oOyueHne Ha 6ase MHOTOOOpas3uii»
3TOW TJIaBBHI.

B kauecTBe mpuMepa paccMOTPUM JaHHbIe, TOKazaHHuble Ha puc. 5.10. 3purensb-
HO OYEBU/IHO, YTO Y TAaKUX JAHHBIX €CThb BHYTPEHHSASA CTPYKTYpa: OHU IOJY4YEeHBI U3
OJTHOMEPHOH TPSIMOH, PACTIOJNIOKEHHON B IBYMEPHOM IIPOCTPAHCTBE B BU/IE CITUPAJIH.
B HexoTOopoM cMbIcsie MOKHO CKa3aTh, YTO 3TU JJAHHbIE 110 CBOEll BHYTPEHHEN CyTu
OIHOMEPHBI, HO BJIOKEHDI B TPOCTPAHCTBO Gobineil pasmeprocTu. [Toaxomsias Mo-
JIeJTb TIOHMKEHUST PA3MEePHOCTH B TAKOM CJIydae JI0JKHA YUYUTBIBATD 3Ty HEJTMHEHYTO
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BJIOKEHHYTO CTPYKTYPY, 4TOOBI CYMETh MOJYYUTh U3 Hee Tpe/cTaBIeH e Hoee HU3KOM
pa3MepHOCTH.

McxoaHble gaHHble
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Puc. 5.10. MprMep AaHHbIX 4S9 NOHVXXEHUS pa3MePHOCTM

Ha puc. 5.11 npejicraBiena BU3yainsaiius Pe3yJabTaToB pabOThl aJlTOPUTMa O0yUeHUsT
Ha 6aze MHOroo6pasuii Isomap, KOTOPbI KIMEHHO TO U JleJIaeT.

MN3yyeHHble CKpbIThbiE MapaMeTpsbl
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Puc. 5.11. [IaHHble C MeTKaMK, NosTyYeHHbIMU C MOMOLLbIO
anropuTMa NMOHWXEHUS pa3MepHOCTU
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OO6parure BHUMaHUe, 4YTO [[BETa, OTPAKAIOIME 3HAYEHMS [TOJYYEHHOI 0HOMEPHOI
CKPBITOU TIEPEMEHHOMN, MEHSIOTCS PAaBHOMEPHO TI0 XOIy CIIUPAJIN, a 3HAYUT, aJITOPUTM
JIeiCTBUTENbHO pACIIO3HAET BUAUMYIO Ha IJla3 CTPYKTYpy. Maciitab BO3MOKHOCTEN
AJITOPUTMOB HMOHUKEHUST PA3MEPHOCTU CTAHOBUTCS OUYEBUIHEE B Cllydasx GoJiee BbICO-
KMX pasMmepHocreil. Hampumep, HaM MOIJIO OHAZO0OUTHCS BU3YAJIM3UPOBATh BasKHbIE
3aBUCUMOCTH B Habope JaHHbIX, y KoToporo ot 100 xo 1000 npusuakos. Busyanusaius
1000-MepHBIX ZaHHBIX IPEACTABISIET COOOM HEIPOCTYIO 3a4a4y, OLUH U3 CII0CO00B pe-
HIEHUsT KOTOPOIl — MCIOJIb30BaHNe METOAMK IIOHKEHISA Pa3MEPHOCTH, YTOObI CBECTH
JaHHbIE K /IBYM WUJIN TPEM N3MEPEHUAM.

Cpe[[I/I JAPYTIUX BaKHBIX aJITOPUTMOB TTOHMKEHUA PA3MEPHOCTH — METO/I TJIaBHBIX KOM-
NOHEHT (cM. paszies «3arasgHeM ry6/Ke: MEeTO/ TJIaBHBIX KOMIIOHEHT> JTaHHOM TJTaBbl)
U pa3JIMYHbIe METO/IbI OOYUeHUs Ha 6aze MHOTOOOpasuil, BKiouast Isomap u JTIOKaJIbHO
JIMHEIHOE BJIoKeHue (CM. pasjielt «3arjisgHeM riryoxxe: obydenue Ha 6aze MHOrOOOpasuii»
3TOM TJIaBbI).

Pe3iome

Mbr PAaCCMOTPEIN HECKOJIBKO ITPOCTBIX IMTPUMEPOB OCHOBHBIX BHU/I0OB METOZOB MallNH -
Horo 00ydenust. CylecTByeT MHOKECTBO BAKHBIX HA TPAKTUKE HIOAHCOB, KOTOPBIE MBI
060NN BHUMAaHUEM, HO s HA/ICIOCh, YTO BAM XBAaTHJIO ATOTO Pas/esa s TONyIeHNs
00111eTo NPeICTaBIEH O TOM, KAKUE BUIbI 3a/1a4 TTO3BOJISIOT PEMIaTh METO/bI MAIINH-
HOro 00y4eHUsL.

Mps1 pacecmoTpenn:

Q obyuenue ¢ yuumeiem — MOJIETN JIJIsA TIPEACKAZAHUSA METOK Ha OCHOBE MapKUPOBaH-
HBIX 00YJAIOTIIX JaHHbIX;

Q KAIACCUPUKAUUI0 — MOJICITH [T IPEACKA3AHUS METOK U3 JIBYX WJIK 60JIee OTAETbHBIX
KaTeropuii;

Q peezpeccuro — MoJiesn IS IPEJICKa3aHNs HeIIPEPbIBHBIX METOK;

Q obyuenue 6e3 yuumens — MOJENHN JUIS PACTIO3HAHSI CTPYKTYPHI HEMAPKIPOBAHHBIX
JTAHHBIX;

Q xracmepus3ayuio — MOJEJU /I BBISABJICHUSA U PACIIO3HAHUS B JAHHBIX OT/JEJIbHbBIX
TPYIITT;

Q nonudicenue pasmeprocmy — MOJIEJIN JIJIs BBISIBIEHUS U PACIIO3HAHUS HU3KOPa3Mep-
HOH CTPYKTYPBI B BBICOKOPa3MePHBIX IaHHbBIX.

B caenyomux pasieiax Mbl M3yUUM JIaHHbBIE KATErOpUU moApodHee n yBuanum Oosee
MHTEPECHDIC TPUMEPhI UCIIOJIb30BAHUS 9TUX IIPUHITUIIOB.

Bce BblmenpuBeieHHbIE PUCYHKU ObLIN CTeHEPUPOBAHBI HA OCHOBE BBITIOJHEHUST Ha-
CTOSIIIEro MAIlUHHOIO 00yYeHUst, IIPUMEHABIIMIICS /IS 9TOIO KOJ BbI MOJKeTe HalTh
B omsatH-ipustoskeHun (http://github.com/jakevdp/PythonDataScienceHandbook).
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3HaAKOMCTBO C bubnuotekon Scikit-Learn

CyuiecTByer HECKOJIbKO OMOIMOTEK A3bika Python ¢ HameKHBIMU peai3ausMu IIH-
POKOI0 JranasoHa aJropuT™MOB MalIMHHOTo 00yuenust. OnHa 13 caMbIX U3BECTHBIX —
Scikit-Learn, maker, npemgocrap/isiomuil a¢hGeKTUBHbIE BEPCUN MHOMKECTBA PACIIPO-
cTpaHeHHBIX anropuTMoB. Ilaker Scikit-Learn oTimyaer akKypaTHBIH, e1MHOOOPA3HbIIi
u npoaBuHyThIil API, a Takke ymoOHast 1 BCEOXBAThIBAIONIAs OHJIAITH-T0KYMEHTAIUS.
[IperMyIecTBO 9TOr0 eAMHOOOPA3US B TOM, UTO, Pas0OPaBIIICh B OCHOBAX UCIIOIb30Ba-
His U1 cunTakeuce Scikit-Learn st oqHOTo THITA MOZIEIEH, BBI CMOJKETE JIETKO TIepeidTH
K JIPYTOI MOJIEJTA UJTH aJITOPUTMY.

B arom paszese bl Haiizere 0630p API 6ubamnorexu Scikit-Learn. ScHoe nmoHuMaHue
anemenToB API — ocnosa s GoJiee yriy6eHHOrO IIPaKTUYECKOr0 00CY K IEHM aIro-
PUTMOB ¥ METO/I0B MAIIMHHOIO 00YYEHUS B CJICAYIOIMX pasjeax.

Haunem ¢ npedcmasnenus dannvix (data representation) B 6ubanorexe Scikit-Learn,
3atem paccmoTpuM API Estimator (API cratucrrnueckoro oieHUBaHMS ) W, HAKOHEII,
B3IJISHEM HA MHTEPECHDBIN MTPUMEP MCIOJIb30BAHNS 9TUX MHCTPYMEHTOB [JIJISL UCCIIE0-
BaHus Habopa N300pasKEHMIT PYKOTUCHBIX IIH(P.

MNpeactaBneHne aaHHbIX B Scikit-Learn

MarunaHoe 00ydeHre CBSI3aHO € CO3/[aHNeM MojieJieil Ha OCHOBE JIAaHHBIX, II09TOMY
HavYHEM € 00CYIK/IEHUST OHSITHOTO KOMITBIOTEPY IPE/ICTaBIeHNs JaHHbIX. Jlyuiire Bce-
TO TIPEJICTABIATH UCTTONb3yeMbie B Gnbmoreke Scikit-Learn mamwbie B Buie Tabmil.

JaHHble Kak Tabnumua

ITpocreiinmas Tabnuia — AByMepHas CeTKa JaHHBIX, B KOTOPOI CTPOKHM TIPECTABJISAIOT
OT/IeJIbHbIE 9JIEMEHThI Habopa AaHHBIX, a CTOJAOIBI — aTPUOYTHI, CBA3AHHBIE C KaXKIbIM
13 aTUX seMeHToB. Hampumep, paccmorpum Habop paHubix Iris (https://en.wikipedia.
org/wiki/Iris_flower_data_set), npoananusupoBannbiii Ponanbiaom @uitepom B 1936 romy.
CkauaeM ero B Bujie 00bekTa DataFrame 6ubanorexu Pandas ¢ moMorpio 6ubImoTekn
Seaborn:

In[1]: import seaborn as sns
iris = sns.load_dataset('iris")
iris.head()

Out[1]: sepal_length sepal_width petal_length petal_width species
0 5.1 3.5 1.4 0.2 setosa
1 4.9 3.0 1.4 0.2 setosa
2 4.7 3.2 1.3 0.2 setosa
3 4.6 3.1 1.5 0.2 setosa
4 5.0 3.6 1.4 0.2 setosa
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Kaskiast cTpoka JaHHBIX OTHOCUTCS K OJJHOMY M3 U3MEPEHHBIX IIBETKOB, 2 KOJMIECTBO
CTPOK PaBHO TIOJHOMY KOJHMYECTBY IIBETKOB B HaOOpe MaHHbIX. Mbl Oy/1eM Ha3bIBaTh
CTOJIOIBI ATOU MATPUIILI 8btbopKamu (samples), a KOJUIECTBO CTPOK MOJAraTh PABHBIM
n_samples.

Kaskipiit cTosiben JaHHbIX OTHOCUTCS K KOHKPETHOMY KOJIMUECTBEHHOMY TTOKa3aTeIIo,
OIUCBIBAIONIEMY JIAHHYTO BBIGOPKY. MbI Oy/1eM Ha3bIBaTh CTONOIBI MATPUIILI APUIHA-
xamu (features), a KonMuecTBO CTOIOIOB MOJIAraTh paBHBIM n_features.

MaTpvua nNpusHakoB

N3 ycrpoiicTBa TabJIUIBI OUEBUIHO, YTO HHGOPMAIIMIO MOKHO PACCMaTPUBATh Kak
JBYMEPHBIN YHCIOBON MACCUB WJIM MATPHUILY, KOTOPYIO Mbl Oy/IeM HasblBaTh MAMpPU-
uetl npusnarxoe (features matrix). ITo Tpaguiuu MaTpPUIly IPU3HAKOB YaCTO XPaHIT
B repeMeHHOU X. [Ipemonaraercs, 9To MaTpUIla MPU3HAKOB — JIByMepHasi, ¢ (hopMoit
[n_samples, n_features], U XpaHAT ee yalle Bcero B Maccuse NumPy wim oObekTe
DataFrame 6u6Ganoreku Pandas, xors HekoTopble Mogenn Oubanorexku Scikit-Learn
JIOTTYCKAIOT UCITOJB30BaHIE TaKKe Pa3pPeKeHHbBIX MaTpuIl u3 6ubnoreku SciPy.

Boibopku (TO €CTh CTPOKH) BCEr/la COOTBETCTBYIOT OTAENbHBIM 0ObEKTaM, OMUCHI-
BaeMbIM HabOPOM JaHHbIX. Hampumep, BBIOOPKa MOKET OBITH I[BETKOM, YETOBEKOM,
JOKYMEHTOM, H300pakeHneM, 3BYKOBBIM (hailiioM, Bueodaiiiom, aCTpOHOMUYECKUM
0OBEKTOM UJIH YEM-TO €II[€, YTO MOKHO OTIHCATh ¢ TOMOIIBI0 Habopa KOJUYECTBEHHBIX
M3MepeHu.

ITpusHaku (TO €CTh CTOJIOIBI) BCETAA COOTBETCTBYIOT KOHKPETHBIM HAOIOIEHUSIM,
OIUCHIBAIONINM KaKAYIO U3 BHIOOPOK KOJMYECTBEHHBIM 0OPa3soM. 3HAUEHUST TPU3HA-
KOB OOBIYHO TIPE/ICTABJISIOT COOOI BEIECTBEHHDIE YHCJIA, HO B HEKOTOPBIX CIyUYasiX OHU
MOTYT OBITh OYJIEBLIMU UJIM UMETh TUCKPETHBIE' 3HAUECHUS,

LileneBon MaccuB

IToMUMO MATPUIIBI TIPU3HAKOB X, OOBIYHO MBI IMEEM JIETIO C UeNe6biM Maccusom (Mac-
CHBOM MemoK), KOTOPBIT PUHATO 0603Ha4YaTh y. [leseBoit MaccuB 06BIYHO OHOMEPEH,
JUIHHON n_samples. Ero xpauar B Maccuse NumPy win o6bekTe Series 6ubanorexn
Pandas. 3naueHusI 11eJ1eBOTO MAaCCHBa MOTYT OBbITh HENPEPBIBHBIMU YHCIOBBIMU HJIH
JMCKPETHBIMU KJIaccaMu/MeTKaMi. XOTsI HEKOTopble olleHnBaresn oubanorekn Scikit-
Learn ymeroT pabotaTh ¢ HECKOJBKUMHU II€JEBBIMI BEJIMYMHAME B BUJE ABYMEPHOTO
TeJIeBOTO MacchBa [n_samples, n_targets], Mbl B 0ocHOBHOM Gyziem paboTath ¢ Gosee
MIPOCTBIM CJIy9aeM OTHOMEPHOTO I[eJIeBOTO MAaCCHBA.

OTnmunTenbHasT Y€pTa MeJIeBOT0 MACCHBA OT OCTATBHBIX CTOJOIIOB MPU3HAKOB B TOM,
YTO OH TIPEAICTABISIET COOOT BETMINHY, 3HAYECHUST KOTOPON MBI XOTHUM NPedcKasams na

! Tlepeunciumbie.
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0CHOBE UMEHOUUXCSL OanHbix. TOBOPSI CTATUCTUYECKUM SI3BIKOM, 9TO 3aBUCUMAst TIEPEMEH-
nast (dependent variable). Harmpumep, 1uist Ipeabiay X JaHHBIX 9TO MOTJIA OKA3aThCst
MOJIEJIb JIJIS TIPEJICKA3aHMS BUIA IIBETKA HA OCHOBE OCTAJIbHBIX M3MepeHuil. B Takom
caydae crosibert species paccMaTpUBaJICs Obl KAk 11eJIeBOI MACCHB.

C yueToM BbIIIIECKa3aHHOTO MOKHO BOCIIOJIb30BaThCsl Gubinorekoii Seaborn (kotopyio
MBI PacCMaTPUBAJIK B pasjiesie «Busyaiusaiius ¢ momolbio 6ubanoreku Seaborns rira-
BbI 4), uT06bI 6€3 Tpy/1a BU3yau3nupoBarh ganubie (puc. 5.12):

In[2]: %matplotlib inline
import seaborn as sns; sns.set()
sns.pairplot(iris, hue='species', size=1.5);
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Puc. 5.12. Busyanuzaums Habopa aaHHbIX Iris
s ucnonbsoBanus Habopa gaHHbIX Iris B Scikit-Learn Mbl u3BjiedeM MaTpUILy IpuU-

3HAKOB U lleJIeBOI MaccuB U3 0O6bekTa DataFrame. CresiaTh 9TO MOKHO € IIOMOILLIO
obcysKaaBIIuXcs B Ii1aBe 3 onepaiuii oObexTa DataFrame 6ubanorexu Pandas:
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In[3]: X_iris = iris.drop('species', axis=1)
X_iris.shape

Out[3]: (150, 4)

In[4]: y_iris = iris['species’]
y_iris.shape

out[4]: (150,)
B wrore mpusHaky U 1iejieBbie BEJNYUHBI T0JIKHBI UMETh cJieyomuid Buz (puc. 5.13):

Matpuua npu3HakoB (x) Llenesow BekTop (Yy)

n_features

<4~ n_samples
<4 n_samples

Puc. 5.13. CtpykTypa AaHHbIx Scikit-Learn

Temnepsb, orhopMaTHPOBaB HAIIN JAHHbIE HY;KHBIM 00Pa30M, Mbl MOKEM TIEPEHTH K pac-
cmorpennio API cmamucmuueckux ouenox 6Gubanorexn Scikit-Learn.

API ctatuctnyeckoro oueHmnBanusa bmubnunotekun Scikit-Learn

B mokywmernrranum mo APT Scikit-Learn ToBopHuTCsI, 9TO OH OCHOBBIBAETCST HA CIEMYIONTIX
MPUHIUIIAX:

Q edunoobpasue — unrtepdeiic Becex 00bEeKTOB UAECHTUYEH U OCHOBAH Ha OrPAaHUYEHHOM
HaGope MeTo/I0B, IPUYeM JOKYMEHTAIM TOKe elnH000pa3Ha;

Q KOHMPOI» — BUIMMOCTDH BCEX 3a[aBAEMbIX 3HAYEHMI [TAPAMETPOB KAaK OTKPBITHIX
aTpubyTOB;

Q oepanuuennas uepapxus 06vexmos — Knacchl si3bika Python uemonb3yorest ToabKo
JIJIST JITOPUTMOB; HaGOPBI IAHHBIX TIPE/ICTABJICHDI B CTAHAAPTHBIX (hopMaTax (MaCCHUBbI
NumPy, 06bekTbI DataFrame 6uboreku Pandas, paspeskeHHble MaTpHIb OMOIMOTEKN
SciPy), a /715t UMeH TTapaMeTPOB UCIIOJIb3YIOTCST CTaHIapPTHbIE CTPOKU st3bika Python;

Q obsedunenue — MHOTHE U3 33/[a4 MAITHHHOTO OOYY€EHUST MOKHO BBIPA3UTD B BUJIE TI0-

CJIE/IOBATEJILHOCTEN aJITOPUTMOB O0JIee HU3KOTO YpOBHsL, 1 Oubsmoreka Scikit-Learn
HOJIB3YETCS TUM (haKTOM TIPH 000U BOSMOKHOCTH;



3HaKoMCTBO ¢ 6ubnuoTekon Scikit-Learn 395

Q pasymuvie sHavenus no ymoiuanuio — OubanoTeka 3agaet Ajasd HeoOX0[UMBIX
MojiesIel TTOIb30BaTENbCKUX MaPaMEeTPOB COOTBETCTBYIONINE 3HAYEHUST 110 YMOJI-
YAHNIO.

Ha npaktuke aTH TIPUHIUIIBL O4eHb obJerdaior usydenue 6ubanorexn Scikit-Learn.
Bee anropurMmbl MatmuaHOTO 00y4ueHus B Gubinoreke Scikit-Learn peanusytorest uepes
API craTHCTHYECKOrO OLIEHUBAHUS, IIPEAOCTaBIISIONIIT efMHO00Pa3HbIil nHTEpdeiic
JISE TUPOKOTO JIHANA30HA TPUKJIAHBIX 33/1a4 MAITUHHOTO O0YYEHHSI.

OcHoBbl API cTaTUCTUYECKOro oLueHUBaHUS

Yame Bcero ucnosabzoBanne API craructuueckoro onenusanns 6ubamorexku Scikit-
Learn BxJjiodaer cieayioiiue maru (gajee Mbl PACCMOTPUM HECKOJbKO IOAPOOHbIX
TIPUMEpPOB).

1. Bpi6op kzacca MOJEIM C IIOMOILBIO MMIIOPTAa COOTBETCTBYIOLIErO KJIACCa OLEeHIBa-
Tesis n3 6ubamorexn Scikit-Learn.

2. BbI60p runeprapamMeTpoB MOJIETIN ITYTEM CO3/laHUSA IK3EMILJIAAPA 9TOT'O KjlaccCa € CO-
OTBETCTBYIOIINMMU 3HAYCHUSAMMU.

3. KoMIioHOBKa JIaHHBIX B MAaTPUILY TIPU3HAKOB U I[eJIEBON BEKTOP B COOTBETCTBUU
C OIIMCAHHDBIM BBIIIIE.

4. Obyuenne Moze/I Ha CBOUX JAHHBIX IIOCPEACTBOM BbI30Ba MeToza Fit() sKseMILIIpa
MOJIEJIN.

5. HpI/IMeHeHI/Ie MOJeJIN K HOBBIM /IaHHBIM!

® B Cciyyae MallMHHOTO 00YYEHUs ¢ YYUTEJIeM METKHU JJIs HEM3BECTHDBIX JaHHbBIX
00BIYHO IPEACKA3bIBAIOT C IIOMOIIBIO MeToa predict();

® B ciydae MallMHHOTO 00y4YeHus: Oe3 yuuTe s BhIIOAHAETCs IpeobpasoBatme
CBOICTB JIaHHBIX WJIM BBIBOJ UX 3HAUEHUIT TOCPEACTBOM METOAO0B transform()
nin predict().

PaCCMOTpI/IM HECKOJIbKO ITPOCTBIX ITPUMEPOB ITPUMEHEHUS METO/10B O6y'-I€‘HI/IH 6e3 yuu-
TEJIST 1 C YyIUTEJIEM.

MpuMep 06y4YeHNs C yumuTeneM: NpocTas NMHeHas perpeccust

B kauecTBe mprMepa 3TOro mpoliecca BO3bMeEM ITPOCTYIO JIMHEHHYIO PErpeccuio, TO eCTh
YACTO BCTPEUAIOIIUICS CIydail mogbopa pasiesisioniel psMoil /st JaHHbIX BUAA (X, ).
[l aTOrO IPUMEPA BO3bMEM CJIE/IYIONINE TIPOCThIe fanubie (puc. 5.14):

In[5]: import matplotlib.pyplot as plt
import numpy as np

rng = np.random.RandomState(42)
x = 10 * rng.rand(50)

y =2 * x - 1+ rng.randn(50)
plt.scatter(x, y);
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Puc. 5.14. [laHHble AN NMMHENHON perpeccum

3aTeM MbI MOKEM BOCIIOJIb30BATHC OMMMCAHHBIM BBITITE penenTom. HpOﬁﬂeMCH 110 BCEM
IIraraM 9TOTO IIpoIecca.

1. Bbibop kjracca MOJIEJIH.

Kaskerit kiace moziesnt B 6uboreke Scikit-Learn mpecTaBien COOTBETCTBYIONIIM
KjaccoM ga3bika Python. Tak, HanpuMep, [Jist pacyeTa MOAEIM [IPOCTOM JIMHEHO
perpeccuu MOKHO UMIIOPTUPOBATD KJIACC JINHEIHO perpeccuu:

In[6]: from sklearn.linear_model import LinearRegression

O6paruTe BHIMAHKE, YTO CYILECTBYIOT U APYyTHe, Oojee 001Ie MOAEIN JIUHEHHON
perpeccuu, IpoYrTaTh 0 HUX MOAPOGHEE BbI MOKETE B JOKYMEHTAIIMU MOAYJIs skle-
arn.linear_model (http://scikit-learn.org/stable/modules/linear_model.html).

2. Boibop rutiepriapaMeTpoB MOJIEJIH.

IToguepKHEM BaKHBII MOMEHT: KAACC MOOCNU — HE MO Jce CaMoe, Ymo IKICMNILID
Mooenu.

IToce BbI60pa KJIaCcCa MO/I€JIN Y HaC BCE €€ OCTAIOTCA HEKOTOPbIE BOSMOYKHOCTU JIJIA
BbI60pa. B 3aBucrmocTH oT Hallero Kjaacca MO/ZeJIN MOJKET HOHalIO6I/ITI)CH OTBETHUTDH
Ha OJINH NJIN HECKOJIBKO CJICAYIOHINX BOITPOCOB.

e  XOTUM JIt MBI BBITTOJHUTE MO00P CABUTA TIPSIMOU (TO €CTh TOUKH TIepecedeHnsT
€ OCBIO KOOPJIMHAT)?

e  XOTHUM JI MBI HOPMaJIN30BaTb MOJIEJIb?

e  XOTHM JIM MBI C/IeJIaTh MOJIE/Ib Ooiee TMOKOI, BHITOJHUB MPEABAPUTENLHYIO 00-
PabOTKy MPU3HAKOB?

e Kakas cTereHb perysapusanyiu J0JIKHA OBITh y Halreir Mojenn?

®  (CKOJIbKO KOMIIOHEHT MOeJIN Mbl XOTEJJIN OBl ICIIOIb30BATH?
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ITO TPUMEPBI TEX BAKHBIX PEIIEHUET, KOTOPbIE HaM TIPUIETCSI IPUHSITH HOCE 86bl00pPa
Kaacca modenu. Pe3ynbTaThl 3TUX PEIICHUN 4acTO HA3BIBAIOT 2UNEPRAPaAMempami,
TO €CTh TTapaMeTPaMH, 3a/[aBaeMBIMU 10 0OYUEHUs MOJIE/IN Ha AaHHBIX. Boibop
runepriapamerpos B 6ubanoreke Scikit-Learn ocyiecTsisieTcst myrtem nepegadum
3HAYEHUN PN CO3/IAHUN IK3EMILIAPA MOJIETTH. MBI PACCMOTPUM KOJIMYECTBEHHDIE
000CHOBaHUS BBIOOPA TUIIEPIIAPAMETPOB B pasjelic «uimepnapaMeTpsl 1 MpoBepKa
MOJIEJIM»> TAHHOM TJIaBBL.

Co3zauM 9K3eMIIIISIp Kaacca LinearRegression 1 yKaskeM ¢ TTIOMOIIBIO TUTIepIiapa-
Merpa fit_intercept, yTo HaM ObI XOTEJIOCH BBIIIOJHUTD TOAO0P TOUKH II€PEeCEYCHIU
C OCBIO KOOpAMHAT:

In[7]: model = LinearRegression(fit_intercept=True)
model

Out[7]: LinearRegression(copy_X=True, fit_intercept=True, n_jobs=1,
normalize=False)

[TomuMTE, 4TO IPK CO3AAHUU IKIEMILISIPA MOAEN BBIIIOJHSAETCS TOJbKO COXPaHEHe
3HAUEHMH STUX IUIlepIIapaMeTpoB. B uacTHOCTH, MbI Bee ellle He IPUMEHIIN MOJe/Ib
uu k kakuM ganabiM: AP 6ubmnorexn Scikit-Learn oueHb 4eTKO pasiessieT 6bi00p
Modeu i npumenenue Mooeu Kk OaHHbIM.

cDOpMI/IpOBaHI/Ie N3 TaHHBIX MaTpUIL IIPU3HAKOB U IIEJIEBOT'O BEKTOPA.

Panee MbI 10Ap0oOHO pacCMOTPEIH IIpe[CcTaBieHne JaHHbIX B Oubanoreke Scikit-
Learn, i1 KOTOPOro He0OXOAMMbI AByMEepHAs MaTPUIA IPU3HAKOB U OJHOMEPHBIN
nesieBoi BekTop. Harra 1iesieBas mepemenHas y yske mMeeT HYKHBIH BU (MaccuB
JUIMHOIT n_samples), HO HAM IIPUAETCS TIPOEIATh HeGOJIbIIIE MAHUITYJISIMN C IaH-
HBIMH X, YTOOBI CIeJIaTh U3 HUX MAaTPUILy pasMepa [n_samples, n_features]. B man-
HOM CJly4ae MaHUITYJISIUU CBOJSITCS MIPOCTO K U3MEHEHUIO (POPMbI OJTHOMEPHOTO
MaccuBa:

In[8]: X = x[:, np.newaxis]
X.shape

out[8]: (50, 1)

OO6yuenue MOe/IM Ha HALIMX JaHHBIX.

[Ipuiiio BpeMsi IPUMEHUTH MOJIeNTb K AaHHbIM. C/iesiaTh 3TO MOKHO € ITOMOIIIBIO
meroza fit() Momesu:

In[9]: model.fit(X, y)
Out[9]: LinearRegression(copy_X=True, fit_intercept=True, n_jobs=1,
normalize=False)

Komanma fit() BBI3BIBAET BBITTOJHEHUE <TI0/l KATIOTOM» MHOKECTBA BBIYHCJIEHNH,
B 3aBHCUMOCTH OT MOJIEJIH, ¥ COXPAHEHKE Pe3yJIbTaTOB STUX BBIUMCICHUI B aTprOyTax
MOJIEJTH, IOCTYIHBIX JIJIst IPOCMOTPa MoJsib3oBatesieM. B 6ubmnoreke Scikit-Learn 1o
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TpaJUIINN BCE ITapaMeTPbl MOJEJIN, TTOJTyUYE€HHDbIE B IIPOI[E€CCE BBITTOTHEHW A KOMaH /bl
fit(), comepkaT B KOHIle Ha3BaHMS 3HAK MoauepkuBaHus. Hanpumep, B 1aHHON
JIMHEHOW MOJIeN:

In[10]: model.coef_
Out[10]: array([ 1.9776566])
In[11]: model.intercept_

Out[11]: -0.90331072553111635

ITH iBa apamMeTpa MPeCTaBIAIoT cOG0 yrioBoi KoaPUIMEHT U TOUKY Tepece-
YeHUs C OChIO KOOPMHAT JIJIsT TPOCTON JIMHEITHO alpOKCUMAITIY HAIITIX JAHHBIX.
CpaBHUBAasI ¢ OMUCAHUEM JIAHHBIX, BUJIUM, YTO OHU OY€Hb OJU3KU K UCXOTHOMY
yIJ10BOMY KO3(hPUIMEHTY, pAaBHOMY 2, U TOUKE Iepecedenns, paBHoi —1.

YacTo BOSHUKAET BONPOC OTHOCUTEIHHO MOTPENTHOCTEH B MOJOOHBIX BHYTPEH-
HUX IapaMeTpax mojenn. B nenom 6ubauoreka Scikit-Learn ne npegocrasiser
WHCTPYMEHTOB, IMO3BOJISIIONINX JI€JIATh BHIBOJIBI HETIOCPE/ICTBEHHO U3 BHYTPEHHUX
MapaMeTPOB MOJIEJTH: MHTEPITPETAIIMS TaPaMETPOB CKOPEe BOIIPOC CMAMUCIUYECK020
MOOeIUPOsanus, A He MAITMHHOro 00yuenus. MaruHHoe o0ydeHe KOHIIEHTPUPYETCS
B OCHOBHOM Ha TOM, 4TO 1pedcKkasviéaem Mojelb. JIJis TeX, KTo Xo4eT y3HaTh GoJIbIie
0 CcMbICJIe TOAOMPAaEMbIX [TapaMETPOB MOJIE/IH, CYIIECTBYIOT IPyTHe MHCTPYMEHTHI,
BrJouas naker StatsModels sizpika Python (http://statsmodels.sourceforge.net/).

5. IlpenmckasaHue METOK JIJisI HOBBIX JAHHBIX.

ITocse 06y4enys MOIEIN [JIaBHAS 3a1a4a MAIIMHHOTO O0YYEHMsI ¢ YUNTEIEM 3aKII0-
YaeTCd B BbIYNCJICHUHN C €€ IIOMOIbIO 3HAYEHUN JIJI HOBBIX IaHHDBIX, HE ABJIAIONINXCA
yacTblo oOyualomieii mocaegosaresnbnoct. Caenarb 910 B 6ubanorexe Scikit-Learn
MOJKHO TIOCPEJICTBOM MeTojia predict (). B aToM mpumepe Halli HOBbIe JaHHbIE OYIyT
CETKON X-3HaYeHuii n Hac OyJeT MHTEPecOoBaTh, KAKNE y-3HAYEHHS TTPEACKA3IBACT
MOJIEID:

In[12]: xfit = np.linspace(-1, 11)

Kax u panee, oatu x-3Hadenus Tpebyercs 1npeobpasoBarTh B MATPUILY IIPU3HAKOB
[n_samples, n_features], 11ocJe 4ero MOKHO 1OJIaTh UX HA BXOJ, MOJIEJIN:

In[13]: Xfit = xfit[:, np.newaxis]
yfit = model.predict(Xfit)
Haxkomneli, Busyajinsupyem pe3yJibTaTbl, HAPUCOBAB CHavasa TPahuK UCXOIHBIX JIaH-
HBIX, a 3aTeM 00yueHHY10 Mozelb (puc. 5.15):
In[14]: plt.scatter(x, y)
plt.plot(xfit, yfit);

O6b1uHO 3 HERTUBHOCTH MOZIEITH OTIEHUBAIOT, CPABHIBAS €€ PEIYIILTATHI C TATIOHOM,
KaK Mbl YBU/IUM B CJIEYIONIEM TIPUMepe.
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Puc. 5.15. lMpocTas N1HelHas perpeccoHHast anmnpoKCUMaLms HallMX AaHHbIX

MpuMep 0byueHns ¢ yuntenem: knaccudukaums Habopa AaHHbIX Iris

PaccMOTpUM APyYroii IpUMep TOTo ke IIPOIECca, BOCIIOAb30BABIINCH 00CY K IaBIIIMCS
paree HabOPOM JaHHBIX Iris. 3agazrMcst BOIPOCOM: HACKOJIBKO XOPOIIO Mbl CMOKEM
[IPE/ICKA3aTh METKU OCTAJBHBIX JAHHBIX € TOMOII[bIO MOJIENH, 00YUE€HHOU Ha HEKOTOPOI
YyacTu JaHHbIX Habopa Iris?

JLuist 97011 331241 MBI BOCIIOJIb3YEMCSI UPE3BBIYATHO IPOCTON 0000MIEHHON MOAE/IbIO, 13-
BECTHOU 110/1 HazBaHueM <[ ayccos HausHwlil 6ATleco8CKUTl KAACCUDUKAMOP»>, NCXOASIIEN
M3 JIOTYIIEHNs], 4TO BCE KJTACChl B3SITHI U3 BLIPOBHEHHOTO 1O OCSIM KoopauHaT [ayccosa
pacripeniesierust (CM. paszen «3arisiHeM riyO:ke: HanBHas GaitleCOBCKast KIacCU(UKAIMsT>
JIaHHOI r1asbl). [ayccoB HauBHbIM GalieCOBCKUI KIacCU(DUKATOP B CUILY OTCYTCTBHS THIIEP-
MapaMeTpOB U BBICOKOM TTPOU3BOAUTEHHOCTA — XOPOITHI KaH/IUAAT Ha POJIb ATATIOHHON
kiaccudurauu. ViMeer cMbICI TOIKCIIEPUMEHTUPOBATD C HUM, ITPEXK/IE YEM BBISICHSITh,
MOZKHO JIM IIOJIYYUTh JIyUIlie PE3YJIbTaThl ¢ IIOMOIIbIO GOJIee CIOKHBIX MOJE/IEN.

Mbl cobupaeMcs IIPOBEPUTH pabOTy MOAEIN HA HEU3BECTHBIX il JaHHBIX, TaK YTO
HeOOXOMMMO Pa3IenTh JAHHbIE Ha 00yualowyio nociedosamenvrocmy (training set)
U KOHMPOJLHYI0 nociedosamenviocmsy (testing set). ITO MOKHO CETAaTh BPYUHYIO, HO
yInobOHee BOCTIOIHb30BAThCS BCTIOMOTATENbHO (hyHKITHEH train_test_split:

In[15]: from sklearn.cross_validation import train_test_split
Xtrain, Xtest, ytrain, ytest = train_test_split(X_iris, y_iris,
random_state=1)

ITocne yHanopAaaodYeHuA JaHHbIX ITOC/IEAYEM HallleMy PEHEITY JIJId IIpe/iICKa3aHsa METOK:

In[16]: from sklearn.naive_bayes import GaussianNB # 1. Bbibupaem knacc Mogenu
model = GaussianNB() # 2. Co3pjaeM 3K3eMrIsip MOAesu
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model.fit(Xtrain, ytrain) # 3. ObyyaeM mMogenb Ha AaHHbIX
y_model = model.predict(Xtest) # 4. MNpepckasbiBaeM 3HayveHus
# ANA HOBBIX AAHHBIX

BOCHOJIIJSyeMCFI yTI/IJII/ITOfI accuracy_score Jid BbIACHEHWA TOTO, KaKad 4aCTb IIpe/-
CKa3aHHBIX METOK COOTBETCTBYET NICTUHHOMY 3HAYE€HUIO:

In[17]: from sklearn.metrics import accuracy_score
accuracy_score(ytest, y_model)

Out[17]: ©.97368421052631582

Kak BuuM, TOYHOCTD TipeBbiiiaeT 97 %, MoaToOMYy JIJIst 3TOr0 KOHKPETHOTO Habopa JlaH-
HBIX JIa’ke OYeHb HAMBHBIN aJIFCOPUTM KJaccudukaimm okasbiBaetcs apGekTuBHbIM!

MNpumep o0by4veHns 6e3 yunTens: NOHMmKXeHMe pa3sMepHOCTN Habopa
JaHHbIX Iris

B xauectBe mpuMepa sagaun o0ydens 0e3 yanuTeIss paCCMOTPUM 3alady IHOHMKEHUS Pa3-
MepHOCTH Habopa JaHHBIX Iris ¢ 1esIbIo yIIpoleHus ero Busyanusaiuu. Harommio, 4to
Januble Iris ueTbpexMepHbI: I Kaxk 101 BEIOOPKH 3a(hUKCUPOBAHBI YETHIPE IPU3HAKA.

3ajiaua MOHMIKEeHUsT PAa3MEPHOCTHU 3aKJIIOUAETCS B BBISICHEHUU, CYIIECTBYET JIU MO/l
Xozslee IpejacTaBienne 6ojiee HU3KOW pasMEPHOCTH, COXPAHSIOIEe CyIeCTBEHHbIE
MPU3HAKK JAHHBIX. 3a4acTyi0 MOHWKEHIE PAa3MEPHOCTH UCITOJIb3YeTCsT IJIsT 00Jierde-
HUS BU3YJIU3AINK IAHHBIX, B KOHIE KOHIIOB, FOPA3JI0 MPOIIle CTPOUTD rpaduK JaHHBIX
B JIBYX U3MEPEHKIX, YeM B UeThIpex uiu Oosiee!

B aToM pasjiesie Mbl Oy1eM UCIIOIB30BAaTh MeTOJ riaBHbBIX KoMiioreHT (PCA; M. pasjen
«3arystHeM ri1y6sKe: METOJT IJIAaBHBIX KOMITIOHEHT»> JTAHHOM TJIaBbl ), PECTABJISIONININ CO-
6ol GBICTPBII IMHEIHBIN MeTO/] IOHMKEHNsT pasMepHocTH. Harra Mogestb JosmkHa Gyier
BO3BPAIATh JIBE KOMIIOHEHTBHI, TO €CTh JIByMEPHOE ITPe/ICTABJIeHNEe JAHHBIX.

CJICZ[yH BBITIIEOTTNCAHHOM TTOCTEI0BATETbHOCTH naros, MmoJiydaeMm:

In[18]:
from sklearn.decomposition import PCA # 1. Bblbupaem knacc mogenu
model = PCA(n_components=2) # 2. Co3paem 3K3emniAp monenun
# c runepnapameTpamu
model.fit(X_iris) # 3. Obyyaem Mogenb Ha AaHHbIX. O0bpaTuTe

# BHMMaAHMe, 4YTO y Mbl He yka3biBaem!
X_2D = model.transform(X_iris) # 4. Mpeobpa3yem AaHHble B ABYMEpHble

[TocTporM rpaduk MoydeHHbIX pe3yabratoB. Caenarh 910 ObICTPee BCEro MOKHO, BCTa-
BUB PE3YJIbTAThl B UCXOAHBIN 00beKT DataFrame Iris 1 BOCHOIb30BABIIUCEH (DYHKIIUEH
1mplot /ist OTOOPAsKEHUST PE3YIbTATOB:

In[19]: iris['PCA1'] = X_2D[:, O]
iris['PCA2'] = X_2D[:, 1]
sns.1lmplot("PCA1", "PCA2", hue='species', data=iris, fit_reg=False);
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Mpbl BUZIUM, YTO B IBYMEPHOM TIPE/ICTABJICHUN BU/IBI I[BETOB YETKO PA3/I€JICHBI, XOT
asnroputM PCA Huvero He 3HaeT 0 MeTKax BU/IOB 1[BETOB! DTO 110KA3bIBAET, YTO, KAK MbI
W BUJIEJIN PaHee, Jaske OTHOCUTEIBHO IPOCTast KaaccuuKaliist Ha 5ToM Habope TaHHBbIX,
BEPOATHO, OyeT paboTaTh A0CTaTOYHO Xopomio (puc. 5.16).
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Puc. 5.16. lNpoekumsa aaHHbIX Habopa Iris Ha ABYMepHOE NpOCTPaHCTBO

O6yyeHune 6e3 yunTens: knacrepusaums Habopa aaHHbIx Iris

Ternepb pacCMOTPUM KJTacTEpU3AIUI0 HAbOpa AaHHBIX [ris. AJITOPUTM KJracTepusalium
MIBITAETCST BBIICJIUTD TPYIIIIbBI IAHHBIX OE30THOCUTEIBHO K KAKUM-THO0 METKaM. 3/1eCh
MbI COOMPaeMcs UCIIOJIb30BATh MOTIHBIN AJTOPUTM KJIACTEPU3AIMH 1T0/] HA3BAaHUEM
cmech TayccoBbix pacnpezesennii (Gaussian mixture model, GMM), koTopyio us-
y4YUM To/ipobHee B pasziesie «3arisiHeM ray6ske: cMecu [ayccoBBIX pacrpepeieHuiis»
9701 T1aBbl. Metog GMM cOCTOUT B OIBITKE MOEMPOBAHMsI JAHHBIX B BiAe Habopa
layccoBbIX 1siTeH.

OO6yuaem cMech ['ayccoBbIX paciipeie/ieHIil CIeay oM 0Opa3oM:

In[20]:

from sklearn.mixture import GMM # 1. Bbolbupaem knacc Mmomenu

model = GMM(n_components=3, covariance_type='full') # 2. Co3pgaem 3k3emnasp

# mopenu

C rvnepnapameTpamu

model.fit(X_iris) # 3. Obydaem Mofenb Ha JaHHbIX. ObpaTuTe
# BHWMaHMe, 4YTO Yy Mbl He yKa3biBaem!

y_gmm = model.predict(X_iris) # 4. OnpependAem MeTKWU KJlacTepoB

Kax u panee, no6asum crosber cluster B DataFrame Iris u Bocmoab3yeMcs GUOIMOTEKOM
Seaborn miist moctpoenust rpaduka pesyabratos (puc. 5.17):
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In[21]:

iris['cluster'] = y_gmm

sns.1lmplot("PCA1", "PCA2", data=iris, hue='species',
col="cluster', fit_reg=False);

Pas6uB ganmbie B COOTBETCTBUU ¢ HOMEPAMU KJIACTEPOB, MbI BUANM, HACKOJIBKO XOPO-
o anroput™m GMM BoccranoBui Tpebyembie METKHU: BUJL S€0SA UIE€ATBHO BbIeJIEH
B kaacrep 0, pasa, HeOOJIbIIOE KOJIMIECTBO 9K3EeMILIAPOB BUAOB versicolor u virginica
CMeIannch MeskLy coboil. CaieioBaTesIbHO, IasKe €U Y HAC HET HKCIePTa, KOTOPBIH MOT
6bI COOBIUTD HaM, K KAKUM BUJIAM OTHOCSTCS OT/IETbHBIE [[BETKHU, OJHUX M3MEPEHUIT
BITIOJIHE JIOCTATOYHO [IJISI ABMOMAMUYECK020 PACTIO3HAHUS 9TUX PA3IMYHBIX PA3HOBUII-
HOCTEI I[BETKOB C TIOMOIIBIO IPOCTOTO alroputMa kiaacrepusariu! I1ogo6HbIil arropuTm
MOJKET B IAJIbHEHIIIEM TIOMOYb CIIEI[AINCTAM TI0 TIPEMETHO 061aCTH BBISICHUTD CBSI3H
MESK/Ly CCIIe/lyeMbIMU 0OPa3iaMu.

MpuknagHas 3afaya: aHanm3 pyKonuCHbIX Ldp

[TposemoncTpUpy€eM 3TH NPUHIIUTIBI HAa HoJiee HHTEPECHOI 3a/1a4e, PACCMOTPEB OJINH U3
ACTIEKTOB 32/[aYH ONITIYECKOTO PACTIO3HABAHUSI CHMBOJIOB — PACIIO3HABAHIE PYKOMICHBIX
1dp. TpaauionHo sTa 3a1a4a BKIIIOYAET KaK OTIPeZieleHe MECTOTIOIOKEHHS Ha PUCYH-
Ke, TaK M PaCIioO3HaHIe CUMBOJIOB. MBI TIOIIEM CAaMbIM KOPOTKUM ITyTeM U BOCIIOJIb3YeMCsI
BCTPOeHHBIM B 6uboreky Scikit-Learn HabopoM npedopMaTHpOBaHHBIX HIQP.

3arpyska v Bu3yanusaums umdp

Bocmoabsyemes unrepdeiicom goctyia K ganubiv 6ubsmorexu Scikit-Learn u mocmo-
TPUM HA 9THU JJAHHBIE:

In[22]: from sklearn.datasets import load_digits
digits = load_digits()
digits.images.shape

out[22]: (1797, 8, 8)

Januple n306pakeHUi IpeacTaBIsaioT co60il TpexMepHblil Maccus: 1797 BbIOOPOK,
Ka)k/[asi COCTOUT U3 CETKU ITUKCEIOB pasMepoM 8 x 8. Busyanusupyem nepByio UX COTHIO
(puc. 5.18):

In[23]: import matplotlib.pyplot as plt

fig, axes = plt.subplots(1e, 10, figsize=(8, 8),
subplot_kw={'xticks"':[], 'yticks':[]},
gridspec_kw=dict(hspace=0.1, wspace=0.1))

for i, ax in enumerate(axes.flat):
ax.imshow(digits.images[i], cmap='binary"',
interpolation="nearest")
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ax.text(0.05, 0.05, str(digits.target[i]),
transform=ax.transAxes, color='green')

=
-
A
1l

AP Ay S e el B
e i
- £~

i

=L
>

o

=]
Lo
L=l ol o

(o1}

L
wAT

o
el A P b P Y

o

AR T
e oy = Y
N |, ol 8 s LI

w

e

(=5

~

i~
-

L

=
L=

e o
Lo

e
-
e
m“\’ﬂ

e
Naf

(<2}

[ ¥

=

Puc. 5.18. [laHHble pyKOMMCHbIX Lndp; Kaxkaas Bblbopka npeacTaBneHa
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CETKOI MUKCEeNoB pasmMepoM 8 X 8

Jlist paboThl ¢ aTUMHU gaHHBIME B Oubmoreke Scikit-
IByMepHOe [n_samples, n_features] mpezacrasienue. JIJist 9Toro Mbl OyaeM TpakTo-
BaTh KQKJbIU MUKCEJ B M300PAKEHUN KaK MPU3HAK, TO €CTh «PACILIIONINM»> MACCHBBI
MIKCEJIOB TaK, 9TOObI KaK/AYIO UGy MPEACTABIISIII MACCUB TUKCEIOB JIMHON 64 31e-
meHTa. Kpome 5T0T0, HaM TIOHA00UTCS 1[eJIeBOi MACCUB, 3a[AI0IIUE I KasKI0H 11~
(pBI peIoTpeIesIEHHYI0 METKY. ITH /IBA TapaMeTpa BCTPOEHBI B HAOOP TaHHBIX UMD

B Bujie aTpubyTOB data U target, COOTBETCTBEHHO:

In[24]: X = digits.data
X.shape

out[24]: (1797, 64)

In[25]: y = digits.target
y.shape

out[25]: (1797,)

Nroro nosryuaem 1797 Boi6opok u 64 nmpusHaka.

Learn nam HYKHO IIOJIYYUTb UX
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ObyueHune 6e3 yuntens: NoOHMXeHne pa3MepHOCTH

XoTenoch Ob BUByaJIM3UPOBATh HAIU TOYKK B 64-MEPHOM MapaMeTpUIeCcKOM Mpo-
cTpaHcTBe, HO 3D HEKTUBHO BU3YAIU3UPOBATH TOYKH B IPOCTPAHCTBE TAKOH BbICO-
KOii pasMepHOCTH HENpocTo. [TOHU3MM BMECTO HTOTO KOJMYECTBO MU3MEPEHU /10 2,
BOCIIOJIb30BABIIMCH METO0M 00yueHus 6e3 yunress. 31ech Mbl Oy/1eM MPUMEHAThH
aJaropuTM oOyueHust Ha 6aze MHOTO00OpPa3uil 1o HasBaHueM Isomap (cM. pasiern
«3arssgHeM Ty6ske: obyueHre Ha 6aze MHOTOOOpasuii» 9Toi IJIaBbl) U IIpeobpasyeM
JIaHHbIE B IBYMEPHbII BU/IL:

In[26]: from sklearn.manifold import Isomap
iso = Isomap(n_components=2)
iso.fit(digits.data)
data_projected = iso.transform(digits.data)
data_projected.shape

out[26]: (1797, 2)

Termepb Halll AaHHBIE CTATH ABYMEPHBIMU. [TocTponM rpaduk aTHX MaHHBIX, YTOObI

YBUJIETH, MOJKHO JIK YTO-TO TIOHATD U3 UX CTPYKTYPHI (prc. 5.19):

In[27]: plt.scatter(data_projected[:, @], data_projected[:, 1],
c=digits.target, edgecolor='none', alpha=0.5,
cmap=plt.cm.get_cmap('spectral’, 10))

plt.colorbar(label="digit label', ticks=range(10))
plt.clim(-0.5, 9.5);
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Puc. 5.19. Isomap-BnoxeHne Habopa AaHHbIX Lndp

ITOoT rpaduK /aeT HaM TpeJICTaBJIeHNe O Pa3/ieJIeHNH pa3andHbiX udp B 64-mep-
HOM TipoctparcTBe. Hampumep, vy (0TO6pakaeMbie YePHBIM IBETOM) 1 €UHHUIIbI
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(orobpazkaembie (PHOJETOBBIM) MPAKTUUECKU HE TIEPECEKAIOTCS B TTAPAMETPUIECKOM
mpocTpancTBe. Ha MHTYUTUBHOM YPOBHE 3TO MPEICTABIISETCS BITOIHE JIOTHUHBIM: HYJIN
COZIEPIKAT TMYCTOE MECTO B CEPeIMHE N300PAKEHNS, a Y eUHHUIL TaM, Ha000POT, YepHH-
sa. C Apyroil CTOPOHBI, eIMHUIIBI U YeTBEPKH HA TPa(UKe PACIIOIAraIOTCs CIIJIONIHbIM
CTIEKTPOM, UTO TIOHSATHO, BE/Ib HEKOTOPBIE JIFOIM PUCYIOT SITHUIIBI CO «IIJIATTKAMUY, M3-32
Yero OHU CTAHOBSITCS MTOXOKHU HA YE€TBEPKU.

B nesiom passnunble rpyIibl JOCTATOYHO XOPOIIO pa3dHeceHbl B IapaMeTpuieckoM
IIPOCTPAHCTBE. DTO 3HAUUT, UTO JlaxKe JI0BOJBHO MIPOCTOM aJIrOPUTM Kiaccuukaimm
¢ yuuTesIeM noJKeH paboTaTh Ha HUX AOCTATOYHO XOPOIIIO.

Knaccudpukaums undp

IMpumenumM anropuT™ Kaaccuduranuy K HamuM nudpam. Kak u B ciyuae ¢ Habopom
naHHbIX Iris, pazobbeM HaHHbIE HAa 00YYAIOIIYIO U KOHTPOJIbHYIO II0CIe0BATEIbHO-
CTH, ITOCJIe Yero 0OyunM Ha 1epBoil 3 Hux FayccoBy HauBHYIO 0aiieCOBCKYIO MOJIEIb
TaK1M 00pasoM:

In[28]: Xtrain, Xtest, ytrain, ytest =
train_test_split(X, y, random_state=0)

In[29]: from sklearn.naive_bayes import GaussianNB
model = GaussianNB()
model.fit(Xtrain, ytrain)
y_model = model.predict(Xtest)

Teneps, ocymecTBUB IpeACKa3aHNs MO HAIIeH MOJIETH, MBI MOJKEM OIIEHUTD ee TOU-
HOCTb, CDABHMB HACTOSAIIME 3HAYCHUS U3 KOHTPOJBHOM TOCIeI0BATEIbHOCTH C IIPE/I-
CKa3aHHBIMU:

In[30]: from sklearn.metrics import accuracy_score
accuracy_score(ytest, y_model)

Out[30]: 0.83333333333333337

Jlaske I TaKOH MCKITIOYUTETHHO MTPOCTOI MOJETN MBI TTosTyurin Gosee yeM 80%-Hyio
TO4YHOCTH Kjaaccuduranmu 1udp! OnxHAKO U3 OAHOIO YKC/Ia CJI0KHO MIOHSTD, 20€ Hallla
Moz omubaack. s 910l e yao6Ha Tak HaszblBaeMast Mampuua pasiuuuii (confusion
matrix), BRIYUCIUTH KOTOPYIO MOKHO ¢ TIoMoIibio Orborekn Scikit-Learn, a HapucoBath
nocpeacrBoM Seaborn (puc. 5.20):

In[31]: from sklearn.metrics import confusion_matrix
mat = confusion_matrix(ytest, y_model)
sns.heatmap(mat, square=True, annot=True, cbar=False)
plt.xlabel('predicted value') # MporHo3upyemoe 3HayeHue
plt.ylabel('true value'); # HacTosiwee 3Ha4veHue
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MporHoaupyemoe 3HaveHne

Puc. 5.20. MaTpu1ua pasnnumii, AEMOHCTPUPYIOLLAS YacTOTbl OLUIMGOYHbIX
KnaccudmKaumin Halero knaccudurkaTopa

ITOT PUCYHOK JIEMOHCTPUPYET HAM MECTa, B KOTOPBIX HAIll KJIacCU(UKATOP CKIOHEH
omunbaThes, HAPUMep, 3HAYNTEIbHOE KOJUYECTBO ABOEK OMMNOOYHO KiIaccupuiim-
pPOBaHbl KaK eJUHULBI WA BOCbMePKU. [Ipyroii crnocob moaydeHus nH(GOpMaIIn
0 XapaKTEePUCTUKAX MOJIETTH — MOCTPOUTH TPahUK BXOJHBIX JAHHBIX €llle Pa3 BMECTe
C TIpeJICKasaHHBIMK MeTKaMi. Mbl Gy/1eM HCII0JIb30BaTh 3€JI€HbI IIBET JIJIsT TPaBUIbHBIX
METOK, U KpacHbII — 151 omnbounbix (puc. 5.21):

In[32]: fig, axes = plt.subplots(10, 10, figsize=(8, 8),
subplot_kw={'xticks"':[], 'yticks':[]1},
gridspec_kw=dict(hspace=0.1, wspace=0.1))

for i, ax in enumerate(axes.flat):
ax.imshow(digits.images[i], cmap='binary',
interpolation="nearest"')
ax.text(0.05, 0.05, str(y_model[i]),
transform=ax.transAxes,
color="green' if (ytest[i] == y_model[i]) else 'red')

W3 aToro mogMHOKECTBA JAHHBIX MOKHO TTOYEPIHYTH TTOJE3HYI0 NHMOPMAIIHIIO OT-
HOCHUTEJIBHO MECT, B KOTOPBIX aJIFOPUTM paboTaeT HeonTUManbHO. UTOOBI MOAHATH
HATTy TOYHOCTH BbITTe 80 %, MOKHO BOCTIOMB30BATHCST H0JI€E CITOKHBIM aTOPUTMOM,
TAKUM KaK METO]] OIOPHBIX BEKTOPOB (CM. pasjiest «3ariistHeM Try0Ke: METO]] OTTIOPHBIX
BEKTOPOB» 3TOU TJIABBI), CIydailHble Jieca (CM. pasjies «3arjsiHeM rryOKe: 1epeBbst
MPUHSATHUS PENIeHII U clydaiiHble Jiecay JaHHOI IJIaBbl) WJIM APYTUM METOJOM KJac-
cuduKaruu.
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Puc. 5.21. [laHHble, nokasbiBatoLLye npaBusibHbIE (3eM1eHbIM LIBETOM) U OLIMOOYHbIE (KPacHbIM)
MeTku. LIBETHYI0 BEpcuto 3TOro rpacuka cM. B OHNalH-NpUnoXeHun
(https://github.com/jakevdp/PythonDataScienceHandbook)

Pe3iome

B aTom paszesie Mbl pacCMOTpEJI OCHOBHbBIE BO3MOKHOCTH TIPECTABICHUS JaHHBIX
ombsmotexn Scikit-Learn, a Takske API cratuctinaeckoro onennsanus. HeszaBucumo ot
THIIA OLIEHUBATEJIST TPUMEHSIETCS OJIHA U Ta JKe CXeMa: UMIIOPT/co3iaHue dK3eMILIsipa,/
obyueHue,/mpejckasanrie. Boopyskusiimch aToil nadopmarmeii mo API crartuctiyeckoro
OlIEHMBAHUsI, BbI MOKETE, M3YUMB JOKyMeHTalmo 6ubinorekn Scikit-Learn, HauaTh
9KCIIEPUMEHTUPOBATD, UCTIOJB3YsI PA3JIUIHbBIE MOJICJIN JIJIST CBOMX JTAHHBIX.

B caenyrorniem pasjesie Mbl paCCMOTPHM, BEPOSITHO, CAMBIiA BasKHBIH BOPOC MAITUHHOTO
00yueHuUst: BBIOOD U TIPOBEPKY MOJIEIIH.

MnepnapaMeTpbl M NPOBEpPKa MOAENM

B TIIPEABIAYIIEM pa3/ieji€ OllMCaHa OCHOBHAsI CX€Ma NCIT0JIb30OBaHUA MoJieJielt MallTMHHOTO
O6y‘-I€HI/I$I C yUHUTEJIEM.

1. BbIOpaTh KJIacc MOJEIH.
2. BoibpatTh rutieprapaMeTpbl MOJIEJIH.
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3. O0y4uTh MOJIENTb HA JIAHHBIX 00YYATOIIEH MOCIEI0BATETBHOCTH.

4. Wcnonn3oBaTh MO/I€JIb, ‘-ITO6BI TIpeacCKa3aTb METKU IJIAA HOBBIX TAHHBIX.

[Tepsbie aBa TyHKTa — BBIOOD MOJEH U BBIOOP THIIEPIAPaMETPOB — BEPOSITHO, BakK-
Hee Bcero /Uist 3((GEKTUBHOTO UCITOTH30BAHUS 3TUX WHCTPYMEHTOB U MeTO/0B. Jljist
OIITUMAJILHOTO UX BEIOOPA HEOOXOUM CIIOCO0 NPo6epKiL TOTO, YTO KOHKPETHASA MOJEIIb
C KOHKPETHBIMU THUIIEPIIAPAMETPAMU XOPOIIO alllIPOKCUMHUPYET KOHKPETHBIE JaHHbIE.
XoT4 aTa 3a71aua MOXKET TT0Ka3aThCs HECTOKHOM, B HEll BCTPEUaroTCd OIpeie/IeHHbIE
[O/IBOJIHbIE KAMHM, KOTOPbIE HE0OOX0UMO 0O0UTH.

CoobpaXkeHNst OTHOCUTENBHO NPOBEPKM MOAENN

B nipunimie, mpoBepka MOJIEJ M OUeHb IIPOCTA: OCJIe BHIOOPA MOJIEJIH U TUIIepIIapaMe-
TPOB OIEHUTBD €€ 3((HEKTUBHOCTH MOKHO, BOCIIOJIB30BABIITICH €10 JIJIST YaCTU 00ydatoteit
TTOCTIeIOBATETBHOCTH U CPABHUB TIPE/ICKA3AHUST C U3BECTHBIMI 3HAUEHUSIMU.

B caemyronux paszenax s cHavyasa IPOAEMOHCTPUPYIO «HAWBHbBIN» TTOX0/]] K TPOBEPKe
MOJIETN U TIOKAXKY, TIOUueMy OH He paboTaet, mpeskiie YeM 0OpaTUTLCSI K aHAJIN3Y KC-
MOJIb30BAHMUST OTJIOKEHHBIX HAOOPOB JIAHHBIX U MIEPEKPECTHOM MPOBEPKH B 1[eJIsX GoJiee
HaJIe)KHOW OTIEHKN MOJIEITH.

Mnoxon cnocob npoBepku Moaenu

ITocMOTpHM Ha «HAMBHBII» TIOAX0/I K TPOBEPKe Ha Habope JaHHBIX ITis, ¢ KOTOPBIM MbI
paboTasi B mpeibiryIieM pasjee. Haunem ¢ 3arpy3ku JAHHBIX:

In[1]: from sklearn.datasets import load_iris
iris = load_iris()
X = iris.data
y = iris.target

BoiGepem Terepb MOeb 1 rHnepnapaMeTpbl. Mbl GyeM UCIIOIb30BaTh B 3TOM MIPH-
Mepe kjaaccupuKaTop Ha OCHOBE MeToja k-cpeiHux ¢ n_neighbors=1. 9To oyeHb
MpocTasi U MHTYUTUBHO MOHSATHAS MOJIEIb, KOTOPYIO MOKHO oTtrcaTh (hpaszoit «Mert-
Ka JIJIs1 HeM3BEeCTHOI TOUKM Takas jKe, Kak U MeTKa Ouuskaliimeil K Hell obyJaiomeii
TOUKI>:

In[2]: from sklearn.neighbors import KNeighborsClassifier
model = KNeighborsClassifier(n_neighbors=1)

I[aJIee MbI 06y‘{aeM MOZeJIb 1 UCIIOJIb3YEM €€ I/ IMPeACKa3aHnuA METOK JId YiKe U3~
BECTHBIX JIaHHDbIX:

In[3]: model.fit(X, y)
y_model = model.predict(X)

HaKOHeH, MbI BbIYUCJIAEM JIOJTIO TPaBUJIbHO MaPKUPOBaHHBIX TOYECK:
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In[4]: from sklearn.metrics import accuracy_score
accuracy_score(y, y_model)

out[4]: 1.0

Kax Buanm, mokasaTesib TOUHOCTH paBeH 1.0, TO eCTh Hallla MOJIENH TIPABUIHHO TIOMe-
tuna 100 % Touex! Ho sieiicTBUTENBHO JIU ATO TIPABUJIbHAS OTIEHKA 03KUIa€MOIi TOYHO-
ctu? JleficTBUTEIBHO JI HAM IOTAIach MOJIeJIb, KoTopast Oyaer paboTaTh MPaBUIBHO
B 100 % ciyuaen?

Kak BbI MOTJIM JIOTQIaThCsT, OTBET HA HTOT BOIPOC — HeT. Ha caMoM Jiesie 3TOT MOJIX0]
umeetr GyHIaMEHTATbHBII U3bsTH: 00yuenue U 0UyenKa MO0 BbINOIHIIOMCS Ha OOHUX
u mex e dannvix! Bosee TOTO, MOZIENTH OIMIKAMIIIETO cocela — ONEHNBATEND, Pabo-
TaoNMii yTeM o0yuenus na npumepax (instance-based estimator), momnpocry coxpa-
HAOMUN 06yJalonye JaHHble U TPEICKa3bIBAIONIMNA METKHU TTyTeM CPaBHEHMSI HOBBIX
JQHHBIX C 9TUMH COXPAHEHHBIMU TOUKAMU. 3a UCKJIHOUYEHUEM HEKOTOPBIX CIIEI[HATBEHO
CKOHCTPYMPOBAHHBIX CJIy4aeB ero TOYHOCTH Oy et écezda pasaa 100 %!

XOpOLlJVIVI cnocob MPOBEPKN MOAENN: OTJIOXKEHHbIE AaHHbIE

Jliist 6ojiee TOYHOTrO BBIICHEHUS PABGOUYMX XaPAKTEPUCTUK MOIEJIH BOCIIOJIb3YEMCS TaK
Ha3bIBAEMBIMU 0mJosxcentbimu navopamu dannvix (holdout sets), To ecTb OTIOKUM He-
KOTOPOE IOAMHOKECTBO JaHHBIX U3 00ydalomell II0C/1e0BaTeIbHOCTI MOAEIH, IIOCIE
Yero UCIOJIb3yeM ero JJis IPOBEPKU KauecTBa paboThl Moge/n. 1o pasaenenue B Scikit-
Learn Mo)kHO TPOM3BECTH C TTIOMOIIBIO YTUJINTHI train_test_split:

In[5]: from sklearn.cross_validation import train_test_split

# Paspensem pAaHHble: no 50% B kaxaom u3 Habopos
X1, X2, yl, y2 = train_test_split(X, y, random_state=0,
train_size=0.5)

# O6y4aem Mojesib Ha OAHOM U3 HAabOPOB AaHHbIX
model.fit(X1, y1)

# OueHuBaem paboTy mofenu Ha Apyrom Habope
y2_model = model.predict(X2)
accuracy_score(y2, y2_model)

Out[5]: 0.90666666666666662

MbI riostyunsii 6oJiee JIOTUUHBIN PE3yIbTaT: KJIacCH(UKATOP HAa OCHOBE METO/a OJIH-
JKaliIIero cocena IeMOHCTPUPYET TOYHOCTD 0K0JI0 90 % Ha 9TOM OTJIOKEHHOM Habope
naHHbIX. OTJI0KEeHHBIH HAbOP JAaHHBIX CXOK C HEM3BECTHBIMU JAHHBIMMU, IIOCKOJIbKY
MOJICJIb «HE BUjIEIay X paHee.
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[NepekpecTHasa NpoBepka Moaenu

[Toreps yacTy HAIMX AAHHBIX AJs 00y4YeHHS MOJENIN — OAMH 13 HEeLOCTaTKOB HC-
[10JIb30BAHUS OTJI0KEHHOr0 HaOOpa JaHHBIX AJISI IPOBEPKH MOoeau. B mpeabiayem
cJIydae IoJoBMHA HaOOpa MaHHBIX He y4acTBYeT B 00yd4eHHH MOAesn! ITO HEONTHU-
MAaJIbHO 1 MOKET CTaTh IIPUYUHON IpobieM, 0COOEHHO eCI NCXOMHbII HaOOp JaHHbIX
HEeBEJIUK.

Opun 13 crrocoboB peleHust aToi MPobIeMbl — nepexpecmuas npogepra (cross-
validation), To ecTh BBITIOJHEHUE MTOCTEAOBATETBHOCTH AMTPOKCUMAIHIT, B KOTOPBIX
KaKJI0€ TIOAMHOKECTBO JIAHHBIX UCIIOJIB3YETCsT KaK B KauecTBe 00ydaiolel mocaen0-
BaTEJILHOCTH, TaK ¥ IPOBEPOUHOTO Habopa. HarisasHo ero MOXKHO TIPEICTABUTD B BH/IE
puc. 5.22.

[MpoBepoYHbIn
Habop

[MpOoBEPOYHbIN
Habop

MonbiTka 2 TMonbiTka 1

Puc. 5.22. Buzyanusauus AByx6104HON NEPEKPECTHOW NpoBepKM

MBI BBITIOJTHSIEM [[BE MOMBITKY TPOBEPKH, TIOTIEPEMEHHO MCIIOIb3Ys KAKIYIO MOJI0-
BUHY JIaHHBIX B KaueCTBE OTI0KEHHOTO Habopa JaHHbIX. BOCIOIb30BaBIIMCH MOJTY-
YEHHBIMU BbITIIE Pa3/eJeHHBIMU TaHHBIMU, MbI MOJKEM PEATN30BaATh 9TO CIIEAYIONIM
obpasoM:

In[6]: y2_model = model.fit(X1, yl).predict(X2)
y1l _model = model.fit(X2, y2).predict(X1)
accuracy_score(yl, yl model), accuracy_score(y2, y2_model)

Out[6]: (0.95999999999999996, 0.90666666666666662)

[TosyueHHbIE YKCIa — [[BE OIEHKH TOYHOCTH, KOTOPbIE MOXKHO 06001UTE (JOTIy-
CTHUM, B351B OT HUX CPejiHee 3HaYeHKe) JIJIs [TOJIyYeHU Jlydliieil Mepbl 061ieil paboThl
MOJIESIU. DTOT KOHKPETHDBII BUJ MEPEKPECTHON MPOBEPKH, B KOTOPOH MbI paszbuiiu
JIAHHbIE Ha J[Ba HAOOPa U 110 0YePe/IU UCTIOIH30BAN KayK/BII U3 HUX B KAUECTBE MPO-
BepoUHOTO HabOpa, HA3BIBAETCS 08YXOL0uHOU nepekpecmuoll nposeproi (two-fold
cross-validation).

MOJKHO PacIpoCTpaHUTh 3Ty WIEI0 Ha CJydail OOJIBIIEro YKCIa MOMBITOK 1 OOJIBIIEro
KoJIyecTBa GJIOKOB IAHHBIX, HATIPUMED, Ha pUc. 5.23 nipejicTaBieHa mATHOI0UHAS Tiepe-
KpecTHas TIPOBEpPKa.
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[MpOoBEPOYHbIN
Habop

[MpoBepoyHbIn
Habop

MpoBepoyHbIn
Habop

[MpoBepOYHbIN
Habop

[MpoBepoUHbIn
Habop

Monbitka 5 MMonbitka4 Monbitka3 [lMonbitka 2 [MonbiTka 1

Puc. 5.23. Busyanusaums nsSTMGI04YHON NepekpecTHOW NpoBepKku

B aToMm cirydyae Mbl pasbrBaeM JaHHbIe Ha [Th TPYIIIL U [0 OYePein UCIIOIb3yeM KaxkK Yo
U3 HUX JIJIST OLIEHKY O0YY€EHMsI MOJIEJIM Ha OCTATbHBIX 4/5 TaHHBIX. JIe/1aTh 5T0 BPYUHYIO
JOBOJIBHO YTOMUTEJIBHO, TAK YTO BOCIIOJIb3YeMC YA0OHON YTUINTON cross_val_score
6ubnmorekn Scikit-Learn s 6oJblieil KpaTKOCTH CUHTAKCUCA:

In[7]: from sklearn.cross_validation import cross_val_score
cross_val_score(model, X, y, cv=5)

Out[7]: array([ ©.96666667, 0.96666667, ©.93333333, 0.93333333, 1. D

HOBTOpeHI/IG IIPOBEPKU T10 PA3JIMYHBIM ITOAMHOKECTBaM JaHHBIX /ITA€T HaM JIydIllee 1mpe/i-
CTaBJICHHE O KaueCTBe pa6OTbI AJITOpUTMa.

Bubimoreka Scikit-Learn peannsyer MHOKECTBO CXeM MEPEKPECTHON MTPOBEPKH, Y100~
HbIX B OTIPe/IEJIEeHHbIX KOHKPETHbIX cuTyarusax. OHu peajin30BaHbl ¢ MOMOIIbIO UTePa-
TOPOB B MOjyJie cross_validation. Hanpumep, Mbl B3sJU TIpeieTbHBIN CIydaid, Mpu
KOTOPOM KOJIUYECTBO GJIOKOB PaBHO KOJIMUYECTBY TOUEK JMAHHBIX, U 00ydYaeM MOEb
B KQJK/IOH ITOIIBITKE HA BCeX TOYKAX, KpoMme o/{HOH. Takoil TUI 1epekpecTHO MpoBepKn
U3BECTEH 110/l Ha3BaHUEM [E€PEKPECTHOI IIPOBEPKU 10 omdenvivim obsexmam (leave-
one-out cross-validation — 10cJI0BHO «IlepeKpecTHast IPOBEPKa 110 BceM 6e3 OLHOro» ),
€e MOKHO HCTI0JIb30BATh CJIELYIOIIM 0O6Pa3OM:
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In[8]: from sklearn.cross_validation import LeaveOneOut
scores = cross_val_score(model, X, y, cv=LeaveOneOut(len(X)))
scores

out[8]: array([

1
1
1
1
1
1.,
1
1
1
1
1
1
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[TepexpecTHast IPOBEPKA TIO OTAETBLHBIM 0OBEKTAM BBIZIACT PE3YIbTaThl 0 BeceM 150 mo-
meITKaM (Beab y Hac 150 BBIOOPOK), TIPHUEM KasKIbIH PE3yIbTaT MOKAa3hIBACT, IPABHUIIb-
HbIM (1.0) Wiu HelmpaBUJIbHBIM (0.0) 6buio npejckasanue. CpejHee 3HAUYEHIE HTHX
PE3YJIBTATOB JIAeT HaM OBIIYIO OIEHKY YacTOTHI OIUOOK:

In[9]: scores.mean()
Out[9]: ©.95999999999999996

AHasOruIHBIM 00PA30M MOKHO BBITTOJIHSTD M JPYTUE CXEMBbI TIEPEKPECTHOIN TPOBEPKIL.
Yro06bI y3HATD, KAKHE €Il UX BAPHAHTHI ecTh B Ouboreke Scikit-Learn, Boctiosib3yiitech
obomnouxkoii IPython ayg mpocMoTpa moamoyJist sklearn. cross_validation miu oGpa-
TUTECh K OHJIAWH-TOKYMEHTAIMH 10 TIepeKpecTHOI mposepke Oubnorekn Scikit-Learn.

Bbibop onTuManbHOM Moaenu

Temnepn, Kora MBI TO3HAKOMUINCH C OCHOBHBIMU UIESIMU ITPOCTON U TIEPEKPECTHON TIPO-
BEPKH, MOKHO HEMHOI'O yIJIyOUThCSA B BOIPOCHI BEIOOPA MOAEIN U TUIIEPIAPAMETPOB.
JlaHHast TeMa peicTaBisieT coboil O/iH U3 HanboJiee BasKHbBIX aCTIEKTOB MAITHHHOTO 00-
YUIEeHUST, TPUYEM 3TH BOITPOCHI 3a4aCTYI0 PACCMATPUBAIOTCS JIUTITh BCKOJIb3h BO BBOJTHBIX
Kypcax MaluHHOTO 00yUYeHusI.

Basxneitimmm sBisieTcs CJIeJy oM BOIIPOC: ¥mo a@]ldmb, eclu Hauwl ouenusamelv no-
Kasvléaem nedocmamouo xXopouwue pesyﬂbmambz? CyHIeCTBYET HECKOJIbKO BO3MOJKHDBIX
OTBETOB:

O HUCIoJb30BaTh OOJIEe CIOKHYIO/TUOKYIO MOJIEIb;

O [UPUMEHSTH MEHEe CIOKHYIO/THOKYIO MOJIETD;
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Q cobpath GoJbiite BBIOOPOK [t 00yUeHUST;

QO cobparb GoJblliie JaHHBIX JJist 100ABIEHUS HOBBIX TIPU3HAKOB K KakK/IOW 3aaHHOMN
BBIOODKE.

OTBeT Ha 3TOT BOIIPOC 3aYaCTyIO TapajiokcaieH. B yacTHOCTH, MHOT/IA MCTIOIb30BAHUE
GoJiee CIIOKHOI MOJICTTM IPUBOUT K XYAIIUM PE3yJIbTaTaM, a [00aBICHNE HOBBIX BbI-
GOPOK /7T 06YIeH s He TIPUBOAUT K UX YIyUIIeHno! Y CIenHbIX CrenaaicTOB-TpaK-
THKOB B 00JIACTH MAIIUHHOTO OOYUYeHMsT KaK Pa3 U OTJIHYAET YMEHUE ONPEIENSITh, KaK1e
JeHCTBUS yIydlIaT XapaKTepUCTUKU MOJICJIH.

KoMnpoMucc Mexay cucteMaTMyecKkor owmnbkon 1 aucnepcuen

ITo cy1ecTBy, BBIOOD «OITUMAIBHON MOZEIN» COCTOUT B IMIOMCKE HAVJIYYIIEr0 KOMITPO-
Mucca Meky cucmemamuueckott ouuokoi (bias) u ducnepcueri (variance). Pacemorpum
puc. 5.24, Ha KOTOPOM TIPEACTABJIEHbI BA CJIyJast PeTPECCUOHHOM anmpoOKCUMAIliH
OJIHOTO Habopa JAHHBIX.

Mogenu co 3HaYNTENbHOM CUCTEMATUYECKOM Mopenu ¢ BbICOKOWM ancnepcuein:
OLLMOKOI: He[00BYYEHHbIE AaHHbIE nepeobyyeHHbIe AaHHbIe

14 14
12
10

onNn MO

-2
00 02 04 06 08 1.0 00 02 04 06 08 1.0

Puc. 5.24. Mogenu perpeccum co 3HaunTeNnbHOM
CUCTEMATMYECKON OLIMGKOI 1 BbICOKOW AMCNepcuen

OueBuIHO, 4YTO 06E MOJIEN HE CJAUIITKOM XOPOIIO alTlPOKCUMUPYIOT HAIIU JaHHbIE, HO
mpoOIEMbI ¢ HUMU Pa3JInIHBIL.

HpI/IBe[[eHHaﬂ CJIeBa MO/1eJ1b IIbITaeTCA HaﬁTH HpﬂMOJII/IHGﬁHOE HpI/I6JII/I>KeHI/Ie K TaHHbIM.
Ho B cuty TOro, 4To BHYTpPEHHsIs CTPYKTYpa JaHHbIX CJIOKHEE IPSIMOI JIMHUM, C IIOMO-
HIbIO HpHMOﬂHHeﬁHOﬁ MO/Z€JIM1 HEBO3MOKHO OIINCATDb 9TOT Ha60p JAaHHBIX TOCTATOYHO
xopomto. O 1og06HOI MOIEN TOBOPAT, 4TO OHA Hedoobyuena (underfit), To ecTb rMOKOCTD
MOJIE/IN HEJOCTATOYHA /ISl YAOBIETBOPUTEIbHOIO YUETa BCEX IPU3HAKOB B JaHHbIX.
JlpyruMu cJ10BaMu, Y STON MOJEIM UMEETCS 3HAYNTEIbHASL CUCMeMAMUYecKas ouuoKa.
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HpI/IBe[[eHHaFI CIIpaBa MO/I€JIb IIbITa€TCA HOZ[O6paTI) JUUId HalllnX JaHHBIX MHOTO4YJIEH
BBICOKOH cTereHu. B aToMm ciydae Mozesb 1OCTaTOYHO rubka, 4ToObI MIPAKTUYECKU
WJIealbHO COOTBETCTBOBATH BCEM HIOAHCAM JAAHHBIX, HO XOTsI OHA ¥ OMUCHIBAET OUY€Hb
TOYHO 00YUAIONYIO MTOCAEA0BATENbHOCTD, KOHKPeTHas ee (hopMa OTpakaeT CKopee
XapaKTEPUCTUKHU TyMa B JAHHBIX, YeM BHYTPEHHUE CBOWCTBA TIPOIECCa, CTeHEPUPO-
BapIero ganmubie. O mogoOHON MOZEIN TOBOPSIT, 9TO OHA nepeodyuena (overfit), To ecTh
rUOKOCTh MOJIETH TAKOBA, YTO B KOHI[E KOHIIOB MOJIE/Ib YIUTBIBAET HE TOJBKO UCXOITHOE
pacrpeeseHre IaHHbIX, HO U CJIydyaiiHbie omMOKN B HUX. JIpYyrUMu cI0BaMu, y 9TOI
MOJIEJT UMEETCSI BBICOKAST INCTIEPCHSI.

Y1006bI B3TJITHYTH C JAPYTOU CTOPOHBI, TOCMOTPUM, YTO MOJYUUTCSI, €CJIU BOCIOJIb-
30BaThCST ATUMHU ABYMST MOJIEISIMU JIJIsT TIPEICKA3AHUS Y-3HAYEHUS 5T KaKUX-T160
HOBBIX JIAHHBIX. B simarpamMmax Ha puc. 5.25 kpacubie (6osee cBeT/IbIe B EYaTHOM
BapUaHTe KHUTH) TOYKKM 0003HAYAIOT UCKIIOUYEHHbIE 13 00yYaloNIeil mocIe0BaTeb-
HOCTH JJaHHBIE.

Mopenu co 3Ha4YnTENbHOM CUCTEMATUYECKON Mogenn ¢ BbICOKO OUCNEPCUEN:
oLINBKO: He00by4eHHbIe AaHHbIe nepeoby4yeHHble AaHHbIe
14 14
OueHka 06y4eHus: R =0.70 OueHka 06y4eHus:
12 Ouenxa nposepku: R* =0.74 12 p=0.98
10 10 OueHka npoBepKu:
R*=-1.8e+09 A )
8 8 L] .
6 6
4 4
2 ) 2
1]
0 = 0
-2 ¢ -2
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

Puc. 5.25. OueHku 3 heKTMBHOCTU MOAENM AJ1s 0BYUEHNs U MPOBEPKM AN MOAENEN
CO 3HAUYNTENIbHON CUCTEMATUYECKON OLUMEKON M BbICOKOW Ancnepcueit

B kauecrBe onenku aPeKTUBHOCTH 3/1€Ch MCIIOJAb3yeTcs R? — xoaguuuenm de-
mepmunauuy W Kodpguuuenm cmewannoi koppeisuuu (HoapodHee 0 HeM MOKHO
MPOYNTATH 1O azpecy https://ru.wikipedia.org/wiki/KoadduumeHT_aetepmmnHaumnn). OH mipej-
cTaBjseT coboil Mepy TOTO, HACKOJIBKO XOPOILO MOZIEb pabOTaEeT 110 CPABHEHMIO C IIPO-
CTBIM CPEJTHIM 3HAUEHUEM TeJIEBBIX BeJNUHH. R?= 1 03HavaeT upeaabHOe COBIAJEHNE
npenackazanmii, a R? = () oKasbIBaeT, YTO MOJIETHh OKA3aaach HUUEM He JIyUIIie TIPOCTOTO
CpeTHeTO 3HAUEHMS JJAHHBIX, 2 OTPUTIATeTbHbIE 3HAUYEHUST YKAa3bIBAIOT HA MOJIEJTH, KO-
TOpbIe PabOTAIOT €ellle XyKe.

Ha ocnose o1ienok apGeKTUBHOCTH BbIIIENPUBEIEHHBIX IBYX MOJIeJIell Mbl MOYKEM
cienaTh cieayroiiee 06001eHHOe HAbMI0IeHNE,
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Q /[l Mozesieil co 3HAUUTETBHON cUCTEMATHYECKOH omubKoi a(hheKTUBHOCTD
MOJIeJI Ha TPOBEPOYHOM HAOOPE MAHHBIX COMOCTaBUMA € ee 3((hHEeKTUBHOCTHIO HA
obyuJalonieit mocjae10BaTeIbHOCTH.

Q /las moneneit ¢ BBICOKOI auciiepcueil apGeKTUBHOCTD MOIETN Ha TTPOBEPOTHOM
Habope JaHHBIX CYNIECTBEHHO XysKe ee a(hPeKTUBHOCTH Ha 0OyJaioniell mocaen0-
BaTeJIbHOCTH.

Ecou 661 MBI yMeJTH YIIPABIATH CIOKHOCTBIO MOJIEIH, TO OIEHKH 3(h(HEKTUBHOCTH JIJIsk
06yUeH s 1 TIPOBEPKH BeJTH OB cebst Tak, Kak MOKa3aHo Ha puc. 5.26.

CxemaTuyeckoe nsobpaxeHune Kp1Boi NpoBepku

3HaunTenbHasa
cucTtemarumyeckas

—>

<— Bebicokas aucnepcusi —>

OueHka apPpekTUBHOCTN Mogenn —>

OnTtumarnbHas

Mozaenb

CnoxHoCTb Mogenu —>

Puc. 5.26. CxeMaTnyeckoe n3obpaxeHue 3aBUCUMOCTU MEXAY C/TOXXHOCTBIO MOAENN U OLlEHKaMM
3hPeKTUBHOCTU AN 0Oy4eHNs 1 NpoBEPKM

IMoxasanHbiil Ha puc. 5.26 rpaduk yacTo Ha3bIBAIOT Kpueol nposepku (validation curve).
Ha nem Mo3xHO HAGI01ATD cJIeIyIolre BasKHbie 0COOEHHOCTH.

O Ouenka apherTUBHOCTH 7t 00yUeHUs BCETia TPEBBIMAET OIEHKY (D PeKTUBHO-
CTU JIJIS TIPOBEPKU. DTO JIOTHYHO: MOJIEJIb JIYUIIIe TTOJXOAUT JIJIsI y3Ke BUAEHHDIX €10
JAHHBIX, YeM JIJIsI T€X, KOTOPbIE OHA eIIle He BUJIEa.

Q Mogenu ¢ oueHb HUBKOI CIOKHOCTBIO (CO 3HAUNTENBHO CHCTEMAaTHIECKON OI-
KOI1) SIBJISIIOTCS HeJ0OOYYEHHBIMMU, TO €CTh 9TU MOZEM OYIyT IJI0XO0 IPEACKA3bIBATH
Kak JaHHbIe 00y4alolleii moc/ie0BaTeIbHOCTH, TaK U JI00ble paHee He BUAECHHbIE
MU JaHHbIe.

Q Mogenu ¢ 04eHb BBICOKOIT CIOKHOCTBIO (€ BBICOKOU AUCIIEPCUEN ) SIBIISIOTCS TIEPe0dy-
YEeHHBIMU, TO €CTh OY/IyT O4€Hb XOPOIIIO IIPeACKa3bIBATh AaHHble 00yUaroLeil mocJe-
JOBATEJIbHOCTH, HO Ha JIOOBIX PaHee He BUIEHHBIX JaHHBIX Pad0TaTh 0YeHb ILJI0XO.
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O KpwuBas npoBepku 0CTUTAET MAKCUMYMa B KAKOW-TO IPOMEKYTOYHOM TOUKe. ITOT
YPOBEHb CJIOKHOCTU O3HAYAET IIPUEMJIEMBII KOMITIPOMKCC MEK/LYy CUCTEMATHYECKON
omKOKON U JyCIepCreii.

CpeficTBa PeryJanpOBaHUS CIOKHOCTH MOJETN PA3IUYAIOTCS B 3aBUCHMOCTH OT
Mozernn. Kak ocymecTBasaTh MOM0OHYIO PETYIUPOBKY JJIST KasKA0 U3 MOJIeedt, Mbl
YBUIUM B CJIEAYIONUX pasjiesax, Koraa Oyaem o6CysKaaTh KOHKPETHbIE MOJIETH TTO/-
pobHee.

KpuBble npoBepku B 6Gubnmoteke Scikit-Learn

PaccmoTrpuM mpumep niepekpecTHON MPOBEPKY JIJI pacueTa KPUBOI TPOBEPKH JIJIST KJlacca
Mojesieit. Mbl GyeM HCIOJIb30BaTh MOOeb NOAUHOMUALLHOU pezpeccuu (polynomial
regression model): 910 060061IeHHAs JTMHEHAS MOJIE]Ib ¢ TapaMeTPU30BaHHON crerre-
HbI0 MHOTOYJTIeHa. Harpumep, MHOTOUJIEH 1-11 cTeneHn anmpoKCUMUPYeT HAIIK JIaHHbIe
MIPSIMOM JINHUEH; TPY TapaMeTpax MOJENH a U b:

y=ax+b.

Muorousen 3-ii creneHn apOKCUMUPYET HaIlU AaHHble KyOUYecKoil KpUBOii; mpu
napameTpax Mojesu a, b, ¢, d:

y=ax’+bx’+cx +d.

ITO MOKHO 0600IIKTH Ha JTI060€ KOJMYECTBO IIOJMHOMUAIBHBIX IIPU3HAKOB. B 6ub/mo-
teke Scikit-Learn peaansoBaTh 9T0 MOKHO € IOMOILBIO IIPOCTOH JTMHEIHOI perpeccun
B COUYETAHUU C MOJUHOMHUAIBHBIM IIPerpoiieccopoM. Mbl BOCIIOJIb3YEMCS KOHBEUEPOM
(pipeline) pyst coeuenns dTUX Ollepaliii B eINHYIO 1erouKy (Mbl 0OCYAMM I1OJIM-
HOMUAJIbHBIE TIPU3HAKU U KOHBeWepsI 1mopodHee B pasjeie «[I[poekTupoBanue mpu-
3HAKOBY» JIAHHON TJIABbI ):

In[10]: from sklearn.preprocessing import PolynomialFeatures
from sklearn.linear_model import LinearRegression
from sklearn.pipeline import make_pipeline

def PolynomialRegression(degree=2, **kwargs):
return make_pipeline(PolynomialFeatures(degree),
LinearRegression(**kwargs))

Teneps coznanum JanHble, HA KOTOPBIX 6yJ:LeM 00y4arh HaIlly MOJIEJIb:
In[11]: import numpy as np

def make_data(N, err=1.0, rseed=1):
# Co3paem cryyaitHble BbIGOPKW HAaHHbIX
rng = np.random.RandomState(rseed)
X = rng.rand(N, 1) ** 2
y =10 - 1. / (X.ravel() + 0.1)
if err > 0:
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y += err * rng.randn(N)
return X, y

X, y = make_data(40)

Busyanuaupyem Halli JaHHBIE BMECTE ¢ HECKOJIBKUMU alllTPOKCUMAIIUSIMHU UX MHOTOY-
JIEHAMU PasJInIHOl crenienn (puc. 5.27):

In[12]: %matplotlib inline
import matplotlib.pyplot as plt
import seaborn; seaborn.set() # plot formatting

X_test = np.linspace(-0.1, 1.1, 500)[:, None]

plt.scatter(X.ravel(), y, color="'black")

axis = plt.axis()

for degree in [1, 3, 5]:
y_test = PolynomialRegression(degree).fit(X, y).predict(X_test)
plt.plot(X_test.ravel(), y_test, label='degree={0}'.format(degree))

plt.xlim(-0.1, 1.0)

plt.ylim(-2, 12)

plt.legend(loc="best');

e CreneHb = 1
— CteneHb=3
10 — CteneHb =5

0.0 0.2 0.4 0.6 0.8 1.0

Puc. 5.27. Annpokcvmauum Habopa AaHHbIX TpeMs pasfinyHbIMU
NOJSIMHOMUA bHLIMWN MOAENAMU

[TapameTpoM, CITysKaIIuM [JisI YIPABIEHUS CIOKHOCTBIO MOJIEJIH, B TAHHOM CJIydae siB-
JISIETCSI CTETIEHh MHOTOUWIEHA, KOTOPAst MOJKET OBITh JIFOOBIM HEOTPUIATEBHBIM YHCIOM.
He nomerrraet 3aj1ath cebe BOIPOC: KaKast CTETeHb MHOTOUJIEHA 00eCTIEYNBAET TTOAXOISIINIT
KOMIIPOMUCC MEKIY CUCTEMATHIECKOil ommbKoi (Hegoo0ydenue) u gucnepcueii (mepe-
obyuenue)?
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YT00BI PENTUTD HTOT BOMPOC, BU3YATU3UPYEM KPUBYIO TPOBEPKHU [T ITUX KOHKPETHBIX
MaHHbIX 1 Mojiesieit. [Tporie Beero ciesiath 970 ¢ MOMOIILIO TIPEA0CTABIsIEMOi 61bImo-
tekoil Scikit-Learn yzo6Hoit yrusmate! validation_curve. Dta (yHKINS, TOJYIUB Ha
BXO/Ie MOJIeJIb, J]aHHbIe, Ha3BaHUe ITapaMeTpa 1 uala3oH /71 aHaIn3a, aBTOMaTHYeCKn
BBIYUCIISIET B HTOM JUANA30He 3HAUEHUE KaK OLEeHKH 3((HEeKTUBHOCTHU JIJIst 0OyYeHuUs,
Tak 1 OIeHKN 9((HEKTUBHOCTH /It TPOBepKH (pruc. 5.28):

In[13]:

from sklearn.learning_curve import validation_curve

degree = np.arange(0, 21)

train_score, val_score = validation_curve(PolynomialRegression(), X, vy,
'polynomialfeatures__degree’,
degree, cv=7)

plt.plot(degree, np.median(train_score, 1), color='blue’,
label="training score') # OueHka oby4veHusn

plt.plot(degree, np.median(val_score, 1), color='red',
label="validation score') # OueHka npoBepkwu

plt.legend(loc="best")

plt.ylim(e, 1)

plt.xlabel('degree') # CTeneHb

plt.ylabel('score'); # OueHka

1.0

0.8
g 0.6
I — OueHka 06y4eHus
g — OLieHKa NpPoBepKM
© 04

0.2

0.0

0 5 10 15 20

CteneHb

Puc. 5.28. KpvBas npoBepku aAns NnpuBefeHHbIX Ha puc. 5.27 paaHHbix (cp.: puc. 5.26)

IToT rpaduK B TOYHOCTH JEMOHCTPUPYET OKUIaeMOe HaMU KaueCTBEHHOE MTOBe/IeHUE:
otteHKa 3(hPeKTUBHOCTU /It 0OYUEHNS Ha BCEM AMATa30He MPEBBIMIAET OMEHKY
ahderTUBHOCTH 17T TIPOBEPKH; OTleHKA 3(DMEKTUBHOCTH 17t 06yYeHHsST MOHOTOH-
HO pacTeT ¢ POCTOM CJIOXKHOCTU MOJeJH, a olleHKa a(pHeKTUBHOCTH /11 IPOBEPKU



420 MnaBa 5 e MalwwnHHOE 06yyeHMe

MOCTUTAET MAKCHMYMa TTepe]T PE3KUM CITAZIOM B TOUKE, T/Ie MOJIETb CTAHOBHUTCS TTepe-
00yUYEeHHOI1.

Kak MOXHO MOHSATH U3 NPUBEIIEHHON KPUBOI TIPOBEPKHU, ONITUMAbHBIN KOMITPOMUCC
MEJK/Iy CHCTEMAaTUYeCKOi OMMOKON 1 AUCIIePCHEl JOCTUTAETC s ISl MHOTOYJIeHA Tpe-
Theili creneHu. Boraucauts 1 0To6pasuTh Ha rpaduKe ATy almpOKCUMAIIIO HA HCXO[HDBIX
JAHHBIX MOKHO cJieyiomum obpasom (puc. 5.29):

In[14]: plt.scatter(X.ravel(), vy)
lim = plt.axis()
y_test = PolynomialRegression(3).fit(X, y).predict(X_test)
plt.plot(X_test.ravel(), y test);
plt.axis(lim);

12

10

-2
-0.2 0.0 0.2 0.4 0.6 0.8 1.0

Puc. 5.29. lNepexkpecTHO-NpoBepeHHas onTuManbHas Moaesb
[ANS NpUBEAEHHbIX Ha pUC. 5.27 AaHHbIX

OT™Medy, 9To /ISt HAXOMKACHUST OTITUMATBHON MOJIEIN He TPEOYeTCst BBIUMCIIATE OTICHKY
a(beKTUBHOCTH IJIsT 0OYUEHUs, HO U3YUYEHUE 3aBUCMOCTH MEK/IY OlleHKaMu a(ek-
TUBHOCTH JIJIst 0OYYEHUST U IPOBEPKH JIACT HAM MOJIE3HYIO HH(MOPMAIIUIO OTHOCHTETHEHO
acdexTnBHOCTH MOJIETH.

KpuBble 06y4yeHns

BaskHBIiT HIOAHC CJIOKHOCTH MOJIENIEH COCTOUT B TOM, YTO ONMITUMATLHOCTh MOJIETU OOBIY-
HO 3aBUCUT OT pazMepa obydaiolieii mocaegosaTeabHocT. HamprmMep, crenepupyem
HOBBIN HAGOP JAHHBIX ¢ KOJUYECTBOM TOYEK B IATH pas 6oJbire (puc. 5.30):

In[15]: X2, y2 = make_data(200)
plt.scatter(X2.ravel(), y2);
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Puc. 5.30. [aHHble ANng AEMOHCTPaLMK KpuBbIX 06yyeHus

[ToBTOPUM BBILIENPUBENEHHbIN KO /Il HOCTPOEHUs rpadrKa KpUBOU 00ydYeHus st
aTOTO GOJIBIIEr0 Habopa JAaHHbIX. [/ CpaBHEHMS BBIBEAEM TTOBEPX U MPEAbILYIINE
pesyabTate (puc. 5.31):

In[16]:

degree = np.arange(21)

train_score2, val_score2 = validation_curve(PolynomialRegression(), X2, y2,
'polynomialfeatures__degree',
degree, cv=7)

plt.plot(degree, np.median(train_score2, 1), color='blue',
label="training score')

plt.plot(degree, np.median(val_score2, 1), color='red',

label="'validation score")

plt.plot(degree, np.median(train_score, 1), color="blue', alpha=0.3,
linestyle="dashed")

plt.plot(degree, np.median(val_score, 1), color='red', alpha=0.3,
linestyle="dashed")

plt.legend(loc="lower center')

plt.ylim(e, 1)

plt.xlabel('degree")

plt.ylabel('score');

CruionHble JIMHUK TTOKa3bIBAOT HOBBIE PE3YJIbTaThl, a 6ojiee OieiHbIe ITPUXOBbIE
JINHUW — PE3YJIbTAThI MPEIBILYIIEr0 MEHbIEr0 Habopa JaHHbIX. 13 KpUBOU MPOBEPKU
SICHO, 9TO 3TOT OOJIBLINI HAOOP JAHHBIX TO3BOJISIET HCIIOAb30BATh HAMHOIO GOJIEe CIOK-
HYIO MOJIEJTh: MAaKCUMYM, BEPOSITHO, BO3Jie CTerieHn 6, HO Jaske MOJIesb co crerenbio 20
HE BBITJISIIUT CUJTBHO TTepe00yIeHHOM — OrleHKN 3(h(HEKTUBHOCTH JIJISI TPOBEPKH 1 00y -
YeHUst OCTAIOTCS OUeHb OJUBKH JAPYT K JAPYTY.
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Puc. 5.31. KpuBble 06y4eHus Anst annpokcUMaLuy NosIMHOMUasbHOM
MOZesnblo NpuBefeHHbIX Ha puc. 5.30 AaHHbIX

Taxum 06pa3zom, Mbl BUIMM, YTO MOBEJCHIE KPUBOI MPOBEPKU 3aBUCUT HE OT OHOTO,
a OT JIBYX BaKHBIX (DAKTOPOB: CIOKHOCTH MOJIEJIN U KOJMYECTBA TOUYEK 00ydeHust. 3a-
YaCTYI0 OBIBAET OJIE3HO MCCIIEI0BATH OBEIEHIE MOJIENH KaK (DYHKIIMHU OT KOJMYECTBA
Touyek 00ydeHust. CesiaTh 3T0 MOKHO MyTEM MCIIOJIb30BAHUS MTOCTENIEHHO YBEINYMBA-
IOIIUXCS TIOZIMHOKECTB IAHHBIX J17isT 00y4eHust Moziesin. I'paduk omeHok st o6ydenusi/
IIPOBEPKH € yY4eTOM pasMepa 00ydatomieil Ioc/e10BaTeIbHOCTH U3BECTEH M0/ Ha3BaHHEM
xpueoil o6yuenus (learning curve).

IToBesieHne KpuBOil 00y4eHUs JOJKHO ObITh CJIELYIOIIMM.

O Mogenb 3aaHHOI CJI0KHOCTH OKAKETCS Nepeobyuenioil Ha CAUIIKOM MaJeHbKOM
Habope JaHHBIX. DTO 3HAYUT, UTO OlleHKa APOEKTUBHOCTH It 00y4YeHus OyaeT oT-
HOCHUTEJIbHO BBICOKOM, a olleHKa 3(D(HEeKTUBHOCTH JJIsT TIPOBEPKU — OTHOCUTENBHO
HU3BKOI.

Q Mogesb 3aJlaHHOM CJIOKHOCTH OKaKeTCst Hed000yueniol Ha CIUIIKOM OOJIBIIOM
Habope JIaHHBIX. DTO 3HAUUT, UTO OlleHKA 3 heKTUuBHOCTH 1711 00yUeHust Oy et
CHMZKATBCS, a OlleHKa 9P (EKTUBHOCTU JJIsl IPOBEPKU — IOBBIIIATLCS 110 MEPe POcTa
pasmepa Habopa JaHHBIX.

O Moenb HUKOT/Ia, Pa3Be 4To CIIy4aiiHo, He TIOKaKET Ha POBEPOYHOM HabOpe JIydIiit
pe3yJIbTaT, 4eM Ha 00yUaIoIIel TTOCIe0BATENbHOCTH. JTO 3HAYUT, YTO KPUBbIE OYIyT
COMMKATHCS, HO HUKOT/IA He TePeCeKyTC.

YuureiBast 3T 0COGEHHOCTH, MOKHO OKH/IATh, 4TO KPUBast 00yueHUs GYIET BBITISANETD
KaueCTBEHHO CXOKel ¢ m306pakeHHON Ha puc. 5.32.
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3ameTHast 0COOEHHOCTD KPUBOU 00YUEHUST — CXOAUMOCTb K KOHKPETHOMY 3HAUEHUIO
OIIEHKH MIPU POCTE YKCIa 00YUIaoINX BEIOOPOK. B 4acTHOCTH, €CJIM KOTUYECTBO TOUEK
JOCTHUTJIO 3HAYEHSI, IPU KOTOPOM JaHHast KOHKPETHAs! MOJIEJb COIILIACh, TO dobasieHue
HOBbIX 0OYuaoOWUX annvlx e nomosxcem! EQMHCTBEHHBIM CIIOCOOOM yIYUIIUTh Kade-
CTBO MOJIEJIN B 9TOM cJiydae OyIeT UCIoJIb30BaHue APyroii (3auacryio boJjiee CI0KHOI)
MOJIEJTH.

Cxematunyeckoe nsobpaxeHue KpuBoi oby4eHns

OueHka acdekTMBHOCTN Moaenn —>
<— Bbicokas ancnepcus —>

Xopoluas annpokcumauus

Pasmep obyuvatowleri nocnenoBaTeNibHOCT —>

Puc. 5.32. CxemaTuyeckoe n306paxxeHne TUNUYHOW KpUBOW 0ByYeHust

Kpussie 00yuenus B oubanoreke Scikit-Learn. BuGinoreka Scikit-Learn npezo-
CTaBJIsAeT yA0OHbIE YTUINThI AJIsl BBIYMCIEHI KPUBBIX 00yueHust 11 Mojeeii. B atom
pasziesie Mbl BBIYUCIUM KPUBYIO OOY49eHMs I HAIIETrO NCXOQHOr0 Habopa JaHHbIX C [10-
JIMTHOMHUATbHBIMU MOJIEJISIMI BTOPOH 1 ZIEBSITOM cTenenu (puc. 5.33):

In[17]:
from sklearn.learning_curve import learning_curve

fig, ax = plt.subplots(1l, 2, figsize=(16, 6))
fig.subplots_adjust(left=0.0625, right=0.95, wspace=0.1)

for i, degree in enumerate([2, 9]):
N, train_lc, val_lc = learning_curve(PolynomialRegression(degree),
X, y, cv=7,
train_sizes=np.linspace(0.3, 1, 25))

ax[i].plot(N, np.mean(train_lc, 1), color='blue', label='training score')
ax[i].plot(N, np.mean(val_lc, 1), color='red', label='validation score')
ax[i].hlines(np.mean([train_lc[-1], val_1lc[-1]]), N[@], N[-1],
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color="gray',

linestyle="dashed")
ax[i].set_ylim(@, 1)
ax[i].set_xlim(N[@], N[-17])
ax[i].set_xlabel('training size') # Pa3mepHOCTb 0by4eHus
ax[i].set_ylabel('score")
ax[i].set_title('degree = {0}'.format(degree), size=14)
ax[i].legend(loc="best")

CreneHb =2 CteneHb =9
1.0 1.0—
e [ Sl e e e e e e ey
0.8 0.8
T 0.6 0.6
I
Q
=
O 04 0.4
0.2 0.2
OueHka 06y4eHns __ __ OueHka 06y4eHus
0.0 OueHka NnpoBepkn — 0.0 OueHka NpoBepKn
10 15 20 25 30 10 15 20 25 30
Pa3mepHoCTb 00y4eHus Pa3mepHocTb 06y4eHus

Puc. 5.33. KpuBble 06yueHns ans Moaenu HusKol (ciesa)
1 BbICOKOW CNOXHOCTU (cripasa)

ITO IEHHBIN OKA3aTeb, TOCKOJIBKY OH HATJISIZIHO JIEMOHCTPUPYET HAM PEAKITHIO Hallel
MOJIEJTN Ha yBendeHne obbeMa 00yJalolnX JaHHbIX. B yacTHOCTH, TOcJie TOTO MOMEHTA,
KOT/Ia KpUBast OOYUEHNUS YKe CONMIACh K KAaKOMY-TO 3HAYEHHIO (TO €CTh KOT/Ia KPUBBIE
00yueHus1 1 IPOBEPKU YiKe OJIM3KU APYT K APYTY), dobasnenie 0onomumenvivix 00y-
UAIOUUX OAHHBIX HE YIYUUUN ANNPOKCUMALUIO CYUeCMEenHo! ITa CUTYaIHsT OTPaskeHa
Ha JIEBOM PHUCYHKE ¢ KPUBOH 0OYIEHMST /7SI MOJIETN BTOPOH CTETIEH.

EnuHCTBEHHBIN CI10C00 yIyYIIeH s OLEHKHU YoKe COIIEIIeNcss KPUBOI — MCII0JIb30BaTh
apyryto (00BIYHO GoJiee CITOKHYIO) MOJIEb, DTO BUIHO HA MTPABOM PUCYHKE: Tepeiist
K 60J1ee CI05KHOI MOJe/IH, MbI YJIy4IlIaeM OLIEHKY [JISI TOYKK CXOAMMOCTU (OTMEYEHHYIO
IITPUXOBOIT JIMHIEN) 3a cueT GoJiee BHICOKOI Aucnepcu Mojes (COOTBETCTBYIONIEi
PACCTOSTHUIO MESKLy OlleHKaMu 3 deKTuBHOCTH 7t 00yueHwust u TpoBepkn). Ecoiu Obt
HaM [IPUILIOCH J0OABUTS elle OOJIbIIe TOUEK, KpuBasd 00yueHus 111 GoJiee CI0KHOM 13
9TUX MOJIeJIeil Bce PABHO B UTOTE Obl COIILIACH.

ITocTpoenue rpaduka KpUBOil 00yUEHM A1 KOHKPETHBIX MOJEJH 1 Habopa JaHHbIX
obJieryaet IPUHSITIE PEIIEHUsI O TOM, KaK TIPOJABUHYTHCS €Ille JajbIie Ha My TH yIyd-
IIEeHWST aHAJIN3A JAHHBIX.
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[MpoBepKa Ha NpaKTUKe: MOUCK MO CeTKe

W3 mpeiecTByOMero 06CyKIACHIS BbI JOJKHBI OBLTH TIOHSTH CMBICJ KOMIIPOMHECCA
MESK/LY CUCTEMATUIECKON OMMOKON U IUCTIEPCUE U €T0 3aBUCHMOCTD OT CJIOKHOCTU
MOJIeJTH U pa3Mepa obyuJaroteii mocieosareabHocti. Ha mpaktike y Mojieseit 06b14Ho
6OJIBIIIE OJIHOTO TTAPAMETPA, TTOITOMY rpahUKK KPUBBIX TIPOBEPKHU U 0OYIEHUSI TIPEBPa-
IAI0TCSA U3 IBYMEPHBIX JIUHUH B MHOTOMEPHBIE TOBEPXHOCTHU. BhimoHeHne mogoOHbIX
BU3YJIU3AIUI B TAKUX CJAYYastX MPEACTABIISCT COOON HEMPOCTYIO 3a/a4y, TOITOMY
JIy4Iile OTBICKATh KOHKPETHYIO MOJIEJb, TIPH KOTOPOIi OTleHKa (D (PEeKTUBHOCTH 17l TIPO-
BEPKH JIOCTUTAET MAaKCUMYMa.

Bubimoreka Scikit-Learn mpegocrasiisier /s 9TOH 1€/ ClIelnaIbHble aBTOMaTIUe-
CKMe MHCTPYMEHTBI, COJIEPIKAIIMECsT B MOLyJIe grid_search. PaccMOTPUM TPeXMEPHYIO
CETKY TIPU3HAKOB MOJIEJIN — CTEIIeHW MHOTOUJIeHa, (yrara, yKa3blBaloIIero, HyKHO JIk
oAGUpPaTh TOYKY MEPECEUEHNUsI ¢ OChI0 KOOPAMHAT, U (bjiara, yKasbIBaIOIETO, CIELYeT
JIA BBITIOJTHATD HOPMAJU3AIUIO. BBITTOTHUTH 3TH HACTPONKHM MOKHO € TIOMOII[BIO MeTa-
oleHnBaresig GridSearchcv 6ubanorexu Scikit-Learn:

In[18]: from sklearn.grid_search import GridSearchCV

param_grid = {'polynomialfeatures__degree': np.arange(21),
'linearregression__fit_intercept': [True, False],
'linearregression__normalize': [True, False]}

grid = GridSearchCV(PolynomialRegression(), param_grid, cv=7)

OrMmeuy, 4TO, Kak U OOBIUHBII OlLlEHMBATEb, OH €Ille He ObLI IPUMEHEH K KaKUM-
au6o ganabiM. Obydenne MOLeNN HAPIAY € OTCAEKUBAHUEM IIPOMEKYTOYHBIX
o1eHoK 3 GEKTUBHOCTU B KaXK/I0W U3 TOYEK CETKU MPOU3BOJUTCS TTyTEM BbI30BA
metoga fit():

In[19]: grid.fit(X, y);

[Tocsie 06yueHMst MOSKHO Y3HATH 3HAUEHMSI ONITHMAJIbHBIX TTAPAMETPOB:

In[20]: grid.best_params_

Out[20]: {'linearregression__fit_intercept': False,
'linearregression__normalize': True,
'polynomialfeatures__degree': 4}

[Tpu HEO6XOAUMOCTH MOKHO BOCTIOJIB30BATHCS ITON ONTUMAIBHOM MOJIEIBIO 1 MTPO-
JIEMOHCTPUPOBATH ATIIPOKCUMAIIUIO C MOMOIIBIO YK€ BUACHHOTO BaMU BBIIIE KO/
(puc. 5.34):

In[21]: model = grid.best_estimator_

plt.scatter(X.ravel(), y)
lim = plt.axis()
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y_test = model.fit(X, y).predict(X_test)
plt.plot(X_test.ravel(), y_test, hold=True);
plt.axis(lim);

12

10

-0.2 0.0 0.2 0.4 0.6 0.8 1.0

Puc. 5.34. OnTumansHas Moaenb, onpeaeneHHas NnocpeacTsom
aBTOMAaTWUYECKOro Momncka no ceTke

Y nowucka 1o ceTke UMeeTCst MHOKECTBO OIIIINIA, BKITI0YAsi BO3MOKHOCTU 3aJIaHHUsI TI0JIb-
30BaTEIbCKON (DYHKITUU OIeHKU 3(PHeKTUBHOCTH, pacniapajlieIuBaHNs BbIYUCTEHUN,
BBITIOJTHEHUST CJIYYaitHOTO ITOMCKA U JIP. [lJ1st mosrydeHms IonoJaHUTeIbHON nHMOpMaIun
CM. TIPUMEPBI B pasjiesiax «3arjsiHeM TryGsKe: sijiepHast OleHKa IJIOTHOCTH Paciipejie-
nenns» u «IIpukmagHas 3amava: KOHBelep pacro3HaBaHUS JUI» JaHHOM TJIaBbI WIN
obparurech K qokyMenTaiyu 6ubanorekn Scikit-Learn, IIOCBAIIEHHON IIOMCKY 110 CETKE
(http://scikit-learn.org/stable/modules/grid_search.html).

Pe3iome

B 9TOM paszesie Mbl IPUCTYIAIIN K U3YYEHUIO TIOHATU TTPOBEPKH MOJIEIN U OTITUMU3a-
MU TUTeprapaMeTpoB, GOKYCUpyst BHUMaHKUE Ha HATJISHBIX ACIIEKTaX KOMIIPOMUCCA
MESK/LY CHCTEMATHIeCKOI OMMOKOii U iuctepereii u ero paboThl TP TIOATOHKE MOJeJIeit
K ZIaHHBIM. B 4acTHOCTH, MBI OOHAPYIKIIIM, UTO KPALiHe BAXHCHO UCTIONH30BATH TIPOBEPOU-
HbIH HAOOP WJIK [IEPEKPECTHYIO TPOBEPKY MPH HACTPOIKE MapaMeTpoB, 4T0ObI M36eKaTh
nepeodyudeHus GoJiee CJI0KHBIX/THOKUX MOJIETIEN.

B cienyonux pasziesnax Mbl IeTalbHO PACCMOTPUM HEKOTOPbIE 0OCOGEHHO YI0OHbIE
MOJIEJIH, TIOMYTHO 00CYK/Iast UMEIOIUecss BOSMOKHOCTH MX HACTPOIKHU M BIUSTHUE
ATUX CBOOO/HBIX MAPAMETPOB Ha CI0KHOCTH Mojiesin. He 3abbiBaiiTe ypoKu aTOr0 pas-
Jlesia TPy aJibHEHIIeM YTeHU U KHUTY U U3YYeHUU YIOMSHYThIX METOI0B MAITMHHOTO
00yueHus!
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[1poekTupoBaHMe NPU3HAKOB

B npeabiaynux pasjiesnax Mbl 00pucoBajiv 6a30Bble IOHSATUST MAITUTHHOTO 00YY€eHMS,
HO BO BCeX IIPEJII0JIarajoch, YTO HAIU JJAHHbIE HAXO/ATCS B aKKypaTHOM (hopMmare
[n_samples, n_features]. Ha npakTuke ke JaHHBIE PEAKO MOCTYHAIOT K HAM B T10-
lIO6HOM BUJE. HOBTOMy O/ITHUM U3 BaKHEHUIINX 9TAIOB MCIOJb30BAHNS MAITNHHOTO
00yueHus Ha IIPaKTUKe CTAHOBUTCS npoekmuposanue npusnaxos (feature engineering),
TO eCTb IIpeodpasoBaHue Beell Kacalouleiics 3agaur HHGOPMAIUY B YKCJIA, IPUTOIHbIE
JUJIST TIOCTPOEHUST MATPUITBI TTPU3HAKOB.

B 5TOM pasjesie Mbl PACCMOTPUM HECKOJBKO YaCTO BCTPEYAIOIIUXCsT IPUMEPOB 3aj1au
[POEKTUPOBAHUST TPU3HAKOB: IPU3HAKHY 151 IPEICTABJIEHSI KAME2OPUALOHHIY OQHHbIX
(categorical data), npu3HaKu /151 IPEACTABIEHST MEKCMA 1 IPU3HAKHU JIs IPEICTaBIe-
HUst usoOpacenuil. Kpome Toro, Mbl 06CYIUM HCTIOJNb30BAHUE NPOUIBOOHBIX NPUSHAKOS
(derived features) /ist TIOBBINIEHUST CTIOKHOCTH MOJIEJTH U 3ATIOJTHEHUE OTCYTCTBYIOTIITX
JIAHHBIX. DTOT MPOIECC YACTO HA3BIBAIOT 6EKMOPU3AUUET, TAK KAK OH BKJIIOYAeT npeod-
pa3oBaHME JaHHBIX B HpOI/ISBOJIbHOfI (l)opMe B aKKypPaTHbIC BEKTOPDI.

KaTeropvanbHble NpuaHaku

Kamezopuanvrvie nanupie — OJIMH U3 PACIIPOCTPAHEHHBIX TUTIOB HEUNCJIOBBIX JIAHHbIX.
Hanpumep, soiycTuM, 4To Mbl aHAJIU3UPYEM KaKKMe-TO JaHHble 110 [leHaM Ha XKUJbe
1, TOMUMO YUCJIOBBIX TPU3HAKOB, TAKUX KaK «Il€HA» M «KOJMYECTBO KOMHAT», B HUX
nmeercs naopmanus o Mukpopaiiore (neighborhood). Hanpumep, nycrs Hamm gan-
HBIE BBITIIS/IAT CIAEAYIONIM 00pasoM:

In[1]: data = [

{'price': 850000, 'rooms': 4, 'neighborhood': 'Queen Anne'},
{'price': 700000, 'rooms': 3, 'neighborhood': 'Fremont'},
{'price': 650000, 'rooms': 3, 'neighborhood': 'Wallingford'},
{'price': 600000, 'rooms': 2, 'neighborhood': 'Fremont'}

]

Bam Mosker 1mokasatbesa coOa3HUTENBHBIM KOAWPOBATb 9TU [laHHBIE C IIOMOIIbIO 3a-
JaHWA TIPAMOTO Y CJIOBOTO OTO6pa>K€HI/IHZ

In[2]: {'Queen Anne': 1, 'Fremont': 2, 'Wallingford': 3};

Ho oxasbiBaercs, uro B 6ubiamoreke Scikit-Learn takoii moaxo He ouerb y1o0eH: Mo-
JIeJTH IAHHOTO MAKeTa UCXO/SIT 13 6A30BOTO JIOIYIEHNUST O TOM, YTO YHCIOBbIE IPU3HAKI
oTpakaroT ainrebpanueckue BemunHbl. ClreoBaTe IbHO, TT006HOE 0TOOpaKkeHMe OyIeT
mojipasyMeBatTh, HarpuMmep, 4to Queen Anne < Fremont < Wallingford nm naxe arto
Wallingford — Queen Anne = Fremont, 4to, He cunTast COMHUTEIbHBIX AeMOTPapIIecKIX
IIyTOK, HE UMEET HUKAKOTO CMbICJIA.
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VcnbiTanHbIM METOIOM JIJISE TAKOTO Cllydast ABJISeTCs npsamoe xoouposanue (one-hot
encoding), o3HayaoIIee CO3AaHKe AOMOTHUTEIBHBIX CTONOLOB-NHANKATOPOB HAIIYM,/
OTCYTCTBUS KATEFOPUHU C IIOMOIIbI0 3Hauyenuil 1 unu 0 coorsercTBenno. [Ipu nanuunm
JaHHbIX B BUJIE CIIMCKA CJAOBapeil /sl 3TOM 1IN MOKHO BOCIIOJIb30BATHCS YTUIUTOM
DictVectorizer 6ubinorexu Scikit-Learn:

In[3]: from sklearn.feature_extraction import DictVectorizer
vec = DictVectorizer(sparse=False, dtype=int)
vec.fit_transform(data)

Out[3]: array([[ 9, 1, 0, 850000, 41,
[ 1, o, 0, 700000, 31,
[ o, o, 1, 650000, 3],
[ 1, o, 0, 600000, 211, dtype=int64)

O6parute BHUMaHUE, 4TO cTOJ0e1 neighborhood peBpaTHIICS B TPU OTAETHHBIX
cTOJIOIA, OTPAKAIONIUX TPH METKU MUKPOPANOHOB, U YTO B KaX/0# cTPOKe cTOUT 1
B COOTBETCTBYIOIEM ee MUKpopaiiony crosibie. [locie mogo6HOTO KOAUPOBAHUS
KaTeropuabHbIX MPU3HAKOB MOKHO MPOJOJKUTE 0OyueHue moaesn Scikit-Learn
06BIYHBIM 06Pa3OM.

YT06bI Y3HATD, YTO O3HAYAET KK/l CTOJOEI], MOKHO [TOCMOTPETh HA3BaHUS TIPU-
3HAKOB:

In[4]: vec.get_feature_names()

Out[4]: ['neighborhood=Fremont’,
'neighborhood=Queen Anne’,
'neighborhood=Wallingford"',
'price’,

'rooms ']

Y sTOro nmoaxoa UMeeTcs OAUH OYEBUIAHBIM HEJOCTATOK: €CJAN KOJINYeCTBO 3HAYEHNNI
KaTeropuu BeJIMKO, pasMep Habopa JaHHbBIX MOKET sHauumenvio Bbipactt. OHAKO 110-
CKOJIbKY KOJIUPOBAHHbBIE JIAHHbIE COCTOAT B OCHOBHOM U3 HYJIeii, 9 (PeKTUBHbBIM peliie-
HueM OyJieT paspeskeHHbIi (popMaT BbIBOA:

In[5]: vec = DictVectorizer(sparse=True, dtype=int)
vec.fit_transform(data)

Out[5]: <4x5 sparse matrix of type '<class 'numpy.inté64'>’
with 12 stored elements in Compressed Sparse Row format>

Muorwue (x0Ts1 I0Ka He Bee) orleHuBarenu oubimoreku Scikit-Learn pomyckator nepe-
Jla4y UM [10J0OHBIX Pa3PeKeHHBIX BXOAHBIX JaHHBIX IIPU 00yYeHUHU U OLIEHKe MOJIEJIel.
st mopnepskku nogobHoro koaupoBanus 6ubanorexa Scikit-Learn Bkiiodaer aBe
JIOIIOJIHUTEJIbHBIE YTUJINTHL: sklearn.preprocessing.OneHotEncoder u sklearn.fea-
ture_extraction.FeatureHasher.
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TeKkCcToBble NPU3HAKK

ITpu IPOEKTUPOBAHIY MTPUSHAKOB YacTO TpeOyeTcst IpeoOpasoBbIBATh TEKCT B HAGOD
PENpe3eHTaTUBHBIX YNCIOBBIX 3HaYeHnit. Hampumep, B ocHoBe Hanbosee aBToMaTH-
YECKMX TPOLEAYP U3BICYECHUS TAHHBIX COMMANbHBIX MEIUA JEKUT OTPEICTCHHbII
BUJI KOAMPOBAHUS TEKCTa YMCAOBBIMU 3HaYeHusAMU. OINH U3 MPOCTERIINX METONOB
KOIMPOBAHWS JaHHBIX — T10 KOJUUECMEY CL0G: IS KAKA0T0 (pparMeHTa TeKcTa moj-
CYMTHIBAETCS KOJIMYECTBO BXOKIEHUIT B HEIO KajKI0TO U3 CJIOB, TIOCJIE Yero Pe3y IbTaThl
[IOMEIIAIOTCS B TaOJIHILY.

Pacemorpum coreytonuii Habop 13 Tpex (pas:

In[6]: sample = ['problem of evil',
'evil queen’,
"horizon problem']

JLJist BEKTOPUBAIIMN STUX JAHHBIX Ha OCHOBE YKCJIa CIOB MOKHO CO3/[aTh CTOJIOIIbI, COOT-
BeTcTByIomMe cioBaM problem, evil, horizon u T. ;1. XoTst 970 MOJKHO ¢/I€TaTh BPYYHYIO,
MbI U36€KUM HYIHOIM pa60Tb1, BOCII0JIb30BABIIKCH YTUJIMTOI CountVectorizer 6ubimo-
texu Scikit-Learn:

In[7]: from sklearn.feature_extraction.text import CountVectorizer
vec = CountVectorizer()
X = vec.fit_transform(sample)
X

Out[7]: <3x5 sparse matrix of type '<class 'numpy.int64'>'
with 7 stored elements in Compressed Sparse Row format>

PesysbTar mpezcrasisier co60il pa3peskeHHYI0 MATPHILY, COAEPIKAIIYI0 KOJUIECTBO
BXOJKIEHUIT Kax0r0 U3 cyioB. [liist yno6eTBa Mbl ipeodpasyeM ee B 00beKT DataFrame
€ MapKMPOBAHHBIMU CTOJIOTIAMU:

In[8]: import pandas as pd
pd.DataFrame(X.toarray(), columns=vec.get_feature_names())

Out[8]: evil horizon of problem queen
0 1 0 1 1 0
1 1 0 0 0 1
2 4] 1 0 1 (4]

Y 5TOr0 MojIxo/ia CyIecTBYIOT POOIEMBI: HCIIOJIB30BaHKE HETIOCPEACTBEHHO KOTHYECTB
CJIOB BeJIET K IIPU3HAKAM, C KOTOPBIMU BCTPEYAIOINMCSI OU€Hb YACTO CJIOBAM IIPUIAETCST
CITUTITKOM GOJTBITIOE 3HAYEHHE, & ITO B HEKOTOPBIX AJITOPUTMAX KJIACCH(DUKAIIITT MOKET
oKazaThest CyGomTuMaTbHbM. OIVH 13 TIOXO0/I0B K PEMIEHNIO 9TOH MPOGIEMbI N3BECTEH
MOJT HA3BAHUEM <MepPMa-o06pammuas uacmommocms doxymenmas (term frequency-
inverse document frequency) wau TF-IDF. Ilpu HeMm cioBa moay4aior BEC ¢ yIeTOM
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YaCTOTBHI MX MOSBJICHUS BO BceX IOKyMeHTaX. CUHTAKCUC BBIYUCICHIS 3TUX TIPU3HAKOB
AQHAJIOTUYCH NIPE/bIAYIIEMY IIPUMEPY:

In[9]: from sklearn.feature_extraction.text import TfidfVectorizer
vec = TfidfVectorizer()
X = vec.fit_transform(sample)
pd.DataFrame(X.toarray(), columns=vec.get feature_names())

Out[9]: evil  horizon of problem queen
@ 0.517856 0©.000000 0.680919 0.517856 ©.000000
1 ©0.605349 0.000000 0.000000 0.000000 ©.795961
2 0.000000 ©0.795961 0.000000 ©0.605349 ©.000000

Yro6bl yBUAETD TpuMep uctionbzoBanus TF-IDF B 3agauax kiraccuduramnmm, cM. pas-
nen «3arssineM ray6ske: HanBHas 6aitecoBCKasT KIACCUMUKATINS> TAHHON TTABDI.

Mpu3HaKn ons n306parkeHni

JlocTaTouHo YacTo 151 3a1a4 MAIIMHHOTO 00yYeH st TpeOyeTcs COOTBETCTBYIOUIUM 00pasoM
KOAMPOBATh u306pascenus. TIpoCcTeHmil MOAX0M — TOT, KOTOPBIN MbI HCIIOJIb30BAJIH JIJIsI
Habopa JAHHBIX PYKOMUCHBIX UMD B pasjese «3HaAKOMCTBO ¢ oubimorekoit Scikit-Learns
9TOM IJIaBbl, — UCIIOJIb30BATH 3HAUYEHUSI MHTEHCUBHOCTU caMMX IKcesoB. Ho nogobmbie
TIO/IXO/Tbl MOTYT, B 3aBUCUMOCTH OT MIPUKJIA/THON 3a/[a4u, OKAa3aThCsl HEOITUMAJbHBIMU.

Bcecroponnunii 0030p METOI0B BblIeJI€HK IIPU3HAKOB /It U300PasKeHUI BbIXOIMT Jajie-
KO 32 paMKH JIAHHOTO Pa3/iesia, HO BBl MOYKeTe HAUTH OTJIMYHbIE PEeATTU3aIM MHOKECTBA
CTaHJAPTHBIX OAX0A0B B ripoekTe Scikit-Image (http://scikit-image.org/). Bripouem, oxun
[IPUMEP COBMECTHOTO Hctiob3oBanus 6ubarorexu Scikit-Learn u nakera Scikit-Image
BBl MOJKeTe HaliTu B paszene «[Ipukiaanas 3ajaya: KOHBeHep pacio3HaBaHUS JINI>
JIAHHOI TJIABBI.

[Mpon3BoaHble NMpU3HaKku

Euie oauH yao0HBIN THIT TPU3HAKOB — BbIBEIECHHbBIEC MATEMAaTHYECKU U3 KaKUX-JTHO0
BXO/IHBIX TIPU3HAKOB. MBI y3Ke BCTPEUaINCh ¢ HUMU B pasziesie <[ umeprnapaMeTps u mpo-
BepKa MOJIeJIM» 3TOU IJIaBbl, KOT/A CO3/IaBAJIA NOAUHOMUATDHBLE NPUSHAKY U3 BXOTHBIX
JAHHBIX. MBI BUAEJIM, YTO MOKHO IIPe00PasoBaTh JMHEHHYIO PEIPECCHIO B TIOTITHOMI-
AJIbHYIO PErPECCHUIO He IIyTeM U3MEHEHMsI MOJIEJIM, a IPe0OPas0BaHisd BXOAHBIX JaHHbIX!
ITOT MeTOI, U3BECTHBIN M0/l Ha3BAHUEM Pe2peccuil 10 KOMOUHAUUY OASUCHBIX (YHKUULL
(basis function regression), paccmarpuBaetcst ToapoOHee B pasjiesie «3arjistHeM riyoxe:
JIMHeHAsT perpeccusi» TeKyIel TIaBbl.

Hampumep, 04eBUIIHO, YTO CIEAYIONINE TAHHbIE HETb3sT AIEKBATHO OTINCATH C TIOMOTIHIO
npsmoit sunun (puc. 5.35):
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In[10]: %matplotlib inline
import numpy as np
import matplotlib.pyplot as plt

x = np.array([1, 2, 3, 4, 5])
y = np.array([4, 2, 1, 3, 7])
plt.scatter(x, y);
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Puc. 5.35. [laHHble, KOTOPbIE HEMb35 XOPOLLO
onucaTb C NOMOLLBIO MPSIMOV JIMHUM

TeM He MeHee MbI MOKEM TI0[00PaTh PA3IEIISIONLYIO TIPSIMYTO JIJIST ITHX JAHHBIX C TOMO-
b0 GyHKIWMY LinearRegression U MOIyIUTh ONTUMAJIbHBIN pe3yabTat (puc. 5.36):

In[11]: from sklearn.linear_model import LinearRegression
X = x[:, np.newaxis]
model = LinearRegression().fit(X, y)
yfit = model.predict(X)
plt.scatter(x, y)
plt.plot(x, yfit);

N WA OO N

o

0 1 2 3 4 5 6

Puc. 5.36. HeynauHas npsiMonivHelHasi annpokcMMaums
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OueBUIHO, UTO JIJIsT OTIMCAHUST 3aBUCUMOCTH MEXK/LY X U i HaM TPeOYETCsT UCTI0Nb30BaTh
6oJiee ca0KHY0 MOJEI b, CemaTh 3T0 MOKHO Iy TeM TIPeoOPa3OBaHuUs JaHHbIX, 100aBUB
JOTIOJTHUTEJIbHBIE CTOJIOIBI TPU3HAKOB [IJIsI yBeJUUeHUsT THOKOCTH Mozeu. J[o6aBuTh
B JIAHHBIE TIOJIMHOMUAJIbHBIE TPU3HAKY MOKHO CIIEAYIONINM 00Pa30M:

In[12]: from sklearn.preprocessing import PolynomialFeatures
poly = PolynomialFeatures(degree=3, include_bias=False)
X2 = poly.fit_transform(X)

print(X2)

[r 1. 1. 1.]
[ 2. 4. 8.]
[ 3. 9. 27.]
[ 4. 16. 64.]
[ 5. 25. 125.]]

B Matpuile Tpou3BOIHBIX TPU3HAKOB OJUH CTOJIGEI COOTBETCTBYET X, BTOPOH — X2,
a TpeTuii — x°. Pacuer TUHEIHON perpeccu Jist 9TUX PACITHPEHHbBIX BXOAHBIX JaHHBIX
[I03BOJISIET TIOJIYYUTh HAMHOTO JIYYINYTO armpokcumMaiiuio (puc. 5.37):

In[13]: model = LinearRegression().fit(X2, y)
yfit = model.predict(X2)
plt.scatter(x, y)
plt.plot(x, yfit);

N W b~ 00O N ©

o

0 1 2 3 4 5 6
Puc. 5.37. JIuHeliHasi annpoKcMMaLysi no npou3BOAHbIM
MOJSIMHOMWAsbHBLIM NPU3HaKam

Wnest yrydienust MOJEU TIyTeM He N3MEHEHUS CaMOW MOJIENH, a MpeoOpa3oBaHus
BXOJIHBIX JJAHHBIX SIBJIsIeTCsl Oa30BOil T MHOTUX OoJiee MPOABUHYTHIX METOJOB Ma-
MUHHOTO 00yueHust. Mbr 06CynM aTy ueio moapobHee B paszese «3ariasHeM Try6-
JKe: JIMHEHHAsT Perpeccusi» JAHHOM TIaBbl B KOHTEKCTE PErPecCHy 10 KOMOMHAINH
6asucubix GyHKIWiL. B obieM ciydyae ato myTh kK HaGopy 06JaMaI0TINX OTPOMHBIMHE
BO3MOKHOCTSIMU METOJIMK, U3BECTHBIX IO/ Ha3BaHUeM <«sdepuvie memoovt> (kernel
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methods), koTopbie Mbl paccMOTPUM B pasjieie «3arjsgHeM riyosKe: MeTO OIOPHBIX
BEKTOPOB» TEKYyIIel TJIaBbl.

BHeceHune OTCYTCTBYHOLLMX AaHHbIX

Erte omia yacTo BCTpevaromasics 3ajiaua B MPOEKTUPOBAHIN TIPU3HAKOB — 00paboTKa
OTCYTCTBYIONHX AAHHBIX. MBI yske 06CYKIMM ATOT BOTPOC B 00heKkTax DataFrame B pas-
nesie «O6paboTKa OTCYTCTBYIONINX AHHBIX» TJIABBI 3 U BUEJH, YTO OTCYTCTBYIOIIE
JAHHBIE YaCTO MOMeYaioTcst 3Hadennem NaN. Hampumep, Hant #Hab0p AaHHBIX MOKET
BBITJISIZIETH CJIEYIONNM 06pa3om:

In[14]: from numpy import nan
X = np.array([[ nan, o, 3 1],
(3, 7, 9 1,
[ 3) 5) 2 ])
[ 4) nan} 6 ])
[s8 8 11D
y = np.array([14, 16, -1, 8, -5])

ITpu ncmoIb30BaHUN ISt TTOOOHBIX JaHHBIX TUITHYHON MOJIEJIN MAIIMHHOTO 00YUCHUST
HEOOXOMMO CHAYATA 3aMEHUTD OTCYTCTBYIOTIIE TAHHbIE KAKUM-THO0 TIOIXOISIIIM
3HaueHUEM. JTO JIeHiCTBUE HAa3bIBACTCS 3anoinenuem (imputation) mpoIyieHHbIX 3Ha-
YeHUll, 1 METOJIUKU €r0 BBIIIOJHEHHST BAPbUPYIOTCS OT IPOCTHIX (HAIPUMED, 3aMEHbBI
MPOIYIEHHBIX 3HAYEHUH CPEIHIM 3HAYEHUEM TI0 CTOJIOIY) /10 CIOKHBIX (HATIPUMED,
C MCTIOJTh30BAHUEM BOCCTAHOBIEHIST MaTpuIl (matrix completion) man onmbKroycTO-
YIBOTO aJITOPUTMA JIJIst 00pabOTKHU MOKO00HBIX JaHHbIX ).

CJ103KHBIE TIOZIXO/TBI, KaK TIPABUJIO, OUEHD CUIBHO 3aBUCAT OT KOHKPETHOM MTPUKJIAIHOM
3ajlaui, U MbI HE CTaHeM YIIyOJsIThest B HUX. [IJist peausaiiuy CTaHAapTHOTO MOAX0/1a
K 3aII0JTHEHUIO TIPOITYIIIEHHBIX 3HAYEHUT (C UCTIONBb30BAaHUEM CPE/THETO 3HAUCHS, Me/Ina-
HBI WJIM 9aCTO BCTpevalonierocs snauenns ) 6ubanoreka Scikit-Learn npezocrasisier
KJjacc Imputer:

In[15]: from sklearn.preprocessing import Imputer
imp = Imputer(strategy='mean')
X2 = imp.fit_transform(X)

X2
Out[15]: array([[ 4.5, ©. , 3. 1,
[3., 7., 9.1,
[3., 5, 2.1,
[4 3 5 ) 6 ])
[ 8., 8 , 1. 1D

B pesyzprare MbI TIOJYYHIIN IaHHBIE, B KOTOPBIX /[Ba MTPOITyTIeHHbIE 3HAYEHWST 3aMeHEHbI
Ha CpeHee 3Ha9eHNe OCTANbHBIX SJIEMEHTOB COOTBETCTBYIONIETO CTOI0OMA. DTH JaHHbIE
MOKHO TIepe/iaTh, HallpuMep, HeloCcpeICTBEHHO OlleHuBarTeo LinearRegression:
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In[16]: model = LinearRegression().fit(X2, y)
model.predict(X2)

Out[16]:
array([ 13.14869292, 14.3784627 , -1.15539732, 10.96606197, -5.33782027])

KoHBenepbl Npu3HaKkoB

Bo Bcex npenblayImx IpruMepax MOsKeT ObICTPO HaZ0ECTh BBIIOJIHSTH IIPeo0pa3oBaHMsI
BPYUYHYIO, 0COOEHHO eCJIH HYKHO CBA3aTh LEIIOYKON HECKOJIbKO Haros. Hampumep, Ham
MOZKET IIOHAZOOUThCS CAeAYIOMNI KoHBeliep 06paboTKH.

1. BHecTu BMeCTO OTCYTCTBYIONIUX JIAHHBIX CPETHUE 3HAUYCHUS.
2. TIpeobpasoBaTh MPU3HAKY B KBAPATHYHBIC.

3. OOyuuTh MOJIEJb JIMHEIHOM PErpeccu.

Jl1st opranusanuy noToKoBoi 06paboTku nmogobHoro Kouseiiepa bubanoreka Scikit-
Learn mpezioctaBiisieT 00beKT KOHBeHepa, KOTOPbIiT MOKHO UCITOJIB30BATh CJIE/LYOTIIM
06pasom:

In[17]: from sklearn.pipeline import make_pipeline

model = make_pipeline(Imputer(strategy='mean'),
PolynomialFeatures(degree=2),
LinearRegression())

ITOT KOHBeWep BBITAAAUT U PYHKIMOHUPYET aHAJOTUIHO OOBIYHOMY OOBEKTY
o6ubanotexu Scikit-Learn, u BBIOSHSAET BCe 3aaHHbIe ATy IS JTIOOBIX BXOIHBIX
JIAaHHBIX.

In[18]: model.fit(X, y) # BbluenpuBeneHHbl# MaccuB X C MPONYyWEHHbIMU 3HAYEHUAMM

print(y)
print(model.predict(X))

[1416 -1 8 -5]
[ 14. 16. -1. 8. -5.]

Bce mmaru 3T0ii Mozies i BBIOJIHSIOTCS aBToMarndeckit. O6paTiTe BHUMAHUE, YTO JJIsT
IIPOCTOTBI IEMOHCTPAIIUT MbI TIPUMEHUJIA MOJIENb K TeM JIaHHBIM, Ha KOTOPBIX OHa ObLia
o6ydeHa, UMEHHO MTOATOMY OHA CyMeJia CTOJIb XOPOIIo TpeicKasarh peayibrar (bosee
MoPOGHOE 0OCYIKAEHIE 9TOTO BOMPOCA MOKHO HAWTH B pasnese «[umepmapaMerpor
U TIPOBEPKa MOJICJIN»> JAHHOM TJIaBbI).

Hexkoropsbie mpumepsl paboTsl KoHBeliepos 6ubaunorexn Scikit-Learn Bel yBugute
B CJIEIIYTOTIEM Pasjiesie, MOCBSIIEHHOM HAWBHON GaiiecOBCKO#T KraccrUKaAIIH, a TakKe
B pasfenax «3arysiHeM TayOsKe: TUHEHHAS Perpeccrst> 1 «3arysiHeM Tay0OiKe: MeToJ
OTIOPHBIX BEKTOPOB» 3TOH IJIaBBI.



3arnsiHeM rnybxe: HanBHas H6ailecoBckasi knaccudmkaums 435

3arnsHem rnybxxe: HanBHas 6anecoBckast
Knaccndukaums

[Ipeapimyiye yeTbipe pasesia ObLIH IIOCBIIEeHbl 001eMy 0630y IPUHIUIIOB MaIlNH-
HOro o0yueHs. B aToM 1 ciefyionieM pasjeiax Mbl II0ApOOHO PACCMOTPUM HECKOJIBKO
CIIENNATU3UPOBAHHbIX JITOPUTMOB JJIst 00yueHus 6e3 1 ¢ yauTesieM, HAUMHASA ¢ HAMBHOI
HailecoBCKOil KaccuuKaium.

Haussble GaitecoBCKHE MOEN — TPYIINA UCKIFOYUTENLHO OBICTPBIX U TIPOCTBIX aJIr0-
PUTMOB KJIacCH(BUKAIINH, 329aCTYIO TIOIXOSIIIX JIJIsT HAOOPOB JIAHHBIX 0Y€Hb BHICOKIX
pasMepHocTeil. B cuty ux ObICTPOTBI U CTOJIb HEOOJIBIIOTO KOJMYECTBA HACTPAMBAEMbIX
MapaMeTPOB OHM OKa3bIBAIOTCS OYeHb YAOOHDI B KaueCTBe TPyOOTo ATATOHA JIJIS 3a1a
KJIACCUGMUKAIII. ITOT PA3fieT MBI OCBITHM HATISIHOMY OOBSICHEHUIO PabOThHI Ha-
UBHBIX 6alleCOBCKUX KJIACCH(UKATOPOB BMECTE C IBYMsI IPUMeEPaMu UX paboOThI Ha
HEKOTOPBIX HAOOPax JaHHBIX.

balecoBckas knaccudukaums

Hawsnbie GaftecoBckue KaaccrhUKaTOPsl OCHOBAHBI Ha 6aileCOBCKUX METOIaX Kiac-
cudUKaINN, B OCHOBE KOTOPBIX JISKNUT TeopeMa baiteca — ypaBHeHMe, onMchIBaoIee
CBSI3b YCIIOBHBIX BEPOSTHOCTEH CTATHCTHUECKUX BeTnunH. B GailecoBekoii Kimaccudu-
KaIliy HaC MHTEPECYeT TIOUCK BEPOSITHOCTU METKH (KaTEerOPUH) TPH ONpeIe e HHBIX
3a/TAHHBIX TIPU3HAKAX, SBISIONINXCS PE3YIbTaTaMI HAOMIOEHNT /9KCTIEPUMEHTOB, 060-
snauennoii P(L | mpusnakos). Teopema Baiieca mo3Bosier BBIpasuTh 9TO B TEPMHUHAX
BEJIMYNH, KOTOPbIE Mbl MOKEM BBIUUCJIUTD HATIPSIMYIO:

P(nipusHakoB | L)P(L
P(L|mpu3HakoB) = ( 2(HpI/ISHaI|(Ol)3)( ).

Onyn 13 crioco60B BeiOGOpa Mex Ly AByMs MeTkamu (L, u L)) — BBIMHCIUTS OTHOIIEHIe
armoCTEPUOPHBIX BEPOSITHOCTEN A/ KayKIOU U3 HUX:

P(L, |mpusnakoB)  P(mpu3HakoB|L,)P(L,)
P(L, |npusnakos)  P(mpusnakos|L,)P(L,)’

Bcee, 4TO HaM Tereph HyKHO, — MOJIEJb, ¢ OMOIIbIO KOTOPOH MOKHO OBLIO ObI BbI-
apcanth P(npusHakos | L) aust kaxaoii 13 Metok. [Togo6Hast MOjieb Ha3bIBaeTCst
noposcoaioueil modenvio (generative model), MOCKONBKY OIpesessieT IMmoTeTUYeCKUi
CJIyYaiHbIH TIPOIIECC FeHePAIUH JAHHBIX. 3alaHie TIOPOSKAAIONIEH MOIEIHN JIUIsT KaKI0M
U3 METOK/KaTeropuii — ocHoBa 00yueHst 10100HOT0 GaitecOBCKOTO KiaccudukaTopa.
O6o61eHHast Bepcus MoA00HOTO Iiara 00y4YeHus: — HelpocTast 3ajada, HO Mbl YIIPO-
CTUM ee, IPUHIB HEKOTOPbIE YIIPOMIAIOIINE JOIYIIEHHsT O BUAE MOJIEIIH.
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VIMeHHO Ha 9TOM 3Talle BOSHUKAET CJI0BO «HAUBHBII» B HA3BAHUU <«HAWBHBII Oalie-
COBCKUI KJTacCU(UKATOP»: clleaB OUeHDb «HAUBHOE» OMYIIEHNE OTHOCUTEIHHO
MOPOKAAIOIIEH MOIEIU It KaXK/[0# 13 METOK/KaTerOPUil, MOKHO OYJIET OTBICKATh
rpy6oe npubInIKeHre TTOPOKAAIONIEH MOIENH ST KasKI0TO KJacca, IMOCae 4ero
nepeiitu Kk GailecoBckoil Kraccubukauu. Pa3invnable BUBI HAMBHBIX 0aifleCOBCKUX
KJIaccu(UKATOPOB OCHOBBIBAIOTCS HA PA3JIMUHDBIX «HAUBHBIX> JIOMYNIEHUSAX OTHOCH-
TeJIbHO JJAHHBIX, Mbl PACCMOTPUM HECKOJIbKO U3 HUX B CJIEAYIONNX padjenax. Haunem
¢ OOBIYHBIX UMIIOPTOB:

In[1]: %matplotlib inline
import numpy as np
import matplotlib.pyplot as plt
import seaborn as sns; sns.set()

[ayccoB HanBHbIM 6anecoBCKUI KaccudukaTop

BeposiTHo, camblii IpOCTOM /11 HOHMMaHWs HauBHBINA GallecOBCKUI KaccubuKaTop —
TayccoB. B aTom Kiaccudukarope JOIyIieHne COCTOUT B TOM, UTO OAHHbIE BCEX KAME20PULL
B35TMbL U3 NPOCNO20 HOPMATLHOZ0 pacnpedenenus. Ilyckail y Hac UMEIOTCS CTeMyIole
nanHbIe (prc. 5.38):

In[2]: from sklearn.datasets import make_blobs
X, y = make_blobs(100, 2, centers=2, random_state=2, cluster_std=1.5)
plt.scatter(X[:, @], X[:, 1], c=y, s=50, cmap='RdBu');
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Puc. 5.38. [laHHble ana HaMBHOW HaliecoBCKOW KnaccudumkaLumm

OnuH 13 caMbIX OBICTPBIX CIIOCOOOB CO3IAHMUS IIPOCTON MOJIEJIN — JAOILYILEHKEe O TOM,
YTO JaHHble MOJYUHSIIOTCS HOPMAJbHOMY PacIpeieaeHnio 0e3 KoBapuali MeKLy
usmepenusaMu. st oOydeHus 9Toil MO HO0CTATOUHO HAUTU cpejiHee 3HaYeHue
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U CTaHAApTHOE OTKJIOHEHUE TOUYEK BHYTPH KaXKAOH M3 KaTeropuil — sTo Bce, 9TO
TpebyeTcst Ui OTcanus MoA0OHOTO pacipeaeaeHus. Pe3yabTart 3T0ro HaMuBHOTO
l'ayccoBa ponymieHus mokasan Ha puc. 5.39.

DJIJINTICHL HAa 9TOM PUCYHKe MPEICTaBIAI0T ['ayccoBy TOPOKIAIOINIYI0 MOIENTb /IS
KayK/ION M3 METOK C POCTOM BEPOSITHOCTH TT0 MepPe MPUOIMKEHUH K TEHTPY JJIUTICA.
C moMoIIbIo 9TOI MOPOXKAAIONIEH MOJEIN I/ KaKI0T0 KJIacca Mbl MOXKEM JIETKO
BBIYUCINTH BEPOSITHOCTh P(IPU3HAKOB | L) //Isl Kak10il TOUKH JaHHBIX, & CJIE/0-
BaTEJbHO, OBICTPO PACCYUTATh COOTHOIIEHWE JIJISI AllOCTEPUOPHOI BEPOATHOCTH
1 OTIPE/IENTNTD, KAKAS M3 METOK € OOJIBIITEH BEPOSITHOCTHIO COOTBETCTBYET KOHKPET-
HOM TOouKe.

JTa mpolleaypa peaqn3oBaHa B orleHuBaresie sklearn.naive_bayes.GaussianNB:

In[3]: from sklearn.naive_bayes import GaussianNB
model = GaussianNB()
model.fit(X, y);

-10

-15
-8 -6 -4 -2 0 2 4 6 8

Puc. 5.39. Busyanusaums FayccoBoii HanBHOMN 6aiecoBcKol Moaenu

Crenepupyem Kakue-HUOY/Ib HOBbIE JAHHBIE U BBITTOJHUM MTPEACKA3AHIE METKI

In[4]: rng = np.random.RandomState(0)
Xnew = [-6, -14] + [14, 18] * rng.rand(2000, 2)
ynew = model.predict(Xnew)

Terepb y Hac ecTh BO3MOKHOCTb ITOCTPOUTH IPA(UK 9TUX HOBBIX JAHHBIX U [IOHSATh, T/1€
npoJieraeT rpanuia npuHaTa pemennii (decision boundary) (puc. 5.40):

In[5]: plt.scatter(X[:, @], X[:, 1], c=y, s=50, cmap='RdBu')
lim = plt.axis()
plt.scatter(Xnew[:, @], Xnew[:, 1], c=ynew, s=20, cmap='RdBu',
alpha=0.1)
plt.axis(lim);
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Puc. 5.40. Busyanusaums [ayccoBoV HauBHOM
6aiiecoBckol knaccudmkaumm

Mpbl BU/inM, 4TO TpaHuIla cJIerka U30THYTA, B 1eJIOM rpaHuiia pu ['ayccoBom HauBHOM
6alieCOBCKOM KJracCU(UKATOPE COOTBETCTBYET KPUBOU BTOPOTO TTOPSI/IKA.

IMosioskuTEIbHAS CTOPOHA 9TOr0 GAHECOBCKOro (POPMaIbHOTO MPECTaBACHI 3aKIII0-
JaeTcs B BO3MOKHOCTHU €CTECTBEHHON BEPOSITHOCTHON KJIacCH(MUKAITNU, PACCINUTATH
KOTOPYIO MOYKHO C IIOMOIIbIO MeTO/la predict_proba:

In[6]: yprob = model.predict_proba(Xnew)
yprob[-8:].round(2)

out[6]: array([[ ©.89, 0.11],
[1. , e. 1],
[1. , eo. 1,
[ 1. , eo. 1,
[1. , eo. 1],
[1. , e. 1],
[ . , 1. 1,
[ .15, 0.85]])

Cronb1B 0TPaskaioT amocTePHOPHBIE BEPOSTHOCTH MEPBOI 1 BTOPOIT METOK COOTBET-
crBerHo. [Tomo6uble HaliecOBCKIE METOBI MOTYT OKAa3aThCsT BEChMA YI0OHBIM MOIXOIOM
P He0OGXOIMMOCTH TOTYIEH ST OTIEHOK TOTPENTHOCTEN B KJIacCuDUKATIIN.

KauectBo mosrygaemoii B utore kiraccuduKaIuyl He MOKeT TIPEeBBIIIATh KauecTBa HC-
XOJIHBIX JIOMYTIEHNH MO, moaToMy ['ayccoB HauBHBIN OaitecoBCKMiT kmaccuduka-
TOP 3aYaCTYIO HE JIEMOHCTPUPYET CJAUIIKOM XOPOIIUX Pe3yJIbTaToB. TeM He MeHee BO
MHOTHX CJTy4astX — OCOOGEHHO TIPH 3HAYUTETIBHOM KOJTMYECTBE MPU3HAKOB — HCXOJHBIE
JOTIYIIEHUST He HaCTOJIBKO TIOXH, YT0ObI HUBEJIUPOBaTh yA06cTBO [ayccoBa HAMBHOTO
GaiiecoBckoro kiraccruuKaTopa.
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MonMHOMManbHbIN HanBHbIN 6aecoBCKMI KnaccudukaTop

layccoBo nomyinenne — ganeko He eIMHCTBEHHOE ITPOCTOE JIOTTYIIeHre, KOTOPOe MOKHO
MCITOJIb30BATH JIJISI OMUCAHUS TTOPOK/AIONIETO paciipeiesieHus st Bcex MeTok. Ere
OJIVH ITOJIE3HbII IIPUMEDP — HMOJIMHOMUAIbHbIA HaUBHBII OaliecOBCKUN KaaccupuraTop
C JIOIYIIIEHVEM O TOM, YTO TIPU3HAKU CreHePUPOBAHbI HA OCHOBE TIPOCTOTO MOJTUHOMM-
aIBHOTO pactipeziesicHus. [lommHOMUaIbHOE pactpeieicHe ONMMChIBAET BEPOSTHOCTD
HaOII0JeHUs. KOJIMYECTB BXOKACHUI B HECKOJIBKO KaTEerOPHii, TakuM 00pasoM, 1o-
JINHOMMAJIbHbI HaUBHBIN GaileCOBCKUI KacCU(pUKATOP JIydllle BCEro MOAXOAUT JJIsk
MPU3HAKOB, OTPAKAIONNX KOJUYECTBO UJIA YACTOTY BXOK/IEHUS.

OcHoBHas ujiest OCTAeTCSA TOYHO TAKOH e, HO BMECTO MOJIETTMPOBAHUS PacIpeie/eHUs
JAHHBIX € ONTUMAJIbHON ['ayccoBoii (hyHKITHEH MbI MOZIETTUPYEM pacipe/ieieHue TaHHBIX
C ONITUMAJIBHBIM TIOJIMTHOMUAJIBHBIM PACIIpe/IeIEHUEM.

ITpumep: kiaccudukanus rexcra. [TomHOMIAIbHbIN HaUBHBII OaliecOBCKI Kiraccrdu-
KaTOp HEPEZIKO UCIIOIb3YeTCsI TIPH KIACCU(MUKAIINY TEKCTA, T/Ie TIPH3HAKU COOTBETCTBYIOT
KOJIMYECTBY CJIOB MJIM YaCTOTaM MX YIOTPeOJIeHNsT B KIACCH(DUITUPYEMBIX IOKYMEHTAX.
Mbr yzke 00Cy K 1T BOIIPOC U3BJIEYeH s TOJ0OHBIX TIPU3HAKOB 13 TeKCTa B pasjiesie <[1po-
eKTHPOBAHHE TIPU3HAKOBY TAHHOW TTABBI. 37IECH XK€, YTOOBI TTPOAEMOHCTPHPOBATH KITACCH-
(prkaIIIo KOPOTKUX TOKYMEHTOB 110 KaTETOPHSIM, MBI BOCTIOJTB3YEMCSI Pa3PesKeHHBIMI TIPH-
3HAKaM¥ KOJIM4ecTB c10B 13 Kopiryca Tekcta 20 Newsgroups («20 IMCKyCCHOHHBIX TPYIITT ).

CkauaeM JaHHbIC 1 N3YYNM 11€JIEBbIC Ha3BaHUA:

In[7]: from sklearn.datasets import fetch_2@newsgroups
data = fetch_20@newsgroups()
data.target_names

Out[7]: ['alt.atheism',
'comp.graphics’,
'comp.os.ms-windows.misc"',
'comp.sys.ibm.pc.hardware’,
'comp.sys.mac.hardware',
'comp.windows.x",
'misc.forsale’,
'rec.autos’,

rec.motorcycles’,

rec.sport.baseball’,
rec.sport.hockey"',

'sci.crypt’,

'sci.electronics’,

'sci.med’,

'sci.space’,

'soc.religion.christian’,

"talk.politics.guns',

'talk.politics.mideast’,

'talk.politics.misc’,

"talk.religion.misc']
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JLiist TPOCTOTHI BBIGEPEM JIUIITh HECKOJIBKO M3 9TUX KaTETOPHii, TIOCJIe YeT0 CKauyaeM 00y-
YAOIIYI0 U KOHTPOJBHYIO [TOC/Ie[0BATENbHOCTH:

In[8]:

categories = ['talk.religion.misc', 'soc.religion.christian', 'sci.space',
'comp.graphics']

train = fetch_20@newsgroups(subset="train', categories=categories)

test = fetch_2@newsgroups(subset="test', categories=categories)

Bor tunnynbiii obpasel 3arucu 13 9Toro Habopa JaHHbIX:
In[9]: print(train.data[5])

From: dmcgee@uluhe.soest.hawaii.edu (Don McGee)

Subject: Federal Hearing

Originator: dmcgee@uluhe

Organization: School of Ocean and Earth Science and Technology
Distribution: usa

Lines: 10

Fact or rumor....? Madalyn Murray O'Hare an atheist who eliminated the

use of the bible reading and prayer in public schools 15 years ago is now
going to appear before the FCC with a petition to stop the reading of the
Gospel on the airways of America. And she is also campaigning to remove
Christmas programs, songs, etc from the public schools. If it is true

then mail to Federal Communications Commission 1919 H Street Washington DC
20054 expressing your opposition to her request. Reference Petition number
2493.

YT06bl UCITONB30BATh TH JAHHBIE JJIsST MAIIMHHOTO 00yUYeHMsI, He0OXOMMO MPeod-
Pa3oBaTh COAEPAKUMOE KasKI0M CTPOKH B UUCI0BOI BeKTOp. [[JIs1 5TOr0 BOCIIONb3YyeMCsl
BekTopuzaropom TF—IDF (kotopsiit 06cy:xaanu B paszuene «[IpoekTupoBaHue prsHa-
KOB» TEKYILEH IJIaBbl) U CO3aAUM KOHBEHep, NPUCOeUHSIONINI €ro II0CIe0BaTeIbHO
K TI0JIMHOMMAIbHOMY HAUBHOMY 0alleCOBCKOMY KIacCH(pUKATOPY:

In[10]: from sklearn.feature_extraction.text import TfidfVectorizer
from sklearn.naive_bayes import MultinomialNB
from sklearn.pipeline import make_pipeline

model = make_pipeline(TfidfVectorizer(), MultinomialNB())

C ITOMOIIIBIO 3TOTO KOHBeﬁepa MbI MOJKEM ITPUMEHUTDb MO/IEJIb K 06yqa10meﬁ IIocyae/10-
BaTEJIbHOCTHU U IPEACKA3aTb METKHU AJIAA KOHTPOJIbHBIX JaHHbBIX!

In[11]: model.fit(train.data, train.target)

labels = model.predict(test.data)
Tertiepp, npecKa3aB METKH JIJIsT KOHTPOJIBHBIX JIAHHBIX, MbI U3YYUM WX, YTOOBI BBISIC-
HUTB 9 GEKTUBHOCTD PaboTHI olleHuBaTesist. HampuMep, BOT MaTpHIla PasJInyiii MEKLY
HACTOSIIIIUMHY U TIPECKA3aHHBIMU METKAMU JIJIST KOHTPOJIbHBIX TaHHBIX (puc. 5.41):
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In[12]:

from sklearn.metrics import confusion_matrix

mat = confusion_matrix(test.target, labels)

sns.heatmap(mat.T, square=True, annot=True, fmt='d', cbar=False,
xticklabels=train.target_names, yticklabels=train.target_names)

plt.xlabel('true label')

plt.ylabel('predicted label');
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HacTtosiwas meTtka

Puc. 5.41. Matpuua paznnyuii 4nst NOAMHOMUANbLHOO HaUBHOMO
6allecoBcKoro knaccudukaTopa TekcTta

Jlazke 5TOT OUeHb MIPOCTOI KIACCUMDUKATOP MOXKET JIETKO OT/ETSITH OOCYKACHUST KOCMOCA
OT INCKYCCUH O KOMITBIOTEPAX, HO OH TTyTaeT 0OCYsKIEHSI PETUTUN BOOGIIE U 00CyKIe-
HUS XPUCTUAHCTBA. BeposiTHO, 3TOTO CJIeI0BATIO OKUIATH!

Xopolias HOBOCTh COCTOUT B TOM, UTO Y HAC TEIEPb €CTh UHCTPYMEHT OTIPe/IeIeHUs
KaTeTOPUH JJIST 110604 CTPOKHU € TIOMOTILIO MeTofa predict () Harmero Kouseiepa.
Cirenytomuii hparMeHT Kojia OIMKMCHIBAET TIPOCTYIO BCIIOMOTAaTebHYIO (DYHKITUIO, BO3-
BpaIIaoNIyIo MPeACKa3aHue I OTAeIbHON CTPOKH:

In[13]: def predict_category(s, train=train, model=model):
pred = model.predict([s])
return train.target_names[pred[0]]
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IMonpobyem ee Ha feie:

In[14]: predict_category('sending a payload to the ISS')
Out[14]: 'sci.space'

In[15]: predict_category('discussing islam vs atheism')
Out[15]: 'soc.religion.christian'

In[16]: predict_category('determining the screen resolution')
Out[16]: 'comp.graphics'

ITO JIUTID TTPOCTAsT BEPOATHOCTHAS MOJIENh (B3BEIIEHHO ) YaCTOTHI KaXKI0TO U3 CJIOB
B CTPOKE, TeM He MeHee Pe3yJibTat ropasuresiet. /aike ouenb HAMBHBIN aJITOPUTM MOKET
0Ka3aThCsl YAIMBUTETBHO 3(DPEKTUBHBIM TPU PA3YMHOM UCIIOJIB30BAHUY U 0OYYEHUN HA
6OJTBIITIOM HAbOPE MHOTOMEPHBIX [TAHHBIX.

Koraga vMeeT CMbIC/ UCMOb30BaTh HAaMBHbIN 6anecoBCKUM
KnaccndukaTop

B cuity ¢Tosb cTpOrUX 0Ty IEeHni OTHOCUTETBHO IAHHBIX HAMBHBIE HalleCOBCKHIE Kac-
cuUKaTOpbl 0GBIYHO PabOTAIOT XyIKe, ueM HoJiee CI0KHbIE Mojiei. TeM He MeHee Y HUX
€CTb HECKOJIBKO TOCTOMHCTB:

U OHMU BBIIIOJIHAIOT KaK O6y‘-IEHI/Ie, TaK U IIpeJCKa3aHNe UCKIIOYUTEJIbHO 6I)ICTPO;
a obecrieunBaioT IIPOCTOE BEPOATHOCTHOE ITPEACKA3aHIE;
O UX pe3yJabTaTbl YaCTO OYEHDb JIETKU JIJI NHTEPIIPpETAINH;

QO y HUX OYeHb MaJIo (eciu BOOOIIe eCTh) HACTPAMBAEMbIX TAPAMETPOB.

ITHU OCTOMHCTBA 03HAYAIOT, YTO HAMBHBIN GalleCOBCKUN KaccuGuKaTOp 3a4acTyo
OKa3bIBACTCS YIAUHBIM KaHMIATOM HA POJIb IEPBOHAYAIBHON 3TAJIOHHOM Kaccudu-
Kaiuu. Ecsii oKka3bpIBaeTcsl, YTO OH JIeMOHCTPUPYET Y/I0OBJIETBOPUTEIbHbBIE Pe3YJIbTaThl,
TO TIO3/[PABJISIEM: BbI HAIILIK JIJIsI CBOEHT 33/1a41 04€Hb OBICTPBIN KIacCu(hUKaTop, BO3Bpa-
MAOIIUN OYeHb YIOOHBIE JIJIsT HHTEPIIPETAI[UY PE3YJIbTaThl. ECJIU JKe HET, TO Bbl BCeT/a
MOJKeTe HauaTh IpoOOBaTh OoJiee CJAOKHDBIE MOJIEH, YKe UMesl TIPEJCTABICHUIE O TOM,
HACKOJIBKO XOPOIIIO OHU JIOJIKHBI PabOTATh.

HaugsHuble 6aiiecoBCcKre KaacCu(hUKATOPbI CKJIOHHBI [EMOHCTPUPOBATH 0COOEHHO XOPO-
IIK€e Pe3yJIbTATDI B CJAEAYIOIUX CAYIAsIX:

QO Korja aHHble AeHCTBUTEIBbHO COOTBETCTBYIOT HAMBHBIM JOIYIIEHUAM (Ha TIPAKTHKE
GbIBACT OUYEHD PEIIKO);

QO /Ui OYeHb XOPOIIO Pa3/le/iIeMbIX KaTerOPHid, KOT/a CJI0KHOCTh MOJIEJIN He CTOJIb
BaskKHa;
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O /I JaHHBIX C OYE€Hb GOJIBIINM YHUCIOM HSMepeHHﬁ, Korga CJIOKHOCTb MOJEJIN He
CTOJIb Ba’sKHa.

[lBa nocyieIHUX ciydast KaKyTcs OT/EJbHBIMU, HO Ha CAMOM JleJie OHU B3aMMOCBSI3a-
HBI: TI0 ME€P€e POCTa KOJIMYECTBAa U3MEPEHUIT y Habopa JAaHHBIX BEPOSATHOCTD OJIU30CTH
JIEOOBIX JIBYX TOUEK T1ajiaeT (B KOHIE KOHIIOB, YTOOBI HAXOAUTHCS PSIZIOM, OHU JIOJIKHBI
HAXOAUTHCS PSIIOM 10 KAHO0MY U3 UsmMepenuil). ITo 3HAUNT, YTO KJIACTEPHI B MHOTO-
MEPHBIX CJAYYasIX UMEIOT CKIOHHOCTD K G0Jiee BHIPasKeHHON H30JISATIUH, YeM KJIACTEPh
B CJIyYasiX C MEHBIINM KOJTUYECTBOM M3MepPeHU (KOHEUHO, €CJIM HOBbIE U3MEPEHUS
NEeWCTBUTETbHO BHOCAT AOTOJHUTENbHYT0 nHbopManuio). [ToaTtomy ynpoiienHbie
KJIaccuUKATOPBI, TaKe KaKk HauBHBINA OallecOBCKUIT KaaccudUKATOP, IPU PocTe
KOJINYECTBA U3MEPEHN HAaYMHAIOT PaboTaTh HEe XYyJKe, a TO U JIydiiie 60Jee CI0KHBIX:
KOTJ/Ia JIAHHBIX JJOCTATOYHO MHOTO, JIa’ke TPOCTasg MOJIEeJIb MOKET OKa3aThCsl BeCbMa
adexTrBHOI.

3arnsaHeM rnybxe: NMHeNHas perpeccust

AHaJIOrMYHO TOMY, KaK HauBHBII OaiiecoBCKmii KaaccudukraTop (KOTOPbIA Mbl 00CY K-
JIai B pasjiesie: «3aryisHeM rayGxke: HanBHas GaiiecoBCKas KiracCUpUKAIUSI» JaHHOI
[JIaBbl) — OTJIMYHAS OTIPaBHAsd TOYKa JJId 3a/1ay KiaaccupUKalluK, Tak U JUHeHHble
PerpeccuoHHbIe MOJIEJI — XOPOIiiast OTIPaBHast TOYKa JJIs 3a1a4 perpeccuu. 11ono6-
HBIE MOJIEJIH TIOTYJISIPHBL B CUJIY OBICTPON 00y4aeMOCTH U BO3BpaTa OYeHb yIOOHBIX
JIJISI THTEPIIPETAIINY Pe3yJIbTaToB. BepoaTHO, BB y:ke 3HAKOMBI ¢ TIpocTeliieli (hopmMoii
JIMHEIHOI perpeccuoHHoi Mojiesin (TO ecThb oAO0pa I JaHHBIX Pa3eIsaioneil mps-
MO JINHWN), HO TaKUE MOJETN MOKHO PACTPOCTPAHUTh Ha MOJEIUPOBaHue U Hoee
CJIOJKHOTO TI0BE/ICHNS JJAHHBIX.

B atom Ppasziesie Mbl HAaUHEM C 6bICTpOI‘O N MHTYUTHUBHO INOHATHOI'O MaTEMAaTUY€CKOTO OITN-
CaHMs U3BECTHOM 3aJla4yn, a TIOTOM HepeﬁﬂeM K BOITpoCaM O606HI€‘HHI)IX JIMHEIHBIX MoO/1e-
neﬁ, YUUTBIBAIOIINX 6oJtee CJI0KHbIE TaTTEPHBI B JaHHBIX. Haunem ¢ 0ObIYHBIX MMITIOPTOB:

In[1]: %matplotlib inline
import matplotlib.pyplot as plt
import seaborn as sns; sns.set()
import numpy as np

MpocTas NMHeNHast perpeccms

Haunewm ¢ iuneiinoii perpeccut, MpsAMOJIUHENHOM alllTPOKCUMAIINY HAIIUX JaHHBIX. [1psi-
MOJIMHEHHAST ATTPOKCUMATIUS TTPEICTABIISIET cOO0N MOJIeIb BUA i = ax + b, B KOTOPOIi
@ M3BECTHA KaK Y210601 K0dpduuuenm, a b — Kax mouka nepeceuenusi ¢ ocvio koopounam Y.

PaccmoTpum coienyioliiye ganHble, pacipeiesieHHbIe OKOJIO IPSIMOI C YTIJIOBBIM K023d-
unrenToM 2 u ToUKOIT Iepecederust —5 (puc. 5.42):
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Puc. 5.42. [laHHble AN NMHENHON perpeccum

In[2]: rng = np.random.RandomState(1)
x = 10 * rng.rand(50)
y =2 * x - 5+ rng.randn(50)
plt.scatter(x, y);

Bocrosnbsyemcs onenuBaresieM LinearRegression us 6ubimorexu Scikit-Learn mist
00yueHUst Ha 9TUX JaHHBIX U MOUCKA ONITUMAJIBHON MpsiMoit (puc. 5.43):

In[3]: from sklearn.linear_model import LinearRegression
model = LinearRegression(fit_intercept=True)

model.fit(x[:, np.newaxis], y)

xfit
yfit

np.linspace(0, 10, 1000)
model.predict(xfit[:, np.newaxis])

plt.scatter(x, y)
plt.plot(xfit, yfit);

IMox6upaembie mapameTpbl Mojenn (B oubanoreke Scikit-Learn Bcerga comepsxkat
B KOHI[E 3HAK TIO[YEPKUBAHNUS) BKIIOYAIOT YIIOBOH KOA(DGMUIIMEHT 1 TOUKY Tepece-
YEHUS ¢ OChI0 KOOPAMHAT. B TaHHOM ciydae cOOTBETCTBYIONIME TTapaMeTpbl — coef_
" intercept_:

In[4]: print("Model slope: ", model.coef_[0])
print("Model intercept:", model.intercept_)

Model slope: 2.02720881036
Model intercept: -4.99857708555
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Puc. 5.43. JlnHeliHas perpeccvoHHas Moaesb

BI/IJII/IM, 4TO pe3yJibTaTbl OYE€Hb OJIU3KU K BXO/JHBIM JaHHbIM, KaK MbI 1 HaJ€A/JIUCD.

OnHaKo BO3MOXHOCTH OI[eHUBATEJSI LinearRegression HAMHOTO IITHPe 3TOTO: TOMUMO
ANMPOKCUMAIINN TTPIMBIMU JIMHUSME, OH MOKET TakKe paboTaTh ¢ MHOTOMEPHBIMU
JIMHEHHBIMU MO/JIeJIAMU CJIelyI0lero Buja:

y=a,+axtax,+..

C HECKOJIBKUMU BEJUYUHAMU X. [€OMETPUUECKH 3TO MOL00HO MOAO0PY MIOCKOCTH
JUISI TOYEK B TPEX UBMEPEHUSIX UJIN TUTIEPTLIIOCKOCTH JIJIsSI TOUEK B TPOCTPAHCTBE C €llle
GOJIBIINM YHUCTIOM U3MEPEHHIA.

MHOroMepHas CyI[HOCTb IIOJ0OHBIX PErpeccuil YCIOKHAET UX BU3YATU3AIINIO, HO MbI
MOKeM TIOCMOTPETh Ha OJTHY U3 3TUX alllIPOKCUMAIIUN B ICHCTBUH, CO3/IaB AaHHbIE 1/ Ha-
LIEro [prMepa ¢ OMOIIBIO OllepaTopa MaTPUYHOIO yMHOKeHUs u3 Oubsmorexu NumPy:

In[5]: rng = np.random.RandomState(1)
X = 10 * rng.rand(1e0, 3)
y = 0.5 + np.dot(X, [1.5, -2., 1.])

model.fit(X, y)
print(model.intercept_)
print(model.coef_ )

0.5

[ 1.5 -2. 1. ]

37ech IlaHHbIe BEJUYUHBI i CDOPMUPOBAHBI M3 TPEX CIYYAITHBIX 3HAUEH I BEJIMYNHBI X,
a JIMHelHAsT perpeccusi BOCCTAHABINBAET MCIIOJIb30BABIIUECS JIJisT UX (DOPMUPOBAHUS
K03 UTTHEHTDI.
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AnanornaHbiM 00pa3oM MOKHO HCIIOJB30BATH OIlEHUBATEb LinearRegression st
ANIPOKCUMAIIMK HAIUX JaHHBIX [IPSAMBIMH, INIOCKOCTSMU U TUIlepIiiockoctamu. 1lo-
IIPEKHEMY CKJIQIBIBACTCA BIIEUATIICHUE, YTO STOT MTOAXO OTPAHUYNBAETCS JIUIIB CTPOTO
JIMHEHBIMY OTHOIIEHUSAME MESK/Y TIePEMEHHBIMHU, HO OKa3bIBAETCS, UTO ocjaabieHue
9TOTO TPeHOBAHMST TAKIKE BOBMOIKHO.

Perpeccusi no KOMBMHaUUmn 6a3nCHbIX yHKUMMI

OjiiH U3 TPIOKOB, TIO3BOJISIOINIIX IIPUCITOCOOUTD TUHEHHYIO PETPECCHUIO K HEJMHENHBIM
OTHOMIECHUSIM MEKTY TIEPEMEHHBIMU, — TIPeoOPa3oBaHiie TaHHBIX B COOTBETCTBHHN C HO-
BbIMU OasucHbIMU (yHKIUAMEU., OUH U3 BADUAHTOB 3TOTO TPIOKA MBI YK€ BCTPEUAJIH
B KOHBeliepe PolynomialRegression, KOTOPBII UCIIOJIb30BAJICS B pa3zenax «[umnepra-
paMeTpsI 1 TpoBepKa Mojien» 1 «IIpoekTrnpoBanme TpU3HAKOB» MaHHOU r1aBbl. Ves
COCTOUT B TOM, 4TOOBI B35ITh MHOTOMEPHYTO JINHEHHYIO MOJIEIb:

= 2 S
y=a,tax +tax’+ax’ +..

U IOCTPOUTD X,, X,, X, ¥ T. JI. HA OCHOBE UMEIONIETOCA OJHOMEPHOTO BXOJHOTO 3HAYEHHS X.
To ectpb y Hac x, = f (x), rne f (x) — nekas dynkuus, BpimosHAOmAas mpeobpasoBanne
JTAHHBIX.

Hanpumep, ecim f (x) = x”, Hallta MOZie/Tb IIPeBPaIaeTcs B HOJMHOMUATbHYIO Perpec-
CHIO:

y=a,tax+ax’+ax’+..

O6paruTe BHUMaHKE, YTO MOJEJb HO-TIPEKHEMY 0CMACTCS JUHETHO — JTUHEHHOCTD
OTHOCHTCA K TOMY, YTO KOO(DPUIMEHTI ¢, HUKOI/a HE YMHOKAIOTCS U He JAeNATCA APYT
Ha apyra. MakTruecKky MbI B3sITH HAIITK OJJHOMEPHBIE 3HAYEHUS X U BBITIOJHIJIN TPO-
eKINI0 UX Ha 0ojiee MHOTOMEPHOE MPOCTPAHCTBO, TAK UTO C MOMOIIIBIO JIMHEITHO arl-
IPOKCHUMAIIIK MbI MOKEM TeIepb OTpaskaTh OoJiee CI0KHBIE 3aBUCUMOCTH MEXKIY X U Y.

MNonuHoMmanbHble 6asncHble PyHKUMK

JlarHas moTMHOMHUATbHAST TIPOEKITHST HACTOIHLKO YI00Ha, 9To GblTa BCTpoeHa B 6ubimo-
teky Scikit-Learn B Buze npeo6pasosaresis PolynomialFeatures:

In[6]: from sklearn.preprocessing import PolynomialFeatures
X = np.array([2, 3, 4])
poly = PolynomialFeatures(3, include_bias=False)
poly.fit_transform(x[:, None])

out[6]: array([[ 2., 4., 8.1,
[ 3., 9., 27.1,
[ 4., 16., 64.1])
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Kax Buaum, npeobpasoBaresib IPEeBpaTU/I HAIll OJHOMEPHBIA MaCCUB B TPEXMEPHbII
MyTeM BO3BEJCHUSI KasKI0TO U3 3HAYEHUH B CTENeHb. DTO HOBOE, H0JIee MHOTOMEPHOE
TpejicTaBJIeHNEe JAHHBIX MOKHO Jlajiee UCTI0JIb30BATh JIJIST TUHEWHOW Perpeccun.

Kax mbr YK€ BUCJIN B pa3/iejie «HpOGKTI/IpOBaHI/Ie IIPpU3HAKOB» JIAaHHOM TJIaBblI, caMblIii
N3SIITHBIN c110c00 BBIIIOJIHEHUs 9TOTO — BOCIIOJIb30BaThCS KOHBeerpOM. CO3ZIaHI/IM,
YKa3aHHbIM o6pa30M TOJTMHOMHAJIbHYTO MO/ZIEJIb CEAbMOTO ITOPA/KA:

In[7]: from sklearn.pipeline import make_pipeline
poly model = make_pipeline(PolynomialFeatures(7), LinearRegression())

ITocsie Takoro 1mpeobpasoBaHust MOKHO BOCIIOIb30BAThCS JIMHEHHON MOLEJIBIO IS IO/
60pa HaMHOTO OoJIee CJIOKHBIX 3aBHCUMOCTEN MEXK/Yy BelnunHamu x u y. Hampumep,
pPacCMOTPUM 3aNTyMJIEHHYIO cunycouy (puc. 5.44):

In[8]: rng = np.random.RandomState(1)
X = 10 * rng.rand(50)
y = np.sin(x) + 0.1 * rng.randn(50)

poly_model.fit(x[:, np.newaxis], y)
yfit = poly model.predict(xfit[:, np.newaxis])

plt.scatter(x, y)
plt.plot(xfit, yfit);
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Puc. 5.44. MonnHoMuanbHasi annpoKcMMaLums HenMHenHom
obyyatoLLelt NoceAoBaTeIbHOCTM

C Hamieil TUHEHHON MOIENbIO, UCIIOAb3Ys MOJUHOMUAIbHbIE Oa3ucHble (YHKIIHH
CeZIbMOTO TIOPSIKA, MBI ITOJYYHJIN BEIUKOTIEITHYIO AITITPOKCUMAITNIO OTUX HEJIMHEH -
HBIX JJaHHBIX!
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ayccoBbl 6a3ncCHble PyHKUMK

MosKHO HCTIOTB30BaTh U Apyrre 6asucHble hyHkinn. HamprMep, onH U3 MOJE3HBIX
MATTEPHOB — 0OYYeHe MOJIENH, IPEACTABIISTIONIEN COO0I CYMMY He TTOTMHOMUAATBHBIX,
a TayccoBbix 6asucHbIX GyHKIMN. Pesyabrar GyIeT BBIMISAAETD CACAYIONUM 06pasoM

(puc. 5.45):

0 2 4 6 8 10

Puc. 5.45. AnnpokcMmaums HENMHENHbIX AaHHbIX C MOMOLLbIO
ayccoBbiX 6a3MCHbIX (yHKLIMI

3areHenHble 061aCTH HA PUC. 5.45 — HOpMUPOBaHHBIE Oa3ucHbIe (DYHKIUHU, AAIOIIEe
[PH CJOKEHUY AMITIPOKCUMIPYIOIILYIO JIAHHBIE MIAAKYIO KpUBYI0. ITu [ayccoBbl 6asuc-
Hble QYHKIIMU He BCTpoeHbl B 6ubrorexy Scikit-Learn, HO Mbl MOJKEM HAIIACATH JJIsT X
CO3/IaHWST TIOJIB30BATENLCKIIT TPeoOPa3oBaTelb, KAk MOKA3aHO HIKE U MTPOUJLTIOCTPH-
poBaHO Ha puc. 5.46 (npeobpasosatenun 6ubanorexn Scikit-Learn peaqnsoBanbl Kak
KJacchl s13bika Python; urenne ncxomgnoro koga 6mbmmorexu Scikit-Learn — oTimaHbit
c11ocob pazobpaThest ¢ UX CO3TAHUEM):

In[9]:
from sklearn.base import BaseEstimator, TransformerMixin

class GaussianFeatures(BaseEstimator, TransformerMixin):
"""PaBHOMepHO pacnpefeneHHble [ayccoBbl MPU3HAKK
LN OQHOMEpPHbIX BXOAHbIX AaHHbIX"™""

def __init_ (self, N, width_factor=2.0):
self.N = N
self.width_factor = width_factor

@staticmethod
def _gauss_basis(x, y, width, axis=None):
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arg = (x - y) / width
return np.exp(-0.5 * np.sum(arg ** 2, axis))

def fit(self, X, y=None):
# Cospnaem N LEHTPOB, pacnpepesieHHbX MO BCeMy AWanas’oHy [HAaHHbIX
self.centers_ = np.linspace(X.min(), X.max(), self.N)
self.width_ = self.width_factor *
(self.centers_[1] - self.centers_[0])
return self

def transform(self, X):
return self._gauss_basis(X[:, :, np.newaxis], self.centers_,
self.width_, axis=1)

gauss_model = make_pipeline(GaussianFeatures(20),
LinearRegression())

gauss_model.fit(x[:, np.newaxis], y)
yfit = gauss_model.predict(xfit[:, np.newaxis])

plt.scatter(x, y)
plt.plot(xfit, yfit)
plt.xlim(e, 10);

Mbl IpUBEJIN ITOT IIPUMEP JIMILD JJI TOTO, YTOOBI OJYEPKHYTh, UTO B IIOJMHOMU-
aJIbHBIX GAa3MCHBIX (DYHKIMSAX HET HUKAKOTO KOJIJOBCTBA. EC/iM y Bac ecTh KaKue-TO
JOTIOJTHUTEbHBIE CBEJIEHIST O TIPOIlecce TeHePaIui BaIluX JaHHBIX, MCXO/d U3 KOTO-
PBIX ¥ BaC eCTh OCHOBAHUSI TIOJIAraTh, YTO HAUbOJIEE MOAXOAAIINM OY/ET TOT U UHOIT
6a3uc, — TOKE MOKETE €r0 UCIIOIb30BATb.

0 2 4 6 8 10

Puc. 5.46. Annpokcumaums MayccoBbiMM 6a3nCHbIMU PYHKLMSIMU, BbIYMUCIIEHHBIMM C NMOMOLLbIO
nonb30BaTeNbCKOro npeobpasosarens
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Perynapusaums

ITpumenenye 6a3ucHbIX GYHKINUN B HAIlel TMHEHHON MOIE/IN AeIaeT ee HaMHOTIO rOde,
HO TakKe U OBICTPO IPUBOAUT K 1epeodydeHnIo (3a IoApoOHOCTSIMI 00paTUTECh K pas-
neny «TuneprnapaMerpbl ¥ IIPpoBEpKa MOJAEIN» JaHHO riasbl). Harnpumep, eciii BbIGpaTh
CJIMIIKOM MHOTO ['ayccoBbIxX 6asuCHBIX (DYHKIMH, MBI B UTOT€ TOJIYYUM He CIUIIKOM
XOPpoIITHe pe3yabTatsl (puc. 5.47):

In[10]: model = make_pipeline(GaussianFeatures(30),
LinearRegression())
model.fit(x[:, np.newaxis], y)

plt.scatter(x, y)

plt.plot(xfit, model.predict(xfit[:, np.newaxis]))
plt.xlim(@, 10)

plt.ylim(-1.5, 1.5);

1.5
1.0 A

0.5

-0.5

-1.0

-1.5
0 2 4 6 8 10

Puc. 5.47. MNpumep nepeobyyeHns Ha AaHHbIX: C/IMLIKOM CNOXHas Mogesb C 6a3ncHbIMU hyHKUMSAMU

B pesysbrate mpoexinu gaHHbIX Ha 30-MepHBIH Ha3uc MOIENh OKA3aIach CIUIIKOM YK
ruOKOM M CTPEMUTCS K 9KCTPEMAJIbHBIM 3HAUYEHUSAM B IIPOMEKYTKAX MESKLY TOUKAMU, B KO-
TOPBIX OHA OTPAHNYEHA TAHHBIMU. [[PUYIHY 5TOTO MOYKHO MTOHSITE, TTOCTPOUB Ipaduk Koah-
durmenTo TayccoBbix 6azuCHBIX (QYHKIHI B COOTBETCTBUHU ¢ KOOPAMHATOH X (puc. 5.48):

In[11]: def basis_plot(model, title=None):
fig, ax = plt.subplots(2, sharex=True)
model.fit(x[:, np.newaxis], y)
ax[@].scatter(x, y)
ax[0].plot(xfit, model.predict(xfit[:, np.newaxis]))
ax[@].set(xlabel="x", ylabel='y', ylim=(-1.5, 1.5))

if title:
ax[0].set_title(title)



3arnsHeMm rnybxe: nMHeNHas perpeccus 451

ax[1].plot(model.steps[@][1].centers_,
model.steps[1][1].coef_)

ax[1].set(xlabel="basis location', # Ba3oBoe MecTomnosoXeHue
ylabel="coefficient"', # KoadpduumeHT
xlim=(0, 10))

model = make_pipeline(GaussianFeatures(30), LinearRegression())
basis_plot(model)
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KoadbdpurumneHT

BazoBoe mecTononoxeHue

Puc. 5.48. KoapdunumeHTbl npy MayccoBbix 6a3MCHbIX PYHKLMSAX
B YpE3MEPHO CIOXHOMN MoZeNu

Husknsas yactb puc. 5.48 geMoHCTpUPYET aMILIUTYLy GasucHOU (DYHKIUU B KaxK {01
13 TOUYeK. ITO TUIMIUYHOE MOBEICHUE JIJIST TIepeoOyUeHust ¢ TlepeKphiTHeM odacteit
onpezenenns 6asucHblX GYHKIUN: KOd9(PGUIUEHTh COCeAHNX Oa3UCHBIX (YHKIUI
YCUJIUBAIOT ¥ TIOAABJSIOT APYT APyTa. MBI 3HaeM, 4TO TOR06HOE MOBEeHE TTPH-
BOJUT K TIpobsieMaM 1 GbLI0 Obl HEIJIOXO OTPAaHMYUBATH MOAOOHbIE TUKK B MOJIEJIN
SIBHBIM 00Pa30M, «HaKIa/[bIBast mTpad» Ha GoJIbIINe 3HAYEHUST TAPAMETPOB MOJIEJIH.
[MomobHOE «iTpadoBaHme» U3BECTHO IO/l HA3BAHMEM PETYJISIPU3AINN U CYTIECTBYET
B HECKOJIbKUX BapUAHTax.

pebHeBas perpeccus (L,-perynsapusaums)

BeposiTHO, caMblil 9acTO BCTPEUYAIOIIUIICS BUJ PETYJISPUBANUN — 2peOHesast Pezpeccust
(ridge regression), unu L,-peeynsapusayus (L,-regularization), Take uHorsa naspisa-
emast pezyaspusavuei Tuxonosa (Tikhonov regularization). Ona sakitouaercst B Hajio-
JKEHUU 1Tpada Ha CyMMY KBaZIPaToB (€BKJIUOBON HOPMBI) KOA(D(MUIITUEHTOB MOIEITH.
B pantom cayuae mrpad s Mojeau 6yieT paBeH:
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P= (12:;19?,,

r7ie o — CBOGOHBII MapamMeTp, CysKAIUil IS YIPABICHUsT YPOBHEM TiITpada. ITOT TUITT
Mozesu co mrpadom BetpoeH B 6ubsmoreky Scikit-Learn B Bujie orlenuBaTesist Ridge
(puc. 5.49):

In[12]: from sklearn.linear_model import Ridge
model = make_pipeline(GaussianFeatures(30), Ridge(alpha=0.1))
basis_plot(model, title='Ridge Regression') # lpebHeBas perpeccus

pebHeBas perpeccus
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Ba3oBoe MecTononoxeHne

Puc. 5.49. MNpumeHenne rpebHesont (L,) perynsapusaumm K CIULWKOM
CnoxHoii Mogenu (cp. ¢ puc. 5.48)

ITapameTp o CLy»KUT [J1s1 yIIPaBJIEHUS CA0KHOCTDBIO 110J1y4aeMOil B UTOre MOJIEJIN.
B npenenbrom caydae oo — 0 MBI TTIOJTy4aeM pe3yJsIbTaT, COOTBETCTBYIONIMI CTAHAAPTHOM
JIMHEIHON perpeccuu; B peIeIbHOM CITydae o — 00 Oy/IeT TPOUCXOUT TIOJIABJIEHIE JIT0-
6oro oTrJIKa MOJIeNH. JIocTOMHCTBA TPEOHEBOI PErPECCUH BRITIOYAIOT, TOMUMO ITPOYETO,
BO3MOKHOCTB €€ 3(h(PeKTUBHOTO pacyeTa — BBIYUCTUTENbHBIE 3aTPATHI TPAKTUYECKU HE
IIPEeBBINIAIOT 3aTPAT HA PacyeT NCXOAHON JIMHEeHHON PerpecCuOHHON MOJIeJIH.

Nacco-perynsapusauusa (L,)

E1te oqun paciipocTpaHeHHbII TUIL peryJisipusaliuy — Tak Ha3blBaeMasl JIacCO-PeryJis-
pusanus, BKIovaomas mrpadosanie Ha cyMMy abCOMOTHLIX 3Havenuit (L,-nopma)
ko3 duImeHToB perpeccuu:

P :“ZL

0,
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XOTst KOHI[ENTYAIbHO 3Ta PErPECCHst OUeHb OJIU3Ka K PeOHEBOM, PE3YJIbTAThI X MOTYT
OuYeHb CUJIBHO pazyindaThbes. Harmpumep, 10 reoMeTpuyecKuM MPUYNHAM JIACCO-PErpec-
cust JIIOOUT paspedcerivle MoOeiu, TO eCTh OHA TT0 BO3SMOKHOCTH JIeJTaeT KOa(PUIHEHTHI
MOJIEJIM PAaBHBIMU HYJIIO.

[TocmoTpeTh Ha TIOBe/IEHNE ATOI PErPECCUN MBI MOKEM, BOCIIPOU3BE/IS TOKA3aHHbBIN Ha
puc. 5.49 rpaduk, HO ¢ UCIOIb30BaHUEM K03(PUIIMEHTOB, HOPMAIU30BAHHBIX C TIO-
morbio Hopmel L, (puc. 5.50):

In[13]: from sklearn.linear_model import Lasso

model = make_pipeline(GaussianFeatures(30), Lasso(alpha=0.001))
basis_plot(model, title='Lasso Regression') # Jlacco-perynspu3sauus

Jlacco-perynapusauus
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BasoBoe mecTononoxeHne

Puc. 5.50. MNpyMeHeHne nacco-perynspusaumm K CILLKOM CI0XHON Mogenu (cp. ¢ puc. 5.48)

[Tpu ucnonb3oBaruu mrpada Jacco-perpeccuu GOMbITUHCTBO KOA(M(GUITHEHTOB B TOU-
HOCTH PaBHBI HYJIIO, a QYHKIINOHATIBHOE TIOBEIEHUE MOJIETUPYETCsT HeOOIBIIUM TIO/I-
MHOKECTBOM M3 UMetoIuxcst 6azucHbix GpyHkimii. Kak v B cayuae rpebHEBOI peryJis-
pusalyy, napaMeTp yIpasJsgeT ypoBHeM HiTpada 1 ero cjaeiyeT OlpeaeadaTh IyTeM
repeKkpecTHOH MpoBepKu (cM. paszen «[mmeprmapaMeTps! 1 MPoOBEPKa MOEIN» TAHHON
TJIaBBI).

MpuMep: npeackasaHue BenocuneaHoro Tpaduka

B kauecTBe mpuMepa TOCMOTPUM, CMOKEM JIN MBI TTPEICKa3aTh KOJTUIECTBO MepeceKa-
omux OpumonTckuii MocT B CHUITIIE BETOCUTIEIOB, OCHOBBIBASICH HA TAHHBIX O ITOTOJIE,
BpPEMEHU TO/Ia U APYTUX (hakropax. Mbl yike paboTaiu ¢ STUMHU JaHHBIMEU B pasJeie
«Pabora ¢ BpeMeHHBIMU Psi/[aMU» TJIaBbI 3.
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B sTOM paszeiie Mbl COeAMHUM JAHHbIE 110 BEJIOCUIIELAM C APYIUM HaOOPOM JaHHBIX
1 1orpodyeM YyCTaHOBUTD, HACKOJIBKO 1TOTO/a ¥ Ce30HHbIE (DaKTOPBI — TeMIlepaTypa,
OCAJIKU U CBETOBOM JIEHb — BJIMSIFOT HA 00hEM BEJIOCHUITEIHOTO TpahUKa [0 9TOMY KOPHU-
n0py. NOAA oTKpPbLIO JIOCTYTI K €KeIHEBHBIM JIAHHBIM C UX METEOPOJIOTMUECKUX CTaH-
uuii (2 BocnosbsoBascs crannueir ¢ ID USW00024233), a 6ubaunorexka Pandas gaer
HaM BO3MOKHOCTb C JIETKOCTHIO COEIMHUTD ITU J[BA UCTOYHUKA JTAHHBIX. MBI yCTAaHOBUM
OTHOIIIEHUE MEeJK/Ly MOr0/I0M 1 APYroil nudopMaleil ¢ KOJMUYeCTBOM BEJIOCHUIIEIOB,
BBIIIOJIHUB IIPOCTYIO IUHEHHYIO PErpeccuio, YTo0bl OLIEHUTh, KAK U3MEHEHU 9TUX I1a-
pPaMeTpOB TOBJIUSIOT Ha YUCJIO BEJIOCUIIEAUCTOB B 3a/JaHHbIN JIEHb.

B wacTHOCTH, 9TO IPUMEP MCII0JIb30BaHMsI T0A00HBIX Gubmoreke Scikit-Learn uHcTpy-
MEHTOB B (DpEeMBOPKE CTATUCTHYECKOTO MOZIETUPOBAHUS, TJIC TTPETIONIATACTCS OCMBIC-
JIEHHOCTD TTAPAMETPOB MOJIEJTH. JTO OTHIOH HE CTAHAAPTHBIN TIOAXOT /IS MAITIUHHOTO
00yueHust, HO sl HEKOTOPBIX MOJieJiell o00Hast TPAKTOBKA BO3MOKHA.,

Haunewm c 3arpy3KH /IByX Ha60pOB AaHHBIX, THIEKCUPOBAHHBIX TI0 /IaTe:

In[14]:

import pandas as pd

counts = pd.read_csv('fremont_hourly.csv', index_col='Date', parse_dates=True)
weather = pd.read_csv('599021.csv', index_col="'DATE', parse_dates=True)

Jlasee BBIYMCINM OOIINI €KeTHEBHBII MTOTOK BEJIOCUIIEZIOB U [IOMECTUM 3TH JaHHbIE
B OT/ICJIbHBIN OOBEKT DataFrame:

In[15]: daily = counts.resample('d', how='sum")
daily['Total'] = daily.sum(axis=1)
daily = daily[['Total']] # ymansem ocTanbHble CTONOLDI

MpbI Bujiesin panee, 4To HaTTePHbI MCII0JIb30BAaHNS BAPbUPYIOTCS JIeHb OTO JIHs. YuTeM
9TO B HAIINX JIAHHBIX, T00ABUB IBOMYHBIE CTOJIOTIBI-MHANKATOPBI THS HEIEIN:

In[16]: days = ['Mon', 'Tue', 'Wed', 'Thu', 'Fri', 'Sat', 'Sun']
for i in range(7):
daily[days[i]] = (daily.index.dayofweek == i).astype(float)

CuieryeT 0KuIath, 9YTO BEJOCUTIEAUCTH OYAYT BecTh ceOsh MHAUe 10 BBIXOAHBIM. J]0-
6GaBUM UHIUKATOPBI U JIJIs 3TOTO:

In[17]: from pandas.tseries.holiday import USFederalHolidayCalendar
cal = USFederalHolidayCalendar()
holidays = cal.holidays('2012', '2016')
daily = daily.join(pd.Series(1, index=holidays, name='holiday'))
daily[ 'holiday'].fillna(@, inplace=True)

JlorHYHO TIPEAIIONIOKUTE, YTO CBOE BIMSHIE HA KOJIUYECTBO €AYIIUX HA BEJIOCHUITEIaX
JIOJIEN OKaKeT M CBETOBOM JleHb. Bocmosb3yeMces cTaHIapTHBIMU aCTPOHOMUYECKUMI
pacueramu st gobasieHus aroil madopmanuu (puc. 5.51):
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In[18]:
def hours_of_daylight(date, axis=23.44, latitude=47.61):
"""PaccyuTbiBaeM A/UTENbHOCTb CBETOBOro AHA ANA 3ajaHHon paTol™™"
days = (date - pd.datetime(2000, 12, 21)).days
m = (1. - np.tan(np.radians(latitude))
* np.tan(np.radians(axis) *
np.cos(days * 2 * np.pi / 365.25)))
return 24. * np.degrees(np.arccos(l - np.clip(m, @, 2))) / 18e.

daily['daylight_hrs'] = list(map(hours_of_daylight, daily.index))
daily[['daylight_hrs']].plot();
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Puc. 5.51. Busyanusaums AnutenbHOCTU CBETOBOMO AHSA B CuaTtne

MbI Takke 106aBUM K TaHHBIM CPEIHIOI TeMIepaTypy 1 o0Iee KOJHIECTBO OCaIKOB.
ITomMuMO KOJTUUECTBA AIOIMOB OCAIKOB, T00aBUM elile 1 (hJrar st 0003HAUEHU s 3aCy I
JIUBBIX JIHEN (€ HYJIEBBIM KOJIMYECTBOM OCAIKOB):

In[19]: # TemnepaTypbl yKa3aHbl B AeCATbIX AonAx rpagyca lenbcus;
# npeobpasyem B rpagychl
weather['TMIN'] /= 10
weather[ 'TMAX'] /= 10
weather['Temp (C)'] = 0.5 * (weather['TMIN'] + weather['TMAX'])

# Ocafiku yKasaHbl B AeCATbIX AONASAX MWUIAUMETpa; npeobpasyem B AwiMbl
weather['PRCP'] /= 254
weather['dry day'] = (weather['PRCP'] == 0).astype(int)

daily = daily.join(weather[['PRCP', 'Temp (C)', 'dry day']l])
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JloGaBUM CUETUHK, KOTOPBIT Oy/IeT yBETNUUBATECS, HAUUHAS C TIEPBOTO JIHST, U OTMEPSITH
KOJIMIECTBO MpOoIIeAmux jeT. OH MO3BOJIUT HAM OTCJIEKUBATD €KEeTO/IHBIC YBEIMICHNS
MJIN YMEHBIIECHU €5KETHEBHOTO KOJIMUECTBA IIPOE3/KATONINX:

In[20]: daily['annual'] = (daily.index - daily.index[@]).days / 365.

Tenepb Halllh /TaHHbI€ ITPUBE/ICHBI B ITOJIHBII ITOPAAOK, 1 Mbl MOJKEM ITOCMOTPETDH Ha
HUX:

In[21]: daily.head()

Out[21]:
Total Mon Tue Wed Thu Fri Sat Sun holiday daylight_hrs \\

Date

2012-10-03 3521 0 0 1 0 0 0 0 0 11.277359
2012-10-04 3475 0 0 0 1 0 0 0 0 11.219142
2012-10-05 3148 0 0 0 0 1 0 0 0 11.161038
2012-10-06 2006 0 0 0 0 0 1 0 0 11.103056
2012-10-07 2142 2] (4] 2] (4] (4] 2] 1 (4] 11.045208

PRCP Temp (C) dry day annual

Date

2012-10-03 0 13.35 1 ©.000000
2012-10-04 0 13.60 1 0.002740
2012-10-05 0 15.30 1 0.005479
2012-10-06 0 15.85 1 0.008219
2012-10-07 0 15.85 1 0.010959

ITocie 9TOr0 MOKHO BBIOPATh HYKHbIE CTOJIOIBI K 00YYNTH TUHEWHYIO PErPECCUOHHYTO
MOjiesib Ha HAlTUX JIAaHHBIX. 3a/lainM mapameTp fit_intercept = False, TTOCKOJBKY
Jrary 1T JiHEi, 110 CyTH, BBITIOJIHSAIOT TOAO0P TOYEK IIEPECEUEHHMSI C OCIMM KOOPIUHAT
110 JTHAM:

In[22]:

column_names = ['Mon', 'Tue', 'Wed', 'Thu', 'Fri', 'Sat', 'Sun', 'holiday’,
‘daylight_hrs', 'PRCP', 'dry day', 'Temp (C)', 'annual']

X = daily[column_names]

y = daily['Total'] # Bcero

model = LinearRegression(fit_intercept=False)
model.fit(X, y)
daily[ 'predicted'] = model.predict(X)

CpaBHuBaeM OOIIUI U TIPECKa3aHHbII MOJIEJIBIO BEJIOCUIIEAHBIN TpahUK BU3YaTbHO

(puc. 5.52):

In[23]: daily[['Total', 'predicted']].plot(alpha=0.5);
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Puc. 5.52. MNpeackazaHHble MOAESbIO 3HAaYEHNs BeIocuneaHoro Tpacuka

OueBH/IHO, YTO MBI YIYCTUJIM KaKUE-TO KJIIOUeBble MPU3HAKH, 0COOeHHO jleToM. n
CIUCOK HAITUX TTPU3HAKOB HEMOJIOH (TO €CTh JIO/I IPUHUMAIOT PEelieHue O TOM, €XaTh
s Ha paboTy Ha BETOCHTIENIE, OCHOBBIBASICH HE TOJIHKO Ha HUX ), UM UMEIOTCST KAKUe-TO
HeJIMHEHbIe 3aBUCHMOCTH, KOTOPbIe HaM He YAaJI0Ch y4ecTb (Hanpumep, BO3MOKHO,
YTO JIO/M €3/IAT PesKe Kak B JKapy, Tak 1 B X0s071). TeM He Meree Hareil rpy6oii anmpok-
CUMAIUH JIOCTATOYHO, YTOOBI IATh HEKOTOPYIO HH(MOPMAIIMIO O JITAHHBIX, U MbI MOKEM
MOCMOTPETH Ha KOA(DMUITHEHTHI HaTllel THHEHHON MOJIENTH, 4TOODI OT[EHNUTD, KAKOH BRJIAJT
BHOCHT B €K€JIHEBHOE KOJNYECTBO MOE3/I0K Ha BeJIOCUIIe[aX KaxKAblil U3 IPU3HAKOB:

In[24]: params = pd.Series(model.coef_, index=X.columns)

params
Out[24]: Mon 503.797330
Tue 612.088879
Wed 591.611292
Thu 481.250377
Fri 176.838999
Sat -1104.321406
Sun -1134.610322
holiday -1187.212688
daylight_hrs 128.873251
PRCP -665.185105
dry day 546.185613
Temp (C) 65.194390
annual 27.865349

dtype: float64
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ITHU YUCIa HEJIETKO MHTEPIPETUPOBATD B OTCYTCTBHE KAaKOU-T1O0 MEPHI UX HEOTIPE-
neseHHocTU'. BBICTPO BBIYMCINTD HOTPENTHOCTH MOKHO TIyTeM GYTCTPATIITHHTA — 0~
BTOPHBIX BBIOOPOK JIAHHBIX:

In[25]: from sklearn.utils import resample
np.random.seed(1)
err = np.std([model.fit(*resample(X, y)).coef_
for i in range(1000)], 0)
Or1ieHUB 3TH OMUOKH, B3TJISTHEM Ha PE3YJIbTaThl €Ille Pas:

In[26]: print(pd.DataFrame({'effect': params.round(®),
'error': err.round(0)}))

effect error

Mon 504 85
Tue 612 82
Wed 592 82
Thu 481 85
Fri 177 81
Sat -1104 79
Sun -1135 82
holiday -1187 164
daylight_hrs 129 9
PRCP -665 62
dry day 546 33
Temp (C) 65 4
annual 28 18

[Ipeske Bcero Mbl BUIMM, YTO CYTIECTBYET OBOJIBHO YCTONYMBAST TEHICHIIUS OTHOCH-
TEJILHO €KEHEIETBHOTO MUHUMYMA: 110 GYIHUM JIHSIM BEJTOCUTIEANCTOB HAMHOTO GOJIbIIIE,
YeM I10 BBIXO/IHBIM U TIPA3AHUKaM. MBI BUIUM, YTO C KQK/IbIM J[OTIOJTHUTEIBHBIM YaCOM
CBETJIOTO BPEMEHH CYyTOK BEJIOCUTICMCTOR CTaHOBUTCS GoJibiiie Ha 129 = 9; poct Temite-
parypsi Ha 1 rpaxyc Henbcus crumynupyer 63 + 4 4esioBeK B3sIThCS 32 BEJIOCHIIEN; CYXOU
JIeHb 03HAYAET B CpeiHeM Ha 546 £ 33 GoJIblIie BEJIOCUITEINCTOB; KayKIbIH IIOHM OCAIIKOB
O3Havaer, 4To Ha 665 * 62 Goiblile JIHO/IEH OCTABJISIOT Bestocuties foMa. [Toce yuera Beex
BJIVSTHUE MBI TIOJTy4aeM YMEPEHHBIM POCT eXKeIHEBHOTO KOJIITYECTBA BEJIOCUIIEAUCTOB Ha
28 + 18 yesioBexK B ro.

Harmreit Mmozesin mouTu HaBepHsSKA HEJAOCTAET ONPeleJIeHHON OTHOCAIIeHCs K ey
nadopmariun. Hanpumep, HemHeliHble BAUSHUSA (TaKue KaK COBMECTHOE BJIMSTHUE
OCAJIKOB ¥ HU3KOW TeMIepaTypbl) N HeJUHEHHbIe TPeHbI B IpefiesiaX KaxK/[01 13
nepeMeHHbIX (TaKMe KaK HeKeJaHWe e3/[UTh Ha BEJOCUIIeJlaX B OUeHb XOJOJAHYIO
U OYEHb JKaPKYIO MMOTOAY) He MOTYT OBbITh yUTEHbBI B 3TOI Mojenn. KpoMe Toro, Mbl
0oTOPOCUJIN HEKOTOPbIE HIOAHCHI (TaKue KaK Pasjindre MeKIY MOKIAJTUBBIM YTPOM

! To ecTb TIOTPENTHOCTH.
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U JIOK/IJINBBIM TIOJIY/IHEM ), & TAKKe MPOUTHOPUPOBAJIU KOPPEJISIUN MEKIY JTHIMU
(Takue KaK BO3MOKHOE BJIUSIHUE JIOKIJNBOTO BTOPHUKA HA MTOKA3ATETN CPEJbI HJTH
BJIMSTHUE BHE3AITHOTO COJIHEUHOTO JHSI TIOCJIE TI0JIOCHI TOKAJUBbIX ). ITO BCE OYEHD
WHTEPECHBbIE BJWSHUS, U Y BaC, €CJIU 3aXOTUTE, TeTlePh €CTh HHCTPYMEHTBI JIJIsT UX
nccaeoBaHms!

3arnsHeM rnybxe: MeTo[ OnopHbIX BEKTOPOB

Metoz omnmopHbIX BeKTOpoB (support vector machines, SVMs) — oueHb MOIIHBII
U TUOKUI KJIacC alTOPUTMOB 00YUEHHUST ¢ YUUTEIEM KakK JJisT KJIacCU(UKAIUN, Tak
u perpeccu. B aToM pasziesie Mbl HAy9MMCs MHTYUTUBHO TOHUMATh, KaK UCIOJTb30-
BaTh METO/] OITOPHBIX BEKTOPOB B 33j[aUax KIACCU(MUKAIINN.

Haunem ¢ 0ObIYHBIX NMIIOPTOB:

In[1]: %matplotlib inline
import numpy as np
import matplotlib.pyplot as plt
from scipy import stats

# Bocnonb3yemca HacTpoiKaMM MO yMonYaHuw 6ubnuoteku Seaborn
import seaborn as sns; sns.set()

OcHoOBaHMs! ANsi UCMOMb30BaHMS METOAA
OMOPHbIX BEKTOPOB

B xozme Hamero o6cyxaeHus 6aiiecoBckoii Kaaccudukammu (cM. pasaes «3arsi-
HeM TuIyGske: HauBHast OaliecoOBCKast KIacCU(pUKAIMSI» JTaHHON TJIaBbl) Mbl U3YUMJIH
MIPOCTYIO MOJIEJTh, OMUCHIBAIOIIYIO PaclpejiesieHne Bcex 0a30BbIX KJIACCOB, U BOC-
MOJIb30BAJIMCEH MOJOOHBIMU MTOPOKAAIOIUMEI MOJIEJISIMU JIJIST BEDOSITTHOCTHOTO OTTpe-
JIETIEHUST METOK JIJIsI HOBBIX TOUYEK. DTO ObLI IPUMEDP ROPONCOAIOUETE KIACCUPUKAUUL
(generative classification), 3mech e MbI PACCMOTPUM PA30CASI0UYI0 KIACCUDUKAULUIO
(discriminative classification).

Bmecto MoziesmpoBaHus KaK/I0TO U3 KJIACCOB MbI Haii/leM IPSIMYIO WM KPUBYIO (B /IBY-
MEPHOM MPOCTPAHCTBE) UM MHOT00Opasue (B MHOTOMEPHOM TIPOCTPAHCTBE), OT/EIs-
Iol1ee KJIacchl APYT OT JApyTa.

B kauecTBe puMepa pacCMOTPUM MTPOCTOI CIIyYaii 3a1a4r KiacCuUKaIm, B KOTOPOM
JIBa KJlacca TOYeK BITOJIHE pas/iesieHsl (puc. 5.53):

In[2]: from sklearn.datasets.samples_generator import make_blobs
X, y = make_blobs(n_samples=50, centers=2,
random_state=0, cluster_std=0.60)
plt.scatter(X[:, @], X[:, 1], c=y, s=50, cmap="autumn');
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Puc. 5.53. MpocTble aaHHble ANns Knaccudukaumm
JIMHeHbI pa3esssionuil KJaccuOUKATOP MOMbITAETCS IPOBECTHU MIPSAMYIO JTUHUIO,

pasenAoILyio Ba Habopa JAHHbIX, CO3/1aB TAKUM 00PAa3OM MOJIEJNb s Kaaccudu-
Kaiuu. B caydae mogoOHbIX IBYMEPHBIX JAHHBIX 9TO 33/[a4a, KOTOPYIO MOKHO PEIIUTh

BPYYHYIO.

OpHako cpasy ke BO3HHKAeT IpodJIeMa: CyIecTByeT GoJiee OMHON UIeanbHO pasiesis-
IoIIel /1Ba Kyacca mpsmMoii!

Hapucyem ux (puc. 5.54).

-10 -05 00 05 10 15 20 25 3.0 3.5

Puc. 5.54. Tpy naeanbHbiX TMHENHBIX Pa3aenstoLmx
KnaccudmkaTopa Ans Halwmx AaHHbIX
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In[3]: xfit = np.linspace(-1, 3.5)
plt.scatter(X[:, 0], X[:, 1], c=y, s=50, cmap="autumn')
plt.plot([@.6], [2.1], 'x', color='red', markeredgewidth=2,
markersize=10)

for m, b in [(1, ©.65), (8.5, 1.6), (-0.2, 2.9)]:
plt.plot(xfit, m * xfit + b, '-k')

plt.xlim(-1, 3.5);

Ha puc. 5.54 mokasaHbl TPU oueHb PA3HBIX PA3MENUTEIST, TEM HE MEHee TIPEKPACHO pas-
JEJISAIONUX HAIIN BEIOOPKU. B 3aBUCKMOCTH OT TOr0, KAKOM M3 HUX BbI BbIOEPETE, HOBOM
TOYKE JIaHHBIX (HATIPUMEP, OTMEUEHHO 3HAKOM «X» Ha puC. 5.54) OyIyT MPUCBOECHBI
pazsmunbie MeTku! OYeBUIHO, HATII UHTYUTUBHBIN MOXO/] C <ITPOBEIEHUEM TPSIMON
MEKIY KIaccaMiuy paboTaeT HeJIOCTATOMHO XOPOIIIO M HYKHO MOAONTH K BOIIPOCY ¢ boJiee
TIyOOKUX TO3UITHH.

MeToa ONOpHbLIX BEKTOPOB: MaKCUMU3NPYEM OTCTY

MeTo/1 OIIOPHBIX BEKTOPOB IIPEAOCTABJISIET CIIOCO0 pelieHns 9Toii npobaemsl. Mnes
3aKJII0OYAETC B CJELYIOIIEM: BMECTO TOIO YTOOBI PUCOBATH MEXKIY KJIACCAMU IIPAMYIO
HYJIEBOII IMHUPUHBI, MOKHO HAPHUCOBATh OKOJIO KaKIOW U3 IPSAMBIX omcmyn (margin)
HEKOTOPOIi IMUPUHBI, IIPOCTUPAIOIIIiCS 10 GisKkaiinieil Touku. Bor nmpumep Toro, Kak
110100HbIIT II0AX0/] MOT ObI BBILIAAETH (pHC. 5.55).

6
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Puc. 5.55. Buzyanusaums «oTCTynoB» B pa3aensowmx KnaccugukaTopax

In[4]:
xfit = np.linspace(-1, 3.5)
plt.scatter(X[:, 0], X[:, 1], c=y, s=50, cmap="autumn')
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for m, b, d in [(1, ©.65, ©.33), (0.5, 1.6, 8.55), (-0.2, 2.9, 0.2)]:
yfit = m * xfit + b plt.plot(xfit, yfit, '-k')
plt.fill between(xfit, yfit - d, yfit + d, edgecolor='none',
color="#AAAAAA', alpha=0.4)

plt.xlim(-1, 3.5);

B MeTo1e OMOPHBIX BEKTOPOB B KAYeCTBE ONTUMAIBHON MO BEIOUPAECTCS JIMHMS,
MaKCUMU3UPYIONIAd 3TOT OTCTYI. MeTo/ OIOPHBIX BEKTOPOB — IIPUMEP OIeHUBATEJIA
€ Maxkcumarvuvim omemynom (maximum margin estimator).

AnnpokcuMauunsa MeToaoM OrMopHbIX BEKTOPOB

Barisirem Ha peasbHyIO alllPOKCUMAIIMIO 3TUX JJAHHBIX: BOCTIOJIb3yeMcs Kaccudu-
KaTOpPOM Ha OCHOBE METO/Ia OIIOPHBIX BEKTOPOB A1 00yuenus SVM-Mo/enn Ha HUX.
IToka MblI OyzeM UCIIOJIb30BaTh JMHEHOE SAPO U 3aJaJuM 04eHb 0OJIbIoe 3HAYEHUE
mapaMeTpa C (UTO 9TO 3HAUMT, MBI pacCKaskeM gajee):

In[5]: from sklearn.svm import SVC # "KnaccudpukaTop Ha OCHOBE MeTOAA OMOPHbIX
# BekTOpOB"
model = SVC(kernel='linear', C=1E10)
model.fit(X, y)

Out[5]: SVC(C=10000000000.0, cache_size=200, class_weight=None, coef0=0.0,
decision_function_shape=None, degree=3, gamma='auto’,
kernel="linear"',
max_iter=-1, probability=False, random_state=None, shrinking=True,
t0l=0.001, verbose=False)

Jist ydiiieii BUyaIna3aIiiny MPONCXOISIIETO CO3/IAMIM TPOCTYIO U YAOOHYIO (hYHKITIIO
TSI TocTpoeHust rpaduka rpanutl perneHuii meroga SVM (puc. 5.56):

In[6]:
def plot_svc_decision_function(model, ax=None, plot_support=True):
"""CTpoum rpaduk pewatwein ¢yHkuuu pna aBymepHou SVC"""
if ax is None:
ax = plt.gca()
x1lim = ax.get_xlim()
ylim = ax.get_ylim()

# Co3paeM KOOpPAMHATHYH CeTKy AJIA OLEeHKW Moaenu

= np.linspace(x1lim[@], x1im[1], 30)

= np.linspace(ylim[@], ylim[1], 30)

, X = np.meshgrid(y, x)

xy = np.vstack([X.ravel(), Y.ravel()]).T

P = model.decision_function(xy).reshape(X.shape)

<< X

# PUCyeM rpaHuubl NMPUHATUA peweHuid U OTCTYmbl
ax.contour(X, Y, P, colors="k"',
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levels=[-1, @, 1], alpha=0.5,
linestyles=["'--"', '-', '--'])

# Pucyem ornopHble BeKTOpbI
if plot_support:
ax.scatter(model.support_vectors_[:, 0],
model.support_vectors_[:, 1],
s=300, linewidth=1, facecolors='none');
ax.set_xlim(x1lim)
ax.set_ylim(ylim)

In[7]: plt.scatter(X[:, ©], X[:, 1], c=y, s=50, cmap="autumn')
plot_svc_decision_function(model);

-1
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Puc. 5.56. ObyueHvie knaccudurkaTtopa Ha OCHOBE METOAA OMOPHbIX BEKTOPOB. Ha pyCyHKe nokasaHsbl
rpaHuLbl OTCTYNOB (LUTPUXOBbIE NMHUK) U OMOPHbIE BEKTOPbI (OKPY>XHOCTW)

ITa pasjessoIas JUHUS MAKCUMU3UPYET OTCTYT MEKY ABYMs Habopamu Touek. O06-
paTtuTe BHUMAHUE, YTO HEKOTOPbIE U3 00YYAOIINX TOUYEK JIUIIh KacaroTest oreryna. OHu
OTMEYEHBI Ha PHC. 5.56 YEPHBIMU OKPYKHOCTSIMU. DTH TOUKU — KJHOUEBBIE 3JIEMEHTHI
ATIPOKCUMAIIII, OHU U3BECTHBI 110/l HA3BAHUEM ONOPHLIX 8eKmopos (support vectors),
B UX YeCTb aJITOPUTM U MOJYYUJT CBoe Ha3BaHue. B 6ubsmorexe Scikit-Learn ganubie 06
ATUX TOUKAX XPAHITCS B aTprOyTe support_vectors_ KiaccupukaTopa:

In[8]: model.support_vectors_

out[8]: array([[ ©.44359863, 3.11530945],
[ 2.33812285, 3.43116792],
[ 2.06156753, 1.96918596]])

Kitou x ycrexy KHaCCH(bHKaTOpa B TOM, 4YTO 3Ha4Y€HUE UMEET TOJIbKO PACIIOJOXKE-
HHE OIIOPHBIX BEKTOPOB. BCG, HaxodgHniuecsd Ha HpaBI/I]II)HOfI CTOPOHE, HO /laJIbIII€ OT
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OTCTYTIa, TOYKU He MeHsIoT annpokcumanuio! MopMaibHo €10 B TOM, 4TO 3TH TOYKU
He BHOCAT BKJIajla B MCMOJb3YeMYIO /It 00y4eHust Mojesin (PYHKIMIO MOTEPD, TaK
YTO UX PACIOJIOKEHNE U KOJNIECTBO He IMeeT 3HAUEeHU:I, €CJI OHM He TiepeceKaroT
OTCTYTIOB.

ITO MOKHO YBU/IETD, HATIPUMEP, ECJIU OCTPOUTH TPpaduk MoeIn, 00yIeHHON Ha Tiep-
BbIX 60 1 epBpix 120 Troukax Habopa gaHHbIX (puc. 5.57):

In[9]: def plot_svm(N=10, ax=None):
X, y = make_blobs(n_samples=200, centers=2,
random_state=0, cluster_std=0.60)
X = X[:N]
y = y[:N]
model = SVC(kernel='linear', C=1E10)
model.fit(X, y)

ax = ax or plt.gca()

ax.scatter(X[:, 0], X[:, 1], c=y, s=50, cmap='autumn')
ax.set_xlim(-1, 4)

ax.set_ylim(-1, 6)

plot_svc_decision_function(model, ax)

fig, ax = plt.subplots(1l, 2, figsize=(16, 6))
fig.subplots_adjust(left=0.0625, right=0.95, wspace=0.1)
for axi, N in zip(ax, [60, 120]):

plot_svm(N, axi)

axi.set_title('N = {@}'.format(N))

-1 0 1 2 3 4 -1 0 1 2 3 4

Puc. 5.57. BnusiHne HoBbIX 06y4yatolimx Touek Ha Mogenb SVM

Ha sieBoM pucyHKe MBI BUIUM MOJIENTb U OTIOPHbIE BEKTOPHI 1Jist 60 06yJaionux Touex.
Ha npaBoM prCyHKe Mbl YABOWJIM KOJHMYECTBO 00YYAIOIUX TOYEK, HO MOJENb He U3-
MEHUJIACH: TPYU OMOPHBIX BEKTOPA C JIEBOTO PUCYHKA OCTAJHUCH ONOPHBIMU BEKTOPAMU
u crpasa. [Togo6Has HEBOCTIPUUMYHBOCTD K TOMY, KaK IMEHHO BeIyT ceOsl yaaJeHHbIe
TOUYKHU, — OJIHA U3 CUJILHBIX CTOPOH Mojiesin SVM.
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Ecnu BBI paboTaete ¢ 3TuM GJIOKHOTOM B WHTEPAKTUBHOM PeXKIMe, MOXKETE BOCTIONb-
30BaThCsT MHTEPAKTUBHBIMHU BUKeTaMu 0bomoukn [Python st naTepakTHBHOTO TIPO-
cMOTpa 3Tol BoaMoskHocTu Mozesn SVM (puc. 5.58):

In[10]: from ipywidgets import interact, fixed
interact(plot_svm, N=[10, 200], ax=fixed(None));

-1 0 1 2 3 4

Puc. 5.58. lNepBbilt Kaap UHTEPAKTUBHOM BM3yanmsaumn SVM (CM. NOMHYy0 BEPCUIO
B OHNaiiH-npunoxenun (https://github.com/jakevdp/PythonDataScienceHandbook))

BbIX0AMM 3a rpaHuLbl NTMHENHOCTU: SVM-aapo

BosmoskrocT MeTosia SVM 0c06EHHO PacIiupsIioTest MPU €ro KOMOMHATINY ¢ 20paMu
(kernels). MbrI yske CTAIKUBAIICH ¢ HUIMU PaHee, B PEFPECCUH 110 KOMOMHAITUH Oa3MCHBIX
dbyHKIMiT U3 paszpena «3arisHeM ry0OKe: JTMHEHas perpeccus» AaHHOH raBbl. Tam
MBI 3aHUMAJIICD [TPOEKIINEH TAaHHBIX B IPOCTPAHCTBO ¢ GOJIbIIEN Pa3MEPHOCTBIO, OTIpe-
fessieMoe TOTMHOMUATBHBIME U ['ayccoBbIMU Ga3uCHBIME (DYHKIMSME, U Oraromapst
ATOMY UMEJIH BOBMOKHOCTD alllIPOKCUMUPOBATD HEJIMHEIHbIE 3aBUCUMOCTH C TIOMOII[IO
JIMHEHHOTO KIaccuduraropa.

B SVM-Mo/ies151X MOKHO UCIIOJIb30BATh OJIUH M3 BAPUAHTOB TO# ke uen. Ytodbl 1mo-
HATH, TOYEMY 3/1eCh HEOOXOIMMBI sI/IPa, PACCMOTPHM CJIEYIONINE JaHHBIE, KOTOPbHIE HE
NOIYCKAIOT JinHelinoe paszesemnue (puc. 5.59):

In[11]: from sklearn.datasets.samples_generator import make_circles
X, y = make_circles(100, factor=.1, noise=.1)

clf = SVC(kernel="linear"').fit(X, y)

plt.scatter(X[:, @], X[:, 1], c=y, s=50, cmap='autumn')
plot_svc_decision_function(clf, plot_support=False);
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Puc. 5.59. B criyuyae HeNMHENHbIX FpaHunL IMHENHbIN KnaccudukaTop HeathdekTuBeH

OueBU/IHO, YTO DTU JAHHBIE HUKAKUM 00pA30M TMHENHO He pasjeanmbl. Ho Mbl MOKeM
U3BJIeYb YPOK U3 PEFPECCHUN 10 KOMOMHALNY Ga3UCHBIX (DYHKIINHN, KOTOPYIO PACCMOTpE-
JIU B pasjesie «3arsiHeM ray0se: TIMHeHas perpeccusi» JaHHOM [JIaBbl, U MOMbITAThCS
CIIPOEIMPOBATh 9TU JAHHbBIE B IPOCTPAHCTBO GoJiee BHICOKON PasMEPHOCTH, IIOITOMY
JIMHEHHOTO pasiennTesst 6ydem pocraTrouHo. Hanpumep, ojHa U3 MOAXOASAIINX TIPO-
CTBIX TIPOEKITNIT — BBIYUCIICHIE PAOUAILHOU OA3UCHOU (PyHKUULUL, TIEHTPUPOBAHHON 10
cepeiHe COBOKYITHOCTH JTAHHBIX:

In[12]: r = np.exp(-(X ** 2).sum(1))

BusyanuszupoBaTh 3TO IOTIOJHUTEIBHOE U3MEPEHHE JAHHBIX MOXKHO C TOMOIIBIO TPEX-
MepHOTO Tpaduka. Eciii Bbl HCIIO/Ib3yeTe HHTEPAKTUBHbII OJIOKHOT, TO CMOKETE Bpa-
math rpaduk ¢ HOMOIIBIO cainepos (puc. 5.60):

In[13]: from mpl_toolkits import mplot3d

def plot_3D(elev=30, azim=30, X=X, y=y):
ax = plt.subplot(projection='3d")
ax.scatter3D(X[:, ©], X[:, 1], r, c=y, s=50, cmap="autumn')
ax.view_init(elev=elev, azim=azim)
ax.set_xlabel('x")
ax.set_ylabel('y")
ax.set_zlabel('r")

interact(plot_3D, elev=[-90, 90], azip=(-180, 180),
X=fixed(X), y=fixed(y));

Kax BuaMM, IPpU HaJIMYUU TPETHETO M3MEPEHUs JaHHble MOKHO dJIeMEHTapHO Pa3-
JICJIUTh JIMHEHHO IIyTeM IIPOBEIEHUS Pas/esdIolel JI0CKOCTH Ha BbICOTE, CKaKeM,
r=20,7.
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Puc. 5.60. [lobasneHne B AaHHbIe TPETLErO M3MepeHns
[laeT BO3MOXHOCTb JIMHEHOr0 pasaeneHus

Ham npuiniock TiaressbHo BbIOpaTh M BHUMATEIbHO HACTPOUTD HAIILY TIPOEKIIUIO: €CIIN
Obl MBI He EHTPUPOBAJIN PAAUATBbHYI0 OA3UCHYIO (DYHKIIMIO JOJKHBIM 00PasoM, TO He
TOJIYYHJIH OBl CTOJIb «UUCTHIX>, PA3/le/IIeMbIX JIMHEITHO pe3y ibTaToB. HeobxommmmocTh
110100HOTO BbIOOPA — 3aa4a, TpedyIollas pelieHus: X0TeJI0Ch Obl KaKUM-TO 00pazoM
ABTOMATUYECKH HAXOAUTh ONTUMAJIbHbIE Ga3UCHbIE (DYHKIIUM.

OjtHa U3 TTPUMEHSIEMBIX C 9TOH I[EJIBIO0 CTPATETHIT COCTOUT B BEIYUCICHUN Ha3MCHBIX
(yHKITHIA, IEHTPUPOBAHHBIX MO KasKI0H U3 Touek Habopa JaHHbIX, C TeM Y4TOOBI Jajee
anroput™M SVM npoaHaInsupoBasl MoJydeHHbIe Pe3yIbTaThl. JTa PABHOBUIHOCTD TIpe-
obpaszoBanust 6a3MCHBIX (DYHKIINH, U3BECTHAS TI0]] HA3BAHUEM NPeobpa308anus a0pa
(kernel transformation), ocHoBaHa Ha OTHOLIEHMH TOA00U (MK SIIPe) MEKIY KaxkKI0ii
Mapoii TOYex.

[TorenunanbHas npobjemMa ¢ 9Toil MeToauKOoN — npoekiueii N Touek Ha N usmepe-
HUIl — COCTOUT B TOM, YTO 1Ipu pocTe N OHA MOKET MOTPeboBaTh KOJOCCATIbHBIX 00b-
eMOB BbrurcieHnit. OaHako 6Jarogaps U3sIIHOI IIPOLIELYPE, U3BECTHOM M0 Ha3BaHueM
kernel trick (https://en.wikipedia.org/wiki/Kernel_method), 06y1{eH1/Ie Ha Hpeo6paBOBaHHbIX
C TIOMOIIBIO P JAHHBIX MOKHO IIPOU3BECTH HESBHO, TO €CTh Aaxe 0Ge3 MOCTPOEHMs
110J1HOTO N-MEPHOro IIpecTaBaeHus aaepHoil mpoekiuu! dtor kernel trick asigercs
yacTbhio SVM 1 0/IHO M3 TPUYMH MOIIA ATOTO METO/IA.

B 6ubnuoreke Scikit-Learn, yTo6bl mpuMeHuTh aaroput™ SVM ¢ MCnonb3oBaHIeM
SIIEPHOTO TIPe0OPa30BaHUSI, IOCTATOYHO IIPOCTO 3AMEHUTD JIMHEIHOE s171po Ha siipo RBF
(radial basis function — «pagnanbras 6azucHast GYHKIMS» ) ¢ TOMOIIBIO THIIEpPTIapaMe-
Tpa Mozesu kernel (puc. 5.61):

In[14]: clf = SvVC(kernel="rbf', C=1E6)
clf.fit(X, y)
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Out[14]: SVC(C=1000000.0, cache_size=200, class_weight=None, coef0=0.0,
decision_function_shape=None, degree=3, gamma='auto', kernel='rbf’,
max_iter=-1, probability=False, random_state=None, shrinking=True,
t0l1=0.001, verbose=False)

In[15]: plt.scatter(X[:, @], X[:, 1], c=y, s=50, cmap='autumn')

plot_svc_decision_function(clf)

plt.scatter(clf.support_vectors_[:, @], clf.support_vectors_[:, 1],
s=300, lw=1, facecolors='none');
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Puc. 5.61. O6yueHve aaepHoro SVM Ha Halwmx AaHHbIX

C TIOMOIIBIO ITOTO SAEPHOTO METO/IA OTMOPHBIX BEKTOPOB MBI MOKEM OIIPEAETUTD TI0/I-
XOJISIILYIO HETMHEHHYI0 rpannily penrenuii. Takas METoAnKa s1epHOTO IIpeobpasoBamst
YaCcTO MCIIOAB3YETCA B MAIIMHHOM OOYYeHNH JJTsl TIPEeBpallenust ObICTPHIX JUHEHHDIX
METO/I0B B ObICTPbIE HEJIMHENHbIE, 0COOEHHO [ MOZIENIEH, B KOTOPBIX MOKHO BOCITOJIb-
soBarbed kernel trick.

Hactponka SVM: pa3mMbiTue OTCTYMnoB

ZIO CHUX ITOP Hale O6cy>KlIeHI/I€ KacaJioCh XOpoHmio OYMHIieHHbIX Ha60p0}3 JIAHHBIX, B KO-
TOPBIX CYHIECTBYET H/icaJbHad I'paHUIla peH.[eHPIfI. Ho 4TO, €CJIN /laHHbIC B HeKOTOpOﬁ
CTEIeHHn HepeKPbIBaIOTCH?

Harpumep, TOIyCcTHM, MBI KIMEEM JIEJI0 CO CJICAYIOINMU JaHHbIMU (puc. 5.62):

In[16]: X, y = make_blobs(n_samples=100, centers=2,
random_state=0, cluster_std=1.2)
plt.scatter(X[:, @], X[:, 1], c=y, s=50, cmap="autumn');
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-3 -2 -1 0 1 2 3 4 5 6

Puc. 5.62. [laHHble C onpeaeneHHbIM nepekpbiTueM

Ha sror cayuaii 8 peanusatn Metoga SVM ectb HEOOJIBIIOI TONPABOYHBII ITapaMeTp
NI «Pa3MbITUsI» OTCTymA. JlaHHbIl TapaMeTp pa3peliaeT HEKOTOPbIM TOYKAM <«3a-
XOJIUTh» HA OTCTYT B TEX CJIyYasiX, KOT/A 9TO MPUBOAUT K JIYUIIEH arlmpOKCUMAIIHAM.
CrerneHb pa3MbITOCTH OTCTYTIA YIIPABJISETCST HACTPOEYHBIM APAMETPOM, U3BECTHBIM TT0]T
HazBatnueM C. [Tpu oueHb GOJIBIITOM 3HAYCHUH TTapaMeTpa C OTCTYII SIBJISIETCST «KECTKUM>
¥ TOYKHW HEe MOTYT HaXOJUThCs HA HeM. [Ipu MeHbIlleM 3HaUueHUN mapaMerpa C OTCTYII
cTaHoBUTCSI HOJTee PA3MBITBIM U MOKET BKIIOUATH B ceOsT HEKOTOPBIE TOUKH.

Ha puc. 5.63 nokasana Harjigg/iHasd KapThUHa TOro, Kakoe BJWAHNE U3SMEHEHUE TTapaMe-
Tpa C 0Ka3bIBaeT Ha UTOTOBYIO allIIPOKCUMaIIMIO IOCPEACTBOM Pa3MbITHS OTCTYIIA.

Cc=10.0 C=0.1

-2 -1 0 1 2 3 4 5 -2 -1 0 1 2 3 4 5

Puc. 5.63. BnnsiHme napameTtpa C Ha annpoKcMMaLmnio METOAOM OMOPHbLIX BEKTOPOB

In[17]: X, y = make_blobs(n_samples=100, centers=2,
random_state=0, cluster_std=0.8)

fig, ax = plt.subplots(1l, 2, figsize=(16, 6))
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fig.subplots_adjust(left=0.0625, right=0.95, wspace=0.1)

for axi, C in zip(ax, [10.0, 0.1]):

model = SVC(kernel='linear', C=C).fit(X, y)
axi.scatter(X[:, @], X[:, 1], c=y, s=50, cmap="autumn')
plot_svc_decision_function(model, axi)
axi.scatter(model.support_vectors_[:, 0],

model. support_vectors_[:, 1],

s=300, lw=1, facecolors='none');
axi.set_title('C = {@:.1f}"'.format(C), size=14)

OnTrMaibHOE 3HaYeHKe apaMeTpa C 3aBUCHT OT KOHKpeTHOro Habopa nanHbix. Ero ciie-
JIyeT HACTPAMBATH C ITIOMOIIIBIO TIEPEKPECTHON POBEPKU UK KAKOU-THO0 aHAIOTUIHON
mporetyphl (JarbHENTIyI0 nH(pOpMaIHio cM. B pasziese «[ urmeprnapaMeTphl U TPOBEPKa
MO/IeJIN» JTAHHOU TJIaBhl).

[puMep: pacno3HaBaHWe nuu

B kauectBe npumMepa paboThl METO/[a OTIOPHBIX BEKTOPOB PACCMOTPIIM 3a/[a4y PACIIO3HABA-
Hutst st MbI Bocriosibayemcest Habopou fartbix Labeled Faces in the Wild! (LFW), cocrost-
IIIUM 13 HECKOJIBKHX THICSIY YTIOPSIOUEHHBIX (hOTOrpathuil pasiuIHbIX OOIIECTBEHHBIX JIEsT-
tesieit. B 6ubsmoreky Scikit-Learn BeTpoeHa yTHIIITA JIJIST 3arPy3KH STOTO HAbOpa TAHHBIX:

In[18]: from sklearn.datasets import fetch_lfw_people
faces = fetch_lfw_people(min_faces_per_person=60)
print(faces.target_names)
print(faces.images.shape)

['Ariel Sharon' 'Colin Powell' 'Donald Rumsfeld' 'George W Bush'
'Gerhard Schroeder' 'Hugo Chavez' 'Junichiro Koizumi' 'Tony Blair']
(1348, 62, 47)

BoiBesieM Ha PUCYHOK HECKOIBKO U3 ATUX JIUII, YTOOBI YBU/IETD, C YeM MBI Gy/IeM UMETh
negio (puc. 5.64):

In[19]: fig, ax = plt.subplots(3, 5)
for i, axi in enumerate(ax.flat):
axi.imshow(faces.images[i], cmap="bone")
axi.set(xticks=[], yticks=[],
xlabel=faces.target_names[faces.target[i]])

Kaskmoe usobpaskenue copepskut 62 x 47, 1o ectb ipumMepro 3000 mukcenos. Mbl MoKeM
paccMaTpuBaTh KKIBIH MMUKCET KaK MPU3HAK, HO a(hheKTIBHEee MCII0Ib30BaTh KAKOii-
60 TIPETPOIeccop /TSt H3BJIeYeH st GoJiee OCMBICJICHHBIX TIPU3HAKOB. B manHom ciry-
Y4ae MBI BOCTIOJIB3YEMCsT METOJIOM TJIABHBIX KOMITOHEHT (CM. Pasfes «3aristHeM ryoske:
METO/I TTIABHBIX KOMIIOHEHT» ITAHHOW TJIaBh) /ist usBederust 150 6a30BBIX KOMITOHEHT,

! Cwm.: http://vis-www.cs.umass.edu /1fw/
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KOTOPbIE MbI IIEPETAITM HaIIIEMY KJIaCCI/I(bI/IKaTOpy Ha OCHOBE METO/[a OITOPHBIX BEKTOPOB.
prOCTI/IM 9Ty 3a/1a4y, O6’b€‘lII/IHI/IB TIPpErpoIeccop n KJIaCCI/Iq)I/IKaTOp B eIMHBII KOHBeﬁepI

In[20]: from sklearn.svm import SVC
from sklearn.decomposition import RandomizedPCA
from sklearn.pipeline import make_pipeline

pca = RandomizedPCA(n_components=150, whiten=True, random_state=42)
svc = SVC(kernel="rbf', class_weight="'balanced')
model = make_pipeline(pca, svc)

L3
Colin Powell George W Bush George W Bush George W Bush Hugo Chavez

George WBush  Junichiro Koizumi  George W Bush Tony Blair Ariel Sharon

George WBush Donald Rumsfeld  George W Bush George W Bush George W Bush

Puc. 5.64. lNpumepsbl 13 Habopa aaHHbIX Labeled Faces in the Wild

Jlsist KOHTPOJIST Pe3yJ IbTaToB paboThl HAIIEro KiIaccupukaropa pazobbeM JaHHbIE Ha
06YUAIOTIYIO U KOHTPOJIBHYIO TOCIET0BATETHHOCTH:

In[21]: from sklearn.cross_validation import train_test_split
Xtrain, Xtest, ytrain, ytest = train_test_split(faces.data,
faces.target,
random_state=42)

Hakownerr, Bocriosib3yeMcst HOMCKOM 110 CETKe € TIePEeKPECTHON TPOBEPKOIL 1715 aHAIN3a
coueranuii mapamerpos. [ogbepeM 3HaueHUsT MapaMeTpoB C (YIIPaBJISIONIETO Pas-
MBITHEM OTCTYTIOB) ¥ gamma (YIPABJSIONIErO Pa3MEPOM sjIpa pajuaibHON 6a3uCHOI
(byHKITUN) U OTIPEIETUM ONTUMATBHYIO MOJIEJTb:
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In[22]: from sklearn.grid_search import GridSearchCV
param_grid = {'svc_ C': [1, 5, 1@, 50],
'svc__gamma': [0.0001, 0.0005, 0.001, 0.005]}
grid = GridSearchCV(model, param_grid)
%time grid.fit(Xtrain, ytrain)
print(grid.best_params_)

CPU times: user 47.8 s, sys: 4.08 s, total: 51.8 s
Wall time: 26 s
{'svc__gamma': ©.001, 'svc__ C': 10}

OnrumasbHble 3HAUEHUS TIPUXOATCS HA Cepe/lHy Hamieil cetku. Ecou 6b1 oHM Tipu-
XOJIUJTACH HA KPast CETKM, TO KETATENTHHO OBLIO GBI PACTITUPUTD CETKY, YTOOBI yOETUTHCST
B HAXOKJICHUHM UCTUHHOTO ONITUMYMa.

Tenepb ¢ TOMOIIBIO 3TOIA, TTOABEPTHYTOM TIEPEKPECTHON TPOBEPKE MOIEN MOKHO TIPE/I-
CKa3aTb METKU /11 KOHTPOJIbHBIX IAHHBIX, KOTOPbIE MO/JIeJIb ellle He BUela:

In[23]: model = grid.best_estimator_
yfit = model.predict(Xtest)

PaCCMOTpI/IM HEKOTOpPbIE M3 KOHTPOJIbHBIX H306pa>K€HHﬁ " IIpe/iICKa3aHHbIX IJIA HUX
3HaueHuit (puc. 5.65):
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Puc. 5.65. MporHo3unpyemble MMeHa. HeBepHble METKM BblAenNeHbl NOAYXUPHbIM
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In[24]: fig, ax = plt.subplots(4, 6)
for i, axi in enumerate(ax.flat):
axi.imshow(Xtest[i].reshape(62, 47), cmap='bone')
axi.set(xticks=[], yticks=[])
axi.set_ylabel(faces.target_names[yfit[i]].split()[-1],
color="black' if yfit[i] == ytest[i] else 'red")
fig.suptitle('Predicted Names; Incorrect Labels in Red', size=14);

B 5701l HE6OJIBIITON BEIOOPKE HAIl ONTUMAJBHBINA OIIEHUBATENb OMIHOCS TOJBKO JIJIsST
omuoro Jmia (yuio /K. Byiira B HIGKHEM Psily ObLIO OMTHOOYHO TOMEYEHO KaK JIUIO
Baapa). Uto6bl sydiiie TpouyBCTBOBATH A (DEKTUBHOCTD pabOTHI HAIIETO OIEHUBATES,
BOCIIOJIb3yEeMCS OTYETOM O KJIacCU(UKAIINHI, B KOTOPOM IIPUBe/IeHA CTATUCTUKA BOCCTA-
HOBJICHUS 3HAUEHUH 110 KaXK/101 MeTKe:

In[25]: from sklearn.metrics import classification_report
print(classification_report(ytest, yfit,
target_names=faces.target_names))

precision recall fl-score  support

Ariel Sharon 0.65 0.73 0.69 15
Colin Powell 0.81 0.87 0.84 68
Donald Rumsfeld 0.75 0.87 0.81 31
George W Bush 0.93 0.83 0.88 126
Gerhard Schroeder 0.86 0.78 0.82 23
Hugo Chavez 0.93 0.70 0.80 20
Junichiro Koizumi 0.80 1.00 0.89 12
Tony Blair 0.83 0.93 0.88 42

avg / total 0.85 0.85 0.85 337

MoskeM TaksKe BBIBECTH HAa 9KPaH MATPUILY PA3JUYUN MEXKIY dTUMU KJIaCCaAMU

(puc. 5.66):

In[26]: from sklearn.metrics import confusion_matrix
mat = confusion_matrix(ytest, yfit)
sns.heatmap(mat.T, square=True, annot=True, fmt='d', cbar=False,
xticklabels=faces.target_names,
yticklabels=faces.target_names)
plt.xlabel('true label')
plt.ylabel('predicted label');

dTa I/IH(I)OpMaHI/IH TTO3BOJIAET HaM ITOHATDH, KaKre METKHU, BEPOATHO, OIIEHNBATEJIb OIIpe-
AEJINT HEBEPHO.

B peasibHbIX 3aj1a4aX pacrio3HaBaHUs JIMIL, B KOTOPBIX (hoTorpaduu He KaJipupoBaHbl Pe/i-
BapUTEJIbHO B aKKypaTHBIE CETKU, eANHCTBEHHOE OTJIMYKE B CXeMe KJITacCU(DUKAIIUHT JIAI]
OyJIeT cOCTOATH B BEIOOPE Mpu3HaKkoB. HeoOxomuMo GyieT Heroib30BaTh GoJIee CITOKHBIN
ATOPUTM JIJIs1 TIOWCKA JIWIT ¥ U3BJIEKATH HE 3aBUCSIIIE OT MUKCETU3AIINY TPU3HAKH. JI7ist
OJZOOHBIX PUIOKEHUH y00HOo npuMeHsaTs oubanorexy OpenCV (http://opencv.org/),
KOTOpasi, IOMIMO ITPOYEro, BKJIHYaeT 3apaHee 00yUeHHbIe PeaJr3aliii COBPEMEHHBIX
HHCTPYMEHTOB BBI/IeJICHYsI TTPUSHAKOB JIJIst H306paskeHIH BOOGIIE U JIUI] B YaCTHOCTH.
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Aiel Sharon 11 2 1 2 0 1 0 0

Colin Powell 1 . 2 InkiN O 0 0 0
DonaldRumsfeld 2 2 27 3 0 0 1
George W Bush 1 3 (VN 105 [l 2 0 0
Gerhard Schroeder o 0 0 1 18 2 0 0

Hugo Chavez 0 0 0 1 0 14 0 0
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HacTtosawwme meTtkun

Puc. 5.66. MaTtpuua pasnnumin Ans AaHHbIX Mo vuam

Pe3lomMe No MeToAy OMOpHbLIX BEKTOPOB

B atom pasnese Mbl TprBes KpaTKOe 1 TIOHSITHOE BBE/IEHNE B OCHOBBI METO/IOB OTIOPHBIX
BEKTOPOB. ITH METOJIBI SIBJISTIOTCS MOITHBIMU METOIAMI KJIACCU(DUKAITAN TIO PSITY TIPUUIH.

O 3aBUCUMOCTh MX OT OTHOCUTENbHO HEGOIBIIOTO KOJMUECTBA OIIOPHBIX BEKTOPOB
03HAYaeT KOMIIAKTHOCTh MOJENN U HeGOJBIIOEe KOJMIECTBO HCIOAb3yeMOil omepa-
TUBHOU ITaMSITHU.

a @aza IIpeaCKa3aHuAd 1ocJjie O6y‘~IeHI/I§I MO/I€JIN 3aHUMA€ET OY€Hb MaJIO BDEMEHU.

O ITockombky Ha pabOTY HTUX METOIOB BJIUSIOT TOJBKO TOUYKU, HAXOSIIIUECS BO3JIE
OTCTYIIAa, OHU XOPOIIO TTOAXOAAT IS MHOTOMEPHBIX JAHHBIX — JasKe JAHHbBIX ¢ KO-
JIMYECTBOM M3MePEHNH GOTBIIM, 4eM KOJMYECTBO BBIGOPOK, — HEIPOCTHIE YCIAOBUS
PabOThI JIST APYTUX AJITOPUTMOB.

Q Uurerpanus ¢ sepHBIMU METOAAMMU JI€TAeT UX YHUBEPCAIbHBIMU, 00€CIIeunBaeT
[PHUCIIOCOOISEMOCTD K MHOKECTBY TUIIOB IaHHBIX.

OlIHaKO Y METOZOB OITOPHBIX BEKTOPOB €CTh N1 HECKOJIBKO HEJOCTATKOB.

O Omnu MacmrabupyIoTes Ipy KoJamdecTse BhI60pok N B HauxyameM ciydae Kak O[N]
(O[N?] nns 6onee apdexkTUBHBIX peanusanuii). IIpu sHaUNTEIPHOM KOJUYECTBE
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o6yqaloumx BbI60pOK BbIUUCJ/IUTEJIbHBIE 3aTPAThl MOT'YT OKa3aTbCA HETIOMEPHO BbI-
COKHMU.

O Pesy/bTaThl 3aBUCST OT YAAYHOCTH BBIGOpa MapameTpa pasmbitust C. Ero HeoGxoanmo
TIATEJIEHO BRIOUPATH C TOMOIIIBIO TIEPEKPECTHOI POBEPKHU, KOTOPAST TOKE MOJKET TIOTPE-
60BaTh 3HAYMTE/IBHBIX BBIYUCIUTEIBHBIX 3aTPAT IIPU POCTE PA3MEPOB HAOOPOB JAHHbIX.

Q VY pe3ysbTaToB OTCYTCTBYET HEMOCPEACTBEHHAS BEPOATHOCTHAS WHTEPIIPETAINS.
Ee MOXHO TOJIyunTD 1yTEeM BHYTPEHHEH 11€PEKPECTHON 1TPOBEpKHU (CM. apaMmeTp
probability omenuBaTesist SVC), HO 9Ta IOTOJHUTETbHAS OEHKA OOXOANTCS Hele-
IITEBO B CMBICJIE BBIYMCIUTETHHBIX 3aTPaT.

YuursiBag 911 0cO6eHHOCTH, 51 oOpariaioch K SVM TobKo Torja, Korga 6oJiee mpocTbie,
ObIcTphIe U TPeOYIOIIe MEHBIIETO KOJIMIECTBA HACTPOEK METOABL HE YAOBIETBOPSIOT
MouM norpebHocTaM. Tem He MeHee, ec/Id y Bac eCThb J0CTATOUYHO [IPOLECCOPHOTO Bpe-
MEHHU JJIsI BBUIOJIHEHMs 00y4eHts 1 IIePEKPECTHON poBepku SVM Ha BalluX AaHHBIX,
3TOT METOJ MOKET TT0Ka3aTh IIPEBOCXO/HbIE PE3YJIbTaThL.

3arnsHeM rnybxe: nepeBbs pelleHni
N CyYalHble neca

Mbi 110poGHO PacCMOTPEJIH IIPOCTOI ITOPOKAAIOIINI KaaccudukaTop (cM. pasien «3a-
rUIsiHeM rryGske: HausHas GaiiecoBCKast KacCU(pUKAIA» JaHHOI TIaBbl) ¥ 00J1a 1Al
MTUPOKIMH BO3MOKHOCTSIMU Pa3/IeJITIONTNi KaaccupuraTop (CM. pas3fiest «3arissHeM
ry6sKe: METOJ[ OTIOPHBIX BEKTOPOB» HTOM IJiaBbl). B TAaHHOM pasjiesie Mbl PACCMOTPUM
ellfe OJ[FH MOIIHbII HeTlapaMeTPIIECKUiT alropuT™ — cayuativie ieca (random forests).
Coyuaiinble Jieca — puMep OJIHOTO M3 METOIOB ancamobnei (ensemble), ocHOBaHHBIX
Ha arperupoBaHy Pe3yabTaToB aHcaMbJIs1 GoJiee MPOCTHIX olfeHmBaTeael. Heckombko
HEOKUIAHHBIH Pe3yabTaT UCIOIb30BAHUS TTOOOHBIX METOMOB aHCaMOIel — TO, 4TO
1[eJI0€ B JIAaHHOM CJIydae OKa3bIBaeTCst OOJIBIIE CYMMBI COCTaBHBIX yacTeil. Peayabrat
«TOJIOCOBAHUST» CPEJU JOCTATOYHOTO KOJMYECTBA OT[eHUBATEJICH MOXKET 0Ka3aThCs
JIydIie pesyJbraTa Jio6oro u3 OTAeJIbHBIX YYaCTHUKOB «I0J0COBaHUs»! Mbl yBUuaNM
[IPUMEPBI ATOTO B CIEAYIONNX pasesax. Haunem ¢ 0ObIYHBIX MMIIOPTOB:

In[1]: %matplotlib inline
import numpy as np
import matplotlib.pyplot as plt
import seaborn as sns; sns.set()

ABVKyLLI@QS CMNa CNy4YanHbIX NIECOB: 1EPEBbS
NPUHSATUS pELLEHNI

Curyuaiinbie jieca — npumep o0ydaeMoro ancamOJis Ha OCHOBE JICPEBbEB MTPUHSTHS Pe-
mrernii. [ToaToMy MbI HAUHEM ¢ 0OCYKICHUST CAMUX JIEPEBHEB PEITCHUIL.
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JlepeBbst pelieHnii — MCKIIOYUTEIbHO MHTYUTUBHO MOHATHbBIE CIOCOObI KaaccupuKa-
LUK MM MapKUpoBaHusi 00bekToB. 110 cyTH, Bce CBOANUTCA K KaacCU(pUKALUK IIyTeM
3a/[aHUST CEPUU YTOUHSIIOIINX BOMPOcoB. Hampumep, 1epeBo MPUHATUS PELIeHUIT TSt
KJIacC(PUKALUN BCTPETUBLIMXCS BO BPEMsI BEJIOCHUIIEHOI IIPOTYJIKI JKUBOTHBIX MOIJIO
ObI BBITJISIZIETD CJIeayommM obpasom (puc. 5.67):

Kakoro pasmepa

XXUBOTHOE?
>1m <1m
Y X1BOTHOroO Y XVBOTHOIrO
ecTb pora? OBe Horn?
,El.la I-ieT )Jia I—lieT
Pora xunBoTHOro Ha xnBoTHOM Y XVBOTHOIrO Y XUBOTHOIO
onvHHee 10 cm? €CTb OLUENHNK? €CTb KPblIbsi? €eCTb XBOCT?
| | | |
1 1 1 1
r===== Lo 1 r===== Lo 1 r===== Lo 1 r===== Lo

Puc. 5.67. MNpyMep ABOMYHOIO AepeBa NPUHSTUS PeLLeHuni

Bumapnoe pazbuenue 4pe3Bbrdaiiio ahHeKTHBHO: B XOPOIIO CIIPOEKTHPOBAHHOM JIepe-
Be KaKBIH BOMPOC OY/IET YMEHBIATh KOJIUYECTBO BAPHAHTOB TIPUOIUBUTEIBHO BIBOE,
O4€eHb OBICTPO Cy’Kast BOBMOKHBIE BAPUAHTDI JIAKE MTPU OOJIBIIIOM KOJMYECTBE KITACCOB.
®Doxkyc coCTOUT B TOM, KaKHe BOTIPOCH 33/laBaTh Ha Kak/0M Tiiare. B cBsI3aHHBIX ¢ Ma-
IIUHHBIM 00YUEHUEM Peau3aliusiX JePeBbeB MPUHATHS PEIIEHUN BONPOCHI OOBIYHO
HMEFOT BU/I BBIDOBHEHHBIX 0 OCSIM KOOPAMHAT PasOUEHUIT JAHHBIX, TO €CTh KayK/IbIi y3esl
nepeBa pasbuBaET JAHHbIC HA JIBE TPYIIIBI C TOMOTITBIO TIOPOTOBOTO 3HAYCHUST OTHOTO 13
TIPU3HAKOB.

Co3paHune aepeBa NPUHSATUSE PELLEHUI

PaCCMOTpI/IM cireaymoime I[ByMeprIe JaHHbIE C YETBIPbMA BO3MOKHBIMH METKaMM
kimaccos (puc. 5.68):

In[2]: from sklearn.datasets import make_blobs
X, y = make_blobs(n_samples=300, centers=4,

random_state=0, cluster_std=1.0)
plt.scatter(X[:, @], X[:, 1], c=y, s=50, cmap='rainbow');
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Puc. 5.68. [laHHble Ans knaccubukaTopa Ha OCHOBE AepeBa MpUHSATUS peLLeHniA

ITpocToe epeBo MPUHSTUSE PEIeHUE /ISt STUX JAHHBIX OY/IeT MHOTOKPATHO Pa3/ieisiTh
JTAHHBIE TI0 OJTHOHM MJIN HECKOJIbKUM OCSIM, B COOTBETCTBUM C OTIPE/IeTIeHHBIM KOJIJe-
CTBEHHDBIM KPUTEPHEM, U Ha KAKIOM YPOBHE MAPKUPOBATH HOBYIO OOJIACTH COTIACHO
GOJTBIIMHCTRY JleKamux B Helt Touek. Ha puc. 5.69 mpuBenena BU3yarnsanus mepBhix
YyeTbIpex YPoBHeH KiaccuduKraTopa g 3TUX JaHHbBIX, CO3/[aHHOTO Ha OCHOBE JiepeBa
[IPUHATHA pellleHui.

depth =1 depth=3

Puc. 5.69. Busyanusaums pasbreHus AaHHbIX AEPEBOM NPUHATUS peLLEHUN

O6paTuTe BHUMAHKE, YTO TIOCJIE EPBOTO PasOUEHNsT BCe TOUKU B BEPXHEl BETKE 0CTa-
I0TCS1 HEU3MEHHDBIMU, [I09TOMY HeOOXOIMMOCTH B IajIbHelIeM ee pasbueHnu HeT. 3a uc-
KJIIOUEHUEM y3JI0B, B KOTOPBIX IIPUCYTCTBYET TOJbKO O/INH 1[BET, HAa KaXK/I0M U3 YPOBHEN
6ce obacTy CHOBa Pa3bUBAIOTCA 110 OJJHOMY U3 IBYX NPU3HAKOB.

IIpouecc 00yueHus gepeBa IPUHATH PEIIEHNI Ha HAIMX AAHHBIX MOYKHO BBIIIOJIHUTD
B Scikit-Learn ¢ momonipio ornenuBaress DecisionTreeClassifier:

In[3]: from sklearn.tree import DecisionTreeClassifier
tree = DecisionTreeClassifier().fit(X, y)

Hamumiem He60IBINYIO BCTOMOTATENBHYTO (DYHKITHIO, 4TOOBI O6IETYUTE BU3YaTM3AIIIO
BBIBOJIA KJIaccuduKaTopa:
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In[4]:
def visualize classifier(model, X, y, ax=None, cmap='rainbow'):
ax = ax or plt.gca()

# Pucyem oby4vawwme TOYKM

ax.scatter(X[:, @], X[:, 1], c=y, s=30, cmap=cmap,
clim=(y.min(), y.max()), zorder=3)

ax.axis('tight")

ax.axis('off")

x1lim = ax.get_xlim()

ylim = ax.get_ylim()

# 0Obyyaem oueHuUBaTeNb

model.fit(X, y)

XX, yy = np.meshgrid(np.linspace(*x1lim, num=200),
np.linspace(*ylim, num=200))

Z = model.predict(np.c_[xx.ravel(), yy.ravel()]).reshape(xx.shape)

# Co3paem LBeTHOW rpaguk C pesynbTaTamu

n_classes = len(np.unique(y))

contours = ax.contourf(xx, yy, Z, alpha=0.3,
levels=np.arange(n_classes + 1) - 0.5,
cmap=cmap, clim=(y.min(), y.max()),
zorder=1)

ax.set(xlim=x1lim, ylim=ylim)

Terepb MOKHO IIOCMOTPETh, KaKasl y HAC IIOJyYnIach KaaccuduKaiys Ha OCHOBE JiepeBa
MpUHATHA pernerui (puc. 5.70):

In[5]: visualize classifier(DecisionTreeClassifier(), X, y)
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Puc. 5.70. Busyanusaums knaccubmkaumm Ha OCHOBE AepeBa NPUHATUS PeLLEeHWIA
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Eciiu BbI ipuMeHsieTe HHTePaKTUBHBIN OJIOKHOT, TO MOKETE BOCIIOJIb30BaThC BCIIOMO-
raTeJbHbIM CIIeHAPUEM, BKJIIOUEHHBIM B OHJIalH-TIpuioskenue (https://github.com/jakevdp/
PythonDataScienceHandbook) 717151 BBI30Ba MHTEPAKTUBHON BU3yaJn3allny Ipoiiecca mo-
CTPOEHHUS IepeBa MPUHATHS penerui (puc. 5.71):

In[6]: # Moaynb helpers_05 08 MOXHO HaWTU B OHNAWH-MPUNOKEHUU K KHUTre
# (https://github.com/jakevdp/PythonDataScienceHandbook)
import helpers_05_08
helpers_05 08.plot_tree_interactive(X, y);

Puc. 5.71. lMNepBbiii Kaap MHTEPaKTUBHOMO BUAXKETA AepeBa NPUHSTUS pelleHnit. MonHyo Bepcuio
cM. B oHnanH-npunoxerun (https://github.com/jakevdp/PythonDataScienceHandbook)

Ob6paTnTe BHIMAHIE, YTO IO MEPe BO3PACTAHIS TITYOMHBI MBI TIOJyYaeM 06TacTH KITac-
cuduKaum oueHb crpaHHoil hopmbr. Haripumep, Ha TiryOuHe, PABHOI 5, MEXKTY JKEITON
U cuHel 06JIacTSIMU TIOSIBIISIETCST Y3Kast ¥ BBITSHYTAst B BLICOTY (hroIeToBass 06JIaCTh.
OueBHIHO, YTO TaKast KOHGUTYPAIIHS SIBISETCS CKOPee He Pe3yTbTaTOM COOCTBEHHO
paciipezieJieHUs JAHHbBIX, @ KOHKPETHOW UX IUCKPETU3AIUU UK CBOMCTB IIIyMa B HUX.
To ecTh 9TO JIEPEBO TPUHATHS PEIICHI Ha TJIyOUHE BCETO JIUIIb TISATH YPOBHEH yiKe
OYEBU/IHBIM 00Pa3oM 11epeodyueHo.

[lepeBbsi NPUHATUA PELLEHNI U NepeobyyeHne

[Tomo6GHOE TIepeodyUeHre MPHCYIIE BCEM JCPEBbIM TPUHSATHS PEHICHUET: HET HUYETo
POITIE, YeM JIOUTH JI0 CJAMIIKOM IyGOKOTO YPOBHS JIEPEBa, allliPOKCUMUPYS TAKUM 00-
PasoM HIOAHCHI KOHKPETHBIX JaHHBIX BMECTO OOIIUX XapaKTEePUCTUK PacIpeieIeHuii,
U3 KOTOPBIX OHU HOJIy4YeHbL. J[pyroil crocol yBUIeTh 3TO TepeodyueHre — 00paTUThCST
K MOJIEJISIM, OOYYEHHBIM Ha PA3JIMYHbBIX MOJMHOKECTBAX Habopa JaHHBIX, HATPUMED,
Ha puc. 5.72 mokazano obyJeHre ABYX Pa3IMIHBIX IePEBBEB, KAKI0E HA MOTOBUHE HIC-
XOJIHOTO HAabOPa JIAHHBIX.
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Puc. 5.72. Mpumep ABYX C/TyYaliHbIX AEPEBLEB MPUHATUS PELLEHNI

OueBuHO, YTO B HEKOTOPBIX MeCTaX pe3yJbTaTbl TUX /IBYX /lepeBbeB He IIPOTUBOpeyYaT
APYT ApyTy (HaIpUMep, B Y€ThIPEX YIJlax), a B IPYTUX MECTaX UX KIacCH(pUKaIuu O4eHb
CHJIBHO Pa3inyaioTcst (HATPUMED, B 00TACTSIX MEKIY JTIOOBIME IBYMS KJIACTEPAMH).
Baneiiinii BbIBOJL U3 9TOI0 PUCYHKA: PACXOXKAEHNU UMEIOT TeH/ICHIUIO II0ABJIATLCS
B TeX MecTax, I/ie CTelleHb J0CTOBEPHOCTH KIaccuduKaluy HUXKe, a 3HAUNT, Mbl MOKEM
MOOUTRCS TYUIIETO PE3YIbTATa, UCTIONb3YsT MH(MOPMAIIUIO U3 060UX IePEBhEB!

ITpu mpuMeHeHN WHTEPAKTUBHOTO GIOKHOTA MOYKHO BOCIIOIH30BATHCS CIEYIONIEN
(hyHKIMEN 11T MHTEPAKTUBHOTO OTOOPAKEHUST [IePEBbEB, O0YUEHHBIX HA CJIYYalHBIX
OJIMHOsKeCTBax Habopa JaHuHbIX (puc. 5.73):

In[7]: # Moaynb helpers_05_08 MOXHO HaWTW B OHNAWH-MPUNOKEHUN K KHUTe
# (https://github.com/jakevdp/PythonDataScienceHandbook)
import helpers_05_08
helpers_05_08.randomized_tree_interactive(X, y)

Puc. 5.73. MepBbiii Kaap UHTEPAKTUBHOIO BUAKETA CyYaiiHOro AepeBa NPUHATUS pelleHnid. MonHyo
BEpCUIO CM. B OHManH-npunoxenun (https://github.com/jakevdp/PythonDataScienceHandbook)
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AHATIOTUYHO TOMY, KaK UCIOJIb30BaHNe WH(MOPMAIIUN U3 JIBYX JEPEBHEB MO3BOISET
JIOCTUYD JIYUIIET0 Pe3yJibTaTa, puMeHeHre HH(GOPMAIIUU 13 MHOTUX 0OECTIEUUT ellle
JIYYIUN pe3yabTart.

AHCamMbnu oLeHMBaTENEN: CllyYalriHble fieca

Viest KoMOMHAIMK HECKOTBKUX TIePeoOyUeHHBIX OlleHuBaTe el st cHuKeHnst ahex-
Ta HTOTO MEPEOOYUEHUST JIEKUT B OCHOBE METO/a aHcaMOJieil o/l HasBaHUEM «Oazeunes
(bagging). Barrusr ucosb3yeT ancam6bJ1b (HATPUMeED, CBOCOOPA3HYIO ISy (HOKyC-
HUKa» ) MapajIebHO paboTatomux nepeobydaeMbIX OleHUBaTeIel 1 YCPeHSET PE3yJThb-
TAThI JIJISI TTOJIYYEHUsI ONITUMAJIbHON Kiraccupukaum, AHcaMOJIb CIyYailHbIX JIEPEBbEB
MIPUHSATHUS PENIeHIiT HasbIBaeTCs cayyatinvim tecom (random forest).

BoinmosHuTh mogo6Hy10 6arrnHr-KaaccuGUKaInio MOKHO BPYUHYIO ¢ OMOIIBIO Me-
TaoleHuBaressi BaggingClassifier us 6ubauorexu Scikit-Learn, kak mokasaHo Ha
puc. 5.74:

In[8]: from sklearn.tree import DecisionTreeClassifier
from sklearn.ensemble import BaggingClassifier

tree = DecisionTreeClassifier()

bag = BaggingClassifier(tree, n_estimators=100, max_samples=0.8,
random_state=1)

bag.fit(X, y)

visualize classifier(bag, X, y)
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Puc. 5.74. [paHNLbl NPUHATUS PELUEHWI ANt aHCaMbs CllyYaliHbIX AEPEBLEB PELLEHMIA

B aTom mpuMepe Mbl paHIOMU3MPOBAJIU JIAHHBIE TyTeM 00YYEHUsT BCEX Oll€HUBaTe el
Ha CJIYYallHOM TIOAMHOKeCTBe, cocTosiieM u3 80 % obyuaromux Touek. Ha mpaktuke
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st 6oree ahHeKTUBHON PAHIOMUBAIINH IEPEBBEB TTPUHITHUS PETTEHUT 00eCTIETNBAETCST
ompeiesieHHast CTOXaCTHYHOCTH Tpotiecca Bbibopa paszbuennuii. [Tpu aToM Besikuit pas
B 00y4YeHNr YyI9acTBYIOT BCE JAHHbIE, HO PE3YJIbTaThl 00yUYeHUsI BCE PABHO COXPAHSIOT
Tpebyemyio caydaiinocts. Hampumep, ipu BHIOOPE, IO KAKOMY MTPU3HAKY BBITIOTHSITH
pasbuenue, caydaiiHoe TePeBO MOXKET BLIOUPATH U3 HECKOTHLKUX BEPXHUX TIPH3HAKOB.
Y3uarh 00JIblile TEXHUYECKUX MTOAPOOHOCTEN O CTPATETUSIX PAHAOMUBAIIN MOXKHO
B nokyMmenTaruu 6ubamorexu Scikit-Learn (http://scikit-learn.org/stable/modules/ensemble.
html#forest) 1 yIIOMSIHYTBIX B Hell CIIPaBOYHBIX PYKOBOJICTBAX.

B 6ubmoreke Scikit-Learn mogo0HbI ONTUMU3MPOBAHHBIN aHcaMOJIb CIyYaliHbIX Iepe-
BbEB [IPUHSATUSA PEITEHUH, aBTOMATUYECKH BBITTOJIHSIONMI BCIO PAHIOMU3AIINIO, Peasn-
30BaH B olleHKBaTeJie RandomForestClassifier. Bee, uto ocraercs ciesiath, — BbIGpaTh
KOJIMYECTBO OlleHUBaTeNeil U OH 04eHb ObICTPO (MIPU HEOOXOAMMOCTH MapaJLIeNbHO)
00yunt ancamb.b gepesbes (puc. 5.75):

In[9]: from sklearn.ensemble import RandomForestClassifier

model = RandomForestClassifier(n_estimators=100, random_state=0)
visualize_classifier(model, X, y);

Puc. 5.75. AHcaMb1b CrlyYaiiHbIX AEPEBLEB NMPUHATUS PELLEHWIA

Kak Buzgum, myrem yepentenns 6osee yem 100 ciydaiiHO BO3SMYIIEHHBIX MOZIEJIEN MbI
noJty4aem oBIIyI0 MOJIeJb, HAMHOTO (oJiee OIM3KYI0 K HAIIMM HHTYUTHBHBIM [PEICTAB-
JIEHVSIM O TIPABUIBHOM Pa3bUeHni TapaMeTPUIecKOTO MPOCTPAHCTRA.

Perpeccusi ¢ NOMOLLbIO CyYaliHbIX N1eCOB

B npexapimymiem pasmesne Mbl paCCMOTPEJH CIydalHBIE Jieca B KOHTEKCTE KIacCH-
(pukanuu. Cayualinbie jeca MOTYT TakyKe OKa3aThCs MOJIE3HBIMU JIJISI PETPecCuu
(TO ecTb HENPEPBIBHbBIX, a HE KAaTeropuaJibHbIX BeJinunH). B aToM cirydae ucrosib3yercst
oneHuBaresib RandomForestRegressor, CHHTaKCUC KOTOPOr'O HAIIOMUHAET MOKa3aHHBIN
BBIIIIE.
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PaCCMOTpI/IM JITaHHbIE, TTIOJIYY€HHbIEC N3 COUYETAHUA 6bICprIX u MeJJIEHHbIX KOJIe6aHHI>)I

(puc. 5.76):

In[10]: rng = np.random.RandomState(42)
x = 10 * rng.rand(200)

def model(x, sigma=0.3):
fast_oscillation = np.sin(5 * x)
slow_oscillation = np.sin(0.5 * x)
noise = sigma * rng.randn(len(x))

return slow_oscillation + fast_oscillation + noise

y = model(x)
plt.errorbar(x, y, 0.3, fmt="0");
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Puc. 5.76. [laHHble AN perpeccum ¢ noMoLLbio CTyYaliHOro neca

Haiitu onTuMasbHY10 alllpOKCUMUPYIONLYI0 KPUBYIO C IOMOIIIBIO PErpeccuu Ha OCHOBE
CJIy4aiiHOro Jieca MOKHO cienyomum obpasom (puc. 5.77):

In[11]: from sklearn.ensemble import RandomForestRegressor
forest = RandomForestRegressor(200)
forest.fit(x[:, Nonel, y)

xfit = np.linspace(0, 10, 1000)
yfit = forest.predict(xfit[:, None])
ytrue = model(xfit, sigma=0)

plt.errorbar(x, y, 0.3, fmt="o', alpha=0.5)
plt.plot(xfit, yfit, '-r');
plt.plot(xfit, ytrue, '-k', alpha=0.5);



484 MnaBa 5 e MalwwnHHOE 06yyeHMe

Ha sTom pucynke HacTOAMAs MOIENIb MOKa3aHa TJIAIKOH, a MO/IeJIb Ha OCHOBE CJIyvaii-
HOTO Jieca — «PBaHOI» KpUBOi. Kak BbI MoKeTe BUIETD, HelTapaMeTpHUecKast MOJIEb
Ha OCHOBE CJIYYailHOTO Jieca JOCTaTOUHO rOKa JJIsT allPOKCUMALIUU MYJIbTUIIEPHOAU-
YEeCKUX JaHHbBIX, 0e3 HeOOXOAUMOCTH UCIIOJIBb30BAHUST MYJIbTUIIEPHOANIECKON Moien!

3

-3
0 2 4 6 8 10

Puc. 5.77. AnnpokcMmaums AaHHbIX MOAESNbIO Ha OCHOBE C/Ty4aliHOro fieca

MpuMep: UCNonb30BaHME CyYanHoro neca
AN Knaccudukaumm umdp

Panee MbI yske BUIe/IN IAHHBIE 0 PYKOIMCHBIM TG pam (CM. pasiiest «3HAKOMCTBO ¢ 6u-
6mmorexoit Scikit-Learn» aToit raBnr). BocmombayeMest IMU CHOBa, 4TOOBI TOCMOTPETD
Ha TIpUMeHenne Kaaccu@ukaropa Ha OCHOBE CIy4aiiHbIX JI€COB B JAHHOM KOHTEKCTE.

In[12]: from sklearn.datasets import load_digits
digits = load_digits()
digits.keys()

Out[12]: dict_keys(['target', 'data', 'target_names', 'DESCR', 'images'])

B KkauecTBe HAOMITHAHIS, C Y€M MBI HMEEM JIEJI0, BU3YATU3UPYEM HECKOJIBKO MEPBBIX
TOUeK MaHHbIX (puc. 5.78):

In[13]:

# HacTpoWku pucyHka

fig = plt.figure(figsize=(6, 6)) # pa3mep pucyHKa B AwimMax
fig.subplots_adjust(left=0, right=1, bottom=0, top=1, hspace=0.05,
wspace=0.05)

# Pucyem uudpbl: pasmep Kaxaoro msobpaxeHua 8 x 8 nukcenos

for i in range(64):
ax = fig.add_subplot(8, 8, i + 1, xticks=[], yticks=[])
ax.imshow(digits.images[i], cmap=plt.cm.binary, interpolation='nearest')
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# Mapkupyem u306paxeHue LesieBbIMU 3HAYEHUAMU
ax.text(®, 7, str(digits.target[i]))
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Puc. 5.78. BusyanbHoe npeacTaBieHne AaHHbIX MO PYKOMMUCHBIM Lndpam

BoicTpo kinaccudunmpoBaTh Hdpbl € ITOMOIIBIO CAYYaiHOTO JIECa MOKHO CJIEAYIOIIM
obpasom (puc. 5.79):

In[14]:

from sklearn.cross_validation import train_test_split

Xtrain, Xtest, ytrain, ytest = train_test_split(digits.data, digits.target,
random_state=0)

model = RandomForestClassifier(n_estimators=1000)

model.fit(Xtrain, ytrain)
ypred = model.predict(Xtest)

Barisinem Ha oT4eT 0 KJIaCCI/I(bI/IKaL[I/H/I JJIL JaHHOT'O K]IaCCI/I(l)I/IKaTOpaZ

In[15]: from sklearn import metrics
print(metrics.classification_report(ypred, ytest))

precision recall fl-score support
0 1.00 0.97 0.99 38
1 1.00 0.98 0.99 44

2 0.95 1.00 0.98 42
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3 0.98 0.96 0.97 46
4 0.97 1.00 0.99 37
5 0.98 0.96 0.97 49
6 1.00 1.00 1.00 52
7 1.00 0.96 0.98 50
8 0.94 0.98 0.96 46
9 0.96 0.98 0.97 46
avg / total 0.98 0.98 0.98 450

B nomnosnenve naprcyeM MaTpUILy pasanduii (cM. puc. 3.79):

In[16]: from sklearn.metrics import confusion_matrix
mat = confusion_matrix(ytest, ypred)
sns.heatmap(mat.T, square=True, annot=True, fmt='d', cbar=False)
plt.xlabel('true label')
plt.ylabel('predicted label');
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HacToawwme meTkun

Puc. 5.79. MaTtpuua pasnunumii ans knaccucukaumm umdp
C MOMOLLbIO Cly4YaiiHbIX 1ecoB

Oxaszamoch, 9To MPOCTOH, He HACTPOEHHDIH KAKUM-TO CTIENNATHHBIM 00pa3oM carydati-
HBII Jiec IaeT OUeHb TOUHYIO KJIACCH(DUKAIIIIO JAHHBIX 110 PYKOTMCHBIM ITdpaM.

Pe3toMe Mo cy4yalHbIM lecam

B 5TOM pas;iesie Mbl IIO3HAKOMUJIM BAC € MOHATHEM ancamonei ouenusameneil (ensemble
estimators) u, B YaCTHOCTU, MOJIEJIU CJIy4aiiHOTO Jieca — aHcaMOJIs CIy4YailHbIX IePeBbeB
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npunsaTus penrennii. CrydaiiHbie Jeca — MOIIHBIIA METO, 00IafaI0MNI HECKOIBKIMU
JIOCTOMHCTBAMMU.

O Kak obyuenue, Tak U pecKa3aHue BBITOJHIIOTCS OUeHb OBICTPO B CHJIY MTPOCTOTHI
JIEKAIIMX B OCHOBE MOJIENH JIEPEBbEB IIPUHTH pernernii. Kpome toro, 00e 3agauu
nonyckaroT ahGEeKTUBHYIO MapasieJn3aIinio, TaK KaKk OT/eJbHbIE IePEBbs Mpej-
CTaBJISIOT c000ii COBEPIIEHHO HE3aBUCUMBIE CYIITHOCTH.,

O BapuanT ¢ HeCKOJIBKUMU JEPEBbSIMU JIA€T BO3MOKHOCTH UCIIOJIb30BAHUS BEPOSIT-
HOCTHOM KJaccu(uKaIlum: penieHne myTeM «TOJOCOBaHUSI» OlleHUBaTe el 1aeT
oueHKy BepoarHoctH (B 6ubsmoreke Scikit-Learn ee MOKHO IIOIyYUTh € TOMOIIBIO
MeTojia predict_proba()).

O HemapaMmerpuueckasi MOJEIb UCKIIOYUTENbHO THOKA U MOXKeT 3(h(heKTUBHO pa-
60TaTh ¢ 33/1a9AMHU, Ha KOTOPBIX JAPYTHE OMEHNBATETN OKA3bIBAIOTCS HeTO00yTeH-
HBIMU.

OcHoBHOIT HEIOCTATOK CJIyYalHBIX JIECOB COCTOUT B TOM, YTO Pe3yJIbTaThbl CJI0KHO UH-
TeprupeTHpoBaTh. YToOb! C/IeaaTh KaKie-IH60 BBIBOIBI OTHOCUTEILHO CMbICAA MOJICIH
KJIaccudukanuu, caydaiiible jeca — He Jy4IInii BApUAHT.

3arnsHem rny6>|<e: METO/ INMaBHbIX KOMIMOHEHT

J1o cux 1op MbI TOAPOOHO U3yYa/Ii OLEHUBATE M /IS MAIIMHHOTO OOYUEHM C yIUTe IEM,
IIPEACKA3BIBAIONIIE METKI HA OCHOBE MAPKUPOBAHHBIX 00YYAIONINX AaHHbBIX. 3LECh JKe
MbI M3Y4YMM HECKOJILKO OIleHUBaTe el 6e3 yunTe/ist, I03BOJILIONMX HOAYePKHYTh HHTe-
PeCHbIE aCIIEKThI JAHHBIX OE30THOCUTENBHO KaKUX-/TUO0 U3BECTHBIX METOK.

Mbr o6ey M, BOBMOYKHO, OTUH U3 HanboJIee TMIMPOKO MCTOMB3YEMBIX aITOPUTMOB Ma-
IMUHHOTO 06yYeHust 6e3 yUUTesst — METOJl IIaBHbIX KoMIToHeHT (principal component
analysis, PCA). PCA npexcrasisier co00ii aJIropuT™ IOHUKEHI Pa3MEPHOCTH, HO OH
MOJKET OBITh TaksKe yA00eH B KauecTBe HHCTPYMEHTa BU3YaIU3aIin, (DUITbTPAIINH TITyMa,
BBIJIeJICHNS 11 TIPOEKTUPOBAHNS IPU3HAKOB, a TaKke MHOTOTO /ipyroro. Ilocie kpaTtkoro
KOHIIETITYaTbHOTO 0630pa anroputMa PCA MBI pacCMOTPHUM HECKOJBKO TIPUMEPOB MPH-
KJIaHbIX 3a/1a4. HauHeM ¢ 0OBIYHBIX HMITOPTOB:

In[1]: %matplotlib inline
import numpy as np
import matplotlib.pyplot as plt
import seaborn as sns; sns.set()

3HaKOMCTBO C METOAOM rNIABHbIX KOMIMOHEHT

MerToz riaBHBIX KOMIIOHEHT — ObICTDBIN U TMOKUI METO/ MAIIMHHOTO 00yueHus 6e3
VUUTeJIS, IPeTHA3HAYEHHbIH JIJIsT TOHWKEHUST PAa3MEPHOCTU JJaHHbBIX. MbI TTO3HAKOMM-
JIUCH C HUM B paszeie «3HakoMCTBO ¢ Oubanoreroii Scikit-Learn» o1oii rinassl. Jlerde
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BCETO BU3YaJU3UPOBATh €r0 OBeJeHKe Ha IPUMepPe AByMepHOro Habopa AaHHbiX. Pac-
cmotpuM crenyiotniue 200 touex (puc. 5.80):

In[2]: rng = np.random.RandomState(1)
X = np.dot(rng.rand(2, 2), rng.randn(2, 200)).T
plt.scatter(X[:, 0], X[:, 1])
plt.axis('equal');

BusyanbHO 0ueBHIHO, UTO 3aBUCHUMOCTD MEK/Ty BEJIMUNHAME X U Y TIPAKTUYECKH JIU-
HelHa. DTO HATTOMUHAET JIAHHBIE IMHEHHON perpeccuu, KOTOPbIe Mbl U3YYaJIU B pas/ieie
«3arystHeM ruryOsKe: JIMHEHAST perpeccrsi» 3TOM IIaBbl, HO MOCTAHOBKA 33/[a4l 3/1ECh
HECKOJIbKO MHAST: 3a1ada MAIIMHHOTO 00y4eHys 6e3 yYUTesI COCTOUT B BBIACHEHUU 30~
BUCUMOCTU MEKLY BEJTMUMHAMU X U ¥, a HE B NPe0CKa3anuy 3HaYeHil BEJTMUNHBI i 110
3HAYEHUSIM BEJIMYNHBI X.
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Puc. 5.80. [laHHble Ang aeMoHcTpauuy anroputma PCA
B MmeTo/ie ry1aBHBIX KOMIIOHEHT BBITIOJIHAETCS KOJIMYECTBEHHAS OlleHKA 9TOH 3aBUCUMO-
CTH ITyTeM HaXOKIEHUS CIMCKA 21agHblx ocell Koopdunam (principal axes) gaHHBIX 1 1X

N CIIOJIb30BaHUA JJIA OIINCaHUA Ha60pa JAaHHDbIX. BBIHO]IHI/ITB 9TO C IIOMOIIIBIO OII€eHUBA-
Tesist PCA u3 O6ubsmorexu Scikit-Learn MOKHO ciieayronmuM 0OpasoM:

In[3]: from sklearn.decomposition import PCA
pca = PCA(n_components=2)
pca.fit(X)
Out[3]: PCA(copy=True, n_components=2, whiten=False)
ITpu 0OyUeHH AJITOPUTM OIPEAEISIET HEKOTOPbhIE OTHOCATINECS K JAHHBIM BEJTMYNHBI,
caMble BasKHbIE M3 HUX — KOMIIOHEHTBI U 00bsacHuMas auctepens (explained variance):

In[4]: print(pca.components_)
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[[ ©.94446029 ©.32862557]
[ ©.32862557 -0.94446029]]

In[5]: print(pca.explained_variance_)
[ ©.75871884 ©.01838551]

YT00BI MOHSATH CMBICJ HTHX YUCEJT, BU3yaJIU3UPYEM WX B BU/IE BEKTOPOB HaJl BXOHBIMU
MAHHBIMH, CTIOIB3YsT KOMITOHEHTHI LIS 3aaHUsT HATIPABJIEHUST BEKTOPOB, & OOBSICHN-
MYIO IUCIIEPCUIO — B KAUecTBe KBAAPATOB ux ayun (puc. 5.81):

In[6]: def draw_vector(ve, vl, ax=None):
ax = ax or plt.gca()
arrowprops=dict(arrowstyle="'->",

linewidth=2,
shrinkA=0, shrinkB=0)
ax.annotate('', vl1, v@, arrowprops=arrowprops)

# Pucyem naHHble

plt.scatter(X[:, @], X[:, 1], alpha=0.2)

for length, vector in zip(pca.explained_variance_, pca.components_):
v = vector * 3 * np.sqrt(length)
draw_vector(pca.mean_, pca.mean_ + V)

plt.axis('equal');
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Puc. 5.81. Busyanusaums rnaBHbIX 0Cei AaHHbIX

ITHU BEKTOPBI OTPAKAIOT 21ABHbLe OCU KOOPOUHAM JAHHDBIX, a MOKa3aHHas Ha puc. 5.81
JUIMHA COOTBETCTBYET «BaKHOCTU» POJIM JAHHON OCH IIPHU OIMCAHUM Paciipe/iesieHus
JAHHBIX, TOYHEee TOBOPSL, 3TO Mepa JUCIIePCUN JaHHBIX TP ITPOEKIIUK Ha ATy ocb. [Tpo-
€KITMH TOYEK JAaHHBIX Ha TJIAaBHBIE OCH W €CTh IJTaBHbIE KOMIIOHEHTBI JIAHHBIX.
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HapucoBaB aTu TJiaBHbIE KOMIIOHEHTBI PSIIOM C UCXOIHBIMU JIAHHBIMU, TTOJIy4aeM Trpa-
(bukwm, mokasaHHbIe Ha puc. 5.82.

MCXO,D,HbIe JaHHble naBHbIE KOMIMOHEHTbI
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KomnoHeHTa 1

Puc. 5.82. Npeobpa3oBaHHble rnaBHble OCU AaHHbIX

IT0 mMpeobpazoBaHye OT OCell KOOPANHAT JAHHDBIX K TTABHBIM OCSIM TIPEICTABIISIET COO0T
agppunnoe npeobpasosanue (affine transformation). ITo cyrecTBy, 9T0 3HAYUT, YTO OHO
cocrouT u3 casura (translation), Bpamenust (rotation) 1 pONOPITMOHATBHOTO MACIITTA-
6uposanus (uniform scaling).

XOTs 9TOT aJITOPUTM IIOMCKA TJIABHBIX KOMIIOHEHT MO’KeT I10Ka3aThCsl BCErO JIMIIb
MaTeMaTUYeCKOl JUKOBUHOMN, OKa3bIBAETCS, YTO y HETO €CTh BeCbMa IePCIeKTUBHbBIE
TPUIOKEHNS B chepe MAMMMHHOTO O0YIEHST 1 MCCTETOBAHNUS TAHHBIX.

PCA kak MeTof MOHWXEHWNs1 pa3MepHOCTU

NcnionbzoBanue Mmetoja PCA /st TOHMIKEHUST pa3MEPHOCTH BKJIIOUYaeT OOHYJICHIE O/
HOU MJIM HECKOJTPKUX M3 HAMMEHBIIINX IJTABHBIX KOMIIOHEHT, B Pe3yJibTaTe 4ero JJaHHble
MIPOEIUPYIOTCS HA TPOCTPAHCTBO MEHbIIEH PA3MEPHOCTHU ¢ COXPAHEHNEM MaKCUMATbHON
JIUCTIEPCUU JIAHHBIX.

Bor npumep ucnosnbzoBanus PCA B KauecTBe TIOHUIKAOIIETO PasMEPHOCTD IIpeobpa-
30BaHU:

In[7]: pca = PCA(n_components=1)
pca.fit(X)
X_pca = pca.transform(X)
print("original shape: , X.shape)
print("transformed shape:", X_pca.shape)

original shape: (200, 2)
transformed shape: (200, 1)
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[TpeoGpasoBaHHbIe JAHHBIE CTATH OHOMEPHBIMU. [[Jist JTydiiero moHuManust addexra
HTOTO MOHUKEHUSA Pa3MEPHOCTH MOKHO BBINOJHUTH 00paTHOE IIpeoOpazoBaHue dTHX
JAHHBIX U HAPMCOBATD MX PSIIOM C UCXOAHBIME (puc. 5.83):
In[8]: X_new = pca.inverse_transform(X_pca)

plt.scatter(X[:, @], X[:, 1], alpha=0.2)

plt.scatter(X_new[:, 0], X new[:, 1], alpha=0.8)

plt.axis('equal');
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Puc. 5.83. Buzyanusaums PCA kak MeToZa NOHMKEHUS pa3MepHOCTN

BoJiee cBeTibie TOUKYM — MCXOHbBIE JaHHBIE, @ 0Jiee TEMHbBIE — CIIPOEIIUPOBAHHAS
Bepcus. VI3 pUCYHKA CTAHOBHUTCS TIOHSTHO, YTO O3HAYAET TOHWKEHUE PAa3MEPHOCTH
¢ nomortipio PCA: nndopmaliug o HauMmeHee Ba’KHOU TJIABHOUW OCH/0CAM KOOP/IMHAT
YHUYTOKAETCS M OCTACTCS TOJBKO KOMIIOHEHTA (-bl) MAaHHBIX ¢ MAKCUMAJIbHOU JUC-
nepcueil. Orcekaemast 4acThb guctepcn (IPOMOPIUOHATBHAS Pa3OPOCy TOUEK PSIIOM
¢ JIMHUEH, TOKazaHHoMy Ha puc. 5.83) siBiisieTcst NpubOIKEHHON MEPOIl TOTO, CKOJIBKO
«uH(pOpMAIUU» OTOPACHIBAETCS TIPU HTOM MMOHUKEHUH PA3MEPHOCTH.

Ha60p JIAaHHBIX TOHMKEHHON Pa3MEPHOCTU B KAKOM-TO CMbBICJI€ «JOCTATOYHO XOPOIIO»
TMOAXOJUT IJIA KOJAUPOBaHUA BaKHEUIINX 3aBUCUMOCTEN MEXKTY TOYKaMU: HECMOTPA
Ha IMOHUKEHNE Pa3MEPHOCTHU [IlaHHbBIX Ha 50 %, O6].L[a§1 3aBUCHMOCTb MEKAY TOUYKaMN
JaHHDbIX 110 6oJIbIIeH YacTu ObLIa COXpaHeHa.

Ncnonb3oBaHne metoga PCA ans Bu3yanusaumm: pyKonucHble umdpbl

[TostesHoCTh METO/IA TOHUIKEHUI PAa3MEPHOCTH, BO3MOKHO, HEe BIIOJIHE ACHA B CIydae
MBYX M3MEPEHNH, HO CTAHOBUTCsI G0JIee OUeBUHOM TIpH paboTe ¢ MHOTOMEPHBIMI JIaH-
HbiMU. PaccmorpuMm nipusioskenne Metosia PCA k JaHHBIM TI0 PYKOTIMCHBIM 1D PaM,
€ KOTOPBIMU MbI yKe paboTanu B pasjiesie «3arissHeM riyOKe: IepeBbst IPUHSTUS Pe-
LIeHUi U ciryyalinble jieca» 9TOH ry1aBbl.
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HauneM c 3arpyskn JaHHBIX:

In[9]: from sklearn.datasets import load_digits
digits = load_digits()
digits.data.shape

out[9]:
(1797, 64)

HarmoMumaeM, 4To JaHHbIe COCTOAT U3 N300paskeHuii 8 x 8 MUKCeN0B, TO ecTh 64-MEPHBL.
Yt006bI OHATH 3aBUCUMOCTH MEKIY STUMU TOUKAMU, BOCIIOJIb3yeMcst MetogoM PCA st
MPOEKIMK UX B IIPOCTPAHCTBO O0JIee TIOAXOASIIEN PasMEPHOCTH, AOMYCTUM, 2:

In[10]: pca = PCA(2) # MNpoekuus u3 64-mMepHOro B ABYMepHOE MpPOCTPaHCTBO
projected = pca.fit_transform(digits.data)
print(digits.data.shape)
print(projected.shape)

(1797, 64)
(1797, 2)

Ternepb MOKHO TIOCTPOUTH IpadUK ABYX IMIABHBIX KOMIIOHEHT KayKIOH TOUKU, YTOOBI
HOJIyYUTh 60JIblie HHGOPMAIIMH O HAIIUX AaHHbIX (puc. 5.84):
In[11]: plt.scatter(projected[:, @], projected[:, 1],
c=digits.target, edgecolor="'none', alpha=0.5,
cmap=plt.cm.get_cmap('spectral', 10))
plt.xlabel('component 1') # KomnoHeHTa 1

plt.ylabel('component 2') # KomnoHeHTa 2
plt.colorbar();
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Puc. 5.84. MNMprmeHeHne metoaa PCA K AaHHBIM MO PyKOMUCHBIM Lmdpam
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BcmomMHM, 94TO 03HAYAIOT 3TH KOMIIOHEHTDI: OJHBINH HAOOD AaHHBIX TIPEICTABIISIET
coboit 64-mMepHoe 06J1aK0, a ITH TOUKU — MPOEKIUH KaxkK/I0H U3 TOUEK JAHHBIX BOJb
HapasJieHUI MakcuMasIbHOI auctiepcuu. [1o cyriecTBy, Mbl HAlIM ONTUMAJIbHBIE Pac-
TsKEHHUeE U Bpallenne B 64-MepHOM ITPOCTPAHCTBE, O3BOJIAIONINE YBU/IETD, KakK II1PbI
BBITVISIAT B JIBYX U3MEPEHUSIX, IPUUYEM CJEIaTh 9TO ¢ MOMOIIBIO MeToa 6e3 yuuTeis,
TO €CTh OE30THOCUTEIBHO METOK.

B yeM CMbICNT KOMMOHEHT?

3arJistHeM etiie ryOsKe u cripocuM cebst, 4To o3Havaem ToHMKeHre pasmeproctu. OTBer
HA 3TOT BOIPOC YI0OHee BCETO BBIPA3UTh B TEPMUHAX COUETAHUN OA3UCHBIX BEKTOPOB.
Hanpumep, kaskaoe nuzobpaskeHue 3 odydarolieii mocjae10BaTeIbHOCTH OTIUCHIBAETCS
Habopom 64 3HAUEHUT TTMKCEIOB, KOTOPBIE MBI HA30BEM BEKTOPOM X

X=[X;, X3, X3... Xg4 -

MBI MOKEM paccMaTpUBaTh 9TO B TEPMHUHAX ITMKCENBHOT0 6asuca, TO eCTh IS
hopmupoBanust n306pakeHNsT HECOOXOANMO YMHOKUTD KasK/BIH 3JIEMEHT BBIIICIIPH -
BEJIEHHOTO BEKTOPA HA 3HAYEHHE OMUCHIBAEMOTO UM MTUKCEJIA, TTOCJIE YT CAOKUTH
pe3yJIbTaThl:

image(x) = x, x (makcen 1) + x, x (uKcen 2) + x; X (MuKcen 3) + ...+ x,, x (MaKcen 64).

OnuH 13 BO3MOKHBIX CIIOCOOOB IIOHUKEHUS PAa3MEPHOCTH STUX JAHHBIX — OOHYJIEHIe
Gouibliieil yacTu 6a3ucHBIX BeKTOpoB. Hamprmep, ecsin Mbl Gy/1eM HCIOIb30BATh TOJIBKO
IepBbIe BOCEMb ITUKCEOB, TO MMOJIYYUM BOCOMIMEPHYIO TIPOEKITUIO JAaHHbIX (puc. 5.85),
HO OHa OYJIET TJIOXO OTpaskaTh U300pasKeHUE B I[eJIOM: Mbl oTOpackiBaeM moutu 90 %
MMUKCEJOR!

True c, c c c c; c c, C, Approx

0.00*c, +0.00*c, + 1.00*c, + 9.00*c, + 15.00*c, + 11.00*c, +0.00*c, + 0.00*c

Puc. 5.85. HauBHbI1 METOA MOHMXKEHUSI pa3MEPHOCTH
nyTemM oTbpacbiBaHUS MUKCENOB

Bepxuuii psii Ha pUCYHKe JA€MOHCTPUPYET OT/e/IbHbIE MUKCEJIbl, a HUKHUNA — 001U
BKJIaJ 9TUX IUKCEN0B B CTPYKTYPY u3o0Opakerus. C IOMOILIbIO TOJIbKO BOCBMU U3
KOMIIOHEHT ITKCEJbHOro 6asnuca MOKHO CKOHCTPYUPOBATH JIMIIh HEOOIBIIYIO YaCTh
64-nKcebHOro n300pakeHus. IIpoo/IKIUB 9Ty MOCIEA0BATENbHOCTD AEHCTBUI 1 HC-
0JIb30BaB Bee 64 TKceta, Mbl OB ITOJIYYUJIN KCXOHOE H300pasKeHNE,
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O/HaKo MONUKCeIbHOE IIPe/CTaBIeHK e He eIMHCTBEHHbIN BapuaHT Oasuca. Bo3aMoxkHO
U MCIOJIb30BaHue APYruX 6asucHbIX (DYHKIMH, KOTA KasKIblil MUKCEJ BHOCUT B KasK-
JIyIO U3 HUX HEKUI 3apaHee olpe/ieIcHHBIN BRJIA:

image(x) = cpenHee 3HaueHue + x, x (6azuc 1)+ x, x (6asuc 2) + x, x (6azuc 3) +...

Metox PCA MOXHO paccMaTpuBaTh KakK MPOIEce BbIGOPA ONTUMANBHBIX GHa3UCHBIX
dyHKIMH, TakUX, YTOOBI KOMOUHAIIMK JIMIIb HECKOJBKUX U3 HUX OBLIO JOCTATOYHO
JUISI YIIOBJIETBOPUTEILHOTO BOCCO3/IAHISI OCHOBHOIT YaCTH 31eMEHTOB HAbOPa JIAHHbIX.
[1aBHbBIE KOMIIOHEHTDI, CIIy Kalllie HU3KOPAa3MEPHBIM IIPe/ICTaBIeHIeM HallluX JJAaHHbIX,
GYIyT B 9TOM CcJIydae MPOCTO Koa(bUImenTaMn, yMHOKAEMBIMI HA KQKIBIH U3 dTe-
MeHTOB psia. Ha puc. 5.86 mokaszano anasornatoe puc. 5.85 BocctaHOBJIEHHE (D PDI
C TIOMOII[BIO CPEIHETO 3HAYEHIS U MTEPBBIX BOChbMU OasucHbIX GyHKImit PCA.

M N HEE

-16.92"C,+ 10.07°c,+ -9.75%C,+ 5.67*c,+ —8.10"C,+ —3.34"C, + 712

|0 NEAC a3l M

Puc. 5.86. Bonee npoaBUHYTbIN METOA MOHWXXEHUS| Pa3MEPHOCTM MyTeM OTOPAcbIBAaHUS HAaUMeHee
Ba)HbIX MaBHbIX KOMMOHEHT (cp. ¢ puc. 5.85)

True Ce

Cq Approx

B oranuune or nukcenbroro 6asuca 6azuc PCA 1o3Bossger BocCTaHOBUTH Hanbo-
Jiee 3aMETHBIE TIPU3HAKY BXOJHOTO M300PaKEHUsSI ¢ TIOMOTIBIO CPETHETO 3HAYCHUSI
1 BochbMU KoMIOHeHT! BKias Kaskgoro nukcesna B KasK/blii KOMIOHEHT B HANIEM
JIBYMEPHOM IIPUMEpPE 3aBUCUT OT HAIIPABJIEHHOCTH BEKTOPA. IMEHHO B 3TOM CMBICTIE
PCA obecrieunBaeT HU3KOpa3MePHOE TIPEACTaBICHIE JaHHBIX: OH HaXOAUT OoJiee
s dexTuBHbIi Habop 6asucHBIX GYHKLIMIL, YeM €CTeCTBEHHBII IIMKCeJIbHbIN Gasuc
MCXOJHBIX TAHHBIX.

Bblbop KonnyecTBa KOMMOHEHT

Bakneiimasa coctaBHasg gacTh ucnonab3oBanus Mmetoga PCA Ha mpakTuke — olleHKa
KOJINYECTBA KOMIIOHEHT, HEOOXOAUMOTO JIJIs OlMCaHus JaHHbIX. OTpPeseuTh 9TO KOJIU-
YeCTBO MOKHO C IIOMOLIBIO IIPECTABICHM MHTETPAIbHOI 001U 066ACHUMOT QUChepcuu
(explained variance ratio) B Bue (byHKIIUU OT KOJIMIECTBa KOMITOHEHT (puc. 5.87):

In[12]: pca = PCA().fit(digits.data)
plt.plot(np.cumsum(pca.explained_variance_ratio_))
plt.xlabel( 'number of components')
plt.ylabel('cumulative explained variance');

ITa KpUBas MPEJCTABJISAET KOJUICCTBEHHYIO OIIEHKY Ccofiepkanust obieit, 64-MepHo,
aucriepcuu B iepBbix N-komnoHeHTax. Hampumep, 13 pucyHKa BUIHO, UTO B CIydae
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1ndp EPBBIE IECITh KOMITOHEHT COIEPIKAT IIPUMEPHO 75 % INCTIEPCUH, a JITIST OTICAHST
6mskoii k 100 % momu guciepcun HeoOXOAUMO 0K0JI0 50 KOMIIOHEHT.
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Puc. 5.87. NHTerpanbHas obbsicHMMasi ancnepcust — Mepa coxpaHeHust metoaom PCA
MH(OPMALIMOHHOrO HaMOIHEHWS AAaHHbIX

B nannom ciiydae Mbl BUJIUM, YTO [IPU HAIlel ABYMEPHON ITPOEKIIUU TEPSIETCS Macca
nndopmaru (110 olleHKe Ha OCHOBE 00bSICHUMOM AMCIIEPCUI ) U YTO JIJI COXPaHEHUSsT
90 % nucnepcun HeobxoauMo 0KoJ10 20 KoMioHeHT. TTogo6HbII rpaduK st BBICOKO-
pasMepHOro Habopa JaHHBIX TOMOTAeT OIEHUTh MPUCYTCTBYOMIUN B MHOKECTBEHHbIX
HAGJIOIEHUIX YPOBEHD U30BITOUHOCTH.

Ncnonb3oBaHue MeToaa PCA ansa punbTpaumm wyma

Metox PCA MOXHO MPUMEHSTD IS (DUIBTPAITUY 3aITYMJICHHBIX TaHHBIX. OCHOBHAS
nest COCTOUT B CIEAYIONIeM: IIyM /I0J;KEH JOBOJTBHO MAJO BAUSATH HA KOMIOHEHTHI
C JMCIIepCHeli, 3HAYNTENbHO TIPEBBINIAONIeil ero ypoBeHb. BoccTaHoBIIeHIIE TaHHBIX
C IOMOIIIBIO JIUIITb CAMOTO KPYITHOTO MOJMHOKECTBA TJIABHBIX KOMIIOHEHT J0JIKHO MPU-
BOJIUTDH K OTHOCUTEJILHOMY COXPAHEHUIO CUTHAJIA 1 OTOPACHIBAHUIO TITYMA.

ITocMoTprM, Kak 3T0 Oy/IeT BBITJISIETD B Clydae JaHHbIX 110 1rudpam. CHauama HaprcyeM
YaCTh He3alTyMJIEHHBIX BXOJAHBIX TaHHBIX (puc. 5.88):

In[13]:
def plot_digits(data):
fig, axes = plt.subplots(4, 10, figsize=(10, 4),
subplot_kw={'xticks':[], 'yticks':[1},
gridspec_kw=dict(hspace=0.1, wspace=0.1))
for i, ax in enumerate(axes.flat):
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ax.imshow(data[i].reshape(8, 8),

cmap="binary', interpolation='nearest’,
clim=(0, 16))

plot_digits(digits.data)
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Puc. 5.88. Lindpbl 6e3 wyma

JlobaBuM carydaifHbIN 1TyM /7t CO3/IaHUS 3alTyMJIEHHOTO Habopa JaHHBIX U HAPUCYEM

yike ero (puc. 5.89):

In[14]: np.random.seed(42)

noisy = np.random.normal(digits.data, 4)

plot_digits(noisy)

g3 L¥T5
L EE P

Puc. 5.89. Lindpbl ¢ no6aBNEHHBIM [ayCCOBbIM C/Ty4aliHbIM LLIYMOM

BusyasbHo 09€BHIIHO, 4TO N300PAKEHHS 3AITYMIIEHBI 1 COIEPIKAT (DUKTUBHbIE TTHKCEIBL.
O6yunm anroput™ PCA Ha 9THX 3allTyMJIEHHBIX JAHHBIX, YKa3aB, UTO TIPOEKITHST TOKHA

coxpasith 50 % aucrepcuu:

In[15]: pca = PCA(@.50).fit(noisy)
pca.n_components_

Out[15]: 12
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B mannom cayuae 50 % mucrepernu cooTBeTCTBYeT 12 rilaBHBIM KOMITOHEeHTaM. Borunc-
JIUM 9TU KOMIIOHEHTBI, ITOCJI€ Y€T0 BOCIOJIb3yeMCsl 0OPATHBIM TPe0OpasoBaHeM JIJIst
BOCCTaHOBJIeHUsT OTHMILTPOBaHHLIX 1Ubp (puc. 5.90):

In[16]: components = pca.transform(noisy)
filtered = pca.inverse_transform(components)
plot_digits(filtered)

DL2%4367ED
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Puc. 5.90. Lindpsbl ¢ ycTpaHeHHbIM ¢ noMoLlbio Metoaa PCA wymom

=]

OTH BO3MOXKHOCTH IO COXPaHEHUIO curHasia/puabrpaiuu myma gemnaot meton PCA
oYeHb YAOOHOH IpolieLypoil BhIOOpa IIPU3HAKOB, HAIIPUMED, BMECTO 00YUEHMs KJac-
cuduKaTopa Ha YPE3BHIYAIHO MHOTOMEPHBIX JAHHBIX MOKHO OOYYUTh €ro Ha HU3KO-
Pa3MepHOM IPeJICTABJIEHNH, UTO aBTOMATUYECKH IPUBEJIET K (PUJIbTPAIUN CJIYUaiTHOTO
IITyMa BO BXOJTHBIX JTAHHBIX.

MNpumep: metop Eigenfaces

Panee MbI paccMOTpeJ IpUMep Ucnonb3oBanus npoeknnun PCA B kauecTBe mpomey-
PbI BBIGOPA IIPU3HAKOB [IJIs1 PACIIO3HABAHMS JIUIL C TOMOIIBIO METO/IA OTIOPHBIX BEKTOPOB
(cM. pasgest «3arasiHeM riay6Ke: METOZ OLIOPHBIX BEKTOPOB» JaHHO r1aBbl). Temneps Mbl
BEPHEMCSI K ATOMY TIPUMEPY U PACCMOTPUM €ero 1oipobHee. HalloMUHAT0, YTO MBI HCITOJb-
syem nabop mannbix Labeled Faces in the Wild (LFW), goctymnuslii uepes 6ubanoTexy
Scikit-Learn:

In[17]: from sklearn.datasets import fetch_lfw _people
faces = fetch_lfw_people(min_faces_per_person=60)
print(faces.target_names)
print(faces.images.shape)

['Ariel Sharon' 'Colin Powell' 'Donald Rumsfeld' 'George W Bush'
'Gerhard Schroeder' 'Hugo Chavez' 'Junichiro Koizumi' 'Tony Blair']
(1348, 62, 47)

BolsicHnM, Kakue IJIaBHbIE OCH KOOPAMHAT OXBaThIBAIOT 9TOT HAbOP AaHHbIX. [ToCKOIbKY
HabOop JIaHHbBIX BEJIMK, BOCIIOIb3yeMCs KJaccoM RandomizedPCA — cozepsKaliuiicss B HeM
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PaHIOMU3UPOBAHHBIN METO/] TO3BOJISAET AlIITPOKCUMUPOBATD TTepBbie N KOMITOHEHT Ha-
MHOTO ObICTpee, ueM 06bIuHbIi onennBaresb PCA, 4T0 09€Hb YIOOHO 1T MHOTOMED-
HBIX JIAHHBIX (B JAHHOM ciyvae paamepHocTh paBHa outu 3000). Paccmorpum niepsbie
150 xomrIOHEHT:

In[18]: from sklearn.decomposition import RandomizedPCA
pca = RandomizedPCA(150)
pca.fit(faces.data)

Out[18]: RandomizedPCA(copy=True, iterated_power=3, n_components=150,
random_state=None, whiten=False)

B naiem cayuae 6yeT MHTEPECHO BU3YAIM3UPOBATH N300PaskKEHMs, COOTBETCTBYIOIINE
HEePBBIM HECKOJIBKIM IJIABHBIM KOMITOHEHTaM (9TH KOMIIOHEHTBI (POPMaIbHO HOCSIT Ha-
3BaHue COOCTBEHHBIX BEKTOPOB (eigenvectors), Tak 4To mogo0Hble N300pakeHus 4acTo
Ha3bIBAIOT «COOCTBEHHBIMU JiuIlaMu»> (eigenfaces)). Kak Bbl BuanTe us puc. 5.91, onu
TaKue jKe KyTKHe, KaK 1 1X Ha3BaHUe:

In[19]: fig, axes = plt.subplots(3, 8, figsize=(9, 4),
subplot_kw={'xticks':[], 'yticks':[]},
gridspec_kw=dict(hspace=0.1, wspace=0.1))

for i, ax in enumerate(axes.flat):
ax.imshow(pca.components_[i].reshape(62, 47), cmap='bone')

Puc. 5.91. Busyanusaumsi CO6CTBEHHbIX L, MOSyYEHHbIX U3 Habopa AaHHbIX LFW

Pesysbrar BechbMa MHTEPECEH 1 MO3BOJSET OUIYTUTh PasHOoOGpasue n306paKeHuii: Ha-
IpUMep, B/ TIEPBBIX HECKOJIBKUX COOCTBEHHBIX JIHIL (CUUTAsI C JIEBOTO BEPXHETO yIJIa
CBSI3aH C YIJIOM IaJIeHUs CBeTa Ha JIMILO, a B JAAJIbHEIIeM TIaBHbIe BEKTOPbI BHIAESIOT
HEKOTOPBIE YE€PTHI, HAITPUMED IJ1a3a, HOCHI U IryObl. [[0CMOTPUM Ha HHTETPATbHYIO IHC-
HEPCHI0 HTUX KOMIIOHEHT, YTOOBI BbIACHUTD, KakKas H0Jis1 HH(MOPMAIIMK COXPAHSAETCSI
(puc. 5.92):

In[20]: plt.plot(np.cumsum(pca.explained_variance_ratio_))
plt.xlabel('number of components')
plt.ylabel('cumulative explained variance');
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Puc. 5.92. NHTerpanbHas obbsicHMMas avcnepcus anst Habopa AaHHbIX LFW

Mol BunM, uto a1 150 KoMoHeHnT orBevaloT 3a 6osee yem 90 % auciepeun. ITo gaer
HAM YBEPEHHOCTb B TOM, YTO ITPU UCIIOIb30BaHUN 150 KOMITOHEHT MBI CMOZKEM BOCCTaHO-
BUTB GOJIBIIYIO YACTD CYIECTBEHHBIX XaPAKTEPUCTUK JAHHBIX. Pajiil yTOUHEHVSI CPABHUM
BXO/IHbIE N300PaKEHMUsI ¢ BOCCTAHOBJIEHHBIMU U3 aTHX 150 KoMIoHeHT (puc. 5.93):

In[21]: # Bbl4MCNAEM KOMMOHEHTbl U MpPoeKuun nuL
pca = RandomizedPCA(150).fit(faces.data)
components = pca.transform(faces.data)
projected = pca.inverse_transform(components)

In[22]: # Pucyem pe3ynbTaThbl
fig, ax = plt.subplots(2, 10, figsize=(10, 2.5),
subplot_kw={"'xticks':[], 'yticks':[1},
gridspec_kw=dict(hspace=0.1, wspace=0.1))
for i in range(10):
ax[0@, i].imshow(faces.data[i].reshape(62, 47), cmap='binary_r')
ax[1, i].imshow(projected[i].reshape(62, 47), cmap='binary_r')
ax[0, 0].set_ylabel('full-dim\ninput")
# MNonHopa3mepHble BXOAHble AaHHble
ax[1, 0].set_ylabel('150-dim\nreconstruction');
# 150-mepHaA peKOoHCTpyKUUA

MonHopasmepHbie
BXO[HblE laHHble -

o 1
oh <
v:.r '@'.hﬁ =

-

Puc. 5.93. 150-MepHasi peKOHCTPYyKUMS AaHHbIX 13 LFW ¢ nomowbto metoga PCA

150-mepHas
PEKOHCTPYKLMS
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B BepxHeM psijly Ha 5TOM PUCYHKE [OKa3aHbl BXOHbIE N300PaKeHs, a B HIZKHEM — BOC-
CTaHOBJIEHHBIE Ha ocHOBe Jintib 150 n3 mourn 3000 n3HaUaIBHBIX MPU3HAKOB. V3 aTOl
BU3yaJu3alluy CTAHOBUTCS MOHSTHO, TIOYEMY IIPUMEHSBIIUICS B pasjiesie «3arjisiHeM
riyGsKe: METO/I OIOPHBIX BEKTOPOB» JaHHOM TJIaBbl BBIOOP IIPU3HAKOB ¢ TIoMombio PCA
paboTajl HaCTOJIBKO YCIIEHIHO: XOTsI OH MOHM3IJI Pa3MEPHOCTD JaHHbBIX mouTh B 20 pas,
CIIPOELPOBAHHbIE N300pasKEHN COIEPKAT AOCTATOUHO MHMOPMALIUH /I BU3YAIbHOTO
pacrosHaBaHust M300paKeHHbIX Ha (hoTOrpausix MepcoH. A 3HAYNT, HaIl aJITOPUTM KJIac-
cuduKaIy 10cTaTouHO 00yunTh Ha 150-MepHbIX, a He 3000-MepHBIX JaHHbIX, YTO B 3a-
BUCHUMOCTH OT KOHKPETHOI'O aJIFOPUTMA MOKET OKa3aThCsl HAMHOIO GoJiee a(hDeKTUBHBIM.

Pe3ioMe MeToAa rnaBHbIX KOMMOHEHT

B aTOM pasmese MbI OOCYNIH UCTIOTB30BAHIE METO/A TIIABHBIX KOMITOHEHT JIJIST TIOHIKE-
HUSI Pa3MEPHOCTH, BU3YyaIU3allii MHOTOMEPHBIX JIaHHBIX, (DUIIBTPAIIUY IIIyMa U BEIOOpa
MPU3HAKOB B MHOTOMEPHBIX flaHHbiX. Meton PCA 6iaroaps cBoeii yHUBEPCaTbHOCTH
U JIETKO UHTEPIIPETUPYEMOCTHU PE3YJIbTATOB OKa3aJICsI 3(h(EeKTUBHBIM B MHOKECTBE KOH-
TEKCTOB W UCTIUTLIHH. S cTaparoch pu paboTe ¢ TI0OBIM MHOTOMEPHBIM HaOOPOM TaH-
HBIX HAUMHATB C ucnoyb3oBanust Merona PCA st BUsyanusanuu 3aBUCUMOCTEN MEKIY
TOYKaMU (QHATOTUIHO TOMY, KaK MBI CIICTATIN C PYKOIMTUCHBIMU TT(hPaMHI ), BHISICHEHWS
JIMCTIEPCUY TaHHBIX (AHAJIOTHYHO TOMY, KaK MbI TIOCTYITHJIN ¢ COOCTBEHHBIMHU JIUIIAMHU )
U BbISICHEHMS BHYTPEHHEel Pa3MEPHOCTU MaHHBIX (IIyTeM MOCTPOeHUs rpaduka 10u
obbsicaumoii uctiepenn ). PCA He MOAXOINT JIJIsT BCEX MHOTOMEPHBIX HaGOPOB JIAHHBIX,
HO C €T0 MIOMOIIIBI0 MOKHO ITPOCTO U 3((HEKTUBHO TOUEPITHYTh 0 Habope MHOTOMEPHBIX
JAHHBIX TT0JIE3HYI0 MH(DOPMAIIHIO.

Ocnosnoit Hegoctatok MeToga PCA cocTonT B TOM, 4YTO Ha HETO OKAa3bIBAIOT CUIIBHOE
BJIMSTHUE QaHOMAJIbHBIE 3HAYEHUSI B IaHHDIX. [[09TOMY ObLIO pa3spaboTaHO HEMAJIO OIITHO-
KoycToiunBbIX BapuaHToB PCA, MHOTHE U3 HUX CTPEMSITCSI UTEPATUBHO OTOPACHIBATH
Te TOYKHU JAHHBIX, KOTOPbIE OIMMUCHIBAIOTCS NCXOAHBIMU KOMIIOHEHTAMH HE[0OCTATOYHO
xopotio. bubsmoreka Scikit-Learn cofepKuT HECKOJIBKO HMHTEPECHBIX BAPUAHTOB METO/IA
PCA, Brufouast kaccsl RandomizedPCA 1 SparsePCA, HaxosiIecs: B Moyte sklearn.
decomposition. RandomizedPCA, KOTOPBIN MBI y2Ke BCTPeYaIN paHee, NCIOJIb3yeT Hejle-
TEPMUHUPOBAHHBIN METOJ JI7s1 OBICTPOIT AIIIIPOKCUMAIMY HECKOJIBKUX [IEPBBIX U3 TJIaB-
HBIX KOMITOHEHT JTAaHHBIX C OYeHb BHICOKOI Pa3MEPHOCTHIO, a SparsePCA BBOIUT TTOHATHE
peryspusaiiu (CM. pasziest «3ariissHeM ryosKe: TMHeHAsA perpeccus» IaHHOM IJIaBbl),
carysKariee JiJist 00ectiedeHus pa3pesKeHHOCTH KOMITOHEHT.

B caenyomux pasjenax Mbl PACCMOTPHUM JIPYTHE METO/bI MANIMHHOTO 00ydeHus 6e3
YUNTEJIsT, OCHOBBIBAIOIITIECS Ha HEKOTOPBIX Hiesx Metoma PCA.

3arnaHem rnybxe: obyyeHne Ha 6a3e MHOroobpasmii

Mbur YK€ O3HAKOMUJINCH C BO3MOKHOCTAMU METO/IA TJIAaBHBIX KOMIIOHEHT JIJI PEIIEHWA
3a/lavu¥ TIOHUKEHUA PaSMEPHOCTH — CHMJKEHUA KOJIMYECTBA IMTPU3HAKOB Ha6opa JIaHHDbIX
C COXpaHEHUEM CYHICCTBEHHBIX 3aBUCUMOCTEN MEXAY TOUKaMU. Xors METO/L PCA TI/I6OK,
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OBICTP U 00ECTIEUUBAET JIETKOCTh UHTEPIPETAIIUN PE3YIBTATOB, B CAYIAE HEAUHCUHBIX
3aBUCUMOCTEN B IAHHBIX OH PabOTAET HE CTOJIb XOPOIIIO.

YT06bI CIPABUTBCS C ATOH TPOBIEMOIT, MOKHO 06PATUTHCS K KJIACCY METOJIOB, N3BECT-
HBIX I10]I Ha3BaHUeM odyuenus na base muozooopasuii (manifold learning). Ato kmacce
oleHMBaTeIe 0€3 yunTeIs, HalleJJeHHBIX Ha ONMcanne HabOPOB JAHHBIX KaK HU3KOPa3-
MEPHbBIX MHOTOOOpa3uii, BJIOKEHHBIX B IIPOCTPAHCTBO GOJIbINEH pasMepHOCTH. YTOObI
MIOHSITh, YTO TAKOE MHOTOOOPa3ue, pe/icTaBbTe cebe JTUCT OyMaru: 3To JIByMEePHbIii 00b-
€KT B HallleM ITPUBBIYHOM TPEXMEPHOM MUPE, KOTOPBIN MOKHO N30THYTH WJIN CBEPHYTh
B Tpex uaMepeHusix. B repmunax o6ydenus Ha 6aze MHOTOOOPA3Hii MOKHO CIUTATH ATOT
JIUCT JIBYMEPHBIM MHOT000OPas3ueM, BJIOKEHHBIM B TPEXMEPHOE TIPOCTPAHCTBO.

Bparenne, cMera OpHeHTAIINN UIN PACTSIKEHNE JTCTa OyMarn B TPEXMEPHOM TTPO-
CTPAHCTBE He MEHSIET €TO TIOCKOI TeOMETPHUN: TTOMOOHBIE OTIEPAITHH SKBUBATEHTHDI
JITHEHHOMY BIOKEHII0. ECM COTHYTD, CKPYTUTD WM CKOMKATh OyMary, oHa BCe paBHO
OCTaeTCsT IBYMEPHBIM MHOTO00OPA3MeM, HO BIOKEHNE €€ B TPEXMEPHOE TTPOCTPAHCTBO
yiKe He 6ymer TUHeHHBIM. ATTOpUTMBI 00yUenus Ha 6aze MHOTOOOPa3il HaTleTeHbI Ha
nsydemne 6a30Boil IBYMePHOH TIPUPOBI JICTa GyMaru, Iaske eI OH ObIT CMSIT P
pasMeIeHns B TpEXMEPHOM ITPOCTPAHCTBE.

B aTom paszesie Ml IIPOJIEMOHCTPHPYEM HACTPORKN METOI0B 00ydeHnst Ha 6ase MHOTO-
o6paswuii, mpudyem Hanbosiee MOAPOOHO PACCMOTPUM MHOZOMEPHOE MACUMAOUPOBA-
nue (multidimensional scaling, MDS), nokanvro aunetinoe eroncenue (locally linear
embedding, LLE) u usomempuuecxoe omobpascenue (isometric mapping, Isomap).
Haurem ¢ 06BIYHBIX IMIIOPTOB:

In[1]: %matplotlib inline
import matplotlib.pyplot as plt
import seaborn as sns; sns.set()
import numpy as np

O6yueHune Ha 6a3e MHoroobpasui: HELLO

Jluist 0bJieryeH st TOHMMAHMST BBIIIEY TOMSTHY THIX TIOHSITHIT HAYHEM C TeHePaIliu [BYyMep-
HBIX AHHBIX, TOAXOISIINX U OMMCAHNST MHOTO00pasus. BoT dyHKIms, co3maorniast
narubie B hopme cioBa HELLO:

In[2]:

def make_hello(N=1000, rseed=42):
# Co3paem pucyHok c TekcToMm "HELLO"; coxpaHsem ero B ¢opmate PNG
fig, ax = plt.subplots(figsize=(4, 1))
fig.subplots_adjust(left=0, right=1, bottom=0, top=1)
ax.axis('off")
ax.text(0.5, 0.4, 'HELLO', va='center', ha='center', weight="bold',
size=85)
fig.savefig('hello.png')
plt.close(fig)
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# OTkpbiBaem 3TOT PNG-daitn n 6epemM U3 Hero cjy4aillHble TOYKU
from matplotlib.image import imread

data = imread('hello.png')[::-1, :, ©].T

rng = np.random.RandomState(rseed)

X = rng.rand(4 * N, 2)

i, j = (X * data.shape).astype(int).T

mask = (data[i, j] < 1)

X = X[mask]
X[:, @] *= (data.shape[@] / data.shape[1])
X = X[:N]

return X[np.argsort(X[:, 0])]
Brr3brBaem a1y (hyHKIINIO ¥ BU3yaIu3UPYEM TOJydeHHbIe JaHHbIe (prc. 5.94):
In[3]: X = make_hello(1000)
colorize = dict(c=X[:, @], cmap=plt.cm.get_cmap('rainbow', 5))

plt.scatter(X[:, @], X[:, 1], **colorize)
plt.axis('equal');
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Puc. 5.94. [JaHHble ans o6yyeHns Ha 6a3e MHOroobpaswii

Borxoable 1aHHbIE IBYMEPHBI M COCTOST U3 ToYeK, (hopmupytonux c1oso HELLO. Ita
BHeIHsIs (popMa JaHHBIX TOMOJKET HaM OTCJIEKUBATh BU3YaIbHO paboTy aJrOPUTMOB.

MHoromepHoe MaclwTtabuposaHue (MDS)

ITpu B3rJIs1/1E HA TOIOOHBIE ITAHHbBIE CTAHOBUTCST SICHO, YTO KOHKPETHBIE 3HAUEHUS X' U i —
He caMasl CYIIeCTBEHHasl XapaKTEePUCTHKA HTOTO HAabopa JaHHBIX: Mbl MOKEM ITPOTIOP-
IUOHAJILHO YBEJIUYUTD/CKATh UM TIOBEPHYTH JaHHble, a Hagamueh HELLO Bce paBHO
OCTaHeTCs YeTKO pasianuuMoit. Harpumep, 1pu ncnosib30BaHM MaTPUILbI BpallleHUs
JU7IST BPAIEeH ST IAHHBIX 3HAYEHNS X M i UBMEHSITCS, HO JTaHHBIE, TIO CYMIECTBY, OCTAHYTCS
temu ke (puc. 5.95):



In[4]:
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def rotate(X, angle):
theta = np.deg2rad(angle)
R = [[np.cos(theta), np.sin(theta)],
[-np.sin(theta), np.cos(theta)]]
return np.dot(X, R)

X2 = rotate(X, 20) + 5
plt.scatter(X2[:, 0], X2[:, 1], **colorize)
plt.axis('equal');
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Puc. 5.95. Habop aaHHbIX nocne BpalyeHus

503

ITO TOBOPUT O TOM, YTO 3HAYCHUS X U i He 00s3aTEABHO BAKHBI JIJIsT BHYTPEHHUX 3a-
BUCUMOCTEN MaHHBIX. CyIEeCTBEHHO B TAKOM CJIydae paccmosiue MeKIy KaKIon 13
TOYEK U BCEMU OCTAJTBHBIMU TOUKaMU HAOOpa JaHHbIX. JIJIsT TIPEe/ICTABIEHUS €r0 YacTO
WCTIOJB3YIOT TaK HA3BIBAEMYIO MATPHILY PACCTOSIHUI: TpU N TOUKAX CO3/1aeTCsl TAKON
MaccuB pasmepa N x N, 94T0 ero ajeMeHT (7, j) COIep>KUT PAcCTOSTHUE MeX/y TOYKaMu
i u j. Bocronbayemcs abdexkruBnoil pyHkmel pairwise_distances us 6ubanorexu

Scikit-Learn, YTOOBI BBIIIOJHUTD 9TOT pacueT Ui HalllnX UCXOAHBIX JaHHBIX!

In[5]:

Out[5]:

from sklearn.metrics import pairwise_distances
D = pairwise_distances(X)
D.shape

(1000, 1000)

Kax s u obemmai, npu Hamux N = 1000 Toukax Mbl IOJYyYHIM MaTPUILY PasMEPOM

1000 x 1000, koTOPYIO MOKHO BH3yaJTM3UPOBATh TaK, Kak MOKa3aHo Ha puc. 5.96:

In[6]: plt.imshow(D, zorder=2, cmap='Blues', interpolation='nearest')

plt.colorbar();
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Puc. 5.96. Bu3yanu3aums nonapHbIX PacCTOSHUIA MeXAy TOYKaMu

CchopMupoBaB aHAIOTHYHBIM 06PA30M MATPUILY PACCTOSTHUH MEK/TY TTOIBEPTIITMMUCS
BPAIEHUIO U CIBUTY TOYKAMU, YBUIUM, UTO OHA HE TTIOMEHSLIACK:

In[7]: D2 = pairwise_distances(X2)
np.allclose(D, D2)

Out[7]: True

Braromaps mogo6HOi MaTpULE PACCTOSHUI MBI IIOJyd4aeM MHBAPUAHTHOE K Bpallle-
HUAM U C/IBUTaM IIpe/ICTaBJIeHNe JaHHbBIX, HO BU3yaJIU3alus MaTPUIIbl MHTYUTUBHO He
CJIMIIKOM sicHa. B nipezictaBiennn ua puc. 5.96 0TepsiHbl BCSIKUE CJI€/IbI MHTEPECHON
CTPYKTYPBI IaHHBIX: BIJIEHHOTO HaMu panee cioBa HELLO.

XoTsI BBIUNCJIEHNE MATPUIIBI PACCTOSIHUI HA OCHOBE KOOPAMHAT (X, i) He MPECTABJISIET
Tpy/a, oOpaTHoe IpeodpasoBaHue PACCTOSIHIIT B KOOPAMHATBI X U i — HEIPOCTast 3ajiaua.
VIMEHHO JIJIs1 3TOTO U CJTYKUT aJITOPUTM MHOTOMEPHOTO MACIITAOMPOBAHUSI: [0 3a[aHHOIT
MaTPHUIIE PACCTOSTHUN MEKIY TOYKAMHU OH BOCCTaHaBIMWBaeT D-MepHOE KOOPANHATHOE
npejcrapieHue gaHHbIX. [TocMOTpUM, Kak 910 Gy/IeT BBITJISAAETD A/ HALIeld MaTPUIbL
paccrosiHuii. BocmosibayeMcs, 4ToObI yKa3aTh, 4TO MbI [IEpEaeM MaTPHUILY PacCTOSHUII,
omueit precomputed mapamerpa dissimilarity (puc. 5.97):

In[8]: from sklearn.manifold import MDS
model = MDS(n_components=2, dissimilarity='precomputed',
random_state=1)
out = model.fit_transform(D)
plt.scatter(out[:, @], out[:, 1], **colorize)
plt.axis('equal');

AJIFOpI/ITM MDS BOCCTaHaBJIMBAET OJHO M3 BO3MOJKHDBIX IBYMEPHDBIX KOOPANHATHBIX
[PEACTaBIEHUN JaHHbIX Ha OCHOBE 00HOU Jiilb MATPUIIBI paccTosuuii pasmepa N x N,
OHHCbIBaIOLHeﬁ 3aBUCUMOCTU MEKIY TOUYKAMU JTaHHDbIX.
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Puc. 5.97. MDS-BnoxeHue, BblYUCIEHHOE Ha OCHOBE

MOMNapHbIX PacCTOSIHUI MeXAy ToUKaMu
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[TonesHocTh 3TOrO METO/IA CTAHOBUTCS €11le OUeBUIHEE, ECITH YUECTh, UTO MATPUIIBI pac-
CTOSIHUI MOKHO BBIYMCJIUTD JIJIS JAHHBIX 70001 pasMepHocT. Tak, HarpuMep, BMECTO
BpallleHus JJaHHBIX B JIBYMEPHOM IPOCTPAHCTBE MOKHO CITPOEIINPOBATDH UX B TPEXMep-
HOE MPOCTPAHCTBO C TIOMOIIBIO cJieayoneil (pyHkimu (1Mo CynecTBy, 9TO TPeXMepHOoe

0600111eHIIe MATPUIIBI BPAIIIEHNs], C KOTOPOH MBI UMEJIH JIEJIO paHee):

In[9]:
def random_projection(X, dimension=3, rseed=42):
assert dimension >= X.shape[1]
rng = np.random.RandomState(rseed)
C = rng.randn(dimension, dimension)
e, V = np.linalg.eigh(np.dot(C, C.T))
return np.dot(X, V[:X.shape[1]])

X3 = random_projection(X, 3)
X3.shape

Out[9]: (1000, 3)

Busyanusupyem aTH TOUKH, YTOOBI TIOHSITh, ¢ ueM uMeeM zesio (puc. 5.98):

In[10]: from mpl_toolkits import mplot3d
ax = plt.axes(projection="'3d")
ax.scatter3D(X3[:, 0], X3[:, 1], X3[:, 2],
**colorize)
ax.view_init(azim=70, elev=50)
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Puc. 5.98. [JaHHble, IMHENHO BIOXKEHHbIE B TPEXMEPHOE NMPOCTPAHCTBO

Mo:xHO TeIlephb IepesaTh 3TN JaHHBIE OI[EHUBATEJIO MDS /1711 BBIYMCJIEHUST MaTPUILbI
paCCTOHHI/Iﬁ 1 ITOCJIEIYIONIETO OIpe/ie/ieHA OTITUMAJIbHOTO JIBYMEPHOT'O BJIOYKECHUA JIJIA

Hee. B pesysbTare Mbl [0JIy4aeM BOCCTAHOBJIEHHOE IIPEACTABIeHIe NCXOIHbIX JaHHbIX
(puc. 5.99):

In[11]: model = MDS(n_components=2, random_state=1)

out3 = model.fit_transform(X3)

plt.scatter(out3[:, @], out3[:, 1], **colorize)
plt.axis('equal');
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Puc. 5.99. MDS-BnoXxeHue TpexMepHbIX AaHHbIX NO3BONSET BOCCTAHOBUTb UCXOAHbIE AaHHbIE
C TOYHOCTbIO 10 BpaLLEHNS U OTPaXKeHUs
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B atom u cocrouT 3aaua orieHuBate st 00ydeHus Ha Gaze MHOr00Opa3wil: P 3a/laHHBIX
MHOTOMEPHBIX BJIO’KEHHBIX JAHHBIX OH HAXOAWT HU3KOpa3MepHoe UX IIpeIcTaBJIeHNE,
coxpasioliee olpe/iesieHHbIe 3aBUCUMOCTY BHYTPU JaHHBIX. B ciryyae merora MDS
COXpaHsIeTCs PACCTOSTHUE MESK/LY BCeMU ITapaMy TOYEK.

HenuHelHble BNoxeHus: TaM, rae MDS He paboTaeT

[lo cux 1op MBI TOBOPWJIN O JTMHEIHBIX BIOKEHUSX, COCTOSIIIUX U3 BPaIlleHU , C/IBUTOB
" MactTaGupOBAHUI TAHHBIX B TIPOCTPAHCTBAX HoJee BLICOKOM pazMepHocTH. OHaKO
B CJlyydae HeJIMHEHHOTO BJIOKEHUS, TO €CTh IIPU BBIXO/IE 3a IIPEIEJIbI 9TOTO IIPOCTOTO Ha-
60pa oneparuii, Meros MDS Teprut Heynady. PaccMoTpuMm ciiefyiolee BIoKeHUE, IPH
KOTOPOM BXOJIHbIE JITaHHBIE e(HOPMUPYIOTCS B (hOPMY TPEXMEPHOIT OYKBBI S:

In[12]: def make_hello_s_curve(X):
t = (X[:, 0] - 2) * .75 * np.pi
X = np.sin(t)
y = X[:, 1]
z = np.sign(t) * (np.cos(t) - 1)
return np.vstack((x, y, z)).T

XS = make_hello_s_curve(X)

Peub o1aTh UET O TPEXMEPHBIX IAHHBIX, HO MbI BUJIM, 4TO BJIOKEHHE — HAMHOTO GoJiee
croxuoe (puc. 5.100):

In[13]: from mpl_toolkits import mplot3d
ax = plt.axes(projection='3d")
ax.scatter3D(XS[:, @], XS[:, 1], XS[:, 2],
**colorize);

Puc. 5.100. HefIMHEHO BIOXEHHbIE B TPEXMEPHOE MPOCTPAHCTBO AaHHbLIE
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DBas3oBble 3aBUCHMOCTH MEKTY TOYKAMH JAHHBIX COXPAHEHBI, HO Ha 3TOT Pa3 AaHHble
GBI TIPe0OPa30BAHDI HETMHEHHBIM 00PA30M: OHI OBLITN CBEPHYTHI B GOPMY OYKBHI S.

Eciv monpITaThest MCMOIB30BATh JIJIS 9TUX JIAHHBIX TPOCTO asnroput™M M DS, o He cy-
MeeT «Pa3BePHYThb» 9TO HEJIMHENHOE BJIOSKEHUE W MBI TIOTEPSIEM U3 BULY CYIIECTBEHHBIE
3aBHCUMOCTH BO BJIOKEHHOM MHOTOOOpasuu (puc. 5.101):

In[14]: from sklearn.manifold import MDS
model = MDS(n_components=2, random_state=2)
outS = model.fit_transform(XS)
plt.scatter(outS[:, @], outS[:, 1], **colorize)
plt.axis('equal');

-4 -3 -2 -1 0 1 2 3 4

Puc. 5.101. Vicnonb3oBaHue anroputMa MDS s HeNMHEWHbIX AaHHbIX: MOMbITKa BOCCTAHOBIEHHS!
MCXOZHOW CTPYKTYpbl OKa3bIBAETCS HeyAauHOM

Jlaske camoe Jsrydiiiee IByMEPHOE JUHEUHOe BIOKEHUE HE CMOKET Pa3BepHYTh 0OPaTHO
Harmy S-06pas3nyio KpuByIo, a 0TOPOCHT BMECTO 9TOTO UCXOMHYTO OCh KOOpAUHAT Y.

HenuHelHble MHOroobpasus:

NOKANbHO JIMHENHOE BJIOXEHMWE

Kopenb npobiembl B ToM, ut0 M DS mbITaeTcst COXpaHSITh PACCTOSTHUS MEKLY Y/IAIEH-
HBIMW TOUYKAMU TTPU (HOPMUPOBAHNT BJoKeHUs. Ho 9TO, €c/Ti U3BMEHUTD aJITOPUTM Tak,

4TOGBI OH COXPaHAJT PaCCTOAHMA TOJBKO MEKTY 6JIH3JI€>KB.H.II/IMI/I TOYKAMU? HOJIy‘-IeHHOE
B pe3yJibTaTe BJIOKECHNE 6y11eT JIy4II€ peniaTh Hallly 3a/la4vy.

HaFJIHlIHO MOJKHO ITPEACTAaBUTDH 9TOT METO/I TaK, KaK ITOKa3aHO Ha pUC. 5.102.

Tonkue muHnN OTPaKaroT PACCTOSAHUA, KOTOPbIE HEO6XOLII/IMO COXPaHUTDH TIPpU BJIOJKE-
nun. CreBa IIpe/icTaB/JIC€HA MO/I€JIb, UCITIOJIb3YEMas B METO/1€ MDS: COXPaHAIOTCA PpacCTO-
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STHUSI MEJK/TY BCEMU TTapaMu Touek B Habope jaHHbix. ClipaBa — MOJIEJb, UCIIOIb3yeMast
aJIropuT™MOM 00ydYeHHs Ha 6asze MHOrooOpasuii, KOTOPbIil Ha3bIBAETCS JIOKAIbHO JIMHEM -
HpiM BroxkenreM (LLE). BmMecTo coxpaneHust Bcex pacCTOSHMI COXPAHSAIOTCS TOJIBKO
PACCTOSHUS MEKLY COCCOHUMU MOUKamu: B JaHHOM ciydae Ouvskaimmmu 100 cocensgvu
KaK/I0H TOUKH.

F-3 |

f“’ 1.

T 0.6 e ooés
— Z e

-15 -1.0 -05 0.0 05 1.0 150.0 -15 -1.0 05 0.0 05 1.0 1500

Puc. 5.102. MNpeacraBneHne cBszei Mexay Toukamn B MDS u LLE

[Tpu u3yyeHUN PUCYHKA CJIeBa CTAHOBUTCS MOHATHO, mouemy Metoq MDS He pabo-
Taer: crrocoba <«yIUIOIEHUA» dTUX JaHHBIX ¢ COXPAaHEHUEM B JOCTaTOYHOU CTEIeHU
JUIMHBI KAXKIO0T0 OTPE3Ka MeXKAY ABYyMs TOUKaMM IIPOCTO He cyliecTByer. Ha pucyHke
clpaBa, ¢ JPyroil CTOPOHBI, CUTYyalUsl BBITJSAUT HECKOJIbKO O0Jiee OITHUMUCTUYHO.
Briosine MOKHO npeacTaBuTh cebe pasBopaurBaHKe JaHHbBIX TaK, 4TOOBI XOTS Obl
HpUOIU3UTETTHHO COXPAHUTD JJIMHBI OTPe3KOB. VIMeHHO 310 1 aenaeT meTox LLE
IyTeM HaXOKIEeHMs I100aIbHOr0 9KCTPEMyMa OTPakaiolleil 9Ty JOruKy GyHKIIN
CTOMMOCTH.

Cy1ecTByeT HeCKOJbKO BapranToB Metoja LLE, Mbl 31ech OyaeM UCIIONIb30BaTh st
BOCCTAHOBJICHVSI BIIOKEHHOTO JIBYMEPHOTO MHOTOOOPa3Ust MOOUDPUUUPOBaHHbLEL AN20-
pumm LLE. B niesiom Mmogmdurmuposanubiii anropurm LLE pabGoraer srydtiie apyrux ero
BapUAHTOB TIPU BOCCTAHOBJIEHUN XOPOIIIO CTPYKTYPUPOBAHHBIX MHOTO0OPA3Hii ¢ OUeHb
HebobIoi gucropeuneit (puc. 5.103):

In[15]:
from sklearn.manifold import LocallylLinearEmbedding
model = LocallylLinearEmbedding(n_neighbors=100, n_components=2,
method="modified',
eigen_solver='dense')
out = model.fit_transform(XS)

fig, ax = plt.subplots()
ax.scatter(out[:, @], out[:, 1], **colorize)
ax.set_ylim(e.15, -0.15);
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Puc. 5.103. JTokanbHO IMHENHOE BIOXEHWE MOXET BOCCTAHABMBAThL M3HAYasbHbIE JaHHble
N3 HEJIMHENHO BJIOXKEHHbIX BXOAHbIX AaHHbIX

PESyJIbTaT OCTaeTCA HECKOJIBKO NCKaKE€HHBIM 110 CPaBHEHHIO C MCXO/IHbIM MHOFOO6pa-
31EM, HO CYTIIIECTBEHHDBIE 3aBUCUMOCTU BHYTPU JTaHHBIX METO/] yJIOBI/IJI!

HekoTopble coobpa)keHnst 0OTHOCUTESIbHO METOA0B
obyueHns Ha 6aze MHOroobpasui

Xotst 370 1 ObLTa 3aXBATHIBAIOIAST HCTOPHS, HA IIPAKTUKE METO/IbI 00ydueHust Ha Gase
MHOTOOOPa3Mii OKA3bIBAIOTCST HACTOJIBKO IIPUBEPE/JIMBBIMU, YTO OHU PEIKO HCTIONB3YIOTCSE
JUIS1 4er0-TO GOJIBIIIET0, YEM ITPOCTAST KAYECTBEHHAST BU3YJIH3AIHSI MHOTOMEPHBIX JIAHHbIX.

BoT HECKOJIBKO KOHKPETHBIX BOTIPOCOB, B KOTOPBIX 0OyueHre Ha Haze MHOTOOOpasuil
BBITJISIZIUT ILJIOXO 110 cpaBHeHuIo ¢ metojiom PCA.

QO IIpu o6yuenun na 6aze MHOroOGpasmii He CYIIECTBYET yaauHoro (hpeiiMBopKa /st
06paboTKM OTCYTCTBYIONTHX MaHHBIX. B oTamume ot Hero B Metoge PCA cymecTByioT
MPOCTHIE UTEPATUBHbIE TTOIXOBI ST PAGOTHI ¢ OTCYTCTBYIONINMU TAHHBIMI.

Q [Ipu obyuennn Ha Gaze MHOrOOOpa3Uil HaJIMUKe IIyMa B IAaHHBIX MOYKET «3aKOPOTUTh>
MHOroobpasue 1 KOpeHHbIM 00pa3oM M3MEHUTh BJIOKEHME. B 0T/Indne OT HEro MeTojt
PCA ecrecTBeHHBIM 0GPA30M OTIEJISIET MITyM OT HAauOOJIee BaKHBIX KOMITOHEHT.

Q Pesyubrar BiaoxeHuss MHOTO0OOpasusi 0ObIYHO CHJIBHO 3aBUCUT OT KOJIMYECTBA BbI-
OGpaHHBIX COCE/IEH, M He CYIIECTBYET Hale/KHOTO, (DOPMYJIMPYEMOTO KOJIMIECTBEHHO
crrocoba BbIOOPa ONTUMAILHOIO YKcia cocegeil. B otimune ot Hero merog PCA He
TpebyeT 10106HOro BIOOpA.

Q Ipu o6yuyennu Ha 6aze MHOrOOOPa3Hil HEMPOCTO OMPEAETUTH ONTUMATBHOE YHUCIIO
M3MepeHni Ha BbIxo/ie aiiropuT™a. B otmmune ot Hero Metoji PCA 1o3Bouisget ompe-
JIEJTNTH BBIXOHYIO PAa3MEPHOCTH, OCHOBBIBASACH HA 0OBACHUMOI IUCTIEPCHH.
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Q IIpu obyuyennu Ha 6ase MHOrOOOPA3Ul CMBIC] BJIOKEHHbBIX U3MEPEHWIT He Beerga
nousited. B metosie PCA cMbIC/I TJIaBHBIX KOMIIOHEHT COBEPIIIEHHO SICEH.

O [Ipu o6yuenun na 6aze MHOrOOOPA3WIi BBIYMCIUTENBHAS CJTOKHOCTD METOIOB COCTAB-
aster O|N?| wiu naske O[N?]. Hexoropbie pangoMu3upoBaHHble BAPUAHTHI METOIA
PCA paboraior ropaso OsicTpee (ogHaxo B nakere megaman (https://github.com/mmp2/
megaman) peajin30BaHbl MeTO/IbI 0OyueHUst Ha Haze MHOrooGpasuii, Macitabupy-
IOIIECST TOPA3/I0 JIyUIlle).

C y4eTom BCEro aToro eAMHCTBEHHOE HE3yCIOBHOE NPEUMYIIECTBO METOJI0B 00ydeHUs
na 6aze muoroo6pasuii nepes PCA coctont B X ClI0COGHOCTH COXPAHATH HEIMHEHHBIE
3aBUCUMOCTH B JAHHBIX. VIMEHHO OSTOMY S CTapaloch CHAYaIa U3ydaTh JAHHBIE C IIO-
motipio PCA, a 3ateM UCII0/Ib30BaTh METO/Ibl 00ydueHrs Ha Oaze MHOr0OOpas3uii.

B 6ubsmoreke Scikit-Learn peaqmaoBaHO HECKOJIBKO PACTIPOCTPAHEHHBIX BAPUAHTOB 00Y-
YyeHust Ha Haze MHOTOOOPA3Ui 1 JIOKATBHO JIMHEITHOTO BJIOKEHSE: B IOKyMeHTarmn Scikit-
Learn umeercst mx O6Cy>KI[eHI/I€ u cpaBaenue (http://scikit-learn.org/stable/modules/manifold.html).
Vexomst u3 MOEro cOGCTBEHHOTO OITBITA, MOTY JIATh BAM CJIEYIOIINE PEKOMEH AT,

O B MozenpHbIX 3aga4ax, MOL00HBIX S-00pasHoil KPUBOI, JTJOKAJIbHO JUMHENHOE BJIO-
skenne (LLE) u ero BapuanTsl (0co6eHHO Moouuuuposammnwviii memod LLE) neMoH-
CTPUPYIOT OTJIMYHBIE pe3ysbTaThl. OHM peain30BaHbl B Kiacce sklearn.manifold. Lo-
callyLinearEmbedding.

Q B ciyyae MHOrOMEpHBIX JAHHBIX, TOJTYYEHHBIX U3 PEAIbHBIX UICTOYHUKOB, MeTozi LLE
gacTo paboTaer TI0X0, U m3oMeTpudeckoe otobpakerue (Isomap), moxoske, BbiacT
GoJiee ocMbIcIeHHbIe BokeHns. OHO peans3oBaHo B kaacce sklearn.manifold. Isomap.

Q /L1t cUIbHO KJIACTEPU30BAHHBIX JIAHHBIX OTJIHUYHbBIE PE3YIbTATHI IEMOHCTPUPYET
METOJ[ CTOXaCTUYECKOTO BIOKEHUSI COce/ieil Ha ocHOBe pactpeseenust CThbiofieHTa
(t-distributed stochastic neighbor embedding), xorst u paboTaer nHorIA OYEHb MEJICHHO
110 CPaBHEHUIO ¢ APyrMu MeToamu. OH peasn3oBaH B kiiacce sklearn.manifold. TSNE.

Ecyim BbI XO0THTE IMOCMOTPETDH, KaK OHN paéOTaIOT, 3aITyCTUTE Ka)KI[blf/'I 13 HUX Ha JaHHbIX
13 9TOTO pasjieJsa.

Mpumep: ncnonb3oBaHme Isomap Ans pacrno3HaBaHUA nn,

OG6yuenue Ha 6aze MHOr0OOpasUil YaCTO IPUMEHSETCS TIPU MCCIEA0BAHII 3aBUCHMO-
cTell MeKLy MHOTOMEPHBIMU TOYKaMU JIaHHbIX. OIMH U3 PACIIPOCTPAHEHHBIX CJIyYaeB
MHOTOMEPHbIX JaHHBIX — H300paskeHust. Hanpumep, Habop n306pakeHuii, COCTOSIIIX
kaxgoe u3 1000 mmKcesn0B, MOKHO paccMaTpuBaTh Kak Habop Todek B 1000-mepHOM
[IPOCTPAHCTBE — SPKOCTh KasKAOT0 IMKCeJa B Kaxk[0M U300paskeHUH COOTBETCTBYET
KOOP/IMHATE B COOTBETCTBYIOINIEM M3MEPEHUN.

[Tpumennm asroputm [somap K aHHbBIM, COEPKaIIM Kakue-anbo aui@a. Bocronabyem-
cs1 HaGopom ganHbix Labeled Faces in the Wild (LFW), ¢ KOTOpPBIM y3Ke CTalKMBaJIKCh
B pasjiesiax «3arJisiHeM Tryske: MeTOL OIIOPHBIX BEKTOPOB» 1 «3arJisiHeM TIyOsKke: MeTOjL
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TJIAaBHBIX KOMITOHEHT» 9TOH TJIaBBI. CJICIIYIOH.IBH KOMaH/ia IIO3BOJIAET CKadaTb JaHHbIC
1 KO POBaTh UX B BallleM JOMalllTHEM KaTaJsore Jid JIATbHEHIIEr0 NCTIOTb30BAHMST:

In[16]: from sklearn.datasets import fetch_lfw_people
faces = fetch_lfw_people(min_faces_per_person=30)
faces.data.shape

out[16]: (2370, 2914)

Nrak, y Hac umeercs 2370 uzobpaskennii, kasxaoe pasmepoM 2914 nukcesnos. Ipyrumu
cioBaMu, U3006paKEeHHst MOKHO CYMTATh TOYKAMU JaHHbIX B 2914-MepHOM npocTpaH-
crie!

BhICTpO BUByaM3UpyeM HECKOIBKO U300paskKeHHUT, 4TOOBI IOCMOTPETD, ¢ Y€M MbI IMEeM
neno (puc. 5.104):

In[17]: fig, ax = plt.subplots(4, 8, subplot_kw=dict(xticks=[], yticks=[]))
for i, axi in enumerate(ax.flat):
axi.imshow(faces.images[i], cmap="gray')

== Seleld
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Puc. 5.104. lNpuMepbl UCXOAHbLIX UL

He momernaer HapucoBaTh HU3KOpa3MepHOE BiIoKeHre 2914-MepHBIX JaHHBIX, YTOOBI
O3HAKOMHTBCST ¢ OCHOBHBIMY 3aBUCUMOCTSIMU MEXKTY U300pakeHusIMU. Y I0OHO TaKsKe
HavyaTh ¢ Bhruncaenus PCA v usyueHus: mosrydeHHoit 1011 oO6bACHUMON TUCTIEPCHH.
ITO MACT HAM TIPEICTABIEHNE O TOM, CKOJIBKO THHENHBIX TIPHU3HAKOB HEOOXOANMO ISt
onucaHust ATUX AaHHbX (puc. 5.105):

In[18]: from sklearn.decomposition import RandomizedPCA
model = RandomizedPCA(100).fit(faces.data)
plt.plot(np.cumsum(model.explained_variance_ratio ))
plt.xlabel('n components') # Konu4ecTBO KOMMOHEHT
plt.ylabel('cumulative variance'); # WHTerpanbHas aucnepcus
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Kak Buaum, mis coxpanenns 90 % mucnepenn Heodxoaumo modtu 100 KoMIoHeHT. 1o
3HAYWT, YTO JJAHHBIE, [T0 CBOEH CYTH, IMEIOT YPE3BBIYaiiHO BBICOKYIO PA3MEPHOCTD U UX
HEBO3MOJKHO OIUCATh JUHENHO C IIOMOIIIBIO BCEI'0 HECKOJIbKNX KOMIIOHEHT.
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Puc. 5.105. NHTerpansHas aucnepcusi, nonyvyeHHas U3 npoekummn metogom PCA

B mo06HOM cirydae MOTYT OKa3aThCs MOJIe3HBI HeJTMHENHbIE BIOKeH s Ha 6aze MHOTO-
o6pasuii, Takue kak LLE u Isomap. Paccunrars Bioskenue [somap st 9TUX JIUIL MOKHO
AQHAJIOTUYHBIM BBIICTIPUBEICHHOMY 00Pa3oM:

In[19]: from sklearn.manifold import Isomap
model = Isomap(n_components=2)
proj = model.fit_transform(faces.data)
proj.shape

out[19]: (2370, 2)

Pesgybrar mpencraBiser coboil ABYMEPHYIO TIPOEKIINIO BCEX MCXOMAHBIX M300PaKEHUT.
Yro6bl JIydliie MPECTaBUTh, YTO TOBOPUT HAM 3TA MPOEKITHS, OIHIIEM (DYHKI[UIO, BbI-
BOJISITIYI0 MUHHATIOPBI H300PaKeHI B MECTAX TIPOEKITHIA:

In[20]: from matplotlib import offsetbox
def plot_components(data, model, images=None, ax=None,
thumb_frac=0.05, cmap='gray'):
ax = ax or plt.gca()

proj = model.fit_transform(data)
ax.plot(proj[:, @], proj[:, 1], '.k")

if images is not None:
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min_dist 2 = (thumb_frac * max(proj.max(0) -
proj.min(@))) ** 2
shown_images = np.array([2 * proj.max(@)])
for i in range(data.shape[@]):
dist = np.sum((proj[i] - shown_images) ** 2, 1)
if np.min(dist) < min_dist 2:
# He oTobpaxaeM CAWWKOM GNU3KO PaCMOIOKEHHbIE TOYKM
Continue
shown_images = np.vstack([shown_images, proj[i]])
imagebox = offsetbox.AnnotationBbox(
offsetbox.0ffsetImage(images[i], cmap=cmap),
proj[i])
ax.add_artist(imagebox)

BeisbiBaem a1y hyHKiuio u BuguM pedyabTat (puc. 5.106):

In[21]: fig, ax = plt.subplots(figsize=(10, 10))
plot_components(faces.data,
model=Isomap(n_components=2),
images=faces.images[:, ::2, ::2])
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Puc. 5.106. BnoxeHue ¢ noMoLbto Isomap AaHHbIX O nuax
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Pegysbrar uHTEpeceH: TIEPBbIE BA U3MEPEHMsT [somap, BEPOSITHO, OTTHCHIBAIOT OOTITIe
MPU3HAKY N300PAKEHST: HU3KYTO UM BHICOKYIO SIPKOCTH M300paskeH sl CJieBa HATIPaBO
u ob1Iee PacHoIoKeH e JUIa CHU3Y BBEPX. DTO JIaeT HaM obliee MPe/ICTaBIeHIe O He-
KOTOPBIX 0a30BbIX TIPU3HAKAX JAHHbIX.

Jlajiee MOXKHO TIepeliTu K KiaccupUuKaluu 3TUX JaHHBIX, BOBMOXKHO, C TIOMOINIBIO TIPU-
3HaKOB Ha Oaze MHOTOOOPa3Uil B Ka4eCTBE BXOAHBIX JAHHBIX JJI aJIFOPUTMa KJIACCH-
(bukanuu, aHAIOTMYHO TOMY, KaK MbI IOCTYIIUJIA B pasesie «3arjisiHeM TIy0Ke: MeTos
OTMOPHBIX BEKTOPOBY» 3TOM TJIABBI.

MpumMep: BM3yanu3auusi CTPYKTYpbl Lndp

B kauecTse elie 0HOTO MpUMepa UCTIONb30BaHus 00ydeHust Ha Gaze MHOr0O6pasuit
nist Busyanusainuu paceMmorpum Ha6op MNIST pykomnucHbIX 1udp. DT JaHHDBIE
AQHAJIOTWYHBI 1TH(PaM, ¢ KOTOPBIMU MbI CTAJIKUBAJINCH B pasjiesie «3arjsiHeM TIyOsKe:
JePeBbst MPUHSITUS PENICHUH W CJAyYaiiHble Jieca» 9TOH IJIaBbl, HO ¢ HAMHOTO GOJIbIIIEHT
petanusanueil nzobpaxennii. CKkayaTh UX MOKHO ¢ caiita http://mldata.org/ ¢ oMompIO
yrunutol 6ubmnorekn Scikit-Learn:

In[22]: from sklearn.datasets import fetch_mldata
mnist = fetch_mldata('MNIST original')
mnist.data.shape

out[22]: (70000, 784)

Aror Habop cocrout uz 70 000 n306parkeHuii, Kaxkaoe pasmMepoM 784 nukcesna, To eCTh
28 x 28 mukcesion. Kak 1 paHee, pacCMOTPUM HECKOJIBKO TIePBbIX M300paskeHuit (prc. 5.107):

In[23]: fig, ax = plt.subplots(6, 8, subplot_kw=dict(xticks=[], yticks=[]))
for i, axi in enumerate(ax.flat):
axi.imshow(mnist.data[1250 * i].reshape(28, 28), cmap='gray_r')

Puc. 5.107. MNpumepsbl umdp 13 Habopa MNIST



516 MnaBa 5 e MalwwnHHOE 06yyeHMe

ITOT PUCYHOK JAET HaM IpeCTaBIeHIe O PasHOOOpasiy PyKOIMCHBIX udp B Habope
JTaHHBIX.

Borumcsmm ¢ momotpio obyuenus Ha 6aze MHOr00Opa3uil POEKITUIO IJIs ATUX JTAHHBIX,
noKazanHyio Ha puc. 5.108. [l yckopenus OymeM 1cIoib3oBath To1bKo 1/30 yacth
JAHHBIX, TO ecTh TpuMepHO 2000 ToYek MaHHBIX (M3-32 OTHOCUTEJIBHO IJIOXON Mac-
mTabupPyeMOCTH METO0B 00yUeHUs Ha 6a3ze MHOTOOOPA3Uil s1 IPUILEN K BBIBOLY, YTO
HECKOJIBbKO THICSY BHIOOPOK — XOPOIIIee KOJIMIECTBO IS Hadasa, 4T0ObI OTHOCHTENHHO
OBICTPO KCCJIE0BATh HAOOP, TIPEXK/IE YeM MePEHTH K MOJTHOMACIITTAOHBIM BBIYUCICHISIM ):

In[24]:

# mcnonb3lyem ToNbKo 1/30 4acTb AaHHbIX:

# BbMMCNEHWA ANA MOMHOro Habopa AaHHbIX 3aHUMAKT AAUTesbHoe BpemA!
data = mnist.data[::30]

target = mnist.target[::30]

model = Isomap(n_components=2)

proj = model.fit_transform(data)

plt.scatter(proj[:, @], proj[:, 1], c=target, cmap=plt.cm.get_cmap('jet', 10))
plt.colorbar(ticks=range(10))

plt.clim(-0.5, 9.5);
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Puc. 5.108. Isomap-BnoxeHue ans Habopa aaHHbIX umdp MNIST

[Tonydyennasa quarpamMma paccessHUs: IEMOHCTPUPYET HEKOTOPbIe 3aBUCUMOCTU MEKIY
TOYKaMU /IaHHbIX, HO TOYKU Ha Hefl PACIIONIOKEHDI CJIUIITKOM TECHO. MO)KHO TONTYUYUTDb
Goutbiie MHGOPMATINHT, U3YyYast 3a pa3 JJaHHbIe JIUIh 00 oxHOH 1udpe (puc. 5.109):

In[25]: from sklearn.manifold import Isomap

# Bblbupaem anAa npoexkuun 1/4 uupp "1"
data = mnist.data[mnist.target == 1][::4]
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fig, ax = plt.subplots(figsize=(10, 10))

model = Isomap(n_neighbors=5, n_components=2, eigen_solver='dense')

plot_components(data, model, images=data.reshape((-1, 28, 28)),
ax=ax, thumb_frac=0.05, cmap="gray r')
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Puc. 5.109. Isomap-BnoxeHne TONbKO ANs eAnHUL U3 Habopa AaHHbIX O umdpax

Pesyubrar aet HaM IpeicTaBIeHre O PasHOOOpasuit GOPM, KOTOPbIE MOKET IIPHHUMATh
uudpa 1 B arom Habope gaHHbIX. JaHHbIe PACIIOIAraloTCs BAOJb IUPOKOI KPUBOI
B IIPOCTPAHCTBE TIPOEKITNH, OTpaxkalolieil opuentamuio nudpsl. [Ipu nepemeniennn
BBEPX 10 rpauKy MbI BUIMM €IUHUIIBI CO «IIJISIIIKAMUY> ¥/WUJU <IIOJOIIBAMKI», XOTSI
OHU B 9TOM HaGope JaHHbBIX peAKku. [IPoeKIus 1aeT HaM BO3MOMKHOCTh OGHAPY/KUTh
aHOMaJIbHbIE 3HAYEHUs ¢ IPoOIeMaMy B IaHHBIX (HAIIPUMED, YacTH COCEAHUX P,
[ONABIIX B U3BJICUEHHbIE U300PAKEHHUST).

Xotst camo 110 cebe Juist 3a1a4r Kiaaccudurarue udp aTo U He 0c060 MOJIE3HO, HO MO-
JKET TIOMOYb HaM MOJIYYUTD ITPEACTABJICHNE O JaHHDIX U TTO/ICKA3aTh, YTO JI€JIaTh AAJIbIIIE,
HalpUMep KaKoil mpeaBapuTesbHON 06paboTKe HEOOXOMMO MOBEPTHYTh JaHHbBIE 10
co3MaHus KOHBelepa Kiraccu(huKaimm.
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3arnsHeM rnybxe: Knacrepusaums METOA0M
k-cpeaHux

B HecKOJIBKIX MPEABIAYINX Pas/iesiaX Mbl PACCMATPUBAJIN TOJBKO OJTHY PAa3HOBUTHOCTD
MaIlMHHOTO 00yueHus 6e3 yunTesist — MOHUKEHe pa3MePHOCTH. B aToM pasjesie Mbl Tie-
peiizieM K PyroMy KJIaccy MoJesieil MalllMHHOTO 06y4YeHrst 6e3 yUuTesiss — aJropuTMam
KJIacTepusaIiui. AJITOPUTMBI KJIACTEPU3AINHT HAIEJIEHBI Ha TO, YTOOBI HAMTH, UCXO/IS U3
CBOICTB IaHHBIX, ONITUMaJIbHOE Pa3OUeHNe WIIH AUCKPETHYIO MAaPKUPOBKY IPYIIT TOYEK.

B 6ubsmoreke Scikit-Learn u gpyrux Mectax UMEETCSI MHOKECTBO aJlTOPUTMOB KJIacTe-
pH3aIMH, HO, BEPOSITHO, HarOo0JIee IIPOCTOI 15 MOHMMAHIS — AITOPUTM KAACMEPUIAUUL
memodom k-cpednux (k-means clustering), peansoBanHbIil B Kiacce sklearn. cluster.KMe-
ans. HauneMm ¢ 06bIMHBIX MMIIOPTOB:

In[1]: %matplotlib inline
import matplotlib.pyplot as plt
import seaborn as sns; sns.set() # gna cTuausaumu rpaukos
import numpy as np

3HAKOMCTBO C MeToAOM k-CpeaHuX

AnropuTy™ k-cpemHux BBITOTHSIET MOUCK 3apatiee 3aIaHHOTO KOJTMYECTBA KITACTEPOB B He-
MapKUPOBAHHOM MHOTOMEPHOM Habope TAaHHBIX. JIOCTUTAeTCst 9TO € TIOMOTITHIO TIPOCTOTO
MPEJCTABIEHUST O TOM, YTO TAKOE OITUMAJIbHAS KJIACTEPH3AIINSI.

Q <«lenTp kinacrepay — apudmernyeckoe cpejiee BCeX TOUEK, OTHOCSALUIUXCS K 9TOMY
KJIacTepy.

a Ka>1</:[aﬂ TOYKa OJIMKe K IIEHTPY CBOETO KJIaCTEPa, YEM K IIEHTPaM JAPYTIUX KJIaCTEPOB.

ITH [1BA IO IEHNSI COCTABJISIIOT OCHOBY MOJIE/TH MeTo/ia R-cpefiHux. Jlaree Mbl paccMo-
TPHM JICTATIbHEE, KAKUM UMEHHO 00PA30M aJITOPUTM HAXOHT 9TO PEIIEHHE, a TOKA BO3bMEM
MPOCTOI HAGOP AAHHBIX U TOCMOTPUM HA PE3YJIbTaThl PAGOThI METO/A k-CPEIHUX JIJIs HETO.

Bo-1iepBbix, creHepupyeM JIByMepHbIil HAOOP JAHHBIX, COAEPIKAIINI YETBIPE OTAETbHBIX
«msiTHa». YT0ObBI TTOIUEPKHYTh OTCYTCTBUE YUUTEIS B 9TOM aJITOPUTME, MBI He OyaeM
BKJIIOYATh METKH B Busyasinsanuio (puc. 5.110):

In[2]: from sklearn.datasets.samples_generator import make_blobs
X, y_true = make_blobs(n_samples=300, centers=4,
cluster_std=0.60, random_state=0)
plt.scatter(X[:, 0], X[:, 1], s=50);

BusyasnbHo BbIIeIUTH 371€Ch YEThIPE KJIACTEPA HE TPEJCTABILET TPyAa. AITOpuUT™
k-cpesHUX JleTaeT 9TO aBTOMATHUYECKH, UCIob3yst B 6ubnnoreke Scikit-Learn API
CTaTUCTUYECKUX OI[€HOK:

In[3]: from sklearn.cluster import KMeans

kmeans = KMeans(n_clusters=4)
kmeans.fit(X)

y_kmeans = kmeans.predict(X)
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Puc. 5.110. [laHHble Ana AeMOHCTpaumm Knactepusaumm

Busyasmsupyem pe3ysibTatTsl, BbIBEIs Ha TpauK OKpalieHHble B COOTBETCTBUN C METKa-
M1 armbie. HaprcyeM HaliieHHBIe OI[eHUBATEIEM METO/IA k-CPEIHIX IIEHTPhI KJIACTEPOB
(puc. 5.111):

In[4]: plt.scatter(X[:, ©], X[:, 1], c=y_kmeans, s=50, cmap='viridis"')

centers = kmeans.cluster_centers_
plt.scatter(centers[:, 0], centers[:, 1], c='black', s=200, alpha=0.5);
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Puc. 5.111. LleHTpbl knactepoB MeToaa k-cpeaHuUX € OKpaLleHHbIMU B pa3Hble LiBETa Kiactepamm

Xopolirasi HOBOCTb COCTOUT B TOM, YTO aJITOPUTM R-cpeHuX (110 KpailHell Mepe B aTOM
[IPOCTOM CJlydae) 3a/laeT COOTBETCTBME TOYEK KJlacTepaM OYeHb CXOXKe C TeM, KaK Mbl
6Bl MOTJTH CJIesTaTh 9TO BU3yasbHo. Ho y Bac MOKET BO3HUKHYTH BOTIPOC: KK 9TOMY
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QJITOPUTMY YIATIOCh HANTH KJIacTepPhl Tak ObICTPO? B KOHIIE KOHIIOB, KOJMYECTBO BO3-
MOJKHBIX COUETAHUI TOUEK 1 KJIACTEPOB 3aBUCUT HKCIOHEHIINAJIBHO OT YHCJIA TOYeK
MaHHBIX, TAK YTO MOUCK METOIOM TOJHOTO Tepebopa okaszascs Obl Upe3BbIYaiino pe-
cypcosarparubiM. [Torck MeTosoM moaHoTO mepebopa 37ech He Tpebyercs. Bmecto
HEro B TUITUYHOM BapHaHTE METO/[A k-CPETHUX TPUMEHSIETCS] HHTYUTUBHO TOHSITHBIH
TIO/IXO/T, M3BECTHBIN TTO/T HA3BAHUEM «MAKCUMUIAUUSL MATNEMAMULECKOZ0 OHCUOAHUSL>
(expectation-maximization, EM).

AnroputM k-cpeiHux: MakCMMMU3aLMS MaTEMATUYECKOro
Y NERIZE

Maxcummzanms Mmatematideckoro oxkuanust (EM) — MOTHBIN aropuTM, BCTpedaromii-
s BO MHOJKECTBE KOHTEKCTOB HAYKHU O AHHBIX. MeTos| k-CcpesiHnx — 0COOEHHO pocToe
1 OHATHOE IIPUJIOKEHUE 9TOT0 AJITOPUTMA, M MBI PACCMOTPUM ero 3/iech BKkparie. IToaxozn
MaKCHMU3allN1 MaTeMaTUYeCcKOro 03KU/IaHUsI COCTOUT U3 CJie/lyTolei ITpoIie/yphl.

1. BeigBuraeM ruroTesy o IeHTpax KJIacTepoB.
2. TloBTOpSsieM JI0 TOCTMKEHUST CXOAMMOCTH:
e [E-waz: IPUIKCHIBAEM TOUYKK K OJIMKANUIINM [IeHTPaM KJIaCcTePOB;
®  M-wae: 3aaeM HOBBIE TIEHTPBI KJIACTEPOB B COOTBETCTBUH CO CPEIHUMI 3HAYEHUSIMIL.

E-mar, wim mar oxxujanus (expectation), HazBaH Tak MOTOMY, UTO BKJTIOUAET aKTya-
JI3AIII0 MATEMATUIECKOTO OJKU/IAHUS TOTO, K KAKUM KJIacTepaM OTHOCSTCST TOYKH.
M-1mar, nan mar MakcuMu3aiuu (maximization), Ha3BaH Tak MMOTOMY, YTO BKJIIOYA-
€T MaKCUMM3AIMIO HEKOTOPOIL 11eIeBOT (DYHKITUH, ONMKMCHIBAIONIEH PACTIONOKEHUS
IEHTPOB KJIACTEPOB. B TakoM ciryyae MaKCUMU3AINST IOCTUTAETCS TTyTEM ITPOCTOTO
yCpeIHeHUsI TaHHBIX B KJIacTepe.

ITOMY aJITOPUTMY TTOCBSIIIEHA OOITMPHAS JIUTEPATYPA, HO €CJIM KOPOTKO, TO MOK-
HO TO/IBECTH €T0 UTOTU CJEAYIONIM 00pa3oM: P OOBIYHBIX 00CTOSITETBCTBAX
Kaxmas utepaius maros E u M Bcerna Oyner TPpUBOAUTD K YIYUIIEHUTIO OTEHKH
nokasatTeJieil kiactepa. BusyannsupoBaTh 9TOT aJTOPUTM MOXKHO TakK, Kak I0-
KasaHo Ha puc. 5.112.

®duHanbHas
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Puc. 5.112, Busyanuzaums EM-anroputma ans metoaa k-cpegHux
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[l mokazanueix Ha puc. 5.112 KOHKPETHBIX HAYAIbHBIX 3HAYEHUN KJIACTEPHI CXO-
JATCS BCEro 3a Tpu uteparuu. VHTepakTUBHYIO BEPCUIO PUCYHKA MOKHO YBUICTD
B oHyanH-nipuoxennn (https://github.com/jakevdp/PythonDataScienceHandbook).

AnropuT™ k-CpelHUX I0CTATOYHO MPOCT JJIST TOTO, YTOOBI YMECTUTHCSA B HECKOJIBKUX
cTpoKax kKoja. Bot npocreiiiast ero peanmzarnus (puc. 5.113):

In[5]: from sklearn.metrics import pairwise_distances_argmin

def find_clusters(X, n_clusters, rseed=2):
# 1. Bblbupaem knacTepbl Cny4vaiHbM obpasom
rng = np.random.RandomState(rseed)
i = rng.permutation(X.shape[@])[:n_clusters]
centers = X[1i]

while True:
# 2a. MpucBanBaem MeTKM B COOTBETCTBUM C OAMUXAWWLUM LEHTPOM
labels = pairwise_distances_argmin(X, centers)

# 2b. HaxoZuMm HOBble LIEHTpbl, MCXOAS U3 CPefHUX 3HaYeHUih Toyek
new_centers = np.array([X[labels == i].mean(90)
for i in range(n_clusters)])

# 2c. MpoBepAemM CXOAUMOCTb

if np.all(centers == new_centers):
break

centers = new_centers

return centers, labels
centers, labels = find_clusters(X, 4)
plt.scatter(X[:, 0], X[:, 1], c=labels,

s=50, cmap='viridis');
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Puc. 5 113. [laHHble, MapKMpOBaHHbIE C MOMOLLbIO MeToAa k-cpeaHumx
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CaMble TIPOBEpPEHHDBIE PEATTU3AIMI BBITIOJIHSIOT «I10/[ KATOTOM» HEMHOTO OOJIbITe
JIeMICTBUIi, HO OCHOBHOE IIpeJICTaBJIeHNe O METO/le MAaKCUMU3aIlMN MaTeMaTH4ecKoro
OKUJIAHMS IIPeAbIAYIIasd (PyHKIUS f1aeT.

Hpeaynpemaeﬂnﬂ OTHOCHUTEJIbHO ME€TOJa MAaKCHUMHU3allUU MaTEMATHUYE€CKOI'0O OKH-
JdaHuA. HpI/I HCIIOJIb30BAHUN aJITOPUTMA MAKCUMU3aAlITUN MaTEMaTUYE€CKOTI'O OKN/IaHUA
CJIeAyET UMETb B BU/lY HECKOJIBKO HIOAHCOB.

Q [o6amwio onmumarsHbll Pe3yiomanm Moxcem OKaA3amvCst HeOOCTRUICUMBIM 6 NPUH-
yune. Bo-miepBbIX, X0T4 mpoiieaypa EM rapanTupoBaHHO yIydliaeT pe3yabTaT Ha
KasK/IOM Il1are, yBEPEHHOCTH B TOM, YTO OHA BEJET K 2200a/ibH0 HAWIIyYIIeMy peliie-
Huto, HeT. Hanpumep, ecim MbI BOCIIOJIb3yeMCsl B HAIIIEH MTPOCTON TIPOTIe/lype APYTUM
HavyaIbHBIM 3HAUEHUEM [IJISI TEHEPATOPa CIYUYallHBIX YHCe, TTIOTyYeHHble HaYaTbHble
TUIIOTE3bI IPUBEAYT K HeyIauHbiM pe3yabraraMm (puc. 5.114):

In[6]: centers, labels = find_clusters(X, 4, rseed=0)
plt.scatter(X[:, @], X[:, 1], c=labels,
s=50, cmap='viridis');
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Puc. 5.114. MpuMep Nnoxor cxoaMMocTn B MeToae k-cpeaHux

B arom ciryuae EM-mero comnesicst K r1o6aibHO HEONTUMAIbHOI KOH(MUIYpalnu,
MTO3TOMY €T0 YacTO BBITIOJIHSIOT [T HECKOJBKIX HAYAIbHBIX TUTIOTE3, UYTO U JIeJIaeT
no ymoJsuanuio oubanoreka Scikit-Learn (970 3agaercst ¢ MOMOIIBIO TTapaMeTpa
n_init, Mo yMoJl4aHUIO UMEIOIIETO 3HAUeHVe 10).

Q Koauuecmso xaacmepog caedyem svibupams 3apanee. Ele ofHa 4acTo BCTpeya-
fomasicst IpoGJIeMa ¢ METOAOM k-CPeIHUX 3aKI0UAeTCs B TOM, YTO eMy HeOOXOAMMO
COOOIIUTH, KAKOE KOJIMYECTBO KJIACTEPOB Bbl OKUIAETE: OH HE YMEET BBIUMCIIATH
KOJIMYECTBO KJIACTEPOB HA OCHOBE JaHHBIX. Harpumep, eciiu MpeiyiosKUTh alfOPUTMY
BBIJIEJIUTH ILECTh KJIACTEPOB, OH ¢ PAIOCTBIO 9TO CleJAeT 1 HalleT IeCTh ONTHMallb-
HBIX KytacTepoB (puc. 5.115):
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In[7]: labels = KMeans(6, random_state=0).fit_predict(X)

plt.scatter(X[:, 0], X[:, 1], c=labels,
s=50, cmap='viridis');

10
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Puc. 5.115. lMNpuMep HeynayHoro Bbibopa KonmMyecTBa KiacTepoB

OcMbICJIEHHBIN JIU Pe3yJabTaT MoJydyeH — cKa3aTh TpyAHo. OJWH U3 MOJe3HbIX
B 3TOM CJIy4ae ¥ MHTYUTHUBHO /IOBOJIbHO TOHSATHBIX TTOXO0/I0B, KOTOPBIM MBI He
craHeM o6CykaaTh HOAPOOHO, — curyamuviil anaius (http://scikit-learn.org/stable/
auto_examples/cluster/plot_kmeans_silhouette_analysis.html).

B kavecTBe ajJbTePHATUBBI MOXKHO BOCIIOJIb30BATHCS HoJiee CHOKHBIM aJIro-
PUTMOM KJIACTEPU3ALMU C JYUYIIUM KOJUYECTBEHHBIM II0Ka3aTeseM 3aBUCUMO-
CTH KavyecTBa alllPOKCUMAIIUK OT KOJUYECTBA KJIAcTepoB (HAIpuMep, cMech
TayccoBbIX pacupenenenuil, ¢M. pasjes «3arasHeM rioyoxe: cMecu [ayccoBbiX
pacmpeneneHuil> TaHHOM TJIaBBl) W ¢ 803MONCHOCTBIO BEIOOPA TIPUEMIEMOTO
KoJimyecTBa Kaactepos (Harpumep, Metoibl DBSCAN, caBur cpepnero nin pac-
npocrpanenus apdunnoctu (affinity propagation), Haxoxsiecs B IOAMO/LYJIE
sklearn.cluster).

IIpumenenue memoda k-cpednux ozpanuuusaemcs cayuaem IUHEHbIX ZPAHUY, Kiacme-
pos. BazoBoe jromyteHye Moen k-cpeiHuX (TOUKHU JOJEKHbL OBITH GJIMKe K IEHTPY
X COOGCTBEHHOTO KJTACTEPA, UM JPYTUX) O3HAUAET, UTO ITOT AITOPUTM 3a4aCTYIO
Oyzer HeaHEKTUBEH B CJIyUae CJAOKHON TeOMETPUH KJIACTEPOB.

B wacTHOCTH, rpaHUIBI MEXKIY KJacTepaMy B MeTo/le k-cpeiHux Beerga OyayT Jim-
HEHBIMH, a 3HAYUT, OH OY/IET II0X0 paboTaTh B cirydae 0oJiee CI0KHBIX TPAHUIL

PaceMoTpum cieyioniye JaHHbie U HalJeHHbIE I HUX TIPU OOBIYHOM TOAXO0/Ie
MeTo/a k-cpeiHIX MeTKH KiacTepoB (puc. 5.116):
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In[8]: from sklearn.datasets import make_moons
X, y = make_moons (200, noise=.05, random_state=0)
In[9]: labels = KMeans(2, random_state=0).fit_predict(X)

plt.scatter(X[:, 0], X[:, 1], c=labels,
s=50, cmap='viridis');
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Puc. 5.116. Heynaua MeTona k-cpeaHux B ciyyae HeNMHENHbIX rpaHuL

Curyarus HanoMuHaeT o0CysKIaBIeecs: B pasjiesie «3arjsiHeM riybsKe: MeTo/
OMOPHBIX BEKTOPOB» 3TOU TJIABBI, TJI¢ MbI UCIIOJIb30BAJN sI/IepHOE Mpeobpasosa-
HUE [ TPOEIMPOBAHNS JaHHBIX B IIPOCTPAHCTBO GoJiee BHICOKOI pasMepHOCTH,
B KOTOPOM BO3MOXKHO JINHEHHOE paszesneHne. MoKHO TOmpoboBaTh BOCIIOIb30-
BaThCsI TOH e YJIOBKOIL, YT0OBI METO/ k-CPeHMX CTajl PACIIO3HABATD HEJIMHENHbIE
IPaHUILBI.

OjiHa 13 BepCuii 9TOTO sIIEPHOTO MeTo/a R-CpeIHUX peanns3oBana B 6ubanorexe
Scikit-Learn B oniennBarese SpectralClustering. OHa ucrosbsyer rpad 6vKaii-
MIUX COCelell /LISt BBIYUCIICHNSI TIPE/ICTaBICHUs JaHHBIX Hojiee BBICOKON pasMep-
HOCTH, TTOCJIE€ Y€TO 3a/]A€T COOTBETCTBUE METOK C TIOMOII[BIO AJITOPUTMA k-CPETHUX
(puc. 5.117):

In[10]: from sklearn.cluster import SpectralClustering
model = SpectralClustering(n_clusters=2,
affinity="'nearest_neighbors",
assign_labels="kmeans')
labels = model.fit_predict(X)
plt.scatter(X[:, 0], X[:, 1], c=labels,
s=50, cmap='viridis');

Kax BUIUM, METO/L k-CPEZIHI/IX C ITIOMOMIBIO 3TOTO AJEPHOTO HpeO6paSOBaHI/I§I CITO-
coben O6Hapy>KI/IBaTb 6oJ1ee CI0KHbBIE HETMHEHHbIE TPaHUIbl MEXKY KJIIaCTEPaMU.
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Puc. 5.117. HenvHeliHble rpaHuLbl, 06HapyeHHble ¢ nomMollbio SpectralClustering

Q Memod k-cpednux pabomaem 0060110 MEOLEHHO 6 ClyUae OOILULOZ0 KOLUUECTBA Bbl-
6opox. AIropuTM MosKeT paboTaTh J0BOJLHO MEAJEHHO IIPU POCTE YK BBIOOPOK,
BeJIb IIPU KasK10 UTepalun MeToLy R-CpesHuX HeoOX0MMO 00palaThCs K KaK 0
TOYKe B HabOpe JaHHbIX. [IHTepecHo, MOKHO JIM CMATYUTD 9TO TpeOoBaHIe OTHOCH-
TEJIbHO MCITOJIb30BAHUS BCEX MAHHBIX IPU Kaykgol urepanuu? Hampumep, MOKHO
[IPUMEHUTD JIUTIH OAMHOKECTBO IAHHBIX JIJIST KOPPEKTHPOBKY IIEHTPOB KJIACTEPOB
Ha KayK/[OM Iare. JTa ujiest JIeKUT B OCHOBE MTAKETHBIX aITOPUTMOB k-CPeIHNX, ONH
3 KOTOPBIX peajn30BaH B Kiacce sklearn.cluster.MiniBatchKMeans. VIx nnaTEp-
detic He oTUaeTcst OT OOBITHOTO KMeans. B rabHeIIeM MbI PACCMOTPUM TIPUMED
MX UCIIOJIb30BAHMSI.

MNpuMepsbl

[Tpu cobIToIeHIE HEKOTOPOT OCTOPOKHOCTH B TIJIAHE BHIIEYTIOMSIHYTBIX OTPaHITYEeHUI
MOJKHO YCIIEIITHO UCTIOJIb30BATH METOJT R-CPETHIX BO MHOJKECTBE cuTyarnii. PaccMoTpum
HECKOJIBKO IPUMEPOB.

Mpumep 1: NnpuMeHeHne MeToaa k-cpeaHux Ans pyKonuCHbIX umdp

Jliist Hauasia pacCMOTPUM IPUMEHEHUE METO/IA k-CPEIHUX K TEM K€ TPOCTBIM JTaHHBIM
1o 1 pam, KOTOpbIe MBI y7Ke BUIE/U B pasjiesiaX «3arjasHeM rry6sKe: iepeBbst MpuHs-
THSI PEIIEHU U CIydailHble Jlecay W «3arssHeM riay6Ke: METO TIIaBHBIX KOMIIOHEHT»
JIAHHOW TJIaBbl. MBI TOMPOGYEM BOCIIOIb30BAaThCS METOIOM R-CPEIHUX JIJIst PACTIO3HAHUS
CXOKUX DD 63 UChonb306anus unpopmayuu 06 UCXOOHbIX MeMKAX. ITO HATTOMUHAET
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HEPBBII 1Iar U3BICYEHNs CMbBICIAa HOBOTO Habopa JAHHBIX, [ KOTOPOIO OTCYTCTBYET
Kakast-7100 anpuopras nHGOPMAIMK O METKaX.

Haurewm c 3arpysku 1iugp, a 3areM mepeiiieM K MOUCKy KJIACTEPOB € TIOMOIIIBIO aJiro-
put™a KMeans. HamoMuum, 4to HabOp JaHHbIX 10 HudpaM coctout us 1797 Boibopox
¢ 64 npusHaKaMMu, TIe KaKIblil 13 IPU3HAKOB IIPEACTABIsIET COOOM SIPKOCTh OJHOIO
uKcea B M300pakeHnK pasMepoM 8 x 8:

In[11]: from sklearn.datasets import load_digits
digits = load_digits()
digits.data.shape

out[11]: (1797, 64)
K]IaCTepI/ISB.HI/IH BBIITIOJIHAETCA TaK K€, KaK 1 paHee:

In[12]: kmeans = KMeans(n_clusters=10, random_state=0)
clusters = kmeans.fit_predict(digits.data)
kmeans.cluster_centers_.shape

Oout[12]: (10, 64)

B pesyJibraTe Mbl MOJYYUIIN A€CATh KIacTEPOB B 64-MepHOM mpocTpancTse. ObpaTuTe
BHUMAHUE, YTO U LEHTPbI KJACTEPOB IPEACTABJSIOT cOO0ii 64-MepHbIE TOUKH, a 3HAUUT,
UX MOKHO UHTEPIIPETUPOBATh KaK «TUIIUUYHbIe> 1IU(pPbI B KiaacTepe. [TocmoTpum, uto
HPEACTaBJIAIOT cO00it 9TH IeHTPhI KJ1acTepos (puc. 5.118):
In[13]: fig, ax = plt.subplots(2, 5, figsize=(8, 3))

centers = kmeans.cluster_centers_.reshape(10, 8, 8)

for axi, center in zip(ax.flat, centers):

axi.set(xticks=[], yticks=[])
axi.imshow(center, interpolation='nearest', cmap=plt.cm.binary)

01t 1l6

Puc. 5.118. LleHTpbl knactepos

Kak Buzum, anroputm KMeans dasice 6e3 memox criocob6eH OIpeneuTb KIacTepbl, Ybn
LEeHTPBI IPEACTABJISAIOT COOOI JIETKO y3HaBaeMble (M PbL, BO3MOKHO, 32 HCKIIOYEHIEM
1u8.
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B cuity TOro 9TO aaropuT™ k-CpeiHUX HUYETO He 3HAET O CYITHOCTH KJIACTEPOB, METKU
0—9 MoryT okaszarbcs nepenyTanbl MecTaMu. VIcpaBUTh 9TO MOXKHO, 3371aB COOTBETCTBHE
BCEX TIOJYYCHHBIX METOK KJIACTEPOB UMEIOIUMCS B HUX (haKTHUECKUM METKAM:

In[14]: from scipy.stats import mode

labels = np.zeros_like(clusters)
for i in range(10):
mask = (clusters == i)
labels[mask] = mode(digits.target[mask])[0]

Ternepb MOJKHO TIPOBEPUTH, HACKOJIBKO TOUHO KJacTepusalius 6e3 yuuress onpe/esmia
noztobue nudp B HANUX JTAHHBIX:

In[15]: from sklearn.metrics import accuracy_score
accuracy_score(digits.target, labels)

Out[15]: ©.79354479688369506

C 1MOMOIIBIO TPOCTOTO AJITOPUTMA R-CPEIHUX MbI OTIPEIETUIIH TPABUIBHYIO TPYII-
nupoBky asst moutu 80 % mcxoxubix mudp! [locmorpum HA MaTpULly pasiandunii
(puc. 5.119):

In[16]: from sklearn.metrics import confusion_matrix
mat = confusion_matrix(digits.target, labels)
sns.heatmap(mat.T, square=True, annot=True, fmt='d', cbar=False,
xticklabels=digits.target_names,
yticklabels=digits.target_names)
plt.xlabel('true label')
plt.ylabel('predicted label');

MporHo3npyemas meTka

0 1 2 3 4 5 6 7 8 9

Hacrosawas meTtka

Puc. 5.119. MaTpu1ua pasnuumin ans knaccudukaTopa MeToaoM k-cpeaHmx
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Kax 1 M0&HO OBIITO OKUIATH, CYISI TT0 BU3YATU3NPOBAHHBIM PaHee TEHTPaM KJIACTEPOB,
GOJIBIIIE BCETO MyTAHWIIBI MEXKIY eAMHUIIAMI 1 BochMepkaMu., Ho Bee paBHO, ¢ TOMOIIIBIO
MeTo/a B-CPeHIX MbI (haKTHUECKU CO3/IANTN KIaccuhukaTop mudp 6e3 kakux-ibo us-
8ECMHBIX MEMOK!

[Mompobyem moiiTu ette masbire. Bocmomb3yeMcs s mpeBapuTebioit 06paboTkn
JAHHBIX IO BBITIOJHEHUS R-CPETHUX AJITOPUTMOM CTOXACTHYECKOTO BJIOKEHUSI COCEIen
Ha ocHoBe pacipeznenenns CrpiogenTa (t-SNE), ynmoMmunasimmcs B pasjese «3arjisgsHeM
riy6ske: obydenune Ha Gaze MHOrooOpasuit» aToil riaBbl. t-SNE — HeJmHENHbII aaro-
PHUTM BJIOKEHUs, 0OCOOEHHO XOPOIIO YMEIOIIUIT COXPAHSATH TOUYKH BHYTPH KIACTEPOB.
IMocmoTpuM, kak ol paboTaert:

In[17]: from sklearn.manifold import TSNE

# MpoeKuMs AaHHbIX: BbINOJSIHEHME 3TOrO Wara 3aiiMeT HeCKONbKO CeKYHA
tsne = TSNE(n_components=2, init='pca', random_state=0)
digits_proj = tsne.fit_transform(digits.data)

# Pac4yeT KknacTeposB
kmeans = KMeans(n_clusters=10, random_state=0)
clusters = kmeans.fit_predict(digits_proj)

# lMepecTaHOBKA MeTOK MecTamu
labels = np.zeros_like(clusters)
for i in range(10):
mask = (clusters == i)
labels[mask] = mode(digits.target[mask])[@]

# OueHKa TOYHOCTH
accuracy_score(digits.target, labels)

Out[17]: ©.93356149137451305

TouHOCTD, Take 6e3 UCnoAb308anUs Memoxk, coctaBisieT outu 94 %. Tlpu pasyMHOM
UCIIOJIb30BAHUHU QJITOPUTMBI MAIITTHHOTO 00ydYeHust 6e3 yuauTesst JeMOHCTPUPYIOT OT-
JINYHDIE PE3YJIbTAThl: OHM MOTYT M3BJEKATh HH(bOpMAaIHio nu3 Habopa JaHHBIX JaKe
TOT/Ia, KOT/Ia C/IeJIaTh 3TO BPYUYHYIO UJIM BU3YyaJbHO OY€Hb HEIIPOCTO.

MpuMep 2: Ucnonb3oBaHue MeToaa k-cpeaHmx
AN OKaTUSA LIBETOB

OZ[HO N3 NMHTEPECHDIX HpPI]IO)KeHI/Iﬁ KJyIaCTepu3alii — CKaTue IIBETOB B I/1306pa>KeHI/IHX.
Haan/IMep, JAO0IIYCTHUM, 4TO y HaC €CTb I/1306pa>KeHI/Ie ¢ MUJITHOHAMH 11BeTOB. IToutn BO
BCeX H306pa>K6HI/IHX 60JIbIIA YaCTh IIBETOB HE UCIIOJIB3YETCA U [IBETA MHOT'UX ITUKCE-
JIOB 1/1306pa>1<eHI/151 6y£[yT ITOXOKHM WJIN JaKe COBIIa/IaThb.

Hamnpumep, pacemotpum uzobpakenue, nokasannoe Ha puc. 5.120, B3ATOM 13 MOLyJist
datasets 6ubanorexu Scikit-Learn (asst pabOThI CIEAYIOMIETO KOAA Y BaC HOJKEH ObITh
yCTaHOBJIEH TTakeT pillow si3bika Python):
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In[18]: # ObpaTuTe BHWMMaHMe: AnAa paboTbl 3TOro kKoja
# ponxeH 6biITb ycTaHoBneH nakeT pillow
from sklearn.datasets import load_sample_image
china = load_sample_image("china.jpg")
ax = plt.axes(xticks=[], yticks=[])
ax.imshow(china);

Puc. 5.120. NcxoaHoe nsobpaxkeHune

Camo uzobpakeHre XpaHUTCST B TPEXMEPHOM MacCuBe pasMepa (BbicoTa, wmpuHa, RGB),
cofiepsKalleM BKJIAJ B I[BET 110 KDACHOMY /CHHEMY /3eJIeHOMY KaHaJIaM B BU/IE [[eJI0YHC-
JIeHHbIX 3Hayenuii ot 0 10 255:

In[19]: china.shape

out[19]: (427, 640, 3)

ITOT HAOOP MUKCEJIOB MOKHO PACCMATPUBATH KaK 0OJAKO TOYEK B TPEXMEPHOM I[BETO-
BOM nipocTpaHcTBe. VisMenuM opmy JJaHHBIX HA [n_samples x n_features] u MaciiTa-
GupyeM IIKaTy IIBETOB Tak, 4TOOBI OHU pacioaraauch Meskay 0 u 1:

In[20]: data = china / 255.0 # wucnonb3yem wkany 0...1
data = data.reshape(427 * 640, 3)
data.shape

out[20]: (273280, 3)

Busyanusupyem aTH TIKCENbI B IAHHOM TIBETOBOM TIPOCTPAHCTBE, NCTIOJIB3Y S TIOJIMHO-
skectBo u3 10 000 nukcenos ayist 6picTpOTH paboTsl (puc. 5.121):

In[21]:
def plot_pixels(data, title, colors=None, N=10000):
if colors is None:
colors = data

# BblbuMpaem ciy4vallHoe MOAMHOXEeCTBO
rng = np.random.RandomState(0)
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i = rng.permutation(data.shape[0])[:N]
colors = colors[i]
R, G, B = data[i].T

fig, ax = plt.subplots(1l, 2, figsize=(16, 6))
ax[@].scatter(R, G, color=colors, marker='.")

ax[0].set(xlabel="Red', ylabel='Green', xlim=(0, 1), ylim=(0, 1))

ax[1].scatter(R, B, color=colors, marker='.")
ax[1].set(xlabel="Red', ylabel='Blue', xlim=(0, 1), ylim=(0, 1))

fig.suptitle(title, size=20);

In[22]: plot_pixels(data, title="'Input color space: 16 million possible

1.0

3eneHbin

colors') # WcxofHoe UBeTOBOE MPOCTPAHCTBO: 16 MUANMOHOB
# BO3MOXHbIX LBETOB

McxoagHoe uBeToOBOE NPOCTPAHCTBO: 16 MUNNMOHOB BO3MOXHbIX LIBETOB
1.0

0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
KpacHbiii KpacHbin

Puc. 5.121. PacnpeaeneHue NUKCenoB B LIBETOBOM MpocTpaHcTBe RGB

Terepb yMeHbBIIUM KOJMYECTBO 1[BETOB ¢ 16 MUJLIMOHOB 10 16 myTem KJjiacTepusaiuu
METOZOM R-CpelHMX Ha IPOCTPaHCTBE MUKCea0B. Tak Kak Hall HaOOpP JaHHBIX OY€Hb
BEJINK, BOCIIOJIb3YeMCsI MUHU-TTAKETHBIM METOZOM R-CPEIHUX, KOTOPBII BBHIUNCISIET
pesyJbTar ropasao ObiCTpee, YeM CTaHAAPTHBIN MeTOJ R-CpeHUX 11yTeM PaboThl ¢ MO
MHOKecTBaMK Habopa gaHHbIX (puc. 5.122):

In[23]:

from sklearn.cluster import MiniBatchKMeans

kmeans = MiniBatchKMeans(16)

kmeans.fit(data)

new_colors = kmeans.cluster_centers_[kmeans.predict(data)]

plot_pixels(data, colors=new_colors,

title="Reduced color space: 16 colors")
# PepyuupoBaHHOe LBeTOBOE MpPOCTpPaHCTBO: 16 LBeTOB
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PepyumpoBaHHoe LIBETOBOE NPOCTPaHCTBO: 16 LBETOB
1.0 1.0

0.8

3eneHbli

4 Ad B . 0-0 e - bt A .
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

KpacHbii KpacHbiin

Puc. 5.122. lllecTHaguaTb K1acTepoB B LBETOBOM NpocTpaHcTBe RGB

B pe3ybTaTe NCXOHDbIEC TTUKCEJIbI TIEPEKPAIINBAIOTCA B IPYTHUE IIBETA: Ka)KZIBIfI ITNKCEJI
ITOTy49a€T IIBET OumsKaiIIero IIEHTPa Kj1acTepa. PI/ICYH 9T HOBBIE IIBETA B ITPOCTPAHCTBE

U300paKEHNsT BMECTO TIPOCTPAHCTBA TTKCEI0B, BUAUM 3(PGHEKT OT TepeKpaIinBaHis
(puc. 5.123).

[MepBoHavYanbLHOE n3o06paxeHne 16-uBeTHOE n306paxeHne

Puc. 5.123. MonHouBeTHoe 1306pakeHne (c/1eBa) No cpaBHEHMIO C 16-LBETHLIM (CripaBa)

In[24]:
china_recolored = new_colors.reshape(china.shape)

fig, ax = plt.subplots(1l, 2, figsize=(16, 6),
subplot_kw=dict(xticks=[], yticks=[]))

fig.subplots_adjust(wspace=0.05)

ax[@].imshow(china)

ax[0].set_title('Original Image', size=16) # MepBoHa4anbHOe M306paxeHue

ax[1].imshow(china_recolored)

ax[1].set_title('16-color Image', size=16); # 16-uBeTHoe u306paxeHue
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HexoTopbie metany B m1300pakeHnH CrpaBa yTpavdeHbl, HO M300pakeHne B IIeTOM 0CTa-
ercst BroJiHe y3naBaeMbiM. Koaddurment ckatusi atoro ndobpakemust — modru 1 Mui-
son! CyTecTBYIOT Ty dIiiye CrocoObI CKATHSI NHPOPMAIIY B M306pAKEHUSX, HO 9TOT
MpUMep IEMOHCTPUPYET BO3MOKHOCTH TBOPYECKOTO MOAX0/Ia K METOAM MAITMHHOTO
o6yuenst 6e3 yunuTesst, TAKUM KaK METOJ[ K-CpeiHuX.

3arnsHeM rnybxe: cmecn 'ayccoBbiX
pacnpeneneHni

Mojiesib KacTepusaiii MeTOA0M R-CPEIHUX, KOTOPYIO Mbl OOCYIKAAIU B TIPEIbI/LY-
1eM pasziesie, IpocTa ¥ OTHOCUTEILHO JIETKA IS IOHUMAHUS, HO ee MPOCTOTa PUBO-
[T K CIOKHOCTSM B TIPUMEHEHNH. B 4aCTHOCTH, He BEPOSTHOCTHASI TIPUPO/Ia METO/IA
k-CpesHuX ¥ UCIIOJIBb30BaHKE UM TIPOCTOIO PACCTOSIHUS OT IEHTPA KIacTepa st OIpe-
JleJIeHUs] IPUHAIEKHOCTH K KJIacTepy NPUBOAUT K HU3KOH 2 (HEKTUBHOCTH BO MHO-
IUX BCTPEYAIOIIMXCA HA TIPAKTHKE CUTyalllsIX. B 5TOM pasjiesie Mbl PACCMOTPUM CMECH
TayccoBbIX pacnpejgesieHnii, KOTOpble MOKHO paccMaTPUBaTh B KaueCTBe PasBUTHUS
neil Metozia k-cpesiHux, Ho KOTOPbIE MOTYT TaKKe CTaTh MOIIHBIM HHCTPYMEHTOM JIJIst
CTaTUCTUYECKUX OIEHOK, BBIXOSAIINX 3a MPEIebl IIPOCTOii Kiaactepusaiun. Haunem
¢ OOBIYHBIX IMIIOPTOB:

In[1]: %matplotlib inline
import matplotlib.pyplot as plt
import seaborn as sns; sns.set()
import numpy as np

MNpuumnHbl nosieneHns GMM: HegocTaTku MeTtoaa k-cpeaHux

PaCCMOTpI/IM HEKOTOPbIC HEJIOCTAaTKN METO/1a k-CpeI[HI/IX " 3a/lyMa€eMCs O TOM, KaK MOKHO
YCOBEPIIEHCTBOBATDH KJIAaCTEPHYIO MO/I€JIb. Kax mbI YoKe BU/I€JiN B TIPpEABbIAYIIIEM pas/ie-
Jie, B CJIy4dae IIPOCTBIX, XOPOUIO Pa3/I€JIAAEMbIX JaHHbIX METO/] k-CpelIHI/IX obecrieynBaeT
YAOBJIETBOPUTEJIbHBIE PE3YJIbTATbl KJIaCTEPpU3allUN.

Harmpumep, fJist cydast IPOCTBIX «ISITEH» JaHHBIX aJTOPUTM R-CPEIHUX TTO3BOJISIET
GBICTPO MAPKUPOBATH KJIACTEPBI IOCTATOUHO OJIUZKO K TOMY, KaK Mbl Obl MaPKUPOBAJIH
ux Ha ria3 (puc. 5.124):

In[2]: # leHepupyeM AaHHble
from sklearn.datasets.samples_generator import make_blobs
X, y_true = make_blobs(n_samples=400, centers=4,
cluster_std=0.60, random_state=0)
X = X[:, ::-1] # TpaHcnoHupyem ans ynobcTBa OCHU KOOpAMHAT

In[3]: # BbilBOAMM AaHHble Ha rpaduk C MOJYYEHHbIMU MeTOLOM K-cpeAHUX MeTKaMmu
from sklearn.cluster import KMeans
kmeans = KMeans(4, random_state=0)
labels = kmeans.fit(X).predict(X)
plt.scatter(X[:, @], X[:, 1], c=labels, s=40, cmap='viridis');
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Puc. 5.124. MNMony4yeHHble METOAOM k-CpeaHUX METKM ANl MPOCTbIX AaHHbIX

NHTYUTUBHO MBI MOJKEM OKH/IATH, YTO TP KIACTEPUIATNH OJHUM TOYKAM METKU TIPU-
CBaMBAIOTCST € OOJBINEH JI0JIell TOCTOBEPHOCTH, YeM ApyTruM. Hanpumep, 1Ba cpegHmnx
KJIACTEPa Yy Th-uyTh MEPECEKAIOTCS, TOITOMY HEJTb3sT OBITh YBEPEHHBIMHU B TOM, K KAKOMY
113 HUX OTHECTH TOYKH, HaXO/AMINecs ocepenHe Mesxxy HuMu. K cokasennio, B Mojie-
JIM k-CPETHUX OTCYTCTBYET BHYTPEHHSISI MEPA BEPOSITHOCTH WJIU JIOCTOBEPHOCTH OTHE-
CEHUsI TOYEK K KJracTepaM (XOTsl MOSKHO MCIIOJIB30BATh Gy TCTPAITMHT IS OIEHKH 9TOI
BEPOATHOCTH ). JIJIsT 3TOT0 HEOOXOMMMO PACCMOTPETH BO3MOKHOCTH 0600TIIEHUS MOJIETH.

Mogenn k-cpemnnx MOKHO PACCMATPUBATD, B YACTHOCTH, KaK TTOMETIAIONIYIO OKPY/KHO-
cti (WK B TIPOCTPaHCTBaX OOJIbIIEH pasMepHOCTH TUIIepcdepbl) € IEHTPpaMK B IEHTPax
KasKJIOTO M3 KJIACTEPOB U PAJIIYCOM, COOTBETCTBYIONIM PACCTOSHUIO 10 HanboJiee yia-
JIEHHOH TOUKM KJIacTepa. JTOT PAZNyC 33/aeT KeCTKYI0 TPAHUITY COOTBETCTBHS TOUKH
KJIACTEPY B 00y UAIONIEN MOCIET0BATENLHOCTIH: BCE TOUKH, HAXOMSIINECST CHAPYIKH 9TOI
OKPY’KHOCTH, HE CUUTAIOTCS YIeHAMU KacTepa. Busyanmusupyem aTy Moziesb Kractepa
¢ moMoIIbio caexyorieil pynknun (puc. 5.125):

In[4]:
from sklearn.cluster import KMeans
from scipy.spatial.distance import cdist

def plot_kmeans(kmeans, X, n_clusters=4, rseed=0, ax=None):
labels = kmeans.fit_predict(X)

# BbiBOAMM Ha PUCYHOK BXOAHblE AaHHble

ax = ax or plt.gca()

ax.axis('equal')

ax.scatter(X[:, 0], X[:, 1], c=labels, s=40, cmap='viridis', zorder=2)

# BbiBOAMM Ha PUCYHOK NpepcTaBfieHne mojenu k-cpepHux
centers = kmeans.cluster_centers_
radii = [cdist(X[labels == i], [center]).max()
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for i, center in enumerate(centers)]
for ¢, r in zip(centers, radii):
ax.add_patch(plt.Circle(c, r, fc="#CCCCCC', 1lw=3, alpha=0.5,
zorder=1))

In[5]: kmeans = KMeans(n_clusters=4, random_state=0)
plot_kmeans(kmeans, X)

0 2 4 6 8
Puc. 5.125. Kpyrnbie knactepbl, nogpasyMeBaeMble MOAENbIO k-CpefHuX
HemasioBakHBIN HIOAHC, KaCAIOIIUICS METO/IA R-CPEIHIX, COCTOMT B TOM, UTO 9TH MOJEIN
KJIACTEPOB 0053AMENbHO QOMNCHBL UMEb (POPMY OKPYICHOCMEL: METOJ R-CPETHUX HE yMeeT

paboTaTh ¢ OBATBHBIMIE WJIH SJUTMTICOBUIHBIME KJTacTepaMu. Tak, HapruMep, ecJii HECKOJTb-
KO IIPeoOpasoBaTh Te JKe TAHHBIE, IPHUCBOEHHBIE METKU OKKYTCST TieperyTanbl (puc. 5.126).

7
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Puc. 5.126. HeynosneTBopuTenbHas paboTa MeToaa k-cpeaHux B Ciydae KnactepoB Hekpyrion hopMbl
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In[6]: rng = np.random.RandomState(13)
X_stretched = np.dot(X, rng.randn(2, 2))

kmeans = KMeans(n_clusters=4, random_state=0)
plot_kmeans(kmeans, X_stretched)

BusyasibHo 3aMeTHO, 4TO (hopMa 9TUX MPeobPa3OBAHHBIX KJACTEPOB HEKPYIJas,
a 3HAYUT, KPYTJIble KJIACTEPHI TIJI0X0 MOAOHIYT IJIsI UX oTucaHust. Tem He MeHee Me-
TOJ k-CPEHNUX HEOCTATOTHO THOOK /IS yU€Ta 9TOTO HIOAHCA ¥ MBITACTCS BTUCHYTH
JAaHHBIE B YeThIPe KPYTJbIX KIacTepa. ITO IPUBOAUT K MEPEIyTAHHbIM METKaM KJIa-
CTEPOB B MECTax MePeKPBITUS MOTYUNBITUXCS OKPYKHOCTEH, CM. HUKHIOIO MPaBYIo
gacTb rpaduKa.

Mo:&HO OBLIO GBI MOIBITATHCS PEIIUTH 9Ty IPOOIEMY IIyTeM IPeaBaPUTEIbHOI 00-
paboTku ganHbIx ¢ momolbio PCA (cM. paszen «3armsHem riay6ske: MeTO/ TIaBHBIX
KOMITOHEHT» 3TOH TJIaBbl), HO Ha TPAKTHKE HET HUKAKUX TapaHTHi, 4TO TMOA00HasT
rrobanbHast OTepaIis MO3BOJUT Pa3MECTUTD TIO0 OKPY/KHOCTSIM OT/IETbHbBIE TOUKH
JTAHHBIX.

OtcyrcerBre rubkocTu B Borpoce (hOpMbI KJIaCTEPOB M OTCYTCTBUE BEPOSTHOCTHOIO
IIPUCBOEHNS METOK KJIACTEPOB — JIBa HEAOCTAaTKa METO/Ia k-CpeIHUX, 03HAYAIOIIHX, YTO
JUISE MHOTMX HaOOPOB JaHHBIX (0COOEHHO HU3KOPa3MePHbIX ) OH OyeT paboTaTh HE CTOJb
XOPOIIO, KaK XOTEJI0CH OBbL.

MoskHO MOTMBITATHCS M36ABUTHCSA OT HTUX HEIOCTATKOB MyTeM 000OTIEHUsT MOIETN
k-cpennux. Hanpumep, MOKHO OLIEHHBATh CTETIEHb JOCTOBEPHOCTH IIPUCBOEHUST METOK
KJIACTEPOB, CPABHUBAS PACCTOSIHUA OT KaXKA0M TOUKU 10 6CeX LIeHTPOB KJIaCTEPOB, a He
COCpe0TauMBasi BHUMAHIeE JINIIb Ha OsivskaiineM. MOKHO Tak:Ke Pa3penriTh 3JITHII-
COBUJIHYIO (hOPMY TPAHUIL KJIACTEPOB, & HE TOJBKO KPYTJIYIO, 4TOOBI yUECTh KIACTEPhI
HeKpyryoi opmbl. OKas3bIBaeTCst, 4TO 3TO 6Ha30BbIE COCTABISIONINE IPYTON PAa3HOBH/I-
HOCTH MOJIeJIU KJlacTepusalun — cMecu I'ayccoBbIX pacipe/iesieHui.

O606LweHne EM-Mogenu: cMecn MayccoBbiX
pacnpenenenni

Cwmech TayccoBbix pacripeesenuii (gaussian mixture model, GMM) HaresieHa Ha OMCK
MHOTOMEpHBIX ['ayccoBBIX pactipeniesieHnit BEpPOATHOCTEH, MOJAETUPYIONTNX HAUTYITITUM
BO3MOKHBIM 00pa3oM JiI000I NCXOMHBIN HAGOP JAHHBIX.

B mpocreiimenm caydae cmecu I'ayccoBbIX paciipeieleHUil MOKHO UCTIOJb30BATD /IS
[IOKCKA KJIACTEPOB aHAJIOIMYHO MeToAy k-cpenaux (puc. 5.127):

In[7]: from sklearn.mixture import GMM
gmm = GMM(n_components=4).fit(X)
labels = gmm.predict(X)
plt.scatter(X[:, @], X[:, 1], c=labels, s=40, cmap='viridis');
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Puc. 5.127. MeTku cMecu [ayccoBbIX pacripeaeneHuii
NS HALWWX AaHHbIX

Ho B cumy toro, ¥to GMM cOnepRUT <O/ KallOTOM» BEPOSATHOCTHYIO MOJICb, C €€
MTOMOIIBIO MOKHO TaK’Ke TIPUCBAUBATh METKU KJIACTEPOB HA BEPOSITHOCTHOM OCHOBE —
B Oubsmoreke Scikit-Learn 1o MoKHO cenaTh MeToA0M predict_proba. On Bo3Bpaiia-
eT MaTpuIly pasMepa [n_samples, n_clusters], comepsKallyio OleHKN BEPOSTHOCTEN
MPUHAJIEKHOCTH TOYKU K KOHKPETHOMY KJIacTepy:

In[8]: probs = gmm.predict_proba(X)
print(probs[:5].round(3))

.475
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[l BU3yanmmaanuy aTol BepPOSITHOCTH MOJKHO, HAIIPIMeD, c/leJIaTh pPa3Mepsl TOUeK
[IPOTIOPIIMOHATIBHBIMU CTEIIEHN TOCTOBEPHOCTH UX IpeicKazanust. [sis na puc. 5.128,
MO’KHO YBH/IETB, YTO KaK Pa3 TOUYKU Ha TPAHUIIAX MEKY KJIACTePaMH OTPAKAOT 9Ty He-
OTIpe/IeJIEHHOCTh OTHECEHNUSI TOUEK K KIacTepaM:

In[9]: size = 50 * probs.max(1l) ** 2 # Bo3BefeHue B KBagpaT ycuauBaeT
# BAMSAHWE pa3nnuunii
plt.scatter(X[:, 0], X[:, 1], c=labels, cmap='viridis', s=size);
«ITox karioToM» cmech ['ayccoBbix pacipeaesieHnii 04eHb HAIOMUHAET METO| R-CPeIHIX:
OHA MCTIOJIB3YET MO/X0/I C MAKCUMU3AIMEN MaTeEMAaTUIECKOTO OXKUIAHN, KOTOPBIN C Ka-
YeCTBEHHOH TOYKM 3PEHUS JIeJIaeT CIIeIyIoliee.

1. Boibupaet mepBOHAYATBHbIE TUTIOTE3bI JITIST PACTIONOKEHHST U (HOPMBI KITACTEPOB.
2. lloBTOpsieT 10 AOCTMKEHNS CXOAMMOCTH:
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e F-waz — Ans KOKION TOYKW HAXOAUT BeCa, KOAUPYIOIINE BEPOSITHOCTD ee TTpH-
HA/JIEKHOCTH K KaJK/IOMY KJIacTepy;

®  M-wae — 1715t KAKJIOTO KJIacTepa KOPPEKTUPYET €ro paciioyiosKeHne, HopMasnsa-
1o 1 GopMy Ha 0OCHOBe MHOOPMAITH 060 6cex TOUKaX JaHHBIX C YIETOM BECOB.

B pesymbTare Kajk/Iplii KJIacTep OKa3biBAETCS CBSI3aH He o cepoil ¢ YeTKOI TPaHuTIei,
a ¢ rmaaKoitl [ayccoBoii Moziebio. AHAJIOTHYHO TTOAX0Y MAKCUMU3AIUY MaTeMaTuye-
CKOTO OKUMAHUS U3 METOJIa R-CPEHUX HTOT AMTOPUTM MHOTIA MOXKET TPOMAXUBATHCST
MHUMO HAWJIYYIIETO U3 BO3MOKHBIX PEIeHU, TOITOMY Ha MPAKTUKE MPUMECHSIIOT He-
CKOJIBKO CIIYYaiiHbIX HaOOPOB HAYATHHBIX 3HAUEHUII.

Puc. 5.128. BeposTHOCTHblE MeTkn GMM

CosmammM (DYHKIINIO [T YIIPOTIEHNS BU3YJIU3AIIUN PACTIONOKEHUT 1 popM KiiacTe-
poB MeTozia GMM 1yTem pucoBaHUs 3JITUIICOB HA OCHOBE TI0Jy4aeMOl Ha BBIXOJIE gmm
urdopmaIun:

In[10]:
from matplotlib.patches import Ellipse

def draw_ellipse(position, covariance, ax=None, **kwargs):
"""PucyeT snaMnNC C 3afaHHbIMU pacrnonoxeHWem u kKosapuauuen™""
ax = ax or plt.gca()

# MNpeobpa3syem kKoBapuauMi K r1aBHbIM OCAM KOOpAUHAT
if covariance.shape == (2, 2):
U, s, Vt = np.linalg.svd(covariance)
angle = np.degrees(np.arctan2(U[1, o], U[0, ©]))
width, height = 2 * np.sqrt(s)
else:
angle = 0
width, height = 2 * np.sqrt(covariance)
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# Pucyem snnunc
for nsig in range(1, 4):
ax.add_patch(Ellipse(position, nsig * width, nsig * height,
angle, **kwargs))

def plot_gmm(gmm, X, label=True, ax=None):
ax = ax or plt.gca()
labels = gmm.fit(X).predict(X)
if label:
ax.scatter(X[:, @], X[:, 1], c=labels, s=40, cmap='viridis', zorder=2)
else:
ax.scatter(X[:, 0], X[:, 1], s=40, zorder=2)
ax.axis('equal')
w_factor = 0.2 / gmm.weights_.max()
for pos, covar, w in zip(gmm.means_, gmm.covars_, gmm.weights ):
draw_ellipse(pos, covar, alpha=w * w_factor)

[Tocsie aTOrO MOKEM TTIOCMOTPETD, KAKUE PE3YJIbTATHI BHIIAET YETHIPEXKOMIIOHEHTHBII
merogq GMM Ha Hammx gannbix (puc. 5.129):

In[11]: gmm = GMM(n_components=4, random_state=42)
plot_gmm(gmm, X)

Puc. 5.129. YeTbipexkoMMnoHeHTHbI MeTog GMM B ciyyae KpyriblX KnacTepoB

AHaJIOTHYHO MOKHO BOCIOJIb30BaThCst ToAx040M GMM 1711 «pactsiHyToro» Habopa
npanprx. C y4eToM IOMHOM KOBapualMK MOJENb OyIeT MOAXOIUTh JaXKe I O4eHb
MIPOJIOJITOBATHIX, BRITSIHYTHIX B THHY KiacTepoBs (puc. 5.130):

In[12]: gmm = GMM(n_components=4, covariance_type='full', random_state=42)
plot_gmm(gmm, X_stretched)
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U3 atoro sicho, uto metoy GMM peliaeT /iBe M3BECTHBIE HAM OCHOBHbIE ITPAKTUYECKUE
npobJIeMbl METOIa k-CpeiHIX.

-8 -6 -4 -2 0 2

Puc. 5.130. YeTbIpexKOMMNOHEHTHbIN MeToag GMM
B C/lyyae HeKpyr/bIX K1acTepos

Bbibop Tvna koBapuaumm

Ecsii BBI BHUMATETPHO TOCMOTPHUTE HA MPEABIAYIINEe (DPAarMeHThI KOJa, TO YBUANTE,
YTO B KayKJOM U3 HUX ObLIN 3a/[aHbl PA3JUYHbIe 3HAUCHMS TapaMeTpa covariance_
type. DTOT runepnapaMeTp yrnpasJser crerneHsamMmu ¢cBoOoibl hopm kiactepos. OueHb
BaJKHO JIJIsT 0001 3a/auM 3alaBaTh €r0 3HAYEHUST aKKYPATHO. 3HAUYEHUE €To Mo
YMOJIYAaHUIO — covariance_type="diag", o3Ha4amlIee BO3MOKHOCTh HE3aBUCUMOTO
3a/aHus Pa3MepoB KJACTePA [0 BCeM U3MEPEHUSIM C BbIPABHUBAHUEM I0JIYUYE€HHOTO
AJITUTICA TI0 OCSIM KOOPIMHAT.

Heckounbko 6outee IpocTasi u 6bICTpO pa60Ta10maH MOJIeJIb — covariance_type="spheri-
cal", orpaHnunBamInas GopMy KJIacTepa TakiuM 00pasoM, 4TO BCe U3MEPEHUsI PABHO-
3HAYHBI MexKy coboil. [Tosyualonasicss B 9TOM cjlydae KjacTepusaius OygeT aHaxo-
TUYHA METO/Y k-CPEIHUX, XOTA U HE MOJHOCTHIO MIEHTHYHA.

Bapuanr ¢ covariance_type="full" npezxcrasiser coboil 6osee CI0KHYIO U Tpeby-
OTLYI0 GOJIBITNX BBIYUCIUTENLHBIX 3aTPAT MOJENb (0COOEHHO TIPU POCTE YHMCIIa 13-
MepeHHii), B KOTOPOIi JI060ii U3 KJIACTEPOB MOKET OBITH SJIJTUIICOM C TPOU3BOJIBHON
opueHTaIue.

I'pacduueckoe TpencTaBIeHIE ITHX TPEX BAPUAHTOB JIJIST OHOTO KJIacTepa MPpUBEIeHO
na puc. 5.131.



540 MnaBa 5 e MalwwnHHOE 06yyeHMe

covariance_type = "diag” covariance_type = "spherical” covariance_type = "full”

Puc. 5.131. Busyanusaums Tmnos koBapuaummn metoga GMM

GMM Kak MeToA OLEHKW MIOTHOCTU pacrnpeaeneHus

Xotg GMM yacto OTHOCAT K aJITOPUTMaM KJIACTEPUIAIIH, 1TO CYIIECTBY, 3TO AJITOPUTM,
HpeIHasHAYCHHBII IS oyenku niomuocmu pacnpedenenus. TakiuM o6pasoM, alllpoKcuMa-
M5 KaKX-/1100 JaHHbIX MeTogoM GMM (hopMaIbHO SIBJIETCS He MOJEJIBIO KIACTepu3a-
1IN,  TOPOKIAIONIEH BEPOSITHOCTHON MOJIEITHIO, ONTUCHIBAIOIIEH paciipe/ieieHe TaHHbIX.

B kauectBe mpuMepa U3yunM JaHHbBIE, CTeHEPUPOBAHHDIE € TIOMOTIHIO (DYHKITNN make_
moons 6ubmorekn Scikit-Learn (mokasauHbie Ha puc. 5.132), KoTopbie MbI yKe pac-
CMaTpPUBAJIU B paszelie «3arisHeM TrybKe: KiacTepusalus MeTogoM k-cpegHux» aToi
TJIaBbI:

In[13]: from sklearn.datasets import make_moons
Xmoon, ymoon = make_moons(200, noise=.05, random_state=0)
plt.scatter(Xmoon[:, @], Xmoon[:, 1]);
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Puc. 5.132. Wcnonb3oBaHve MeToga GMM Ans KnacTepoB C HEJIMHEWHBIMU FpaHuLLaMu
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Ecsin monbITaThCs NCTOTB30BATD U 9TUX IAHHBIX IBYXKOMITOHEHTHBINT GMM, paccMa-
TPUBAEMBINl KaK MOJIEJTh KJIACTEPU3AIINY, TO MIPAKTUYECKAS IPUTO/THOCTD PE3YJIbTaTOB
OKayKeTCsT COMHUTENbHOM (puc. 5.133):

In[14]: gmm2 = GMM(n_components=2, covariance_type='full', random_state=0)
plot_gmm(gmm2, Xmoon)
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Puc. 5.133. [IByxkoMnoHeHTHass GMM-annpokcMMaLusi B Clyyae HesIMHENHbIX KIacTepoB

Ho ecii B3aTh HaMHOTO GOJIbIIIE KOMIIOHEHT 1 IIPOUTHOPUPOBATH METKH KJIACTEPOB, MBI [0~
JIyYHM HAMHOTO 60J1e€ TIOXOASIILYIO JJIS NCXO/HBIX JIAHHBIX AIPOKCUMAIHIO (puc. 5.134):

In[15]: gmml6 = GMM(n_components=16, covariance_type='full', random_state=0)
plot_gmm(gmml6, Xmoon, label=False)
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Puc. 5.134. Vicnonb3oBaHre 60/1bLLOr0 KONNYECTBa K1acTepoB
GMM ans MogenvpoBaHus pacnpeaeneHns Tovek
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B nannom cayuae cMech 16 HOpMaJIbHBIX paciipe/ieJIeHUi CIYKUT He JIJIst TTIOMCKA OT-
JIEJIbHBIX KJIACTEPOB JAHHbIX, & JIJIST MOJIEJTUPOBAHUST OOIIETO pacnpedeseriis BXOIHBIX
JTAHHBIX. JTO TMTOPOKAAIONIA MOJIENh paciipesiesenus, To ectb GMM mnpenocTasiser
HaM CIoco0 TeHEePaIii HOBBIX CJIyYallHbIX JaHHBIX, PACIPEIETEHHBIX AHATOTHIHO
ucxoxubiM. Hanpumep, Bot 400 HOBBIX TOUYEK, ITOJTYYEHHBIX U3 9TOI allIPOKCUMAIUN
HAIINUX UCXOAHDIX JaHHBIX 16-KoMmoHeHTHBIM ajroputMoM GMM (puc. 5.135):

In[16]: Xnew = gmml6.sample(400, random_state=42)
plt.scatter(Xnew[:, 0], Xnew[:, 1]);
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Puc. 5.135. HoBble faHHble, NonyyYeHHble U3 16-KoMNoHeHTHoro GMM

Metox GMM — ynobHoe rubKoe CpeficTBO MOJICTMPOBAHYSI TIPOU3BOJBHOTO MHOTO-
MEPHOTO paciipeeieHnus TaHHbIX.

CKONbKO KOMMOHEHT HeobxoanMMO?

Baaromapst tomy uto GMM — MOposKA2IoNast MOZIeb, Y HAC TTOSIBJISIETCS] €CTECTBEHHAST
BO3MOKHOCTH OIPEIeJICHIST ONITUMATBHOTO KOJUYECTBA KOMIIOHEHT JIJIsI 33/laHHOTO
Habopa faHHbIX. [TOpoKAAroIas MOJIEND, IO CYIIECTBY, TIPEACTABIISIET OO0 pacipeie-
JieHUe BEPOSITHOCTH JIJIsT HAOOPa JAHHBIX, TIO3TOMY MOKHO JIETKO BBIYUCIUTD (YHKIUUIO
npasdonododus (likelihood function) must jexanmx B ee OCHOBE JAHHBIX, UCIIOJIB3YsI
[IEPEKPECTHYIO IIPOBEPKY BO usbexanue mnepeodyderus. JIpyroil ciiocod BBeIeHUs 110-
MPaBKH Ha epeo0ydeHre — MOACTPOKa (DYHKIINHU TPABAOTIOA00MS MOJIEIH € TOMOIIIBIO
HEKOTOPOTO aHAJTUTHYECKOTO KPUTEPHsT, HATPUMEP HH(DOPMAITHOHHOTO KPUTEPHST AKauKe
(Akaike information criterion, AIC, cm.: https://ru.wikipedia.org/wiki/ HbopMaLMOHHbIA_KpW-
Tepuii_Akamke) mim GaliecoBekoro nHgopMaironHoro kpurepus (bayesian information
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criterion, BIC, cm.: https://ru.wikipedia.org/wiki/WHdbopmauuorHbiti_kputepuii). OtiennBaTe b
GMM o6ubanoreku Scikit-Learn BKJIIoUaeT BCTPOEHHbIE METO/BI JJIsI BBIYUCIEHMUS 9TUX
KPUTEPUEB, UTO CUJIBHO YIIPOIIAET YKAZAHHBIN TTOAXO]I.

[Mocmotpum Ha kputepun AIC u BIC xak (ynkimu ot kosmdectBa KommoneHT GMM
JUIs Hatero Habopa JaHHbIX moon (puc. 5.136):
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Puc. 5.136. Busyanusaumsi AIC n BIC c uenbto Bbibopa Konmnyectsa KOMNOHeHT GMM

In[17]: n_components = np.arange(1l, 21)
models = [GMM(n, covariance_type='full', random_state=0).fit(Xmoon)
for n in n_components]

plt.plot(n_components, [m.bic(Xmoon) for m in models], label='BIC')
plt.plot(n_components, [m.aic(Xmoon) for m in models], label='AIC")
plt.legend(loc="best")

plt.xlabel('n_components');

OnruMasnbHOe KOJUYECTBO KJIacTepoB — To, kotopoe munumusupyetr AIC nim BIC,
B 3aBUcHMOCTH OT Tpebyemoit annpokcumanyu. Cormacuo AIC, nammx 16 KoMIoHenT,
BEPOSITHO, CJIUIIKOM MHOTO, Jiydiiie B3sTh 8—12. Kak aTo 06b1YHO ObIBaeT B M000HBIX
sagavax, kpurepuii BIC roBoput B mosb3y 6oJee IpocToil MOAEIN.

OGpatuTe BHUMaHIE HA BaJKHBII MOMEHT: TTOJI0OHBIIT METO BHIOOPA YMC/Ia KOMIIOHEHT
mpencraBisieT coboit Mepy ycmenHocT pabotst GMM Kak oyenusamens niommocmu
pacIpeziesieHsI, a He KaK ajizopumma kaacmepusayuu. S1 coetoBas ObI BaM paccMaTpu-
BaTb GMM B OCHOBHOM KaK OLleHUBATEJIb IJIOTHOCTU 1 HCIOIL30BATD €T0 15 KIacTe-
PHU3ANUH TOJBKO 3aBEIOMO HIPOCTHIX HAOOPOB JAHHBIX.
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[pumep: ncnonb3osaHne metoga GMM ans reHepauumm
HOBbIX AaHHbIX

Mpb1 yBuiesin ipocToii npumep rnpuMmenennst metoga GMM B kauecTBe moposkaioiei
MOJIEJTH TAHHBIX C TIETHI0 CO3MAHIUS HOBBIX BEIOOPOK HA OCHOBE COOTBETCTBYIOTIETO HC-
XOJIHBIM JIAaHHBIM pactipeziesieHus. B aToM paszesie Mbl IPOJIOJIKIM BOILJIONIECHIE 3TOM
U7IeN ¥ CTEHEPUPYEM HOBble PYKONUCHbLE YUdpbl HA OCHOBE KOPITyca CTAHAAPTHBIX 1IN,
KOTOPBIi1 MbI MCITOJIb30BAJIH paHee.

Jlnst Hauana 3arpysuM HabOP JaHHbIX 10 HEdpaM ¢ MOMOLIbIO HHCTPYMEHTOB G160~
texn Scikit-Learn:

In[18]: from sklearn.datasets import load_digits
digits = load_digits()
digits.data.shape

out[18]: (1797, 64)

[lanee BoiBesieM Ha prcyHOK 1epBbie 100 n3 HUX, 4TOOBI BCIIOMHUTD, C Y€M MbI IMEEM
neno (puc. 5.137):
In[19]: def plot_digits(data):
fig, ax = plt.subplots(10, 10, figsize=(8, 8),
subplot_kw=dict(xticks=[], yticks=[]))
fig.subplots_adjust(hspace=0.05, wspace=0.05)
for i, axi in enumerate(ax.flat):
im = axi.imshow(data[i].reshape(8, 8), cmap='binary')
im.set_clim(@, 16)
plot_digits(digits.data)

Hai va6op manubix cocrout moutu u3 1800 mudp B 64 nusmepenusx. IloctponM Ha Ux
ocHoBe GMM, uT0o6bI creHepupoBars eie. Y cMeceii ['ayccoBbIX pacipeneeHiii MoryT
ObITH TPOOJIEMBI CO CXOAUMOCTBIO B TIPOCTPAHCTBE CTOJIb BHICOKOW PasMEPHOCTH, TI0-
HTOMY HAYHEM C IIPUMEHEHMs] 0OPATUMOTO aJTOPUTMA JIJisI TIOHIKEHUST PAa3MEPHOCTH
JAaHHBIX. Bocmombayemcs it aToil 1esn npoctbiM anroputmoM PCA ¢ coxpanenneM
99 % mucriepcuu B IPOEKITNN TaHHBIX:

In[20]: from sklearn.decomposition import PCA
pca = PCA(0.99, whiten=True)
data = pca.fit_transform(digits.data)
data.shape

out[20]: (1797, 41)

Pesysbrat okasascst 41-MepHBIM, TO €CTh pa3MepHOCTD Oblla CHUKeHa 1ouTh Ha 1/3
npaxkTudecku 6e3 morepb uHGopMar. Bocmosb3yeMest 71t STUX CIPOEUpOBAHHbBIX
nanubix kputepreM AIC 1751 onpenenenus Heo6X0MNMOTO KOTUIECTBA KOMITOHEHT
GMM (puc. 5.138):

In[21]: n_components = np.arange(50, 210, 190)
models = [GMM(n, covariance_type='full', random_state=0)
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for n in n_components]

aics = [model.fit(data).aic(data) for model in models]

plt.plot(n_components, aics);
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Puc. 5.137. VicxoaHble pykonucHble Lndgpbl
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[oxosxe, uto AIC MunnMu3upytot mpumMepHo 110 KOMIIOHEHT; 3TO# MOZIETBIO MBI 1 BOC-
nosibzyemcst. OOydrM aTOT aITOPUTM Ha HAIUX JIAHHBIX U YOEMMCsT, 4TO OH COMIEJICSE:

In[22]: gmm = GMM(110, covariance_type='full', random_state=0)

gmm.fit(data)
print(gmm.converged_)

True

Tenepb MoskHO creneprpoBaTh 100 HOBBIX TOYEK B 3TOM 4 1-MEPHOM IPOCTPAHCTBE, HC-
nosb3yst GMM Kak oposk/IaIoNTyio MOJIENb:

In[23]: data_new = gmm.sample(100, random_state=e)
data_new.shape

out[23]: (100, 41)

Haxkomert, MOKHO BOCITIOTb30BaThCS 06paTHBIM MpeobpasoBannem obbekTa PCA st
dopmupoBanus HOBBIX TGP (puc. 5.139):

In[24]: digits_new = pca.inverse_transform(data_new)
plot_digits(digits_new)

C ORI ALLN
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Puc. 5.139. «HoBble» LUndpbl, NONyYEHHbIE CTyYaliHbiM 06pa3oM U3 Moaenun oueHuBaTens GMM

Pesyabrarsr 1o 6osIbIIei YacTH BBITIAAAT KaK BIIOJHE MPaBAOIoA00HbIe IndpbI U3
Habopa JaHHbIX!
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PestoMupyeM c/IeJTaHHOE: MBI CMOJIETUPOBAJI PACTIPeIeIeHUE JIJIsT 33IaHHON BBIOOPKU
PYKOMHCHBIX IU(DP TAKUM 06Pa3oM, YTO CMOTJIU CTEHEPUPOBATH COBEPIIEHHO HOBbIE
BbIOOPKH 1P HA OCHOBE ATUX JAAHHBIX: ITO PYKOIUCHbIE IH(PBI, He BCTPEUAIONIHECST
B MCXOAHOM HaGope MAHHBIX, HO OTPaKaIoN(ue o0IHe MPU3HAKN BXOIHBIX JAHHbIX,
CMOJICJTUPOBAHHBIE MOJIEJIBIO cMecH paciipeaesernii. ITogo6Has moposkaaIas Moaeb
1P MOXKET 0Ka3aThCsl OUeHb yIOOHON B KauecTBe KOMIIOHEHTa GalieCOBCKOTO TIOPO-
JKJIQIOTEeTo KIaccupuKaTopa.

3arnsaHeM rnybxe: saepHas oLeHKa
MIOTHOCTN pacnpeaeneHus

B npenpiymiem paszmene Mbl pacemoTtpes cMmecu ayccoBeix pactipesnenennii (GMM),
npeacTapisgionye coboii cBoeoOpasHbIil TMOPU]] OLIEHUBATES sl KJACTepUsaluu
U olleHuBaresid IIoTHOCTH. HanoMHIo, 4TO OlleHUBATEN b IJIOTHOCTH — aJITOPUTM, BbI-
Jaionuii 1yt D-mMepHoro Habopa JaHHbIX OLleHKY D-MepHOro pacipeie/ieHust BEpOsTHO-
CTH, U3 KOTOPOTO B3siTa aTa BhIOOPKa gaHHbIX. [1st aToro anroputm GMM nipezicrasiisier
MJIOTHOCTH paclipejieJieHus B BUJle B3BENIEHHOI cyMMbl [ayccoBbIX pacripeneseHunii.
Anepnas onenka niornoctu pacupejpenenns (KDE) — B nekoTopom cmbicie ajiro-
PUTM, JIOBOASAIINI Ujieto cMecu [ayccoBbIX (GYHKITUI 0 JIOTHUECKOTO Tpejiesia: B HeM
HCIIOJIB3YETCSI CMECh, COCTOSIIIAsT U3 OHOI [ayccoBOl KOMITOHEHTBI 015 KAjcOOU MouKi,
YTO MPUBOJUT K HETIapaMeTPUYECKOMY OIeHMBATEJIO IJIOTHOCTU. B aTOM pasjiesne Mbl
pacemoTpuM obocHoBanus u cepsl ncroabzosanus Meroga KDE. Haunem ¢ 0ObaHbIX
UMITOPTOB:

In[1]: %matplotlib inline
import matplotlib.pyplot as plt
import seaborn as sns; sns.set()
import numpy as np

O6ocHoBaHne MeToaa KDE: ructorpammel

OrneHuBaTe b IJIOTHOCTU — AJITOPUTM, TTPeIHA3HAYEHHbIH JIJIsI MOJIETUPOBAHUS pac-
[pejieJIeHrs BEPOSITHOCTEH, HA OCHOBE KOTOPOTO ObLII CreHepUpPOBaH HAGOP JaHHBIX.
BepositHo, BBI yke XOPOIIO 3HAKOMBI C OZIHUM IIPOCTBIM OLleHUBATEJIEM IJIOTHOCTHU /IS
OJIHOMEPHBIX JaHHBIX — rUcTorpaMMmoii. [uctorpamma iesiuT ganuble Ha JAUCKpeTHLIe
WHTePBAJIbl 3HAYEHUH, TOICIUTBIBAET YUCJIO TOYEK, MOTAIAI0NNX B KK/l 13 MHTEP-
BAJIOB, [TOCJIE Y€T0 BU3YaTM3UPYET PE3YJIbTAT HHTYUTUBHO MOHSTHBIM 0OPA30M.

Jlyist npuMepa crenepupyem JlaHHble HA OCHOBE JIBYX HOPMaJIbHbBIX PACIIPe/IesIeH I

In[2]:
def make_data(N, f=0.3, rseed=1):
rand = np.random.RandomState(rseed)
x = rand.randn(N)
x[int(f * N):] += 5
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return x
x = make_data(1000)

Takyio 0OBIYHYIO THCTOTPAMMY Ha OCHOBE YHCJIa TOYEK MOKHO CO3/aTh C ITOMOIIbIO
byurnum plt.hist(). 3azaB napameTp normed THCTOTPAMMBI, MbI TIOJIYYMM HOpMa-
JIN30BaHHYIO TUCTOTPAMMY, B KOTOPOI BBICOTA MHTEPBAJIOB OTPAXKAET HE YNCIIO TOYEK,
a IJIOTHOCTD BeposiTHOCTH (puc. 5.140):

In[3]: hist = plt.hist(x, bins=30, normed=True)
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Puc. 5.140. [JaHHble, NoNyYeHHbIE U3 COYETAHUSI HOPMarbHbIX PacrpeaeneHui

OGpaTuTe BHUMaHHE, YTO ITPU PABHBIX MHTEPBAJIAX TaKast HOPMATU3AIIUsT IPOCTO MEHSIET
maciirab mo ocu Y, Ipu 9TOM OTHOCHTENIbHASI BBICOTA HHTEPBAJIOB OCTAETCSA TAKOH Ke,
KaK U B THCTOTpaMMe JUI unca Touek. HopMmasusarus BeIGUpaeTcst TakuM 00pasoM,
4ToOBI 06IIas TIOMA/b MO/ TUCTOrPaMMOi OblTa paBHa 1, B 4eM MOKHO yOeanuThest,
[JI/14 Ha BbIBOZL (DYHKIIMK OCTPOEHUS THCTOIPAMMBIL:

In[4]: density, bins, patches = hist
widths = bins[1:] - bins[:-1]
(density * widths).sum()

Out[4]: 1.0

OpiHa 13 IpobJIeM UCIIOIH30BAHMS THCTOTPAMM 3aKJII0UAETCS B TOM, YTO KOHKPETHBDII
BHIOOP pasMepa U PaCIONIOKeHI HHTEPBAJIOB MOKET IIPHUBECTH K IIPEICTABIEHIIM C Ka-
YeCTBEHHO Pa3/IMYHBIMU IPU3HaKaMu. Harnpumep, eciii TOCMOTPETh Ha BEPCHUIO 9TUX
JHaHHbIX 13 20 TOYeK, KOHKPETHBIN BEIOOD MHTEPBAIOB MOKET IIPUBECTU K COBEPIIEHHO
Ipyroi uuTepiperanyn ganubix! Paccmorpum ciemnyiontuii mpumep (puc. 5.141):

In[5]: x = make_data(20)
bins = np.linspace(-5, 10, 10)
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In[6]: fig, ax = plt.subplots(1l, 2, figsize=(12, 4),
sharex=True, sharey=True,
subplot_kw={"x1lim':(-4, 9),
'ylim':(-0.02, 0.3)})
fig.subplots_adjust(wspace=0.05)
for i, offset in enumerate([0.0, 0.6]):
ax[i].hist(x, bins=bins + offset, normed=True)
ax[i].plot(x, np.full_like(x, -@.01), '|k',
markeredgewidth=1)
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Puc. 5.141. Mpobnema ructorpamm: pasnnyHasi MHTEPNpeTaLusi B 3aBUCUMOCTH
OT pacronoXeHns HTEPBANOB

k3 TUCTOTPAaMMBI CJI€Ba OYEBU/IHO, YTO Mbl UMEEM JIEJIO C 6I/IMOZ[3JIIJHI)IM pacripeie/iecHneEM.
CnpaBa JK€ Mbl BUUM YHUMO/JAJIbHOE paclipe/iesienre ¢ JJIMHHBIM «XBOCTOM». be3 BbI-
IIETIPUBEIEHHOIO KO/Ia Bbl Obl BpAL JIN TIPEATIONOKNIIN, UTO 3TU IBE TUCTOTPaMMBbI ObLIN
ITOCTPOEHDbI Ha OTHUX JITaHHbIX. C YYETOM 9TOI'O BOSHMKAET BOITPOC: KaK MOJKHO /IOBEPATH
NHTYUINH, HOJIy‘IeHHOﬁ Ha OCHOBE HOZ[O6HI:>IX I‘I/ICTOI‘paMM? YTo ¢ 9TUM MOKHO CJIeJIaTh?

Heb6obIioe oTeryIiieHre: rucTorpaMMbl MOKHO PACCMaTpPUBaTh KAK «CTONKHU» OJIOKOB,
B KOTOPOM JIJIst KaKI0H TOUKH HAOOpa JaHHBIX B COOTBETCTBYIOIIUI HHTEPBAJ TIOMEIIa-
ercs onun 610k, ITocMoTpuM Ha 5T0 HerocpeacTBeHHO (puc. 5.142):

In[7]: fig, ax = plt.subplots()
bins = np.arange(-3, 8)
ax.plot(x, np.full_like(x, -@.1), '|k',
markeredgewidth=1)
for count, edge in zip(*np.histogram(x, bins)):
for i in range(count):
ax.add_patch(plt.Rectangle((edge, i), 1, 1,
alpha=0.5))
ax.set_xlim(-4, 8)
ax.set_ylim(-0.2, 8)

out[7]: (-0.2, 8)
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Puc. 5.142, lN'nctorpaMmma Kak «CTonku» 6/10Kk0B

B ocHOBe 1po6ieMbl ¢ HAIMME JIBYMsI Pa3OHEHUSIMU 110 MHTEPBAJIaM JIEKUT TOT (akKT,
YTO BBICOTA «CTOIMKU» GJOKOB YACTO OTPAKAET He (PAKTUUECKYIO TIOTHOCTD OJIM3JIeKa-
IIUX TOYEK, a CAydaiiible CTeUeHnsT 0OCTOSTENbCTB, BEIPAKAIOIIUECS B BhIPABHUBAHNI
UHTEPBAJIOB 110 TOUKaM JAHHBIX. DTO PACCOIIACOBAHKUE TOUEK U UX OJIOKOB MOKET IIPU-
BOAUTH K HAaOI0aeMbIM 3/€Ch HEYIOBIETBOPUTENbHBIM PE3yJbTaTaM IMCTOTPAMM.
Ho uTo, eciii BMECTO CKIaIBIBAaHNS B «CTOIKN» OJIOKOB, BBIPOBHEHHBIX 710 UHMEPEATLAM,
MBI CKJTa/IbIBaJIU ObI OJIOKH, BBIPOBHEHHBIE 710 TMOUKAM, KOMOPLIM OHU COOMEECMEYOM?
B arom ciryuae 6510k1 He GbLTi Ol BBIPOBHEHHBIMH, HO TIOJIYYUTh TPEOYEMBbIil pe3yIbTaT
MOKHO OBLIO OBI, CJIOKUB NX BKJAABI B 3HAUCHUE B KaXKJI0M MecTe Ha ocu X. Jlasaiite
aTo mposeraeM (puc. 5.143):

In[8]: x_d = np.linspace(-4, 8, 2000)
density = sum((abs(xi - x_d) < ©.5) for xi in x)

plt.fill between(x_d, density, alpha=0.5)
plt.plot(x, np.full like(x, -0.1), '|k', markeredgewidth=1)

plt.axis([-4, 8, -0.2, 8]);

PeSyJIbTaT BBITJIAAUT HEMHOTO HEPAMIJINBO, HO OTPa’kaeT MOAJIMHHDBIC XaPaKTEPUCTUKN
JTAHHBIX TOPA3/I0 HAJIesKHEe, YeM CTaHAapTHAs TUCTOTpaMMa. TeM He MeHee HEePOBHBIE
Kpasi He CJIUIITKOM MTPUSATHBI JIJIS T71a3, J1a ¥ He OTPAsKAIOT HUKAKUX (PaKTUUECKUX CBOWCTB
JMaHHbIX. [/ UX CTIaKMBAHUST MOJKHO IOIBITATHCS 3aMEHUTD OJIOKU B KaXKOH TOUKE
raajgKkoi GyHKIeil, Hanpumep [ayccoBoil. Mbr OyieM UCIIOIB30BaTh BMECTO OJI0KA
B KQKJIOU TOYKE CTAHAAPTHYIO HOPMAJIBHYIO KpuByio (puc. 5.144):

In[9]: from scipy.stats import norm
x_d = np.linspace(-4, 8, 1000)
density = sum(norm(xi).pdf(x_d) for xi in x)
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plt.fill_between(x_d, density, alpha=0.5)
plt.plot(x, np.full like(x, -0.1), '|k', markeredgewidth=1)
plt.axis([-4, 8, -0.2, 5]);
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Puc. 5.143. M'icTorpaMMma C LEHTPUPOBAHMEM G/IOKOB MO OTAEMbHBIM TOYKaM — NpUMep aaepHOM
OLEHKM NIIOTHOCTU pacnpeaeneHns
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Puc. 5.144. SfinepHas oueHka nNioTHOCTU pacrpeaerneHus ¢ FayccoBbiM Si4pOM

OTOT CIriIasKeHHbIN rpaq)mc CO BKJIalOM rayCCOBOI‘O pacupenesieHrs B COOTBETCTBYIOINX
BCEM MCXO/JIHbIM TOYKaM MeCTaM obecreunBaeT HaMHOTO OoJiee TOUHOE IpeacTaBJeHne
O (bopMe paciipeziesieHnnd JaHHbIX, ITpUYeM C HaMHOTI'O MeHbIIei ;[chepcneﬁ, TO €CTb
OTJINYMA BI)I60pOK NMPpUBOAAT K HAMHOTO MEHbIITNM €TI0 U3BMEHEHUAM.
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JBa nociaenaux rpaduka MIpeACTaBIsgioT coO0ii IPUMEPDI 0HOMEPHON SAePHOIi OlleH-
KU TJIOTHOCTHU PaCIpe/IeJIeHUs: B TIEPBOM HUCIIOJIb3YETCST TAK Ha3bIBAEMOE SIZIPO TUIIA
<IUJIUHAP», 2 BO BTOPOM — ['ayccoBo si/ipo. PaccMOTpuM siZiepHYIO OIEHKY TIOTHOCTH
pacnpenenenus 6oJiee moAPOOHO.

FlnepHaﬂ OLEHKa MJIOTHOCTU pacnpeaeneHnsa Ha rnpakTuke

CB0OGOIHBIMY TTAPAMETPAMU SIIEPHOIT OIIEHKH TJIOTHOCTH PACIIPE/IETIEHNST SIBJISTIOTCS SI0PO
(kernel), onpesesstioniee hopmy pacrpezesieHus B Kask 10 Touke, u wupuna sopa (kernel
bandwidth), onpenensionias pasmep sapa B kaxkao0ii Touke. Ha npakruke ais siaepHoii
OIIEHKY IIJIOTHOCTH PacIipe/ie/IeHUsI CYIeCTBYeT MHOYKECTBO Pa3/INYHbIX si/IeP: B YACTHOCTH,
peamuzarust KDE 6ubsmorekn Scikit-Learn moepKuBaet UCHOTb30BaHIE OJHOTO U3
IIECTH SIJIEP, O KOTOPBIX BbI MOKETE TIPOUNTATH B MOCBSIIEHHON OLEHUBAHUIO IIJIOTHOCTU
nokymenTanuy oubaorexn Scikit-Learn (http://scikit-learn.org/stable/modules/density.html).

Xots B s13bike Python peaizoBaHo HECKOIBKO BAPUAHTOB SIIEPHO OIIEHKH IIIOTHOCTH
(ocobenno B maketax SciPy u StatsModels), st mpeanounTaio UCob30BaTh BAPUAHT U3
Scikit-Learn no npuunne ru6koctu u addexkrusroctu. OH peasnsoBaH B OllEHUBATEE
sklearn.neighbors.KernelDensity, ymerotiem paborath ¢ KDE B MHOrOMEPHOM IpO-
CTPAHCTBE C OTHUM U3 IIECTU sI/IEP U OIHOI M3 HECKOJbKUX JIOKUH MeTPUK. B cuiry
toro uto Mero KDE Moxker motpe6oBaTh 3HAUNTEIBHBIX BEIYUCIUTEIBHBIX 3aTPar,
9TOT OLIEHUBATEJb UCIIOIb3YET «II0]] KAIIOTOM» AJIFOPUTM HA OCHOBE JIEPEBBEB U YMeEET
JOCTUTATh KOMIIPOMUCCA M€Ky BPEMEHEM BBIUNCIECHUN U TOYHOCTHIO C MTOMOIIIHIO
napameTpoB atol (absolute tolerance, momycrumast abCOMOTHAS TTIOTPENTHOCTD) U rtol
(relative tolerance, romycrumas OTHOCUTETBHAS TOTPENTHOCTD ). OTPEAETUTh MUPUHY
siipa — CBOOOJIHBIN MAPaMETP — MOKHO CTaHaPTHBIMU WHCTPYMEHTAMU TIEPEKPECTHON
nposepku 6ubanoreku Scikit-Learn.

PaccMoTpuM pocToii HpuMep BOCIIPOU3BEAEHUS TIPEAbIAYIIEro rpaduKa ¢ ITOMOILbLIO
oueHuBaress KernelDensity 6ubauorexu Scikit-Learn (puc. 5.145):

In[10]: from sklearn.neighbors import KernelDensity

# Co3paHue sk3emnnapa mogenu KDE u ee obyyeHue
kde = KernelDensity(bandwidth=1.0, kernel='gaussian')
kde.fit(x[:, Nonel)

# score_samples Bo3BpawaeT norapuém NJOTHOCTH
# pacnpepeneHus BepoOATHOCTU
logprob = kde.score_samples(x_d[:, Nonel)

plt.fill between(x_d, np.exp(logprob), alpha=e.5)
plt.plot(x, np.full like(x, -©.01), '|k', markeredgewidth=1)
plt.ylim(-0.02, ©.22)

out[10]: (-0.02, ©.22)
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Puc. 5.145. SipepHas oueHKa Ma0THOCTU, BblYMCIEHHAs
C nomoLwbio 6ubnnotekn Scikit-Learn

PeBy]II)TaT HOPMaJIM30BaH TakK, YTO IJIOMIA/lb ITO/ KpPIBOfI paBHa 1.

Bbi100p IMPHHBI S7pa yTeM NePEKPECTHOM NPOBEPKU. BbIGOp IIUPUHBIL sIApa B METOE
KDE nckmounTesbHO BakeH JJIST TTOTYyUeHNs yI0BIAETBOPUTEIbHON OTIEHKH TITIOTHO-
cT. DTO U €CTh TOT HapaMeTpP, KOTOPbIl IIPH OLEHKE IJIOTHOCTH CJYKUT JJIs BEIOOpa
KOMITPOMUCCA MESKY CUCTEMATHYECKOI omMOKOoii 1 qucnepcueil. CIMIKOM MajleHbKast
[IUPHUHA SIIpa TPUBOAUT K OI[EHKE ¢ BBICOKOU JAMCIEPCUEH, TO eCTh MepeoOydeHu o,
MpU KOTOPOU HAJIMYKE WU OTCYTCTBUE OTHON-eAMHCTBEHHON TOYKU MOKET CEPhEe3HO
MOBJIUATH HA MOJiesib. CITUTIKOM Ke TUPOKOE SI/IPO BeJIET K OI[EHKe CO 3HAUUTEJbHON
CUCTEMATHYECKON OIMTUOKOIA, TO €CTh HeI00OYUEHUO, TP KOTOPOI CTPYKTYpa JaHHbBIX
Pa3MbIBAeTCS TUM IITUPOKUM SIPOM.

B craTrcTHKE CyLIeCTBYET H0JIrast IIPeAbICTOPHS METOAOB OBICTPOI OLEHKH OIITUMA/Ib-
HOU IMUPUHBI A/Ipa Ha OCHOBE JOBOJIBHO CTPOTUX ZIOHy]J_IeHI/Iﬁ OTHOCUTEJIBHO /TaHHBIX:
ecin 3aryisgHyTh B peaymsanyu Meroga KDE B nakerax SciPy u StatModels, nanpumep,
MOJKHO YBHUJIETh OCHOBAHHbIE HA HEKOTOPBIX U3 ATUX TIPABUJI PeaTu3aIlnii.

B koHTeKCTE MAMHHOTO 0OYYEHUsT MBI YK€ BUEIH, YTO BLIOOP MOMOGHBIX THITEp-
[1apaMeTpoB 3a4acTylo IIPOU3BOAUTCS IMIIUPUYECKU I10CPELCTBOM IlepeKpecTHON
POBEPKU. YUUTBIBAs HTO, OlleHUBaTe b KernelDensity us 6ubinorexu Scikit-Learn
CIIPOEKTHPOBAH B pacyeTe Ha HEITOCPE/CTBEHHOE UCII0Ib30BaHUE €T0 B CTAH/1apTHLIX
uncrpymentax Scikit-Learn mist moucka mo cerke. B 1aHHOM cJydyae MbI BOCIIOJIb-
3yeMcst KJaaccoM GridSearchCV, uTo6bl BEIOPATH ONTUMANBHYIO IUPUHY AAPA IS
npeapiaynero vabopa gaHubx. [Tockoabky Hanl HAGOP AaHHBIX OUEHb HEBEJIWK,
MBI Oy/IeM HCII0Jb30BaTh MIEPEKPECTHYIO IPOBEPKY 0 OTHAEJbHBIM 00bEKTaM, TPU
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KOTOPOW pasmep oOydarotieil mocae[0BaTebHOCTA MaKCUMAJIEH JIJIsl KasKIOTrO UC-
MBITAHUS TIEPEKPECTHON TPOBEPKU:

In[11]: from sklearn.grid_search import GridSearchCV
from sklearn.cross_validation import LeaveOneOut

bandwidths = 10 ** np.linspace(-1, 1, 100)

grid = GridSearchCV(KernelDensity(kernel="'gaussian'),
{'bandwidth': bandwidths},
cv=LeaveOneOut(len(x)))

grid.fit(x[:, None]);

Tenepb MOKHO y3HATH BAPUAHT MIMPUHBI 4/1pa, MAKCUMU3UPYIOIINH OTIeHKY 3 heKTHB-
HOCTH MOJIETH (KOTOPast B 3TOM CJIyJae TT0 YMOJIYAHUIO MTPEICTABISIET COO0M oTapid-
MIYIECKYTO (QYHKITNIO TPABAOTOR0OS):

In[12]: grid.best_params_

out[12]: {'bandwidth': 1.1233248329780276}

OnruMasbHas NIMPUHA AIpa OKa3alach O4eHb OJIM3Ka K TOM, KOTOPYIO MbI UCIIOJIb30-
BaJsIu BBIILE B IIPUMepE, I/ie mupuna Obiia papro 1.0 (370 mmpuHa sapa 0 yMOTYAHNIO
oObeKkTa scipy.stats.norm).

MNpumep: KDE Ha cdhepe

BeposTno, yamnie Bcero KDE ucnonb3yercs a1 BU3yaabHOTO TIPEACTABIEHUST pac-
npeaenennii touek. Hanpumep, KDE Berpoen B 6ubanoreky Busyanusanun Seaborn
(koTOpYI0 MBI O6CYRIAMN B pasiene «Busyamusarus ¢ moMorpio makera Seaborns
TJIaBBI 4) U IPIMEHSIETCS TaM aBTOMATHYECKH [T BU3YATU3AIUN TOYeK B OTHOMEPHOM
U IBYMEPHOM TIPOCTPAHCTBAX.

B atom paszesie MbI pacCMOTPUM HECKOJIBKO H0JIee CIIOKHBIN CIIeHAPHIT NCTIOTb30BAHMST
KDE nnsa Busyanuzarum pacripeziesienuii. Bocrosbayemcs cieyionumn reorpaduye-
CKUMU JIAHHBIMH, KOTOPbIE MOKHO 3aTPy3UTh ¢ TToMoIbio 6ubanorekn Scikit-Learn:
reorpacudeckoe pacrpeesaeHue 3apuKCUPOBAHHBIX HAOMIOACHUI 0cObei IBYX T0XK-
HOaMEPUKAHCKHUX MJeKOIuTaIux — Bradypus variegatus (OyporopJiblii JeHUBell)
u Microryzomys minutus (Majasi JjecHast pucoBas KpbIca).

W3sBiieueM ganmble ¢ momolibio 6ubanorexu Scikit-Learn caemyromnmm o6pasom!:

In[13]: from sklearn.datasets import fetch_species_distributions

! B anpene 2017 roga sTor Habop AaHHBIX OBLT TEpEeMeEIleH Ha APYroi cailT, YTo MPUBEJIO

K HepaboTOCIOCOOHOCTH JAaHHOTO Kola B Tekyuiell Bepcuu 6ubaunorexu Scikit-Learn, Ho
COOTBETCTBYIONIIE M3MEHEHUsI IIAHUPYIOTCS K BHECEHUIO B caMoe OJvskaiiiiee BpeMst
U JIOJGKHBI OBITH IOCTYITHBI HA MOMEHT BBIXOJIA IAHHO KHUTH.
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data = fetch_species_distributions()

# MonyyYaeM MaTpuubl/MacCUBbl UAEHTUPUKATOPOB U MECTOMONOXEHUNA XUBOTHBIX
latlon = np.vstack([data.train['dd lat'],

data.train['dd long']]).T
species = np.array([d.decode('ascii').startswith('micro")

for d in data.train['species']], dtype='int"')

[Tocite 3arpysky JaHHBIX MOXKHO BOCIIOJIb30BaThCs HAOOPOM MHCTPYMeHTOB Basemap
(ymoMuHaBImMMcs patee B pasjee «OrobpaskeHne reorpaduuecKix JaHHBIX ¢ TOMO-
1mbio Basemap» riiasbi 4) 11t 0TOOpasKeHs MeCT, Tie HabIoAaaIuch 0cOOM 9TUX ABYX
BuI0B Ha Kapre IO0kHoi AMepukn (puc. 5.146):

In[14]: from mpl_toolkits.basemap import Basemap
from sklearn.datasets.species_distributions import construct_grids

xgrid, ygrid = construct_grids(data)

# Pucyem 6eperoBble NMHMM C Momowbk Basemap

m = Basemap(projection="cyl', resolution='c’,
llcrnrlat=ygrid.min(), urcrnrlat=ygrid.max(),
1llcrnrlon=xgrid.min(), urcrnrlon=xgrid.max())

.drawmapboundary(fill_color="#DDEEFF")

.fillcontinents(color="#FFEEDD")

.drawcoastlines(color="gray', zorder=2)

.drawcountries(color="gray', zorder=2)

S 3 3 3

+*

OTobpaxaem MecTa, rpae Habnwganucb ocobu
m.scatter(latlon[:, 1], latlon[:, @], zorder=3,
c=species, cmap='rainbow', latlon=True);

Puc. 5.146. MecTa, rae Habntoganucb ocobu, B 0bydaroLuen
nocrieaoBaTenbHOCTH
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K coxanennio, 3TOT pUCYHOK He aeT XOPOIIETO TPEACTABIEHUS 0 KOHIIEHTPAI[UH 0CO-
6ell, IOCKOJIbKY TOUKU MOTYT IIePeKpPbIBAThCs. Bpsii I BB J0rafiaeTech 10 HEMY, YTO
31ech mokasano 6osee 1600 Touek!

Bocionbayemes s1epHOii OLIEHKOI IVIOTHOCTHU PaciIpeieieHust, 4ToObl 0TOOPa3UTh TO
pacmipeziesierivie B 6osee yI0OGHOM JITIsI MHTEPIPETAIINH BUJIE — CTIAKEHHON WHANKATIUIT
MI0THOCTH Ha KapTe. [lockobKy KoopAMHATHAS CHCTEMa HaJloKeHa Ha c(hepruiecKyio
IIOBEPXHOCTb, & HE Ha IJIOCKOCTb, BOCIIOJIb3yeMCsl METPUKON haversine, nojaxoadiieit
JUISE QIIEKBATHOTO OTOOPaKEHUS PACCTOSIHUN Ha KPUBOJIMHEITHO TTOBEPXHOCTH.

Hawm nipuziercst MCIosib30BaTh HEMHOTO MIa0JIOHHOTO Koza (OMH 13 HEeZ0CTaTKOB Habopa
HHCTPYMeHTOB Basemap), Ho cMBICT KaxkI0TO 610K KOfIa IOJKEH OBITH BaM BITOJTHE
nousited (puc. 5.147):

In[15]:

# HacTpauBaem ceTKy AaHHbIX ANA KOHTYpHOro rpaduka

X, Y = np.meshgrid(xgrid[::5], ygrid[::5][::-1])

land_reference = data.coverages[6][::5, ::5]

land_mask = (land_reference > -9999).ravel()

xy = np.vstack([Y.ravel(), X.ravel()]).T xy = np.radians(xy[land_mask])

# Co3paem gBa rpadwka apyr Bo3ne gpyra

fig, ax = plt.subplots(1, 2)

fig.subplots_adjust(left=0.05, right=0.95, wspace=0.05)
species_names = ['Bradypus Variegatus', 'Microryzomys Minutus']
cmaps = ['Purples', 'Reds']

for i, axi in enumerate(ax):
axi.set_title(species_names[i])

# Pucyem beperoBble SIMHMM C MOMoWbH Basemap

= Basemap(projection="'cyl', llcrnrlat=Y.min(),
urcrnrlat=Y.max(), llcrnrlon=X.min(),
urcrnrlon=X.max(), resolution='c', ax=axi)

.drawmapboundary(fill_color="#DDEEFF")

m.drawcoastlines()

m.drawcountries()

3

=

# Gopmupyem chepuyeckyrw ALEpHYH OLEHKY MIOTHOCTU pacnpenesieHus
kde = KernelDensity(bandwidth=0.03, metric="haversine')
kde.fit(np.radians(latlon[species == i]))

# BbiNONHAEM pacyeTbl TONbKO Ha MOBEPXHOCTU 3emMiu:
# -9999 cooTBeTCTBYeT OKeaHy

Z = np.full(land_mask.shape[@], -9999.0)
Z[land_mask] = np.exp(kde.score_samples(xy))

Z = Z.reshape(X.shape)

# Pucyem M3O0/IMHUM MJIOTHOCTHU
levels = np.linspace(@, Z.max(), 25)
axi.contourf(X, Y, Z, levels=levels, cmap=cmaps[i])
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Puc. 5.147. BusyanbHoe npeactaBfieHne SAepHON OLEeHKN
MAOTHOCTY pacrpeaeneHust ocoben

IIo CPaBHEHUIO C IT€PBOHAYAJIbHBIM ITPOCTHIM KOHTYPHbBIM Fpaq)I/IKOM, 9Ta BU3yaJin3aliusAa
obecriednBaeT HAMHOTO (oJiee TTOHSATHYIO KapTHHY Teorpaduueckoro pacipeeieHust
HabJoIeHuil 0co0ell IBYX TaHHBIX BU/OB.

MpuMep: He CTOoMb HauBHbIM Banec

B aToM mpuMepe Mbl U3y4NM BbINOIHEHUE OalleCOBCKON MOPOKIAIoNIei KiaccuduKamm
¢ nomortipio KDE u pacecmoTpum cosfianue mosib30BaTeIbCKOTO OIIEHUBATE S HA OCHOBE
apxutekTypbt 6ubsmorexu Scikit-Learn.

B pasnene «3arsisHeM riy6ske: HauBHast OailecoBCKast KiaacCupUKaIlUsi» 9TOU IJIaBbl
MbI PACCMOTPeIN HaUuBHYI0 GalleCOBCKYIO KIaccubUKaIIIO, B KOTOPOH CO31a/Iu IIPO-
CThIe TIOPOKIAIONINE MOJE/IU JJIsS BCeX KJIaCCOB U IOCTPOMIN HA UX OCHOBE OBICTPBIN
kiaccudurarop. B cirydae HauBHOTO 6aileCOBCKOTO KIaccu(GUKATOPa TOPOIKIAOIIAST
MO/IEJIb — 3TO IIPOCTO BLIPOBHEHHAS 10 OCSIM KoopArHAT ['ayccoBa (pyHKIMs. AIroputm
oueHku 1otHoctu, Hanpumep KDE, nossosster yopaTh «HaUBHYIO» COCTABJIAIONIYIO
U IIPOMBBECTU Ty Ke caMylo Kiaccudukamuio ¢ 6ojee CA0KHBIMU HOPOKIAIOIUMU
MOJIEJISIMHU JIJISL KaK/I0r0 U3 KJIacCoB. ITa Kaaccuduraims ocraercs 6aiiecoBCKOM, HO
yoKe He OyIeT «HAaMBHOI».

O61mas MeToAuKa MOPOKAAIONIeN KIaccuduKaliy TaKoBa.

1. Pas6uenue 00y4aionux JAHHBIX 110 METKAM.

2. [l kaxkmoro Habopa, HaXOANTCsI TIOpoKAatoIas Mozesb myteM o0yuenust KDE. 9o
JlaeT BO3MOKHOCTD BblUMCIeHUs (PYHKIMU paBaonogobus P(x | y) ans Kaxkaoro
HaOJTIOICHUSI X I METKH ¥.



558 MnaBa 5 e MalwwnHHOE 06yyeHMe

3. BbluncisieM anpropHyIo BEPOSTHOCTD IIPUHALIEKHOCTH K Kjaccey (class prior), P(y),
Ha OCHOBE KOJIMYeCTBA 9K3EMILISPOB KaKI0T0 Kacca B 00yyaloleii mocieoBaTeib-
HOCTH.

4. J171s1 Hem3BeCTHOW TOYKH X allOCTEPUOPHAS BEPOSITHOCTD IIPUHAJJIEKHOCTHU K KIACCY
pasna P(y | x) o P(x | y) P(y). MeTka KaK10ii TOUKM — KJIacc, IPU KOTOPOM JIOCTH-
raeTcs MaKCHMYM 3TOH alfoCTePHUOPHON BEPOSTHOCTH.

JlaHHbBII aITOPUTM JIOCTATOYHO MPOCT M MHTYUTUBHO MOHATeH. HeckobKko cioxkHee
GyJIeT pearn3oBath ero ¢ oMoIbio GpeiiMmBopka Scikit-Learn Tak, 4to6bI BOCTIOIB30-
BaTbLCS IIOUCKOM 110 CETKE U IIePEKPECTHON IIPOBEPKOL.

Bor ko, peasnusyomiuii 5ToT anroput™m Ha 6asze dpeiimBopka Scikit-Learn, Mbr ocJie-
JIOBaTEJIbHO PACCMOTPHM €10 GJIOK 32 6I0KOM:

In[16]: from sklearn.base import BaseEstimator, ClassifierMixin

class KDEClassifier(BaseEstimator, ClassifierMixin):
"""baKecoBckasa nopoxgawwana kKnaccupukauma Ha ocHoBe meToma KDE

MapameTpbl
bandwidth : float
linpuHa sgpa B Kaxaom Knacce
kernel : str
HasBaHue agpa, nepepasaemoe ¢yHkuun KernelDensity
def __init_ (self, bandwidth=1.0, kernel='gaussian'):
self.bandwidth = bandwidth
self.kernel = kernel

def fit(self, X, y):

self.classes_ = np.sort(np.unique(y))

training_sets [X[y == yi] for yi in self.classes_]
self.models_ = [KernelDensity(bandwidth=self.bandwidth,

kernel=self.kernel).fit(Xi)
for Xi in training_sets]
self.logpriors_ = [np.log(Xi.shape[@] / X.shape[©@])
for Xi in training_sets]

return self

def predict_proba(self, X):
logprobs = np.array([model.score_samples(X)
for model in self.models ]).T
result = np.exp(logprobs + self.logpriors_)
return result / result.sum(1l, keepdims=True)

def predict(self, X):
return self.classes_[np.argmax(self.predict_proba(X), 1)]
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BHyTpeHHee YCTPOMCTBO MO/b30BATE/IbCKOMO OLIEHMBATENS

PaCCMOTpI/IM I9TOT KO N O6cleI/IM OCHOBHbBIE €I0 0COOEHHOCTH:

from sklearn.base import BaseEstimator, ClassifierMixin

class KDEClassifier(BaseEstimator, ClassifierMixin):
"""baliecoBcKaa nopoxgawwaa kKnaccupukaumsa Ha ocHoBe MeTopa KDE

MapameTpbl

bandwidth : float
lupuHa appa B KaxAoM Kiacce
kernel : str
HasBaHue sagpa, nepepasaemoe ¢yHkuuu KernelDensity

Kasknprii onenusaresp B 6ubanoreke Scikit-Learn npezacrasiiser coboil Kiace, Hace-
IyIOMWH Kjacc BaseEstimator, a Takske COOTBETCTBYIONLYTO TpuMech (mixin), KOTo-
pbie o6ecreynBaloT CTaHAAPTHYIO (QYHKIIMOHATBHOCTE. Hanpumep, moMuMo mpodero,
KJlacc BaseEstimator BKIIOYAeT JIOTHKY, HEOOXOAUMYIO /ISl KITOHUPOBAHMUST/KOIIIPO-
BaHUsI OI[eHUBATEIsT, YTOOBI UCTIOJIB30BATh €TO B MPOIEAYPE TEPEKPECTHOI TPOBEPKH,
a ClassifierMixin ompe/esisieT NCIOJIb3YEMBIH TI0 YMOJTYaHUTIO MeTOJT score (). MbI Tak-
ske saganu docstring, KoTopbiil Oyzer cobpan crpaBodHoii crcreMoii s3bika Python
(cm. paszpen «CrpaBka u fokyMeHTaus B obosouke Python» riassr 1).

Bor METO/l MHUIINAJIN3allMH HaIlIeTO KJjacca:

def __init_ (self, bandwidth=1.0, kernel='gaussian'):
self.bandwidth = bandwidth
self.kernel = kernel

ITO TOT KOJI, KOTOPBIiT (haKTHUECKH BBIMOTHSIETCS TIPH CO3[aHIN 00HEKTa TTOCPEICTBOM
KOHCTpyKTOpa KDEClassifier(). B 6ubmuoreke Scikit-Learn BakHO, 4TOOBI B MeTOIE
WHUTUATU3AIIY He COOePHCANOCH HUKAKUX KOMAHO, KpOMe TIPUCBAMBAHUS 0OBEKTY
self nmepegaHHbBIX 3HAUeHWH 110 uMeHU. [IprdymHa B TOM, 4TO cofiepskamascs B Kaacce
BaseEstimator jioTrKa HeOGXOANMA JIJIsT KIOHUPOBAHUSA U MOAM(UKAIIN OlleHUBaTEIeH
IS TIEPEKPeCTHOM IIPOBEPKH, IIOMCKA 110 CeTKe U JAPYTUX Iiesieil. AHATIOIMYHO BCe apry-
MEHTBI MeTOfIa __init__ JOJKHBI ObITH OOBSIBIEHBI SIBHBIM 00PA30M, TO €CTh CJIENYET
nsberaTh apryMeHTOB *args WK **kwargs, Tak Kak OHU He MOTYT ObITh KOPPEKTHO 06-
paboTaHBl BHYTPU TPOIIEAYP MEPEKPECTHON TPOBEPKH.

Jaunbiie uger meroz fit(), B KOTOpoM Mbl oGpabarbiBaeM obydaoniye JaHHble:

def fit(self, X, y):
self.classes_ = np.sort(np.unique(y))
training_sets = [X[y == yi] for yi in self.classes_]
self.models_ = [KernelDensity(bandwidth=self.bandwidth,
kernel=self.kernel).fit(Xi)
for Xi in training_sets]
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self.logpriors_ = [np.log(Xi.shape[@] / X.shape[©0])
for Xi in training_sets]
return self

B mem MbI HaxoAMM B 00y4alomMX AaHHBIX YHUKAJIbHbIE KIAaCChl, 00y4aeM MOJEb
KernelDensity /I BCEX KJIACCOB U BBIYUCJIAEM allpUOPHBIE BEPOATHOCTU Ha OCHOBE
KOJIMYECTB UCXOAHBIX BBIOOPOK. Hakowner, metos fit () Z0/KeH Beerga BO3BpaIlaTh
00beKT self, 4ToOBI MOKHO OBIJIO CBSA3BIBATH KOMAH/BI B Iernouky. Hanpuwmep:

label = model.fit(X, y).predict(X)

O6parute BHUMAHKE, YTO BCE COXPAHSEMBIE PE3yJIbTaThl 00YYEHNST COXPAHSIOTCS € MO/
YepPKUBAHUEM B KOHIIE Ha3BaHus (Haripumep, self.logpriors_). Takue ycioBHbIE 060-
3HAUEHUs UCIOJIb3YIoTCst B Gubimoreke Scikit-Learn, 4To6bt MOKHO GBITIO GBICTPO TIPO-
CMOTPETH CITUCOK YWIECHOB olleHnBaTeJIs (¢ momolbio TAB-aBTOA0MOTHEHIS 000T0YKH
[Python) 1 BBIACHUTD, KaKie UMEHHO YJIEHDI OBLTH 06YUEHBI HA OOYYAIOIINX TaHHBIX.

HaKOHeH, Y HaC UMEETCA JIOTUKaA /I ITpe/ICKasaHrA METOK HOBBIX JaHHBIX!

def predict_proba(self, X):
logprobs = np.vstack([model.score_samples(X)
for model in self.models_]).T
result = np.exp(logprobs + self.logpriors_)
return result / result.sum(1l, keepdims=True)

def predict(self, X):
return self.classes_[np.argmax(self.predict_proba(X), 1)]

[TockobKy MBI UMeeEM JIEJIO ¢ BEPOSITHOCTHBIM KJIaccu(UKaTOPOM, Mbl CHavaja pe-
aImM30BaM MeTo/ predict_proba(), Bo3BpamaoImuii MaccuB GopMbI [n_samples,
n_classes] BepOSATHOCTEN KJaCCOB. DJieMeHT [i, 3j] aTOro MaccuBa IpejCTaBJIsIeT
co60ii arnocTepuopHyI0 BEPOITHOCTH TOTO, YTO BIOOPKa i — 4jieH KJacca j, BhIUKC-
JIEHHAs IIyTeM yMHOKeHUs: (DYHKIMKU PaBAono0o0us Ha allPHOPHYIO BEPOSATHOCTD
1 HOPMaJIM3ALUU.

Haxowertr, 511 BEPOSTHOCTH NCTIOJB3YIOTCS B MeTO/Ie predict (), KOTOPBI BO3BpAIaeT
KJIacC C MAKCUMAJIbHOHN BEPOSTHOCTHIO.

Mcnonb3oBaHMe N0/1b30BaTebCKOro oLeHmBaTens

Bocnompayemcest aTUM MOIB30BATETBCKUM OIEHUBATENEM JIJIST PENIeHUsT 3a/[a4 KJIacCh-
ukanuu pykonucHbIx 1udp. Ml 3arpysumM U@ pbl U BEIYUCTIM OICHKY 3D OEeKTHB-
HOCTH MOJIEJU JIJIsI INATTa30Ha BAPUAHTOB IIUPUHBI SIIPA C TIOMOTITBIO METAOTIEHUBATEITST
GridSearchCV (cM. Gosiee OAPOGHY 0 HHPOPMAIINIO TI0 TOMY BOIIPOCY B pasjee «I'u-
neprapamMeTpsl U IIPOBEPKA MOJIEJIN» TAHHO IJIABBI):

In[17]: from sklearn.datasets import load_digits
from sklearn.grid_search import GridSearchCV

digits = load_digits()
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bandwidths = 10 ** np.linspace(0, 2, 100)

grid = GridSearchCV(KDEClassifier(), {'bandwidth': bandwidths})
grid.fit(digits.data, digits.target)

scores = [val.mean_validation_score for val in grid.grid_scores_]

Jlamee MOXHO TIOCTPOUTH IpaduK MOJYIYEHHOH TIPN MTePEKPECTHOH TPOBEpKe OIEHKH
2 HeKTUBHOCTH MOZIETHN Kak (DYHKIIUU OT IMUPUHBE siapa (puc. 5.148):

In[18]: plt.semilogx(bandwidths, scores)
plt.xlabel('bandwidth") # WvpuHa Agpa
plt.ylabel('accuracy') # TOYHOCTb
plt.title('KDE Model Performance') # 3¢dpekTuBHOCTbL Mogenu KDE

print(grid.best_params_)
print('accuracy =', grid.best_score_)

{'bandwidth': 7.0548023107186433}
accuracy = 0.966611018364

Kak BupinM, aTOT «HE CTOJIh HAUBHBII» 0aileCOBCKUI KIaccu)uKaTop JOCTUTAET TOYU-
HOCTH MEPEKPECTHOI mpoBepku B Gostee yeM 96 %. U1 910 10 cpaBHEHUIO ¢ TPUMEPHO
80 % y «HauBHOTO» HalleCOBCKOTO KitacCU(pUKATOPA:

In[19]: from sklearn.naive_bayes import GaussianNB
from sklearn.cross_validation import cross_val_score
cross_val_score(GaussianNB(), digits.data, digits.target).mean()

Out[19]: ©.81860038035501381
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Puc. 5.148. Kpusas npoBepky Ansi ocHoBaHHoro Ha KDE 6aiiecoBckoro knaccudukaTtopa
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Onio U3 MPENMYTIECTB TTOM0OHOTO TTOPOKAAIONIETO Kaaccuburaropa — yaoOCTBO UH-
TEPIIPETAIMU PE3YJIHTATOB: MBI [IOJIyYAeM JIJIsT K&KI0I HEM3BECTHON BBIGOPKH HE TOJIBKO
BEPOSITHOCTHYIO KJIACCU(DUKAIIUIO, HO U NOJHYI0 MOOEb PACTIPEIEJIEHUS TOUEK, C KOTOPDI-
M1 MBI ee cpaBuuBaeM! [1pu HEOGXOMMOCTH 9TO TIO3BOJISIET MTPOJUTH CBET HA TPUYHHDI
TOTO, TI0YEMY KOHKPETHAsT KIaccu(UKaIys MMEHHO TAKOBA, IPUYMHBI, KOTOPBIE TAKKE
anroputmbl, kKak SVM 1 cyvaiinbie Jieca, CKpbIBAIOT.

Yr06bl 10CTHYB elife OOJIbIIEro, MOKHO BHECTHU B Hallly Mojeb Kiaccudukaropa KDE
HEKOTOPBIE YCOBEPIIEHCTBOBAHMSI:

O JOIIyCTUTb HE3aBUCUMOEC U3MCHEHNE IMMPUHBI d/1pa AJIsI KaKA0T0 KJIacca;

O ONTUMHU3UPOBATH ITUPUHY SIJIEP HE HA OCHOBE OIIEHKN TOYHOCTH TIPEJICKA3AHMS, & HA
oCHOBe (PYHKIMK IIPaBAOIOLOOUS 11 00yYAOMINX JaHHBIX IIPU HOPOXKAAIONIeit
MOJIEJIN JIJIST KAXKI0TO KJIACCA, TO eCTh UCIIOJIb30BaTh OlleHKU 3(PHEeKTUBHOCTH He-
HOCPeACTBEHHO 13 GYHKIUU KernelDensity, a He 0OLIYIO OLEHKY TOUHOCTHU IIPeJ-
CKa3aHUsI.

U HakoHeIl, ecii BB XOTUTE TIPHOOPECTH OTIBIT CO3/[AHUST CBOUX COOCTBEHHBIX OI[CHH-
BaTeJieii, MoJKeTe MompoboBaTh CO3/IaTh AaHAJOTMYHBINM 6aileCOBCKUI KaaccubukaTop
¢ ucrosb3oBaHueM cMecell [ayccoBeix pacnipesesennii BMecto KDE.

MpuKknaaHas 3a4a4a: KOHBENep pacrno3HaBaHWUs nuL

B aT0i1 rmaBe MBI paccMOTpesi HECKOJIBKO OCHOBHBIX W/I€N U aJITOPUTMOB MAITUHHOTO
obyuenust. Ho mepeiiTt 0T TeOpeTHIecKuX uaeil K HaCTOSIINM TIPUKJIAIHBIM 3aauaM
MOJKET 0Ka3aThCs HEIIPOCTHIM JeJI0M. PeajibHble HAOOPBI JAHHBIX YaCTO ObIBAIOT 3a-
ITYMJIEHBI U HEOJTHOPO/IHBI, B HUX MOTYT OTCYTCTBOBATh NIPU3HAKH, OHU MOTYT COJIEP-
JKaTh JaHHBIE B TAKOM BHJIe, KOTOPBII CI0KHO TPeoOpasoBaTh B aKKyPaTHYIO MATPHUILY
[n_samples, n_features]. Bam mpugercs, npex/ie 4eM BOCIIONb30BATHC JIIOOBIM U3
U3JI0KEHHBIX 3/IECh METOJIOB, CHAYaJIa U3BJIeYb 3TU PU3HAKY U3 JaHHBIX. He cytiecTBy-
€T TOTOBOTI'0 eIMHOrO 1ab/I0Ha, TOXO/SAIIEro /I BCeX IpeAMeTHbIX obacTeil. B atom
BOIIPOCE BaM KaK MCCJIe0BATEIIO JAHHbIX IPUETCS UCII0Ab30BATh Balll COOCTBEHHbIE
WHTYUIIATO U HAKOTIJIEHHBIH OTIBIT.

OpiHO U3 OY€Hb UHTEPECHBIX MPUIOKEHUH MAIIHHHOTO 00y4YeHus — aHaIu3 n3obpa-
SKEHUIA, U MBI y3Ke BUIETH HECKOJIbKO IIPUMEPOB €r0 C UCIIOJIb30BAHUEM ITUKCETbHBIX
MPU3HAKOB /1714 Kinaccudukarmy. Ha mpakTrke anHbie peiko OKa3bIBAIOTCA HACTOIBKO
OHOPOIHBIMH, U TIPOCTHIX TTUKCETOB OyIeT HEAOCTATOUHO. DTO MPUBETIO K MOSTBIIE-
HUIO OGIIUPHON TUTEPATYPHI, TOCBSIIEHHOT MeToMaM gbidenenus npusnaxos (feature
extraction) must usobpaskenuii (cM. pasaen «IIpoekTupoBaHe IPU3HAKOB» JaHHON
TJIaBbI).

B aTOM pasjesie Mbl PACCMOTPUM OZIHY M3 MOAO0OHBIX METOAUK BbIICJEHUS TPUSHAKOB,
rucrorpaMmy HanpasieHHbIX rpaarenTos (histogram of oriented gradients, HOG,
cM. https://ru.wikipedia.org/wiki/MMcTorpamMma_HanpasneHHbIX_rpaaneHToB ), KoTopas Ipeobpa-
3yeT MUKCEJIbl H300PasKeHUsT B BEKTOPHOE MIPEJCTABICHIE, TYBCTBUTEIBHOE K HECYIIM
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nHGHOPMAITIIO TIPU3HAKAM N300paskentis, Oe3 ydyeTa Taknx (DaKTOPOB, KaK OCBENEHHOCTb.
MbI BOCIHIOJIb3yeMCsT ATUMU PU3HAKAME JIJIs1 Pa3pabOTKU MPOCTOTO KOHBelepa pac-
[TO3HABAHUSI JIUII, UCIIOJIb3YsI aJITOPUTMbI M UJIEU MAIIUHHOTO 00YUYEHMUsT, KOTOPbIE MbI
o6y nam patee B 910ii Tase. Haurem ¢ 06bIYHBIX MMITIOPTOB:

In[1]: %matplotlib inline

import matplotlib.pyplot as plt
import seaborn as sns; sns.set()
import numpy as np

MNpu3Hakn B MeToae HOG

['icrorpamMma HalpaBJIEHHBIX IPAJMEHTOB — IPOCTast TPOIle/lypa BbIIeJIeHUs TPU3HAa-
KOB, pazpaboTtannas i uaeHTuUKaUK Ienexo10B Ha uzobpaxenusax. Merog HOG
BKJIIOYAET CJIE/IYIONINE ITATTbI.

1.

Heobs3aTenbHas mpeaBapuTeabHas HopMau3alus n3odpaxkenuil. B pesysibrate
OJIYYAIOTCS IPU3HAKHY, ¢JIa00 3aBUCSIINE OT U3MEHEHHIT OCBEIIEHHOCT.

Orepaitust cBepThIBaHMS N300PaKEHUSI € TIOMOIIIBIO IBYX (DUIBTPOB, UYBCTBUTE b=
HBIX K TOPU30HTAJIBHBIM ¥ BEPTUKATbHBIM TPAZMEHTAM APKOCTH. JTO MO3BOJSET
YJIOBUTH HHGOPMAIIHMIO O TPaHKIIAX, KOHTYPaX U TEKCTypaxX n300pakeHsL.

Pas6uska n306paskeHnst Ha TUCHKN 3apaHee ONPEICTIeHHOTO Pa3Mepa 1 BhIYKUCICHUE
TUCTOTPAMMBI HAIPABJIEHUI TPAJIEHTOB B KAK/IOHN U3 sTYeeK.

Hopmasmsanus ructorpaMM B Kask/[0i 13 sTY€eK 1yTeM CPAaBHEHUS ¢ HECKOIbKUMU
GUIMBJIEsKAIMME staeiikaMi. To elite OOJIbIIe MOABJISIET BIUSHUE OCBEIIEHHOCTH Ha
usobpaskeHue.

DopmMupoBaHme OMIHOMEPHOTO BEKTOPA MPU3HAKOB M3 WH(MOPMAIINN TI0 KayKI01
sJerkKe.

B npoexr Scikit-Image' Bctpoena mporeaypa Boiesenns npusHakos Ha ocHoBe HOG,
KOTOPYIO MBI CMOZKEM JI0CTATOYHO OBICTPO IIPUMEHUTD Ha IPAKTUKE U BU3YaJIU3UPOBATh
HallpaBJIEHHbIE TPASNEHTHI BO BCeX siueiikax (puc. 5.149):

In[2]: from skimage import data, color, feature

import skimage.data

image = color.rgb2gray(data.chelsea())
hog_vec, hog vis = feature.hog(image, visualise=True)

fig, ax = plt.subplots(1, 2, figsize=(12, 6),
subplot_kw=dict(xticks=[], yticks=[]))

ax[0].imshow(image, cmap='gray')

ax[0].set_title('input image')

1

JIJIs1 yCTAaHOBKM €70 B Balllell CCTEME BBIIIOJHUTE CJELYIONLYI0 KOMaHILY:
conda install scikit-image



564 MnaBa 5 e MalwwnHHOE 06yyeHMe

ax[1].imshow(hog _vis)
ax[1].set_title('visualization of HOG features');

McxopnHoe nsobpaxeHne Busyanusauma HOG-npn3HakoB

Puc. 5.149. Buzyanuzaums HOG-nNpu3HaKoB, BbIMUCIEHHBIX ANS N306paxeHns

Metoa HOG B AeNCTBUK: NPOCTOW AETEKTOP /vl

Ha ocrose atux npusaakoB HOG MOKHO c031aTh IPOCTOI aJrOpuT™M 0OHAPY KEHUST
JIUIL ¢ TIOMOTITBIO JIF0O0T0 13 otteHuBareseii 6ubanorexku Scikit-Learn. Mbl BOCIo b3y -
eMCsI JIMHEITHBIM METOIOM OIIOPHBIX BEKTOPOB (CM. pasjiesi «3arjisiHeM rry0:Ke: MeTo/
OTIOPHBIX BEKTOPOB» JIAHHON TJIaBbI). AJITOPUTM BKJIIOYAET CIeyIOIINE Taru.

1.

6.

HOJIy‘{eHI/Ie MUHHATIOP I/ISO6P&)K€HI/II>1, Ha KOTOPbIX IIpe/ICTaBJIEHDbI JINIIA, /151 (bOp-
MUPOBaHUA Ha6opa <IIOJIOKUTEJIbHBIX» o6yqa10umx BbI60pOK.

IMonxyvenne MUHAUATIOP W300PAKEH I, HA KOTOPBIX HE TPEICTABIEHBI JTIUTA IS
dhopmuposanust HaGOpa «OTPUIATETBHBIX» OOYUAIOIIUX BHIGOPOK.

Boiesienne HOG-npusHakoB 13 9THX 00y4aionux BI6OPOK.
O6yuenue muHeiinoro SVM-kiaccuduraropa Ha 9THX BBIOOPKaX.

B ciyuae «HE3HAKOMOTO» N300PaKEHISI TIEPEMEIIAEM TI0 M300PasKEHUIO CKOJIb3SIIIEee
OKHO, TIPUMEHSISI HAIILy MOJIEJb JIJIsl OTIPEICJICHHS TOTO, COAEPIKUTCS JIN B 9TOM OKHE
JIUIO WU HET.

Ecmm 06Hapy9K6HHbIe JINITA YaCTUYHO IIepeCceKaroTcA, O6'beZ[I/IH$IeM X B OAHO OKHO.

ITpoiigeMcs o 9TUM HIaraM HoApoGHee.

1.

[Morygaem HAGOP MOJOKUTENBHBIX OGYIAIONINX BEIGOPOK.

Haiizem nosokutebibie 00ydalonye BBIOOPKU ¢ PasHOOOPa3HbIME JIAIAMU. Y Hac
ecTh yske moaxosuuii Habop nanHbix Labeled Faces in the Wild (LFW), kotopsrii
MOKHO cKauyaTh ¢ ToMolibio 6ubaunorexu Scikit-Learn:

In[3]: from sklearn.datasets import fetch_lfw_people

faces = fetch_lfw_people()
positive_patches = faces.images
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positive_patches.shape

out[3]: (13233, 62, 47)
MBI OJTyYHIM TPUTOAHYIO JIst 00yueH s BbIOopky us 13 000 mzobpaskeHUI JiuiL.
[Tonygaem HabOP OTPUTATETHHBIX 0OYUYAIONTIX BHIOOPOK.

Jasee HaM HEOOXOAUMO HAlTH HAGOP MUHHUATIOP TAKOTO K€ PasMepa, Ha KOTOPBIX
e m306paskenst uia. YTo6bI cIeaTh 9T0, MOJKHO, HATIPUMED, B3STh JTI0G0H KOpITyc
UCXOIHBIX N300PKEHUH U M3BJIEUb U3 HUX MUHUATIOPBI B PA3IMYHBIX MaciiTabax.
BocmosbayeMest HEKOTOPBIMY U3 TIOCTABJAAEMbBIX BMecTe ¢ akeTtom Scikit-Image
u300pakeHMil, a TaKKe KJIaccoM PatchExtractor 6ubmmoreku Scikit-Learn:

In[4]: from skimage import data, transform

imgs_to_use = ['camera', 'text', 'coins', 'moon',
'page', 'clock', 'immunohistochemistry"',
‘chelsea', 'coffee', 'hubble_deep_field']
images = [color.rgb2gray(getattr(data, name)())
for name in imgs_to_use]

In[5]:
from sklearn.feature_extraction.image import PatchExtractor

def extract_patches(img, N, scale=1.0,
patch_size=positive_patches[@].shape):
extracted_patch_size = \
tuple((scale * np.array(patch_size)).astype(int))
extractor = PatchExtractor(patch_size=extracted_patch_size,
max_patches=N, random_state=0)
patches = extractor.transform(img[np.newaxis])
if scale != 1:
patches = np.array([transform.resize(patch, patch_size)
for patch in patches])
return patches

negative_patches = np.vstack([extract_patches(im, 1000, scale)
for im in images for scale in [0.5, 1.0, 2.0]])
negative_patches.shape

Out[5]: (30000, 62, 47)

¥ nac Tenepb ectb 30 000 moaxoaAmuX GparMeHToB U300PaKeHMI, HE COAePIKAIIIIX
Jitl, PaccMOTPUM HEKOTOPBIE U3 HUX, YTOOBI JIYUIIle TPEACTABUTh, KAaK OHU BBITJISIISAT

(puc. 5.150):

In[6]: fig, ax = plt.subplots(6, 10)
for i, axi in enumerate(ax.flat):
axi.imshow(negative_patches[500 * i], cmap='gray')
axi.axis('off")
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Puc. 5.150. OtpuuatensHble parMeHTbI
1306paXkeHnin, He coaepialume nuL

Haneemcs, 4To OHM IOCTATOYHO XOPOIIO OXBATHIBAIOT TPOCTPAHCTBO «HE JIUIY>, KO-
TOpBIE MOTYT BCTPETUTLCS HAIIEMY aJITOPUTMY.

3. O6wbeaunsiem HaGopsl ¥ BoigeaseM HOG-npusHaku.

ITpy HAIMYKHK TTOJIOKUTENBHBIX U OTPUIIATEIBHBIX BBIOOPOK MbI MOKEM UX 00be1-
HuTh 1 BhrancanTh HOG-nipusnaku. DTOT mar 3aiiMeT HeKOTOPOe BPEM:T, TIOCKOIbKY
npusHaku HOG TpeGyoT HelTPOCTHIX BBIUUCACHUH JIJIsT KasKI0TO N300PaKEHSI.

In[7]: from itertools import chain
X_train = np.array([feature.hog(im)
for im in chain(positive_patches,
negative_patches)])
y_train = np.zeros(X_train.shape[0])
y_train[:positive_patches.shape[0]] = 1

In[8]: X_train.shape

out[8]: (43233, 1215)

Wrak, Mol moxyunnn 43 000 o6yyaomux Bei60pok B 1215-MepHOM IPOCTpaHCTBE
7 HaIllM JJaHHbIe HAXOAATCA B ITOAXOAAIIeM 1uid oubamoreku Scikit-Learn suze!

4. OOGyuaeM METOJI OTIOPHBIX BEKTOPOB.

Bocriosib3yemcst n13ydeHHBIMU paHee B IAHHONW IJTaBe MHCTPYMEHTAMU [IJIST CO3/IaHUS
kraccudurkraropa parMeHToB MUHHUATIOP. JIMHEIHBIIT METO/T OTTOPHBIX BEKTOPOB —
XOPOIIUI BBIOOP s 3aauii OMHAPHON KIacCU(PUKAIIMK B CIydae CTOJIb BbICOKOI
pasmepHocTi. BocmombayeMcst kiaccnbukatopom LinearSVC, TOCKOIBKY OH 0OBIYHO
JIydIIe MACIITabuPyeTCst TIPY POCTE YUCIIAa BHIOOPOK TT0 CPABHEHHIO ¢ SVC.
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Ho crauasia BocmosibdyeMcst mpocThiM [aycCOBBIM HAMBHBIM GaiieCOBCKUM KJIACCH-
(buKaTOpOM, 4TOOBI OBIJIO € YeM CPABHUBATE:

In[9]: from sklearn.naive_bayes import GaussianNB
from sklearn.cross_validation import cross_val_score
cross_val _score(GaussianNB(), X_train, y_train)

Out[9]: array([ ©.9408785 , ©.8752342 , ©.93976823])

Kak BuanM, Ha HamMX AaHHBIX Jake HAMBHBIA GalleCOBCKUI aJrOPUTM JOCTHTAET
6osee ueM 90%-1oii Tounoctu. ITorpoGyeM Terepb MeTo| ONOPHBIX BEKTOPOB C I10-
KCKOM II0 CETKE M3 HECKOJbKUX BAPUAHTOB TlapaMeTpa C:

In[10]: from sklearn.svm import LinearSVC
from sklearn.grid_search import GridSearchCV
grid = GridSearchCV(LinearsSvC(), {'C': [1.0, 2.0, 4.0, 8.0]})
grid.fit(X_train, y_train)
grid.best_score_

Out[10]: 0.986676844077 44083
In[11]: grid.best_params_

Out[11]: {'C': 4.0}
OO6y4rM 9TOT ONTUMAJIbHBIN OLlEHUBATE b HA TIOJIHOM HAabOPe JIaHHbIX:

In[12]: model = grid.best_estimator_
model.fit(X_train, y_train)

Out[12]: LinearSVC(C=4.0, class_weight=None, dual=True,
fit_intercept=True, intercept_scaling=1,
loss="squared_hinge', max_iter=1000,
multi_class='ovr', penalty='12",
random_state=None, t0l=0.0001, verbose=0)

Brinomasiem mouck JINIL B HOBOM I/1306p8.>K€‘HI/II/I.

Termepb, KOT/Ia y HAC €CTh MOJIENTb, BO3bMEM HOBOE M300PaskeHUE 1 TIOCMOTPHM, Ha-
CKOJIBKO XOPOIIIO OHA B HeM cebst ToKaskeT. Bocmobayemest 1Ist IPOCTOThI OJIHUM U3
u300pakeHuit acCTPOHABTOB (CM. 06CY:KIEHUE 3TOTO BoIpoca B paszese «IIperocre-
PEKeHUs U laJTbHeHTne yCOBEPIIEHCTBOBAHUS» TOH IJIaBhl ), TEPEMeIiasi o HeMy
CKOJIB3S1IIee OKHO U OIleHUBast Kaskablil (hparment (puc. 5.151):

In[13]: test_image = skimage.data.astronaut()
test_image = skimage.color.rgb2gray(test_image)
test_image = skimage.transform.rescale(test_image, 0.5)
test_image = test_image[:160, 40:180]

plt.imshow(test_image, cmap='gray')
plt.axis('off"');
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Puc. 5.151. V/1306paxeHne, B KOTOPOM Mbl MOMbITAEMCS HAUTK IMLIO

Jlasiee co3maaiuM OKHO, KOTOPOe OY/IET mepeMeIiaThest 10 (hparMeHTaM 3TOro M30-
Opaxkenus ¢ soruriciaenneM HOG-1pusHakoB s Kaska0ro hparMenTa:

In[14]: def sliding window(img, patch_size=positive_patches[0].shape,
istep=2, jstep=2, scale=1.0):
Ni, Nj = (int(scale * s) for s in patch_size)
for i in range(®, img.shape[@] - Ni, istep):
for j in range(®, img.shape[1l] - Ni, jstep):
patch = img[i:i + Ni, j:j + Nj]
if scale != 1:
patch = transform.resize(patch, patch_size)

yield (i, j), patch

indices, patches = zip(*sliding_window(test_image))
patches_hog = np.array([feature.hog(patch) for patch in patches])
patches_hog.shape

out[14]: (1911, 1215)

Haxownetr, BosbMeM 9T (hparMeHTbl, J17ist KOTOPbIX Bbiuncensl mpustaku HOG, u Boc-
HOJIb3YeMCsI Halllel MOJEJIbIO, 9TOOBI OIIPEAEIIITD, COAEPKAT JIU KAKUE-TO U3 HIX JIAIA:
In[15]: labels = model.predict(patches_hog)

labels.sum()
Out[15]: 33.0
Taxum o6pasom, cpean 2000 dparmerTo Haiizero 33 Jiia. Bocrmosbsyemcest nme-
iomieiica o hparmenTax nHGOpMaLKeii, YToObI OIPEAENUTD, TIe B HAIIEM KOHTPOJIb-
HOM M300pakeHNM OHM PACIIONAraloTCs, HAPUCOBAB UX IPAHUIBI B BUAE MPSMO-
yroJibHUKOB (puc. 5.152):
In[16]: fig, ax = plt.subplots()

ax.imshow(test_image, cmap='gray')



MpuknagHas 3aaada: KOHBeNep pacrio3HaBaHus NuL 569

ax.axis('off")

Ni, Nj = positive_patches[@].shape
indices = np.array(indices)

for i, j in indices[labels == 1]:
ax.add_patch(plt.Rectangle((j, i), Nj, Ni, edgecolor='red',
alpha=0.3, 1lw=2,
facecolor="none'))

Puc. 5.152. OkHa, B KOTOpbIX 6blnn 06Hapy>xeHbl nuua

Bce obnapyskenHbie hparMeHTbI EPEKPHIBAIOTCS 1 COAEPIKAT UMEIOIIEecs Ha N30~
Gpaskerun siuio! OTIMYHBLIT PE3YJIbTAT JIUIsE BCETO HECKOJIBKHX CTPOK KOJIA Ha SI3bIKE
Python.

MpeaocTepexenns n aanbHeNLLIME YCOBEPLLEHCTBOBAHMS

Ecmn ITOCMOTPETDH Ha HpeHLHQCTByIOH_[I/Iﬁ KO/l 1 ITIpUMEPbl HEMHOT'O BHUMATEJ/JIbHEE, MOJKHO
O6Hapy>KI/ITI), 4YTO HYKHO C/I€JIaThb €llle HEMaJIO, ITPEXK/Ie YEM MOKHO 6y,[[€T Ha3BaTb Hallle
IIPpUJIOJKEHNE PACITIO3HAHMWA JIUIL TOTOBBIM K HpOMbIH.I]IeHHOfI IKCITyaTalluu. B namem
KO/le UMeeTCA HECKOJIBKO HpO6JIeMHI)IX MECT. KpOMe TOI'O, B HEI0 He IToOMelIaeT BHECTH
HECKOJIbKO yCOBepLHeHCTBOBaHHﬁ.

Q Hawa obyuaiowas nociedosamessnocmy, 0COOEHHO 8 UACMU OMPUUAMETHHUIX NPUSHA-
K08, nHenoana. OcHOBHAsI TPOOJIEMA 3aKITIOIAETCST B TOM, UTO CYIIECTBYET MHOJKECTBO
HATOMUHATOIINX JINIA TEKCTYP, He BKIOYEHHBIX B HATITY OOYYAIONIyIo TTOCTEN0Ba-
TETHHOCTD, MOATOMY HBIHETITHSAST MOJIETh OY/IET CKIOHHA BBIIABATH JIOKHOTIOMOKHI-
TeJIbHbBIE PE3YJIBTAThL. DTO OYIET 3aMETHO, E€CJIU TIOIBITATHCST BBIIOJIHUTD MPEIbILY TN
ANTOPUTM JIJIST NOHO020 TBOOPAKEHNST ACTPOHABTA: TEKYIIASI MOJIESb TIPUBEMET K MHO-
JKECTBY JIOKHBIX OOHAPYKEHUH JIIL B IPYTUX 00JACTIX H300PaKEHs.
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Mo3kHO ObLIO ObI TIOIBITATHCS PEIINATD 3TY MPOBIEMY IIyTeM J00aBIeHIs B OTPUILA-
TEJNBbHYI0 0OYYAIOIIYIO TIOCIE0BATEIbHOCTH MHOKECTBA PA3HOOOPA3HBIX M300pa-
JKEHWIT, U 3TO, BEPOSATHO, IEHCTBUTETHHO TIPUBETIO OBl K HEKOTOPOMY YJIYUINICHUIO
curyanuu. /[pyroii cnocob — UCIoNb30BaHNe Y3KOHATPABIECHHOTO MOAX0/a, Ha-
npumep, hard negative mining. Tlpu noxxone hard negative mining, 6epercst HOBBIIA,
ele He BUJICHHBIH KaaccnuKaTopoM Habop n306pakeHuit 1 Bce (pparMeHThl B HeM,
COOTBETCTBYIONINE JIOKHOTIOJNOKUTETLHBIM PE3YIbTaTaM, ABHBIM 00pa3oM A00aBIsi-
I0TCS B KAUECTBE OTPUIATEIBHBIX TPUMEPOB B 00yUAIONLYIO OCTEA0BATENLHOCTD /10
MOBTOPHOTO 00YYEHHsT KIacCUpUKATOpa.

Q Tekyuwuii koneeiep 6binoIHACM NOUCK MOLLKO NPU 00HOM SHAYEHUU Macumabad.
B rexyrem Buje Har aaroput™ GyeT paciio3HaBaTh TOJIbKO Te JIUIA, Yell pasmep
IpUMEPHO paBeH 62 x 47 MUKCEIOB. ITY IPOOIEMY MOMKHO PEIIUTD JOBOJIBHO IIPOCTO
IIyTeM IIPUMEHEHUS CKOJIb3AIUX OKOH PA3/IMYHbIX Pa3MEPOB U U3MEHEHUS pasMepa
KaxkK10ro 1us3 (bparMeHTOB C IIOMOIIIbIO (byHKL[I/II/I skimage.transform.resize j10 110-
JlauM ero Ha BXxo/| Mosiesin. Ha camoM fiesie ucnosibayemast 3iech BCIloMoraTesbHast
ynkumsa sliding_window() yKe yYUTBHIBAET ATOT HIOAHC.

Q Keramenvio KOMOUHUPOBAMY NEPEKPHIBAIOULUECS. (PPAZMEHTIBL, HA KOMOPHIX 0GHADY-
Jlcenvl 1uya. B corydae roroBoro K MPpOMBIIIIJIEHHOM 9KCILTyaTalli KOHBeepa moJry-
gerre 30 o6HAPYKEHUH OJIHOTO U TOTO JKE JIUIA TIPEICTABIISICTCS HEXKETATCTbHBIM.
Xorenoch 6bI COKPATUTD TIEPEKPHIBAIOTIIECST TPYIITBI OOHAPYKEHHBIX JIUTL JI0 OJHOTO.
ITO MOXKHO CJIEJIATh € TIOMOIIBIO OJIHOTO U3 METO/IOB KJIACTEPU3AIUU 6e3 yuuTesst
(Xopomunii KaHAMIAT Ha 9Ty POJIb — KJIACTEPUIAIUS ITyTeM CIBUTA CPEIHETO 3HAYE-
Hus (meanshift clustering)) nam mocpeacTBOM IMPOLIEAYPHOTO TIOAX0/A, HATIPUMED
AITOPUTMA N00ABIEHUS HeMAKCUMYMOE (NONMAaXimum Suppression), 4acTo UCIOJb-
3yeMoro B cpepe MAITITHHOTO 3PEHUSI.

Q Kownseiiep donxcen 6oimo Gonee npodsunymoim. Ilocae penrenne BbINICONUCAHHBIX
pobJieM HeII0Xo G110 Gbl co3AaTh GoJiee IPOABUHYTHIN KOHBEEp, KOTOPBIiA Gbl
noJrydas Ha BXozie oOydaromue n306pakeHus U BblAaBaJl MpeACKasaHus Ha OCHOBE
CKOJIB3SIUX OKOH. VIMEHHO B 9TOM BOIpoce A3blK Python Kak HHCTpyMeHT HayKK
0 TAHHBIX IEMOHCTPUPYET BCE CBOM BO3MOKHOCTH: TPUJIOKNUB HEMHOTO TPY/IA, MBI
CMO’KEM CKOMIIOHOBATh HAlll IIPEBAPUTEIbHBINA KO/ ¢ KAUECTBEHHO CIIPOEKTHPO-
BaHHBIM 0OBEKTHO-OpUEHTUPOBAaHHBIM API, 06ecreunBaommM 711 MOIb30BaTE s
JIEFKOCTD B UCIOAb30BaHuK. OCTABJIIO 9TO B KAYECTBE yIPAKHEHIS YUTATEIO.

Q Kerameavio 060ymams 603MONCHOCTD NPUMEHEHUSL 6OJee COBPEMEHTBIX Cpedcma
npedsapumenviotl 0opabomxu, maxux kax ziyoéoxoe odyuenue. HakoHell, MHe X0OTe-
Joch 661 106aBUTL, uTo HOG 1 Apyrue mporieaypHbie METO/IbI BBIICTCHIS TIPH3HA-
KOB JIJIsT U300pakeHuit OoJiee He CUNTAIOTCS COBPEMEHHBIMU, BMECTO HUX MHOTHE
COBpeMeHHbIe KOHBeHephl 00HAPYKeHUsT 00HEKTOB UCTIOIB3YIOT PA3INYHbIE BapH-
AHTBI TIYOOKUX HEHPOHHBIX ceTell. HellpoHHbIe ceTH MOKHO paccMaTpUBaTh KAk
OIEHMBATEb, ONPEACITIONNN ONTUMANBHYIO CTPATETNIO BBIZACTCHUS TPU3HAKOB
Ha OCHOBE CAMUX JIAHHBIX, & He TOJIATAIONMICA Ha MHTYHIIUIO TIOJIb30BaTe s, 3Ha-
KOMCTBO C METOZIaMHU ITyOOKMX HEHPOHHBIX CETEN BBIXOAUT 32 PAMKH 9TOTO Pas/iesa
KOHIIENTYaTbHO (M BBIYMCIUTETHHO!), XOTS HEKOTOPBIE MHCTPYMEHTBI C OTKPHITHIM
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MCXOIAHBIM KOIoM, Takue kak TensorFlow (https://www.tensorflow.org/), BbIITYIIIEHHBII
kopnopanueil Google, ciesanu B mocjeaHee BpeMsl MOAX0 r1yboKoro o6ydeHust
3HAYUTEIBHO OoJIee JOCTYIHBIM. Ha MOMeHT Hanucanust KHuru rirybokoe oOydenue
B s13bike Python ocraercst etrie T0BOJBHO «HE3PEIOi» KOHIIEMIHEH, TOITOMY ST HE
MOI'y PEKOMEH0BATh BaM Kakue-1u60 aBTOPUTETHbIE HCTOYHUKN MH(MOPMALIAU 110
3TOMY BoTIpocy. TeM He MeHee CITUCOK JIUTEPATYPhI B CJAEAYIOEM pa3jiesie TTOKaKeT
BaM, C Yero MOKHO HAYaTh.

[ononHUTENbHbIE NCTOYHUKN MHDOPMaLUnK
NO MAaLIMHHOMY 06y4YeHUIO

B aroii riiaBe MBI KPaTKO paccMOTpeSTH MalllnHHoe oOydenne B si3bike Python, B oc-
HOBHOM HCIIO/Ib3ysl HHCTPyMeHThI 13 Oubanorexu Scikit-Learn. Kak 6b1 o0beMHa HI
Obla 9Ta TIaBa, B Heil Bce PABHO HEBO3MOKHO OBLIO OXBATUTH MHOTHE MHTEPECHBIE
U BaJKHbBIE aJITOPUTMBbI, IOXO/bI U BOIIPOCHL. $1 XOTEJ OBI PEIOKUTD TEM, KTO JKeIaeT
y3HATh OOJIbIIE O MANIMHHOM 00YYEHUH, HEKOTOPBIE IOTIOJNHUTEIbHBIE MCTOUHUKN MH-
dopmanmm.

MawwnHHoe 0byyeHue B A3blke Python

Ecomm BB XOTHTE Y3HATD OOIBINE O MATUHHOM 00YYIeHUH, 00paTuTe BHUMAHIE HA Clle-
JLyIOIIiNe UCTOYHUKN HHMDOPMAIHH.

Q Caiim 6ubauomexu Scikit-Learn. Ha caiite 6ubamnorexu Scikit-Learn cogepaxarcs
MOpasuTeNbHblE 0OBEMBI JOKYMEHTAIINK 1 IPUMEPOB, OXBATHIBAIOIINE He TOJBKO
HEKOTOPbIe U3 PACCMOTPEHHBIX B KHUTe MOZEJIel, Ho 1 MHoroe apyroe. Eciu Bam
HEOOXOIMM KpaTKuil 0630p HanboJiee BAXKHDBIX U YaCTO UCIIOJIb3YEMbIX aJITOPUTMOB
MaNIMHHOTO 06YY€eHNMs, 9TOT CaliT Oy/AET IS BaC OTJIMYHON OTIPABHON TOUKOM.

Q Obyuaruue 6udeo ¢ maxux xongepenuyuil, kax SciPy, PyCon u PyData. Bubinoreka
Scikit-Learn u gpyrue BOIPOCHI MAIIHHHOTO OOYUYEHUST — HEU3MEHHbIE (DAaBOPUTHI
yueOHBIX TOCOOHIT €XKeroHBIX KOH(BEPEHIH, MOCBAIIEHHBIX 136Ky Python, B yact-
noctu PyCon, SciPy u PyData. Haiitu HanboJtee cBeskne MaTeprasibl MOKHO IIyTeM
moucka B luteprere.

Q Knuea Introduction to Machine Learning with Python («Bsedenue 6 mawumnnoe obyuerue
¢ nomougvto Pythons, http://shop.oreilly.com/product/063 6920030515.do"). Hamnucanmas
Amnppeacom Miosutepom u Capoit 'Bu10 KHUTA TTOJTHOCTHIO OCBENAET UBJI0KEHHbIE
B JIAHHOI TJ1aBe BOMPOCHL. Eciin Bbl X0Te M OBl I€TATbHO Pa3o0paThCs B BAKHEMTITITX
BOTIpOCax MalllMHHOTO 06y‘{eHI/I$I 1 Y3HATD, KaK NCIIOJIb30BaTh Ha60p MHCTPYMEHTOB
6ubmorexu Scikit-Learn #a Bce 100 %, 9Ta KHUra — OTJIMYHBIN HCTOUYHUK MH(OPMA-
U1, HAITUCAHHBIN OTHUM U3 pa3paboTunkoB KomMaHabr Scikit-Learn.

' http://www.williamspublishing.com/Books/978-5-99 08910-8-1.html.
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Q Knuza Python Machine Learning (<«Python u mawunnoe o6yuenues, https://www.packt-
pub.com/big-data-and-business-intelligence/python-machine-learning'). Knura Cebacrbsima
Pariikut B MeHbIIIel CTelleHr aKI[EHTUPYeT BHUMaHIe Ha camoil 6ubsmoreke Scikit-
Learn, u B GoJibliiell — Ha JUAla30He UMEIOMUXCS B st3bike Python nHcTpymenTos
MaImHHOTO 00yueHust. B Hell IpuBeeHO OUeHb MoJie3HOe 00CY K IeHHe MACIITTabupPO-
BaHUsST OCHOBAHHBIX Ha s13bike Python moaxonos mMammHHOTO 00yUeHMsT Ha GOJIBIITE
U CJIOKHBIE HAOOPBI JIAHHBIX.

MalwnHHoe obyyeHne B LenoM

Mamuaaoe obydeHue He OrpaHUUMBaETCs TOJAbKO MUPOM s3bika Python. Cymectsyer
MHOKECTBO OTJIMYHBIX NCTOYHUKOB MHMOPMALINH, C IIOMOIILIO KOTOPHIX BBl CMOKETE
PacIIMpUTD CBOM IIO3HAHKS B 9TOM BOIIpoce. 51 0TMeuy 371eCh HECKOJIbKO, Ha MOI B3IJIsI],
HanboJiee IMOJMe3HbIX.

Q Mawunnoe 06yueﬂue (https://www.coursera.org/learn/machine-learning). ToT 6ecnat-
HBII OHJTAMH-KYPC, MPeToaBaeMblii JHPIO JHTOM U3 rpoekTta Coursera, mpeicTaB-
JisieT cOO0M UCKITIOUNTEIBHO ICHO U3JI0/KEHHBII MaTepHaJl 110 OCHOBAM MAIHHOTO
00y4eHus ¢ aJIrOPUTMHIECKOI Touky 3penns. OH IpenosaraeT 3HaHUs MaTeMaTHKI
U IIPOrpaMMUPOBAHUA HA YPOBHE CTAPIIMX KYPCOB YHUBEPCUTETA U I1OCI€0BATEILHO
U oApoOHO 06Cy K aaeT HEKOTOPbIe 13 HanboJiee BaKHbIX aJITOPUTMOB MALIMHHOIO
00yueHus. AJITOPUTMUYECKN PAHKUPOBAaHHbIE JOMALIHUE 3aJaHUs [O3BOJIAT BaM
peann3oBaThb HEKOTOPBIE U3 3TUX MOJIeIel cCaMOCTOSATENbHO.

Q Knuza Pattern Recognition and Machine Learning («Pacnosnasanue 06pasos u mauium-
Hoe 06yueHue>>, https://www.springer.com/us/book/978 03873 10732). Harmcannast Kpu-
crodepom buromnom, ata Kiaccmueckast KHATa MTpeAHasHadeHa IJIsI CIIEIaINCTOB.
Ona 0XBaTbIBAET BO BCEX MOAPOOHOCTSAX PACCMOTPEHHBIE B JAHHON IJIaBe TIOHATHUS
MalMHHOTro 00yueHust. Eciii BbI XOTHTE IIPOJABUHYTHCI B BOIIPOCE JaJIblIle, BaM He
oboiiTrch 6e3 9TOI KHUTY Ha MOJIKE.

Q Machine Learning: A Probabilistic Perspective («MalmmHHOe 00ydYeHIe: BEPOSITHOCTHAST
TOYKa 3pEHUsT>, https://mitpress.mit.edu/books/machine-learning-0). B ocobuu ypoBHs
BBITIYCKHUKOB YHUBEPCUTETA, HanncanHoM KeBunoMm Mepdu, nccienyorest mpak-
THUYECKU BCE BayKHBIE aJITOPUTMbI MAITTHHOTO 00YUEHMUSI ¢ €IMHOM BEPOSITHOCTHOM
TOYKU 3PEHUS.

IMoaxox B 91X McTouHnKax uHopmaluu 6osee GopMaIU30BaH, YEM IIPE/ICTABICHHBII
B JIAaHHON KHUTEe MaTepHaJl, HO IOJINHHOE TOHUMaHie OCHOB IIPe/ICTaBJIEHHBIX METO-
IOB TpebyeT HEKOTOPOro yriaybJeHrs B MaTeMaTnyecKuil amnmapar. Eciid Bbl TOTOBBI
norpo6oBaTh CBOU CUJIBI U MOJHSTh CBOM 3HAHUS HAYKHU O JIAHHBIX HA HOBBII YPOBEHbD,
HBIPsIIiTE B HUX HEMEIs!

!t http://dmkpress.com/catalog/computer/data/978-5-97060-409-0/.
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ket Bangep Iliac — saBHUIIHMIT T0JIb30BaTE b U Pa3pabOTYMK CTEKA HAYYHBIX MH-
CcTPyMeHTOB si3bika Python. B HacTostiiiee BpeMst OH SIBJISIETCST PYKOBOAUTEIEM TPYIIITBI
110 MEXKAMCIUTIIMHAPHBIM UCCIEIOBAHNAM BalllMHITOHCKOTO YHUBEPCUTETA, 3aHUMa-
eTcst COOCTBEHHBIMU aCTPOHOMUYECKUMU UCCJAEIOBAHUSIME, A TAKKE KOHCYJIbTUPYET
U KOHCYJIbTHPYETCS ¢ YUEHBIMU B PA3HOOOPA3ZHBIX 00JACTIX HAYKH.
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