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06 asTOpe

JIxynven JlaHxy 3aHuMaercsi xakuHroM 6ecrnarioro [1O okomo aBaauary ner,
a mporpammsl Ha Python paspabarsiBaeT yxxe moutu aBeHaquaTh JeT. B HacTosiiee
BpeMsi PyKOBOJUT NPOEKTHOM IPYIION pacnpereeHHOM 06ayHoi miaaTgopMsl
Ha ocHoBe OpenStack, kotopasi BiageeT camoii 601bIION U3 CYLIECTBYOMKX 6a3
oTKpbiTOro koaa Python, HacunTsiBatowmeit 0k010 ABYX € MOMOBUHONW MHJIIMOHOB
cTpok Kozia. Jlo pazpaboTku 06auHbIX cepBHCOB [[XKyJIbeH 3aHMMAJICS CO31aHUeM

MeHeIXKepa OKOH M CIIOCOOCTBOBAJI Pa3BUTHIO MHOTHX POEKTOB, HanpuMep Debian
1 GNU Emacs.



O HayuyHOM pepakTope

Maiik /Ipuckoan nporpammupyet Ha Python Gosee necsitu net. [losroe Bpemsi oH
nucan o Python B 6ore The Mouse vs. The Python'. ABTOp HECKOJIBKUX KHHUT 110
Python: Python 101, Python Interviews w ReportLab: PDF Processingwith Python.
Haiitin Maiika moxHo B Twitter u Ha GitHub: @driscollis.

' http://www.blog.pythonlibrary.org/.



bnaropgapHocTu

Hanucanue nepBoii KHUTH OTPeGOBAIO 3HAYUTENbHBIX YCUIHiA. OriAabIBasCh Ha-
3aj1, sl TOHUMAIO, YTO JIaXKe He IPEACTABIISLT cebe, BO YTO ITO BBIJIBETCS M HACKOJIBKO
)KU3HEYTBEPHKAAIOIIMM Oy/IeT 3aBeplleH e ITOTO MPOEKTa.

ToBopAT, 4TO6B! UATH OBICTPO, TYYLIE UATH OJHOMY, HO €CJIH XOYEIb TPONTH JAJIEKO,
HAJIO MATH C KEM-TO. ITO YXKe YETBEPTOE U3/laHNe KHUTH, U 51 Obl He MpOoLIes ATOT
yTh 63 J110ei, KOTOpble NOMOTal1 MHe. DTO KOMaH/IHast paboTa, 1 st Xo4y mobJia-
roJapuTh BCeX, KTO IPUHUMAJ B HEH ydyacTHe.

BosnbunHCTBO A10/€i, AaBLIMX UHTEPBbIO IS 3TOI KHHUTH, Y/IeJIMJIU CBOe BpeMs
W OKasali MHe J0BepHue, K MHOTOMY M3 TOrO, YTO 3/IECh HAMUCAHO, i 00sI3aH UM:
Iyry Xenmany (Doug Hellman) 3a ero coBetst 0 nocrpoennu 6ubauorek, [xxouya
Xapaoy (Joshua Harlow) 3a xopotee 4yBcTBO 10MOpa 1 3HaHHE pacrpeieJIeHHbIX
cucreM, Kpucrody ae Boenny (Christophe de Vienne) 3a ero onsiT B co3aaHuu
¢dpeiimBopkos, Buktopy Ctunnepy (Victor Stinner) 3a HeBeposiTHblE MO3HAHUSA
B CPython, lumutpu @onTteitny (Dimitri Fontaine) 3a Myapocts B 6a3ax JaHHbIX,
Pob6epty Konnunay (Robert Collins) 3a Bcio rpsiaiyio paboTy no TecTHpOBaHHUIO,
Huky Koraany (Nick Coghlan) 3a paboty no npuseaesuo Python B nyuiyio ¢popmy
v [Tony TanbsmonTe (Paul Tagliamonte) 3a ero xakepckui ayx.

Cnacu6o komange No Starch 3a To, 4To nomorsia NOAHATH 3Ty KHUTY Ha HOBBIU
ypoBenb, ocoberno JIlua Yensuk (Liz Chadwick) 3a peaakruposanue, Jlopen Uyn
(Laurel Chun) 3a 1o, 4yto momorna He c6uTbCsI ¢ MyTH, a Taxoke Maiiky /lpuckosny
3a Hay4YHOe pPeaKTHPOBAHHE.

Takxe xo4y ckasatb criaci60 BceM coobuiectBam I[1O ¢ OTKPBITBIM HCXOHBIM KOIOM,
KOTOpbIE AeJTUIMCh 3HAHUSIMH ¥ ITOMOrayii MHe pacTu. OcobetiHasi 61arofapHoOCTDb
ApyxesobHoMy coobiecty Python.



BBeageHue

Ecau BB unTaeTe 9Ty KHUTY, TO, CKOpee Bcero, yxe paboraerte ¢ Python. Boamox-
HO, BBl U3YYaJIH €r0 OHJIAMH, UJIM Ha Kypcax, HiM ¢ Hyas. Kak 66l To HU 6b110, BbI
xaxnyau criocob ero usyuenusi. UmenHo tax st 1 nodHakomuJcs ¢ Python 10 Toro,
KaK JecsATb JieT Ha3aJ Hayasn paboTaTh HaJ GOJbIIMMMU NIPOEKTaMH C OTKPBITHIM
MCXOJHBIM KOJIOM.

Jlerko 1ymats, 4To 3Haellb ¥ pa3dupaenibesi B Python, Hanucas nepyio nporpammy.
ITOT 513BIK MPOCTO U3YYUThb. TeM He MeHee TPeBYIOTCSt rOAbl, YTOObI KaK cieayer
OBJIAZIETb UM U Pa3BUTb IJ1yOOKOe MOHMMAHUE €ro IIPEUMYIIIECTB U HEAOCTATKOB.

Korzaa s nayan nporpammuposats Ha Python, To coszaBan cBou cobcTBeHHBIE
61O1MOTEKH U IPUJIOKEHHUS Ha YPOBHE «/IOMAIHWX» 11POeKTOB. Bce M3aMeHnI0CH,
KaK TOJIbKO si CTaJ paboTaTb BMeCTe C COTHAMH pa3paboTYMKOB HaJ MpPOEKTa-
MM, KOTOPBIMH [IOTOM MOJIb30BATMCh THICSYU Jitojieil. Hanpumep, Moii npoekt
OpenStack cocTOMT U3 €BSTH MUJJIMOHOB CTPOK KOJIa U MOCTOSIHHO HYK/A€TCS
B 00CIy)KHMBaHUY, NOBbILIEHUH 3 PEKTUBHOCTH H MacITabMpPOBaHUH 110 Tpebo-
BaHUs Nosb3oBareJei obnaynoi naardopmbl. Koraa y Bac npoekTt Takoro ypoBHs,
TeCTHPOBaHME HJIH JOKYMEHTHPOBaHUe TPeOYyIOT aBTOMaTH3allMH, TaK Kak Ae/aTh
3TO BPYYHYIO HepeaJsbHO.

S nyman, yto xopowo usyunn Python. Ho MHe npumnoce ysHatb MHOTO HOBO-
ro, KOraa st Hayas paboTaTh C TAaKMM MacuITaOHBIM 1POEKTOM. Y MeHs! 10sIBUIACh
BO3MOJXHOCTb MO3HAKOMHUTBCS € JiydmmuMu ymaMu Python u noyuntbest y HuX.
OHM HayyHJIM MeHst MHOTOMY: OT 00L€eit apXUTEKTYDPbl W IIPUHIMIIOB M3aiiHa 10
BCSYECKHX NOJIE3HBIX TPIOKOB. B 3T0ii KHHre 51 Oy/1y AUTHCA BCEM ITUM C BaMH,
4TOOBI BB MOTJIM CO3/[aBaTh Jiyylllkie NporpaMMbl Ha sisbike Python — u cospaBath
ux 3¢ pexTuBHO!

MepBas penakuus kuuru The Hacker’s Guide to Python ssiuuna 8 2014 roay. «ITyTs
Python» — uerBeprasi pepakuus 3Toi KHUIK ¢ OGHOBJICHHBIM copepkanueM. Ha-
AE0Ch, KHUTa BaM MOHPaBUTCs1!
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KoMy 1 3aueM cnefnyeT UNTaTb 3TY KHUrY

Kuwura paccunrana Ha paspaborunkos Python, KoTopblie XOTSIT yayyluTh CBOM Ha-
BbIKH.

B Heii Bbl HaliieTe METOBI M COBETDI, KOTOPBIE TOMOTYT BbIXKaTh MAKCUMYM U3
Python 1 co3naBaTh nporpaMMsl, KOTOpbIE POHAYT HCIIbITaHKE BpeMeHeM. Ecin Bbl
ye paboTaeTe Ha/l IPOEKTOM, TO MOXETe Cpa3y UCMOJIb30BaTh ONIMCAHHbIE TEXHUKH
AN yayqieHus koaa. Ecin Bel TObKO HAYMHaeTe MPOEKT, TO CMOXKeTe 3aJI0XKHUTh
(yHnaMeHT porpaMMbl, IPUMeEHsIS Jy4lIHe PAKTHKH.

51 no3HakoMUIIO BaC C HEKOTOPBIMU BHY TPEHHUMH KOMIIOHeHTamu Python, yTo6b1 BbI
NMOHUMaJIH, KaK nucatb 3¢ dekTuBHbIN KOA. Bbl cMosxeTe 601ee riry6oko pa3zobpaTbest
BO BHYTPEHHeii paboTe sA3bIKa, YTO, B CBOIO OYePe/b, IOMOXET YBUAETH NPOOJIeMbI
WJIM HEJIOCTATKU KOJa.

B kHure Taxke npeacTaBieHbl MPOBEPEHHbIE HA MPAKTHUKE PEIEHHs A5l TAKUX
npobsieM, Kak TECTUPOBAaHHeE, NEPEHOC M MaclITabupoBaHHe KOAA, IPUIOKEHUH
u 6ubanorek Python. 3to momoxer n3bexars OWKMOOK, AOMYIUIEHHBIX APYTUMH
MPOrpaMMHUCTAMH, a TaKXKe HATH CTPaTeruy, KOTOPbIe MO3BOJIAT B 10JTOCPOYHOM
nepcnexTuse noaaepxusats [10.

O KkHMre

Heobs3aTe1bHO YUTATh 3TY KHUTY OT Hayasla ¥ 10 KOHLA — MOXKHO BBIOMPATh pa3-
AeJibl, COOTBETCTBYIOIHE BalllMM MHTepecaM HJIM TeKyIUMM npoekTaM. B kHure Bbl
Haiiiete 60J1b1IOE Pa3HOOOpPa3He COBETOB M NPAKTUYECKUX pelieHui. BoT kpaTkuii
0030p conepxaHusl.

B rnase 1 1aHbI peKOMEHAALMH 10 BOMPOCaM, KACAIONIMMCSI 3a1TyCKa HOBOTO MPOEKTA,
TaKHUM KaK CTPYKTYpPa, HyMepalHs BepCUi, HaCTPOiika aBTOMaTHYeCKOro MOUCKA
ounboK M T. 1. B koH1e r1aBbI Bac xaeT uHTepBbio ¢ [xouya XapJoy.

TnaBa 2 3HaKOMHUT ¢ MoAy/IsiMH, GubGIMOTEKaMu 1 (ppeiiMBOpKaMH, a Takxe pac-
cKa3bIBaeT 00 MX BHYyTPEHHeM yCTPOiicTBe. Bbl HaiiieTe pekoMeHAALNH 110 UCTIOJIb-
30BaHHIO MOAYJIS Sys, MIOMMeETe, KaK MOJy41Th 60JIbLIE OT MEHEKEPA TTAKETOB pip,
KaK BbIOpaTh y4inii ppeiMBOPK, y3HaeTe O IPUMEHEHMHU CTAHAAPTHBIX U BHELIHUX
oubnmorex. Kpome atoro, B r;1aBe ectb uHTepBbIO ¢ [lyroM XenmaHoM.

B raaBe 3 naiotcs coBeThl 10 JOKYMEHTHPOBaHHIO IPOEKTOB U yripasaeHHio API no
Mepe pocTa NPoeKTa, Aaxke nocJje nybaukauun. B yactHOCTH, Bbl y3HaeTe, Kak HC-
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noab30BaTh Sphinx 1715t aBTOMaTU3aLMK JOKYMEHTUPOBaHKSL. 3ECD JKe BbI HAAETE
uHTepBblo ¢ Kpucropom ne BoeHHOM.

InaBa 4 ocBellaeT aBHUIT BOIPOC O YACOBBIX MOSICAX U TO, KAK JIy4llle BCero paboTathb
C HUMH B NPOrpaMMax, UCIOJIb3ysi 0ObeKThI datetime U tzinfo.

B rnaBe 5 npeacTaBjieHbl pEKOMEH/IALMK N0 PACPOCTPAHEHHIO CBOErO MPOAYKTA
Cpenu 1oJib30BateJieil. Bbl y3aHaeTe 0 nakeTMpOBaHMM, CTAHAAPTAX PAaCIPOCTPAHEHHUS],
6ubamroTekax distutilis U setuptools, a TaKXKe O TOM, KaK JIETKO OOHapyKMBaTh
AMHAMHUYeCcKHe BO3MOXKHOCTH B TOYKaX BXO/a MaKeTa. B KOHIe npeacTaBieHo MH-
tepBbio ¢ HukoM Kortanom.

B raaBe 6 1arotcsi coBeTbl 06 OpraHU3alMU MOAYJIBHOTO TECTUPOBAHMUSI C TOMOLIBIO
JIyYIIUX OPAKTHK U aBTOMAaTHYECKOrO TECTUPOBaHUs C pytest. Mbl paccMOTpUM
MCIIOJIb30BaHHE BUPTYAJIbHOTO OKPY>KEHHsI 111 H30JIMPOBaHusi TecToB. VIHTepBbIO-
upoBats 6ynem Pobepra Konnun3a.

B raaBe 7 nogpo6HO pacCMaTPUBAIOTCA METOABI U AEKOPATOPbL. ITO B3IJIAA Ha
¢dyHkunonanbHoe nporpammupoBanue B Python, ¢ coBeramu o Tom, Kak U Korga
MCII0JIb30BaTh IEKOPATOPBI M KAK CO3/1aBaTh IaGJIOHBI IPOEKTHPOBAHUS /ISl 1EKO-
paTopoB. Mbl Takxe pa3bepeMcsi CO CTaTU4ECKUMH, KJIACCOBBIMHM U aOCTPaKTHBIMU
METOJaMH U TeM, KaK UX KOMOHHHPOBATb.

B raaBe 8 coxepxarcst TPIOKU (pyHKIMOHAIBHOTO NPOrPaMMHPOBAHHs1, KOTOPbIE
BBl MOXeTe peann3oBatb B Python. B 3Toii riaBe paccMaTpuBaloTCsi reHepaTopbl,
CINHUCKOBOE BKJIIOYeHHe, QyHKUMH GYHKIMOHAIBHOTO MPOrPaMMHPOBAaHUS 1 00LIHE
MHCTPYMEHTBI I/1sl MX PealM3aL1H, a TAKXKe nmosie3Hasi 6ubaroreka functools.

InaBa 9 npoHHKaeT BHYTPb CAMOTO sA3bIKa H PACCMAaTPHBAET abCTPAKTHOE CHHTAK-
cnyeckoe aepeBo (AC/1), kotopoe siBjisieTcsi BHyTpeHHe# cTpykTypoii Python. Msi
Takxke paccMorpuM pacuiupenue flake8 st pabotsr ¢ AC/, no3Bosisiiowiee BHEAPUTD
GoJiee CIOXKHBIE ABTOMATHYECKUE TIPOBEPKH B MPOrPaMMbl. 3aBepLIAETCs IJ1aBa
uHTepBbio ¢ [lonom TanbsamoHTe.

I'naBa 10 siBssieTCsl pyKOBOJACTBOM MO ONTUMH3AaLUU IPOU3BOAUTENBHOCTH C TO-
MOIIbIO MCMOJb30BaHUS COOTBETCTBYIOLUIUX CTPYKTYP AAHHBIX, 3)(HEKTUBHOIO
onpeaenenusi PyHKIUNA U TPUMEHEHU S AMHAMMYECKOTO AHAJIU32a TPOU3BOAUTEb-
HOCTH /7151 TOMCKA Y3KMX MeCT B Kojie. Mbl KOCHEMCSI MEMOU3AMH U COKPAaTUM
pacxozbl NpU KOMMPOBAHUHU AaHHBIX. 3/1€Ch Bl HaiifieTe HHTEePBBIO ¢ BukTOpoM
CtuHHepoM.

I'naBa 11 3arparuBaer cjI0KHble BOMPOCHI MHOIOMOTOYHOCTH — KOTZA CTOUT HC-
110J1b30BaTb MHOIOMIOTOYHOCTb BMECTO MHOTOIPOIIECCHOCTH, a TAKXKe KOT/Ia HYKHO
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NPUMEHSTb COOBITHITHO-OPHEHTHPOBAHHYIO APXUTEKTYPY BMECTO CEPBUC-OPHUEHTH-
POBaHHOM /1151 CO3/IaHKsI MaCIITaOHPYEeMBIX TPOrPaMM.

TnaBa 12 ocBewiaeT BOMpOC PeJSiIIMOHHBIX 6a3 TaHHBIX. Mbl pacCMOTPHM HX paboTy
u ucnoabs3oBanue PostgreSQL nist adpdexkTHBHOrO ynpapieHns NOTOKOBBIMH JJaH-
HbIMU. B KOHILI€e ri1aBbl Bac et uHTepBbio ¢ Jlumutpu MoHTeRHOM.

B raase 13 npemnaraetcs 1esblit HA6Op peKOMEHIALKH 10 Pa3HbIM HANPaBJIEHUSAIM:
Kak caesatb Kox coBMectiMbiM U ¢ Python 2, u ¢ Python 3, kak cosnasars dyHk-
UMOHANbHBINA Lisp-mo06HbIi KO/, KaK UCIOIB30BaTh KOHTEKCTHbIE MEHEI)KePhl
M COKpALLaTh MOBTOPSIIOIIKECS AEHCTBHSI C TOMOIbI0 OUOIHOTEKH attr.

OT n3parenncrea

Baiuu 3aMeuaHus1, npeasioxKeHus1, BOIPOCHI OTIPaBJIsIHTE 110 ajpecy comp@piter.com
(u3natenbcTBO «llnTEp», KOMIBIOTEPHAS pefaKIusl).

Mg 6yzeM paabl y3HaTh Baile MHeHMe!

Ha Be6-caiiTe nagatenbcTBa Www.piter.com Bbl Haiiaete noapobHyio nHdopmarmio
0 HalIMX KHUTaXx.



Havano npoekra

B nepBoi rnase Mbl pPaCCMOTPUM 3Tarbl HAYaNa NPOEKTA, @ TAKXKE 3aTPOHEM BONPOCHI,
Haz KOTOpPLIMM CTOMT NOAYMaTb 3apaHee: BLIGOp Bepcuu si3bika Python, opravusa-
ums Moayneit, adekTUBHaA HyMepauusa Bepcui N0, a TakKke NPUMEHEHWE JTyHLLINX
NPaKTMK CO3AAHWS KOAA C NOMOLLBIO aBTOMaTUYECKOH NPOBEPKU OLIMGOK.

Bepcum Python

ITpex e yem HayaTh IPOEKT, HEOOXOANMO PEILUTD, KAKYI0 Bepcuio Python on 6yner
NOAAEPKHUBATH. ITO HE TAKOE MPOCTOE PEIIeHHE, KAaK KaXKeTCsl Ha MEPBbIi B3I,

Hu ans xoro He cekper, yro Python noaaepxusaer HECKONBKO BEPCUI OHO-
BPEMEHHO. Y KakJ0H HOBOH BEPCUM MHTEPIPETATOPA €CTh TEXHHUYECKAs TO/-
AePXKKa yCTPaHeHHs! OHUOOK CPOKOM HA BOCEMHA/IIATh MECSIIIEB M TEXHUYECKast
noajepxka 6e30MacHOCTH CPOKOM Ha usATh JeT. Hanpumep, penus Python 3.7
cocrosiicst 27 nions 2018 roaa u 6yner nomaepxxusaTthes 10 Boixoga Python 3.8,
4TO JOJDKHO npousoiiti B okTss6pe 2019 roga. IlpumepHo B nekabpe 2019 roaa,
KOT/Ia MPOM30#/eT noceqHee ucnpasienue omubok Python 3.7, npeanonaraercs,
yro Bce nepeiiayT Ha Python 3.8. Kaxnas nosas Bepcust Python npegocrasnser
HOBbl€ BO3MOKHOCTH M YKa3blBaeT Ha HepeKOMeHAyeMble cTapble. PucyHok 1.1
TMIOKa3bIBAET 3TY BPEMEHHYIO 3aBUCUMOCTb.

Kpome Toro, Heob6xoaumMo paccmorpers npobiemy ucnosnb3osauusi Python 2
u Python 3. Cneunanucram, paboraioimmm ¢ o4eHb CTapbIMM CUCTEMAMH, MOXKET
nonagobutscst noazepxkka Python 2, tak kak Python 3 negocrynen ans Takux
cucteM. OJIHaKO MO NpaBUJIaM Xopoliiero Toxa 3abyasre o Python 2.

' 25 ¢eBpans 2019 Boimnna npeasapuresbHas Bepcus Python 3.8.0a2. Ha MOMEHT BbIXOaa KHATH
HaXOMTCA B paspaboTke. — 30ecy u danee npumey. peo.
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Puc. 1.1. XpoHonorus Bbinycka Python

Bot kak GbICTPO OnpeeuTh, Kakasi BepCHsi BAM OHALOOUTCS:

O Bepcuu ot 2.6 U HHXKE CUMTAIOTCS YCTapPEBILIUMH, IOITOMY 51 HE PEKOMEH/YIO

BOOO11IE 3a1yMBIBaTbCsl 06 MX TEXHUYECKOH noaaepxkke. Ecau no kakum-1n6o
NPUYMHAM Bbl XOTHTE 00ECIIEYNTh TEXHUYECKYIO MOMAAEPHKKY CTapbiX BEPCHH,
TO CTOJIKHETECHh C Ky4eil mpobJieM, Kacaloumxcsi OAHOBPEMEHHOW COBMECTH-
moctH ¢ Python 3.x. [Ipu paGoTe co cTapsiMu cCHCTEMaMHU BBl BCE-TaKH MOXKETE
cTonkHyTbest ¢ Python 2.6, u ecain 3T0 npousouwio, To npuMuTe Hamu co6o-
JIe3HOBaHHUS.

Bepcust 2.7 octaetcs nocaeanei Bepcueit Python 2.x. Jliobast coBpemeHHast cu-
CTeMa B COCTOSIHMHM Tak WK uHaye paboratb ¢ Python 3, u ecau BbI He daHat
APEBHOCTEIA, TO HE CTOMT MEPEXHUBATh O TeXHMYECKON noaaepxke Python 2.7
B HOBbIX nporpammax. Python 2.7 nepecranyT nomaepxusars nocae 2020 roaa,
Mo3TOMY pa3pabaThiBaTh HA €ro OCHOBE HOBOE NPOrpaMMHOe obecneyeHue —
njoxas uaesl.

[Tocneaueit Bepcueit passutust Python 3 siBasiercst Python 3.7, noatomy crout
cocpeaotounThes Ha HeM. Ho ecin Bama OC nocraasietcs ¢ Bepcueii 3.6 (nou-
TH BCe olepallHoHHble cucTeMbl, kpome Windows, nocrassiiores ¢ 3.6 1 HUXe),
ybeautecn, YTo Ballle npuaoKeHue Gynet paborats u ¢ 3.6.

TexHuKH co3nanus mporpaMm, KoTopbie nojepxusaiot 1 Python 2.x, u Python 3.x,

OynyT paccMoTpeHbl! B riaBe 13.

O6pauiaem Baie BHUMaHUe, YTO 3Ta KHUra 6bi1a Hanucana noa Python 3.

MnaH HOBOro npoekrta

Hauaso HoBoro npoexra — ta eute 3aga4a. Bol elie He 3HaeTe, kak OH Oya€eT CTPyKTY-
PHPOBaH, ¥ MO3TOMY MOTYT BO3HMKHYTb TPYAHOCTH C Opranu3auueii ¢aiinos. Ho kak
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TOJIBKO BbI TOMMeTe, KaK IPUMEHUTD Jy4lIe IIPAKTHKH, TO CMOXeTe ONpeAenThCA,
¢ KaKou 6a30BO# CTPYKTYpbI Ha4yaTh. B aTOM pa3szesie si 1aM HECKOJIBKO COBETOB, Kak
IUIAHUPOBATh MPOEKT.

YTo penartob

Jli1s Hayasia pacCMOTPHMM CTPYKTYPY MPOEKTA: OHA JOJIKHA OBITH Kak MOXKHO Gosree
npocToit. OCTOPOXKHO MCIIOJb3YHTe MAKEThl U MEPAPXHUIO: CIIMIIKOM ITyOOKast uepap-
XUl 3aTPY/AHUT [IEPEMELIEHHE, A CJIMIIKOM IIMPOKasi Oy/IeT HEONPABAAHHO PA3LYTOM.

Uaberaiite pacnpocTpaHeHHOH OMIKUOKY 1O XpaHEHHIO MOAYJIBHBIX TECTOB BHE -
PEKTOPHH C MAaKeTOM. DTH TECTbI ONpeeJIEHHO CTOUT BKJIIOYHMTD B MOANAKeT Balllei
pOrpamMMsl, 4ToObl 36€XKaTh UX CIy4ailHOW aBTOMATHYECKON YCTaHOBKH B BH/E
MOZYJIsl BEDXHETO YPOBHs tests IPU UCTIOJIb30BAaHUHU setuptools (MM aHAJIOrHY-
HbIX 6UOIHOTEK pa3paboTKU makeToB). PasMelenue ux B MoAnakeTe rapaHTUPYeT
BO3MOXHOCTb YCTAaHOBKH M HCIIOJIb30BAaHUSI APYTUMH NMaKeTaMM, YTO MO3BOJUT
OCTaJIbHBIM IOJIb30BATEJISIM Pa3pabaThiBaTh CBOM COOCTBEHHBIE MOZYIbHbBIE TECTHI.

Ha puc. 1.2 nokasana uepapxus crangapTHoro aiia.

foobar _init__.py |

[ foobar setup.py | cipy |
setup.cfg | storage.py |
README.rst | tests

test_cli.py

Puc. 1.2. CraHaapTHas AMPEKTOpUS pasMeLLeHns Moayns

CrannapTHbiM Ha3BaHKMeEM CKpHIITa ycTaHOBKM Python siBnsietcs setup.py, kotopoe
COMNPOBOXKIAETCS Setup.cfg, copepxKalvM AeTaln HaCTPOMKH NPOLecca YCTAaHOBKH.
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[1pu 3anycke setup.py yCTaHOBUT MO/Y.JIb C TIOMOLIbIO HHCTPYMEHTOB Pa3BePThIBA-
Hus Python.

B ¢aitne README.rst (wnu README.txt, unu ¢ n106bIM IPyrMM UMEHEM ) MOXKHO
Pa3MeCTHTD MoJIe3HYI0 MHGPOPMALIUIO 1151 TosIb30BaTeJs1. B aupexropun docs nomkHa
OBbITh IOKYMEHTAIUs O TakeTe B popMare reStructuredText, koTopblii OyAeT UCTIONb-
3oBatbcsi B Sphinx (cm. riasy 3).

B nakerax 4acto cogeparcs A0MOJHUTEbHbIE CBEAEHUs ISl pabOThI, TAKME KaK
U300paXkeHUsi, ClieHapuu KOMaHAHOU 060y04ku U T. 4. K coxanenuio, obuienpu-
HATOrO CTaHAapTa AJs1 OPraHM3allM¥ XpaHEHHUs 3THX NAHHBIX HET, MO3TOMY CTOMT
PAacnoNoXKUTh X BHYTPH NpoeKTa Hanboee 6113K0 K TOMY PYHKLMOHAITY, KOTOPbIii
oHM obecneunBaioT. Hanpumep, m1abi0H Be6-NIPHIIOKEHHUS A0KEH HAXOAUTHCS
B Manke templates, B KOpHEBOW AMPEKTOPHH BAIIErO NAKeTa.

Takoxe yacto BCTPEYAIOTCA ClieAyI0INUe TUPEKTOPHH BEPXHETO YPOBHH:

Q etc — nns TunoBbIX (aiioB KOHUTYpaLHy;
QO tools — pnst cueHapueB KOMaHAHO# 0600YKH M CBS3aHHBIX HHCTPYMEHTOB;

O bin — nns GuHapHBIX (aKIOB, KOTOPbIE YCTAHABIUBAIOTCS Setup.py.

Y10 He genaTtb

Sl yacTo CTaNKMBAIOCh C TAKMM HEAOCTAaTKOM IJIAHUPOBAHHS CTPYKTYPbI MPOEKTa:
HEKOTOpbIe Pa3pabOTYMKH MPUCBAMBAIOT MMeHa (ailiaM UM MOZYJISIM B 3aBUCHMO-
CTH OT BH/a KO/Ia, KOTOPBIN TaM xpanuTcsi. Hanpumep, daiinbl MoryT Ha3blBaThCst
Sfunctions.py wnu exceptions.py. ITO NIOXOH MOAXOA, HE CIIOCOOCTBYIOIIHIA NOHH-
MaHuio Koaa. Korza pa3paboTyuk YMTaeT KO/, TO OXKH/IAET, YTO B ONpeAeeHHOM
daitne Gyzer 3aknoyeHa GYHKUHOHAIBHAS YacTh nporpaMmsl. Opranusanus koga
CTpaJaeT OT TAKOro MOAXO0/1a, 3aCTaBJIsisl IEPEXOAUTD MexX Ay daitnamu 6e3 BecKoi
Ha TO NPUYHHBL.

OpraHu3yiiTe CBO# KO/ He Ha OCHOBE TUINOB, 2 HA OCHOBE KJIIOYEBBIX XapPaKTEPUCTHK.

He co3maBaiiTe JUPEKTOPUIO MOMYJIsl, KOTOPasi COAEPXKUT TOJNbKO dain _ init__ .
PY, TaK KakK 3TO U3JuliiHee BaoxeHue. Hanpumep, He CTOMT co31aBaTh IMPEKTOPHIO
¢ uMeHeM hooks, B KOTOPO# 6yaeT TOIbKO onuH ¢aiin ¢ uMmeHeM hooks/ init__.py,
JIOCTaTOYHO cO34aTh NPOCTo hooks.py. Eciin BB co3naeTe AUPEKTOPHIO, OHA IOIXKHA
cozepKaTh HeCKObKO (paitioB Python, npunaanexamux oaHoii kareropuu. Ilo-
cTpoenHe rayboKoi uepapxuu 6e3 HeoOXOAMMOCTH U3JIHILHE.
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Byabre akKypaTHBI C KOZOM, KOTOPBIH IIoMelaere B init__.py. IT1oT aiin Gyzxer
BBI3BaH U BBINOJIHEH NPHU 3arpy3ke MOZYJisl, COAEpKalerocsi B fupekropuu. Pac-
NOJIOJKEHUE He TeX 3JIeMEHTOB B __init _.py MOXKET NMPUBECTU K HeXeJlaTeJbHbIM
pesyasrataM. bosee Toro, daiinbl _ init .py nO/KHBI ObITH MYCTHI, €CJIU BBl He
3HaeTe TOYHO, 4TO fientaete. He yOupaiite aiinbl _init  .py, nHaye BBl He CMOXeTe
UMIIOPTHUPOBATh CBOM MoxyJib: Python tpebGyer Hanuuus daitna _ init_ .py B au-
PEKTOPHUH, YTOOBI OHA CYUTAIIACH TIOAMOAYJIEM.

Hymepauns Bepcun

Hymepauus sepcuii [1O HeoOxoauMa /17151 TOro, YTOOBI 10J1b30BATENN MOTJIM HATH
caMyo NocJIeAHION0 U3 HUX. B kKaXkZIoM IpoekTe HY>KHO MPeyCMOTPeTb BO3MOXHOCTD
MPOCJIEXKUBATH XPOHOJIOTHIO PAa3BUTHS KOJA.

CylecTByeT MHOXECTBO CIIOCOOOB OpraHu30BaTh HyMepanuio Bepcuid. OqHako
PEP 440 npexcrabiisieT peKOMEHIAyeMbli K IPUMEHEHHUIO IS KXK0ro akeTa Uiy
NpuIoXKeHHs HpopMaT HyMepaluH, KOTOPBIil MO3BOJIMT JIeTKO HAeHTUPUINPOBATD
HEOOXOAMMYIO BEPCHIO IPOrPAMMBI.

PEP 404 onpeznensier cnenyiomuii opmar 00bI9YHOrO BbIPAXKEHUS /11 HyMepaluH
BepCUI:

N[.N]+[{alb|c|rcIN][.postN][.devN]

Takoii hopmar 1103BOJISIET OCYIIECTBAATh CTAHJAAPTHYIO HyMepaluuio Buaa 1.2 uau
1.2.3. /lonoIHUTENIbHO MOXKHO BbIIEJIUTH HECKOJIBKO HIOAHCOB:

O Bepcus 1.2 sxBuBasnentHa 1.2.0, a 1.3.4 sxBuBanendTHa 1.3.4.0 u T. 1.

QO Bepcuu, coorBercTByOmKE N[ .N], CYUTAIOTCH (PUHATIBHBIM PETTM30M.

O Bepcuu, B 0OCHOBe KOTOPBIX eCTb Aata, HanpuMep 2013.06.22, cuuraotcs Hemo-
nyctuMbiMi. CpeicTBa aBTOMaTH3alMK pa3paboTaHbl TaKUM 00Pa3oM, YTOOBI
pacrniozHaBath 3anuch opmata PEP 440. Cucrema BoigacT ourOKy, €Ciu HoMep
Bepcuu Gobie uan paseH 1980.

MoryT npumeHsiThes caenyioiue GopMarst:

QO N[.N]+aN (Hanpumep, 1.2a1) o3HauaeT pesnu3 anbdha-BepCUH; TaKasi BEPCUS MO-
KeT paboTaTbh HeCTabOUIBHO U He 00J1a1aTh BCeM (HYHKIMOHATIOM.

O N[.N]+bN (Hanpumep, 2.3.1b2) osHauaer OGerta-Bepcuio, KOTOpast yxe obJagaer
NOJIHBIM (PYHKIIMOHATIOM, HO MOXeT paboTaTh HeCTAOMIIBHO.
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Q N[.N]+cN uau N[ .N]+rcN (Hanpumep, 0.4rc1) o3HayaeT npeapeau3Hyio BEPCHIO.
ITO BepCHsi, KOTOPasi MOXKET ObITh BbIMylileHa Kak GUHATBHBII NPOAYKT, €CJIH
B Hell He 6yaeT o6HapyxkeHO cepbe3Hbix omubok. Cyddukcs rc u c uMeloT oau-
HAaKOBOe 3HayeHHe, IPU X COBMECTHOM MCIOJIb30BaHUHU MPEAINOJAraeTcs, 4YTo
rc COOTBETCTBYET HoJiee CBEXeil BEPCHH.

[TomMuMo 3TOrO, NpUMEHSTIOTCA caenyomue cydduxcsi:

O Cyddukc postN (HanpuMep, 1.4.post2) yka3biBaeT Ha noctpenus. [loctpenns
0ObIYHO NPUMEHSETCA A5t YCTPaHEHHs OIMOOK, BOBHUKUIMX B X0oze mybaunka-
LMY, KaK, HAPUMeD, HeCOOTBETCTBUA A0OKyMeHTauuu. He cTouT ucnosb3oBath
cyddukc .postN npu BbillyCKe BepCcuH, yCTpaHsioei omunbdku. Bmecto atoro
CTOUT YBEJIMYUTh NOPSIKOBbII1 HOMep peJn3a.

O Cydduxc .devN (nanpumep, 2.3.4.dev3) o3nauaer Bepcuio B paspaborke. OH
yKa3bIBaeT Ha MpeJpe/u3 BEPCUH, HA KOTOPYIO paclpOCTPaHsIeTCs: Hanpumep,
2.3.4.dev3 o3Hauaer, 4TO 3TO TPeThbsi BEPCHUs B pa3paboTke penn3a Bepcuu 2.3.4,
crenyiomast panee anbgbl, 6eThI, IpeApeU3HOi NN peansHoil Bepcuu. Takoi
cydpuKc cnoxeH, NO3TOMY ero UCNOJIb30BaHHE He IPUBETCTBYETCSI.

JTa cxeMa NpUMEHHUMa [JIA 60JIbIIMHCTBA CJ1y4ae€B.

NMPUMEYAHMUE

B03M03KHO, BbI CJIBIIIAIN O CEMAHTHYECKON HyMepalluM CO CBOMMH NpaBUIaMu. ITOT
noaxo/ 4yacTuyHo nepecekaercsi ¢ PEP 440, Ho, k coxaneHHIo, 3TH MOAX0AbI He TOJIHO-
CTblo coBMecTUMBI. Hanpumep, ceMaHTHYeCKast HyMepaLMsi PEKOMEHAYET CXeMy IUIs1
0603HaYeHUs TIpeApeTM3HOIM BEPCUH, KOTOpasi UMeeT BUA 1.0.0-alpha+@01, yTo He
cooretcTBYyeT PEP 440.

MHorue pacnpesiesieHHble CUCTEMbI KOHTPOJIsSI Bepcui, Takue kak Git u Mercurial,
reHepUpYyIOT HOMepa BepcHil ¢ moMoubio xemupoBanus (a1 Git cMoTpuTe git
describe). K coxanenuto, ata cxema HecoBMectuMa co cxemoii PEP 440: xemupo-
BaHHbl€ 3HAYEHUS] HeJIb3s1 YIIOPSIOYUTD.

CTunb KOoAa N aBTOMaTHUYeCKne NpoBepKu

CTub KOZa — 3TO JIEJIMKATHBIN BONPOC, HO CJIEAYET €r0 00CYAUTD, IPEX/Ee YEM U3Y-
yaTb Python nanbine. B oT1ure oT MHOTHX SI3BIKOB IporpaMMupoBaHusi, B Python
MCIIOJIb3YIOTCS OTCTYIBI [JIs1 pa3iesieHust 610koB koga. XOTs 3TO U OTBeYaeT Ha
MHOTOJIETHHIA BOTIpoc «I e paaMecTuTh CKOOKN?», HO NoxHMMaeT Apyroit: «[ne
CeJIaTb OTCTYNbI?».
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IT0 6BLT OAIMH U3 IEPBBIX BOIPOCOB, MOAHATHIX B COOOIECTBE, M M0JIb30BATEH BbI-
cka3anu ceou npeanoytedus B PEP 8: PykoBoacrse no Hanucanuio koga Ha Python
(https://www.python.org/dev/peps/pep-0008/).

ITOT JOKYMEHT Olpe/eisieT CTAaHAAPT HanucaHus Kozia Ha Python. Bot ero kparkoe
COZIep>KaHue:

O Hcnonb3yiite yeThipe mpobeia Ha KaKAbId YPOBEHDb OTCTYIA.
Q OrpaHuybTe AMHY CTPOKH MAKCUMYM 79 CHMBOJIaMH.

Q Orzensiite GyHKIMH BEPXHETO YPOBHS U ONIpe/ie/IeHHsI KJIACCOB BYMS MYyCTbI-
MU CTPOKaMH.

O Konupyiire daitnnl ¢ momouipio ASCII unn UTF-8.

O Kaxzplii UMIIOPT, KaK MPaBUJIO, JOJIKEH ObITh Ha OTAENbHOM CTpoKe. IMNopThl
BCerJa MOMeINAoTCs B Havyasle (paiiya, cpa3dy mocjie KOMMEHTapUeB K MOIYJIIO
M CTPOK JOKYMEHTALMH, U Hepes oObsBI€HHEM KOHCTAHT, a TaKXKe IPYyNIupy-
I0TCS1 B CJIEYIOLIEM MOPSIAKe: UMIIOPTBI U3 CTaHAAPTHOM 6MOIMOTEKH, UMIIOPTHI
CTOPOHHHUX OUOIMOTEK, UMIIOPTHI MO/YJIEH TEKYIUEro NPOEKTa.

O MU3beraiite ncnosnb3oBaHus MpobEIOB HEMOCPEACTBEHHO BHYTPH KPYTJIbIX, KBa-
APaTHBIX WK QUTYPHBIX CKOOOK, a TAKXKe Mepel 3anAaThIMH.

O [IuimunTe MMeHa KJIacCcOB BepOIIIOKBIM PETHCTPOM (HanpuMep, CamelCase), OKaH-
4YHUBaNTe UCKIIIOYEHMSI CTIOBOM Error (€CIH, KOHEYHO, UCKITIOYEHHE IEHCTBUTEb-
HO SIBJIIETCSI OIMOKOM ), UMeHa QYHKIMIT MUIIKMTE CTPOYHBIMU OyKBaMu, a C10Ba
paszensiiiTe CHMBOJIaMH NIOAYEPKUBaHUs1 (Hanpumep, separated_by_underscore).
Wcnonb3yiite HUXKHee MOAYEPKUBAHKIE B Hayasle aTpHOYTOB U METO/IOB.

CienoBatb 3TUM peKOMEHIAIIMSIM HECTIOXKHO, H OHH OY€eHb MMOJIe3HbI. BOMbIIMHCTBO
nporpammucto Python npuaepxuBarorcst 3TMx npaBu Ipy HaNMCAHUM KOAA.

Kak 651 To HH ObLIO, YeJIOBEKY CBOMCTBEHHO OIIMOATHCS, U KaXKAbIA pa3 mpo-
CMaTpUBATh CBOi KOA Ha cooTBeTCTBHE pekoMeHaauusim PEP 8 Moxer 6b1Th 3a-
TpyaHuTeapHO. K cyacThio, cyliecTByeT HHCTPYMEHT pep8 (€ro MOXKHO HAalTH Ha
https://pypi.org/project/pep8/), KOTOpbIii MOXXET aBTOMaTHY€CKH MPOBEPUTD OO0
¢aiin B Python. YcranoBure pep8 ¢ NoMOLIbIO pip U IPUMEHSIATE €ro CIIeAYIOIUM
obpasom:

$ pep8 hello.py

hello.py:4:1: E302 expected 2 blank lines, found 1
$ echo $?

1
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B npumepe s ucionb3osal pep8 B daiise hello.py v nmosyuuna BbIBOA O CTPOKAX
u cTonbuax, He coorsercTytolinx PEP 8, a Takxxe otuer o npobiemMax ¢ KOAOM —
B /IaHHOM TIpuUMepe 3T0 cTpoka 4 ¥ croniben 1. Hapyuienust 06si3aTesibHbIX TpeGOBAHMI
BBIBOATCS Kak omuOku (error), U koabl ominbok HaunHaoTcst Ha E. He3nayuresns-
Hble MPo6ieMbl BBIBOAATCA KaK NMpeaynpexaeHus (wamings), a Ha4uHaoTcst Ha W.
Tpex3HauHbI# KO/ MocJI¢ GYKBBI YKa3bIBaeT Ha TUI OLIMOKHM HJIH NPELYNPEXACHUSL.

[epBas undpa ykaspiaer Ha o6luyro kateropuio omMOKH: HanpuMep, omnbKa E2
yKa3biBaeT Ha npob.ieMbl ¢ mpobesamu, olunbka, HaYMHAWIAsCS Ha E3 — Ha mpobJie-
MBI C yCTHIMHM CTPOKAMH, a MPeAyNnpeskieHre W6 — Ha HCMOb30BaHHe YCTapeBIINX
dbynxkuwmit. Bece koasl nepeurciicHbl B JokyMeHnTauuu pep8 (https://pep8.readthedocs.iof).

MHCTpYMEHTbI ANS BbiIABNEHUA HECOOTBETCTBUA CTUNA

CoobuectBo Beet ae6aThl 0 HCOOXOAMMOCTH NMPOBEPKH KOJA HA COOTBETCTBHE
PEP 8, koTopblit He BXOJIUT B Habop cTaHxapTHBIX Bo3MoxHocTell. Ho s coBetyio
NOCTOSIHHO TaKUM CTIOCOOOM IPOBEPSITH KOA. ITOTO JIErKO LOOUTHCS, €CIN BHEAPUTD
MPOBEPKY B Ballly CUCTEMY HENPEPHIBHON HHTErpaluu. XOTs 3TOT MOAXOA U BbITJIA-
JIMT CJIOKHBIM, HO obecnicunBaeT noaaepxky npuduunoB PEP 8 Ha npotspkennu
Bcero myTH. B riaBe 6 MbI y3HaeM, Kak MOXXHO HHTETPUPOBAThb pep8 U tox JJ1s1 aBTO-
MaTHU3aluK 3TUX IPOBEPOK.

BOJIBIIMHCTBO POEKTOB C OTKPhITHIM HCXOIHBIM KOIOM 00€CIIEYHBAIOT COOTBETCTBHE
PEP 8 yepe3 aBroMaTH4€CKYI0 IpoBepKY. BBeaeHHas ¢ Hayala NPOEKTa, OHa MOXKeT
PacCTPOUTh HOBUYKOB, HO TIPU 3TOM 00€CIIeYHT OXMHAKOBbIN CTHJIb KOJA Ha MPOTS-
JKEHUH BCETO MPOCKTA. JTO 0YEHb BXXHO AJ1s1 IPOEKTA JI0OOr0 YPOBHSI, TOTOMY YTO
B3IJIsibl Pa3paboTYMKOB MOTYT li€ COBMAJAATh, HAPUMED, 10 BOMPOCY MOCTAHOBKH
npob6esoB. Bl 3HaeTe, YTO st UMEIO B BULLY.

MOoXHO HaCTPOUTb MPOBEPKY TaK, YTOOBI HTHOPUPOBATD OMpPe/IeNeHHbIe OHOKH
¥ TIpeynpexaAeHusl, UCIOb3Ysl ONuMIO --ignore. Hanpumep:

$ pep8 --ignore=E3 hello.py
$ echo $?
0

ITa KoMaH/1a NPOMrHopupyeT Bce ombku E3 BHYTpH (aitna hello.py. Onuus
--ignore mo3BoJsieT uaberatb Tex pekomenaauuii PEP 8, koTopbiM Bbl He xoTHTE
cnenoBath. Mcnosb3oBaHHe MHCTPYMEHTA pep8 Ha CYIECTBYIOIIEM KO/€E TO3BOTUT
MTHOPHPOBATD OnpeaeseHHbIe MPOGIeMbl, YTOOBI CHaYa1a UCTIPABUTD TOJIBKO OLIHO-
KH BUIMMOM KaTeropuH, a 3aTeM MePeXOAUTh K APYTHM.
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NMPUMEYAHME

Ecau BBl mumere kox Ha si3bike C nast Python (wanpumep, Moayns), To usyuure
cranapt PEP 7, conepxamuii Heo6X0AMMble peKOMEHIALNU N0 CTUMIO, KOTOPBIX
CTOMUT NPUZIEPKUBATHCS.

MHCTpyMeHTbI Ans BbiBNEHNA OWNGOK B KOAe

B Python ecTb HHCTPYMEHTBI U151 BbISIBJIEHHS! OLIMOOK B KOJIE, @ He OIIMOOK CTUIIA.
BoT HeckoJbKO NoJIe3HBIX NPUMEPOB:

O Pyflakes (https://launchpad.net/pyflakes/): pacIIMpsIETCS Y€Pe3 NIaTHHBI.

O Pylint (https://pypi.org/project/pylint/): npoBepsiET He TOJBKO HA HAJTMYKE OLIMOOK,
Ho ¥ Ha coBMecTuMOCTh ¢ PEP 8; pacuiupsietcst uepes niaruHsl.

ITH MHCTPYMEHTBI MPOBOASAT CTATUYECKUH AaHAIU3 — OHM NePe/lAloT KO U aHAH-
3UPYIOT €r0, 2 He UCNIPABJISIOT OIMOKH M0 X0y pa3paboTKy.

Ecsm Bb1 6ynete ucnonbsosars Pyflakes, oGpatite BHUMaHKe, YTO OH HE IPOBEPSET HA
coorBerctBue PEP 8, noaToMy noHazo0UTCst OTAENIbHbINA HHCTPYMEHT /IS 3TON 3a/1a4H.

ITpoexrt flakes8 (https://pypi.org/project/flake8/) yxe couetaet pyflakes U pep8. ¥ Hero
€CTb M CBOM YHHUKaJIbHble (DYHKIMHU: HalIpUMepP, OH MOXeT MPOMYCKaTh NPOBEPKY
CTPOK, COJEPKALINX #n0qa, TAKXKE PACIIMPSIETCSA Yepe3 MIaruHbl.

CyniecTByeT MHOXeCTBO IJIATHHOB /151 flake8, KOTOPbIE HCHOB3YIOTCS KaK rOTO-
BbIi npoaykT. HanpuMep, ycranoska flake8-import-order (komanmou pip install
flake8-import-order) paciidpHuT flake8 Tak, 4YTO OH IPOBEPHUT PACIOJIOKEHHE BCEX
CTPOK import Ballero kojia B aipaBUTHOM MOPSIZIKE.

B 60/1bIIMHCTBE IPOEKTOB € OTKPHITHIM UCXOAHBIM KOIOM flake8 UCMOJb3YeTCs
MOBCEMECTHO /7151 IPOBEPKH CTUJs Koaa. HekoTopbie 6oblIne NPOEKTH Jaxe
HaMUCcaIu CBOM IUIArMHBI 1151 flake8, 106aBUB NMPOBEPKU HA Takue OMMOKH, KaK
HeyMeCTHO€ HCIIOJIb30BaHUe except, coBMecTuMocTh Python2/3, ctunm ummnopra,
onacHoe opMaTHPOBaHKE CTPOK, NPOOJIEMBI € JIOKATU3ALUEN U TIp.

Ecau BB HAUHHAeTe HOBBIH TPOEKT, HACTOSTEIbHO PEKOMEHIYI0 UCTIOIb30BaTh OAWH
M3 3TUX UHCTPYMEHTOB aBTOMATUYeCKOM NMPOBEPKH KayecTBa U CTUJ Kofa. JlJist
CYILIeCTBYIOILETO KOJIa, KOTOPBIH He IPOXO/INJ aBTOMAaTHY€ECKY 0 IPOBEPKY, XOPOLIMM
peleHreM OyET NPOrHATD €ro Yepe3 OJIMH U3 MHCTPYMEHTOB, NPEABAPUTEBHO OT-
KJIIOYUB BCE KaTerOpuH OMIMOOK, KPOME OJIHO#M, U Pa3o0paThCsl C ITOM KaTeropHei,
npesxzie YeM NePEXOINTD K CIIEAYIOLIEN.



28 nasa 1. Hayano npoekTa

XOTs1 HU OIIH U3 3THX HHCTPYMEHTOB HE MOXKET MOTHOCTHIO OTBEYATh TPEGOBAHUSIM
BAIIIETO MPOEKTA, flake8 3TO XOPOUIHiA CIOCO0 YAYUIIUTH KAYeCTBO M YUTABENBHOCTH
KoZza.

NPUMEYAHUE

MHorue TeKCTOBbIE pellakTophl, BKouast u3BectHole GNU Emacs u vim, umetor fo-
cTymHble TaruHbl (HanpuMep Flycheck), kotopbie MoryT 3amyckarb pep8 u flake8
NPSIMO B KOJIE ¥ 00eCIIeYnBaTh HHTEPAKTUBHYIO MOACBETKY JII0O0M YacTH KOza, KOTO-
pas He coBnazaet ¢ pekoMeHaauusaMu PEP 8. 310 oueHp yao6HbI c1ocob yCTpaHATh
OIIMOKH MPSIMO B MIPOLIECCE HATIMCAHUSA KOJA.

Mbi IOrOBOpHUM O pacUIMPeHUH UHCTPYMEHTapus B TiaBe 9, rie BOCNONb3yeMcs
COOCTBEHHBIM TJIATUHOM /ISl IPOBEPKH MPABHJIBHOCTH 00bSBJIEHUS METOAA.

Mxowya Xapnoy o Python

Jlxourya Xapnoy — paspaboryuk Ha Python. Bt Bexyimm pa3spaboT4ukoM B KOMaH-
ne OpenStack B Yahoo! B nepuon ¢ 2012 no 2016 rox u paboran Hag GoDaddy. [[>om
aBTOP HECKO/IbKKX 6ubnotek ast Python, B tom uuciie Taskflow, automation u Zake.

Ymo nobyouno Bac npozpammuposams na Python?

S Havyas nporpammupoBats Ha Python 2.3 unu 2.4 B 2004 rony, koraa npoxoaun
craxupoBky B IBM B IMokuncu, mrat Huio-Vopk. 5 yxe He NOMHIO, 4eM KOH-
KPETHO TaM 3aHMMAJICs, HO 3TO Kacanoch wxPython u kakoro-to koaa Python,
KOTODbIH JOJIXKEH OB aBTOMAaTU3UPOBATh UX CUCTEMY.

[TocJie cTaXXMPOBKH si BEPHYJICSI ¥ NPOAOJIKHI 0byyeHue B PoyectepckoM Tex-
HOJIOTUYECKOM MHCTUTYTe, a TOTOM nouyyui pabory B Yahoo!.

Tam st paGoTasi B OT/I€JI€ [JIABHOTO MHXKEHEPA, I/Ie BMECTE C KOJIJIETaMU Mbl 3aHH-
MaJIMCh PELIEHHEM 3a1a4H, KaKy1o 061a4Hy 0 n1aTHOPMY € OTKPbITHIM HCXOAHBIM
KOZIOM MCIIO/Ib30BaTh. Mbl ocTaHoBuMch Ha OpenStack, koTopast npakTuyecku
BCst Obla Hanucana Ha Python.

Ymo Bam npasumcs,/ne npasumcs 8 Python?

To, uto MHe HpaBUTCS (HEMOJHBIHN CIIMCOK):

* On IMPOCT — HOBAYKAM JIEr4€ Ha4aTb pa60Ty C Hero, a OnbITHBIM pa3pa60’r-
YUKaM — MMPOAOJDKUTD [TUCATh Ha HEM.
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+ IlpoBepka cTussi. Bo3spamarbcsi k paHee HaNMCAaHHOMY KOAY — HEOTHEM-
JeMast 4actb pazpaborku [10, M03TOMy BO3MOXKHOCTb MO/EPKUBATH €H-
HooGpasue koza ¢ nomouibio nHctpyMenTos flake8, pep8 u Pylint siBisercs
OY€Hb M0JIE3HOM.

* Bo3MOXHOCTb BbI6I/IpaTb CTHUJIb IPOTPaMMHPOBAHUA U MIOACTPAUBATH €ro
oA CBOU HYX/bI.

To, yTo MHe He HpaBUTCS (HEMOIHBIN CITHUCOK):

» Croxnbiii nepexoz ¢ Python 2 Ha 3 (B Bepcuu 3.6 6oJibliasi 4aCTh ITUX MPO-
621eM ObLa penieHa).

JISAMObI CIMIIIKOM YIIPOILEHHBIE U JOKHBI ObITh G0J1ee 3hHeKTUBHBIMMU.

* OrcyTcTBHE JOCTONHHOTO YCTaHOBINMKA akeToB — pip. [lo MoeMy MHeHMIO,
amech TpebyeTcst 10paboTKa, X0Tst Obl B 06J1aCTH BHEAPEHUS 3aBUCUMOCTEH.

GIL — Global Interpreter Lock (Imo6anbHast 6;10kMpOBKa MHTEPIIPETATOPA)
1 HeobxoaumocTs B Heil. ([Togpobree o GIL B raase 11.)

* OTtcyTCcTBHE BCTPOEHHOM MOAAEPKKY MHOTOTIOTOYHOCTH. B 1aHHBI MOMEHT
HY’KHa MOoAAePXKKa IBHOH MOJiesH asyncio.

Packoux coobiectsa Python, kotopoe riiaBHbIM 06pa3oM CyIIECTBYET BOKPYT
CPython u PyPy (a takxe ansrepHaTus).

But pabomaeme nao debtcollector. 3mo modynv Python ons ynpasenenus mexnuueckum
donzom. Kaxoso amo — nauunamo nosyro 6ubruomexy?

YnomsHyTas Bbillle IPOCTOTA sI3bIKA /leJIAeT MPOLIECC CO3AAHHUST U PaClPOCTPaHe-
HHUs1 6UGIMOTEKH Cpely MOJIb30BaTe el TPUBHAIBHOM 3aaaueit. YacTb koaa Gbina
B35ATa M3 APYroii 6bIHOTEKH, Ha/l KOTOPOW s1 padoTato (taskflow'), mosromy 6bu10
HECJIOXHO aJaNTHPOBATh U PACILIMPUTD KO/, TAK KaK He HAZ[0 ObLI0 6eCTTOKOUTHCS,
yto API BeIiineT nyoxo cripoekTupoBaHHbIM. 1 04eHb paj, 4TO Jfoau (BHYTPH CO-
obutectBa OpenStack u BHe ero) HaiM NPUMEHEHHE U OLEHUH TIOJIB3Y ITOTO
TNPOEKTA, U HAJIEIOCh, YTO OUOGJIMOTEKA BBIPACTET U BbISIBUT OOJIbIIIE HEXKENATENBHBIX
NaTTePHOB, KOTOPble MPUMEHSIOTCSI [IOBCEMECTHO B OMOIMOTEKAX U TPUIOKEHHUSIX.

Yezo, no-Bawemy, ne xeamaem Python?

Eciu 661 B Python 6bi1a JIT-koMnuasinys, To oH 611 Gbl IPOU3BOAUTEILHEE.
BonbmmHcTBO COBpeMeHHBIX s13bIKOB (Takux Kak Rust, Node.js ¢ aBuxxkom

! Yuacrue B npoekte npuBeTcTByetcs. [lepexoaure u yuactByiite irc://chat.freenode.net/openstack-
state-management.
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Chrome V8 JavaScript u ap.) 061a1al0T MHOTHMH BO3MOXHOCTSIMH, PEaN30-
BaHHbIMM B Python, a Takxe umeror JI T-komnusinmio. Ecau 661 mo ymonyanuio
B CPython 6bina JIT-kommusasiuus, Python Mor 681 KOHKYpHPOBaTDH € 3THMH
A3BIKAaMH B IJIaHE MIPONU3BOAMTEIbHOCTH.

Kpome toro, Python ouenb Hyxaaetrcs B Habope mab0HOB MapaijebHOro
POEKTUPOBAHUS C BBICOKOYPOBHEBO# KOHLEMNIMEH, KOTOPast ObI [IOMOraa npu-
JIOXKeHUSIM paboTaTh ek THBHEE AKe IPU MACIITAOMPOBAHUH, 3 HE OTPAHUYM-
BaTbCsi HA3KOYPOBHEBBIM asyNCiO U NATTEPHAMU MHOTOTIOTOYHOTO BBINOJHEHUSI.
Python-6ubnnorexa goless moptupyer Hekotopbie KoHuenuuu u3 Go, KOTopbie
006ecneynBaoT BCTPOEHHYIO NApaJLIEIbHYI0 MOJEIb. S CYMTAIO, YTO ITH NATTEPHDI
6oJiee BbICOKOrO YPOBHSI IOJKHDI ObITh IOCTYIHBI B CTaHAAPTHOM 6ubHOTEKE.
KpoMme aToro, mo/mkHa 6biTh obecnedeHa Ux MoAAepxKa, YTobObl pa3apaboTYuKu
MOTJIM CBOOOIHO MMM BOCII0JIb30BaThCs pU HeoGxoxumocTH. bes atoro Python
HEe MOX€eT KOHKYPHPOBATD C A3bIKaMH, B KOTOPBIX €CTb 3TH NNaTTEPHBI.

[TpomonkaiitTe mporpaMMHUpOBaTh U GybTe CYACTIUBBI!



Moaynu, 6ubnmnorexkmu
n ppeiMBOpPKM

Moaynu — 3T0 OCHOBHasi 4acTb, Aenaiowas Python pacwupsembiM. Be3 Hux Python
6b1n1 661 NPOCTO A3bIKOM, BLICTPOEHHLIM BOKPYr MOHO/IMTHOW CTPYKTYpbl UHTEpnpe-
TaTopa. OH 6bl He pa3BMBanCA B 3KOCUCTEME, KOTOPas NO3BONSET paspaboTunkam
6bICTPO U NPOCTO CO3AaBaTb NPUNOXEHNS, KOMOUHNPYA pacluupeHus. B 3Tok rnase
A Pacckaxy 0 Tex 0COBEHHOCTAX, KOTopble AenaloT Moaynu Python TakuMu npekpac-
HbIMU: OT BCTPOEHHbIX MOAYNEW A0 BHEWHWX (HpeiiMBOPKOB.

Cucrema uMnopTa

Yro6b1 MCIIONB30BaTh MOAY/IM ¥ OMOAMOTEKH B CBOMX IIPOIPaMMax, CJiefyeT UM-
NMOPTHUPOBATh UX C MOMOLIBIO KJIIOYEBOro c10Ba import. JIucTuHr 2.1 uMnoprupyet
noctyaarsl A3eH [TutoHa.

JNncrunr 2.1, [13eH MNutoHa!

>>> import this
The Zen of Python, by Tim Peters

Beautiful is better than ugly.

Explicit is better than implicit.

Simple is better than complex.

Complex is better than complicated.

Flat is better than nested.

Sparse is better than dense.

Readability counts.

Special cases aren't special enough to break the rules.
Although practicality beats purity.

Errors should never pass silently.

' IlepeBoa n3eH [TuToHa MOXHO nIoCMOTpeTbH 31ech: https://ru.wlkipedia.org/wiki/Python.
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Unless explicitly silenced.

In the face of ambiguity, refuse the temptation to guess.

There should be one-- and preferably only one --obvious way to do it.
Although that way may not be obvious at first unless you're Dutch.
Now is better than never.

Although never is often better than *right* now.

If the implementation is hard to explain, it's a bad idea.

If the implementation is easy to explain, it may be a good idea.
Namespaces are one honking great idea -- let's do more of those!

Cucrema UMIIOpTA AOBOJIbHO CJIOKHA, HO NMPEANOJJOXHM, YTO Bbl YK€ 3HAKOMbI
C a3aMH, MO3TOMY 3/€Cb Mbl pACCMOTPHUM BHYTPEHHEE yCTpOi;ICTBO CUCTEMBI: KaK
pa60TaeT MOAYJIb sys, KaK I[06aBJlHTb HJIX UBMEHATD NMYTh, KAK IPUMEHATD MOJIb30-
BaTE€JIbCKHE HMIIOPTEPDI.

Jlnst Hayasna HeOOXOANMO 3HATD, YTO KJIIOYEBOE CJIOBO import HA CaMOM JieJie JeKO-
patop ¢yHKkUMH c UMeHeM __import__. BoT yske 3HakoMblii cr1ocoO MMNIOPTUPOBATH
MOZAYJIb:

>>> import itertools
>>> itertools
<module 'itertools' from '/usr/.../>

ITO TOYHBIH 5KBUBAJIEHT 3TOrO ME€Toda:

>>> itertools = __import__("itertools")
>>> itertools
<module ‘'itertools’' from '/usr/.../>

Takxe MOXHO HUMHUTHPOBATD KJIIOYE€BOE CJIOBO as, UCITOJIb3YA ABA SKBUBATIEHTA HHUXKE!

>>> import itertools as it
> it
<module 'itertools' from '/usr/.../>

IJT0 BTOPO# NpUMep:

>>> it = __import__("itertools”)
> it
<module 'itertools’' from '/usr/.../>

Xors import — kioyeBoe cnoBo Python, Ha camom nene 3to npocro dyHkuus,
AOCTyNHas yepe3 uMs __import__. 3HaTb ¢yHKUMIO __import__ OYeHb MOJIE3HO
B HEKOTOPBIX (KpalHHX) Cly4asiX, KOr/Aa Hy>KHO UMIIOPTHPOBATb MOALYJIb C 3apaHee
HEHU3BECTHbIM HMEHeM, HallpuMep:
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>>> random = __import__("RANDOM".lower())
>>> random
<module 'random’ from '/usr/.../>

He 3a6biBaiiTe, 4TO UMIIOPTHPOBAHHBIE MOAYJIU BEAYT CeO KaK 0OBEKTHI, aTPUOYTHI
KOTOPBIX (KJ1aCChl, (PYHKLUH, IEPEMEHHBIE U T. [I.) ABISAIOTCS 0OBEKTAMM.

Mopaynb sys

Moaynb sys obecrieynBaeT ZOCTYI K MePeEMEHHBIM U (DYHKIMSIM, CBSI3aHHBIM C Ca-
muM Python 1 onepanioHHol cUCTEMOM, Ha KOTOPOIA OH YCTaHOBJIEH. ITOT MOIYJIb
COZEPIKUT MHOTO HH(pOpMaruu o cucreme umropra Python.

[Tpexae Bcero, Moay4uM CIIUCOK MOAYJI€i, UMIIOPTHPOBAHHBIX B AaHHBI MOMEHT,
C MOMOILBIO TePEMEHHOH sys . modules. 3TO CIOBAPb, Ie KI0Y — UMsI MOAYJISI, KOTO-
PBIit BB XOTHTE IPOBEPUTS, 2 BO3BpAlllaeMoe 3HaueHne — 0ObekT Moy Jisi. Hanpumep,
KaK TOJIbKO MOZLYJIb 0S UMIIOPTHPOBAH, MOXXHO BEPHYTh €ro 3HaYeHHe:

>>> import sys

>>> import os

>>> sys.modules[‘os’]

<module 'os' from '/usr/lib/python2.7/os.pyc'>

[lepeMenHast sys.modules — 3T0 06bruHbIi ctoBaphb Python, B koTopom pa3mernaotcs
BCe 3arpy KeHHble MOAYJIH. JTO 3HAUMT, YTO, HAIIPUMEP, BbI30B sys.modules. keys()
BEPHET MOJIHBIN CIMCOK UMEH 3arpyXeHHbIX MOAYEH.

[Toy4uTb cncox MoAyJIel, BCTPOEHHBIX B SI3bIK, MOXKHO C TOMOIUBIO TEPEMeHHOH
sys.builtin_module_names. BcTpoeHHBIE MOy IH, KOTOPBIE KOMITUIUPYIOTCSI B HH-
TeprnpeTaTop, 6YAyT 3aBUCETh OT TAPAMETPOB, NePeNaHHbIX MPU COOPKe IPOrPaMMBbL.

UMnopT nyTrn

Ocyecrsisist umnopt moayJisa, Python monaraercs Ha cniucok myteii 4715 ero mo-
MCKa. DTOT CIUCOK XPAHUTCSI B IEPEMEHHOM sys . path. UTOGBI IPOBEPUTD, IO KAKUM
MyTSIM HHTEpPIpeTaTop OyAeT UCKATh MO/LYJIH, BBEIUTE Sys . path.

Mo>KHO H3MEHUTH ITOT CIIMCOK, 10OABUTH UK yOPATh MYTH MO Mepe HEOOXOAUMO-
CTH, a TaK)Ke U3MEHUTb IEPEMEHHYIO OKPYKEHUs1 PYTHONPATH, 4TOGBI 106aBUTH Ny TH
aBromaruyecku. /lo6aBieHne NyTeil B IEPEMEHHYIO Sys . path MOXeT ObiTh NOJIE3HO,
€CJIM MOZY/IM YCTaHABJIMBAIOTCS B HECTAH/JAPTHBIE TUPEKTOPHH, TAKHE KaK OKpYKe-
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Hue ist TecToB. J{J1s1 06bIYHOTO (PYyHKIIMOHUPOBaHUSI HET HEOOXOAMMOCTH U3MEHSITh
nepeMennyio nytu. Ciegyioume noAxoapl MOYTH OAUHAKOBbI — MOYTH, TOTOMY
4TO MyTh He OyZeT PAcroNokKeH Ha TOM XKe YPOBHE B CIIUCKE, HO B 3aBUCUMOCTH OT
KOHKDPETHOTO CJTyyasi 3Ta Pa3HHIa MOXKeT ObITh He BaXKHa:

>>> import sys
>>> sys,path.append(’/foo/bar"')

I10 Oyzet (1I0YTH) TO XKe CaMoe:

$ PYTHONPATH=/foo/bar python
>>> import sys

>>> '/foo/bar' in sys.path
True

3aMeTHM, YTO /UJIsi TOUCKA HEOOXOAUMOTO MOALYJIsi OyA€T Ipou3BeseH 06XO/ 110 CIK-
CKY, TO3TOMY BaXKeH MOPS/IOK PAaCcloJIOXKeHUs yTel B sys . path. Y1o0HO pa3melaThb
ILYTH, KOTOPBbIe ¢ GOJbILIEH BEPOSTHOCTHIO COAEPIKAT HCKOMbIE MOAY/IH, B Havaje
CIHCKA JJIS1 YCKOPEHUsI MOUCKA. DTO TaKXKe FapaHTHPYET, YTO eCIM UMEIOTCS /IBa
MOZYJIs C ONUHAKOBBIM HMeHEeM, OyieT BbIOpaH MepBbIii U3 HUX.

[TocnenHee cBoiicTBO MMeeT 0cob0e 3HAYEHHE M3-3a OJHOIM PacIPOCTPAHEHHOM
OUIMOKH: MEPEKPHITHS BBI30BOB MOJIYyJIeil, BCTpoeHHbIX B Python, co6cTBeHHBIMU
monyssiMu. B Havane uMnoprta npocMatpuBaeTcs paboyast AMPEKTOPUs POEKTA,
a MOTOM Yy>Ke CTaHAapTHast 6u61HOTeKa. ITO 3HAYMT, YTO €CJIU BHl HA30BETE CKPHUIIT
random.py v nonpoGyete import random, To OyZ€T MMIIOPTUPOBAH Balll CKPHIIT, a He
6ubaunotexa Python.

Monb3oBaTrenbckne MMNOPTEPLI

Paciunputb MexaH3M HMIIOPTa MOXKHO C TOMOLIBIO N10J1b30BaTEIbCKUX MMIIOPTEPOB.
ITy TeXHUKY ucnonb3yeT auanekT Lisp-Python nox HazBannem Hy, koTopblii yuut
Python umnoprupoBatb daiisibl He TOIbKO ¢ pacuinpedueM .py u pyc. (Hy — ato
peanuzauus Lisp nosepx Python, noxpo6Guee o Heii B pasaese «BbicTpoe 3HakoM-
ctBO ¢ Hy>»).

MexaHHU3M UMIIOPT-XYKOB, KaK MOKHO Ha3BaTb 3Ty TeXHHUKY, onucad B PEP 302.
OH cnioco6cTBYET pacIMPEHHIO CTAaHAAPTHBIX BO3MOXHOCTEH, MI03BOJISIt U3MEHUTh
nMnopt Moaysei Python u cosnars cBoto cucremy. Hanpumep, MoxHO HanucaTh
pacuIMpeHHe, KOTOPOe UMIIOPTUPYET MOAYJIM U3 6a3bl JaHHBIX, PACIONOKEHHON
B CETH, WU MIPOBOAUT MPOBEPKY MOAYJIsl Ha PabOTOCIIOCOOHOCTD MEPel UMIIOPTOM.
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Python Nnpeasara€T ABa pa3iblX, HO pPOACTBEHHbIX METOAA I PACIIUPEHHUA CUCTEMBI
HMMIIOPTA: METAMIOHMCKOBHK [UJIs1 HCITOJIb30BAHMS C sys.meta_path U IOUCKOBUK TOYKHA
BXO0/Ia My TH JIJIs1 HCIIOJIb30BaHMs C sys.path_hooks.

MouckoBMk MeTanyTu

MeranouckoBHK — 3TO HHCTPYMEHT, KOTOPBI NO3BOJISIET 3arPY>KaTh IPOM3BOJIBHbIE
0OBEKTH! TaK Ke, Kak M cTaHAapTHbie daiinbl py. OH npexactassietr coboit MeTo
find_module(fullname, path=None), BO3BpaILAIONIMi 3aIPyXKaeMblii 0OBEKT, KOTOPBIiA
JIOJI)KEeH UMeTb MeTOZA load_module(fullname), OTBeYaIOLIUii 3a 3arPy3Ky MOYJISI U3
ucxoaHoro daitia.

B smucrunre 2.2 BuaHo, kak Hy ucnons3yeT mojib30BaTeIbCKMil METATOMCKOBHK,
4T0OBI pazpemnTb Python umMnoprupoBats aiinbl, okaHuMBawIMecs Ha by, a He
Ha CTaHJapTHOE .pyY.

Jiucrunr 2.2. UmnopTep mMoayns Hy

class MetaImporter(object):
def find_on_path(self, fullname):
fls = ["%s/__init__.hy", "%s.hy"]
dirpath = "/".join(fullname.split("."))

for pth in sys.path:
pth = os.path.abspath(pth)
for fp in fls:
composed_path = fp % ("%s/%s" % (pth, dirpath))
if os.path.exists(composed_path):
return composed_path

def find_module(self, fullname, path=None):
path = self.find_on_path(fullname)
if path:
return Metaloader(path)

sys.meta_path.append(MetaImporter())

Kak T0716K0 6BL10 OnpeaeneHo, YTo My Th BEPEH U OH YKa3bIBaeT Ha HYXKHBIA MOZLYJIb,
BO3BpallaeTcsi 00bEKT MetaLoader, KaK MOKa3aHO B IMCTHHTE 2.3.

Jincrunr 2.3. 3arpyxaeMbiit 06vekT Moayns Hy
class Metaloader(object):
def __init_ (self, path):
self.path = path
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def is_package(self, fullname):

dirpath = "/".join(fullname.split("."))

for pth in sys.path:
pth = os.path.abspath(pth)
composed_path = "%s/%s/__init__.hy" % (pth, dirpath)
if os.path.exists(composed_path):

return True
return False

def load_module(self, fullname):
if fullname in sys.modules:
return sys.modules[fullname]

if not self.path:
return

sys.modules[fullname] = None
e mod = import_file_to_module(fullname, self.path)

ispkg = self.is_package(fullname)

mod._ file_ = self.path
mod.__loader__ = self
mod.__name__ = fullname

if ispkg:
mod.__path__ = []
mod.__package__ = fullname
else:
mod.__package__ = fullname.rpartition('.')[@]

sys.modules[fullname] = mod
return mod

B @ import_file_to_module yMTaeT UCXOAHBIH (daiia .hy, MEPEBOAUT €ro B KOA
Python, a 3atem Bo3Bpauiaet 06bekT Moay.1st Python.

ITOT 3arpy34MK AOBOJBHO MPOCT: Kak TosbKo aitn .hy HaiineH, oH nepenaeTcs
B 3arpy34MK, KOTOPBIii [PH HEOOXOAMMOCTH KOMITMIUPYET €ro, PETUCTPUPYET, yCTa-
HaBJMBaeT aTpUGYTHI, a 3aTEM BO3BPALIAET B UHTEPNPETATOP.

Mounyab uprefix — ele oAMH Xopounii npuMep 3toi GyHKUMH B AeiicTBun. Bep-
cun Python ot 3.0 10 3.2 He noaaepxuBanyu npedukc u A1 0603HAYEHUST CTPOK
B popmaTte Unicode, kak 310 661710 peanuzosaHo B Python 2. Moayab uprefix obe-
crieyrBaeT COBMeCTUMOCTb Mexxay Python 2 u 3, ynanss npeduxc u u3 cTpok nepes
KOMITHJISILIHEN.
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NMone3Hble cTaHaapTHbIe 6ubnnoTeku

B Python ects orpoMuasi cranaaptHasi 6u6aHOTEKA, B KOTOPYIO BXOASAT HHCTPYMEH-
THI /151 PELIEHUs] IPAKTUYeCKH 1000 3anaun. HoBuuKH, HeIaBHO nepeuieume Ha
Python u npusbikuine nucatb GyHKUUM JaXke 1151 OCHOBHBIX 3a/a4, BCeraa yAuB-
JISTOTCSI TOMY, CKOJIbKO BCETO BXOAUT B CTAHAAPTHYIO OMOIHOTEKY.

Kasapiii pa3, Koraa Bbl 3aX0THTE HANMCATh COOCTBEHHYIO DYHKIIUIO 15l IPOCTEMLIEH
3a/1a4M, CHAYaJ1a 3arJisiHUTE B CTAHAAPTHYIO OUOINOTEKY. A JiydIlle IPOCMOTPUTE €€
x0Ts1 6bI OAMH pa3, npex /e 4eM NpUCTYNuTh K pabote ¢ Python, u koraa B creny-
IOLIHiA Pa3 BaM MOHAA06UTCS PyHKIMS, BB yXKe Gynere 3HaTh, CyLIECTBYET JIM OHa
B CTaHIapTHOI GUOIHOTEKE.

[To3xke MBI pacCMOTPUM HEKOTOpPBIE M3 3THUX MOAYJel, Takue Kak functools
W itertools, a ceifuac npuBegeM CIIUCOK Hanbosee 10JEe3HbIX MOYJIEH, KOTOPBIE
MOTYT NMPUTOAUTHCS:

QO atexit peructpupyet QyHKLHIO, KOTOpasi OyAeT BbI3BIBATHCS [P 3aBEPLIEHHH
NpPOrpaMMBl;

O argparse obecneynBaer (pyHKUHW [J1s1 MApPCMHra apryMEHTOB KOMaHAHOU
CTPOKH;

O bisect NpeAOCTaBsIET AITOPUTMBI JI€JIEHUS IOTIO/IaM /I COPTUPOBKH CITMCKOB
(rnasa 10);

calendar npeaocrasisier GyHKUMH A/t pabOTBHI € AaTaMu;

codecs cofep>xHUT GYHKIUH 1151 1eKOAUPOBAaHHS U KOAUPOBAHUS JaHHBIX;
collections cCOAEPKUT MOJIE3HBIE CTPYKTYPbI JaHHBIX;

copy obecrnieunBaeT PyHKIUH A5l KOMUPOBAHHUS JAHHBIX;

csv obecneunBaet GyHKIUH 1715 3anucu u yteHuss CSV-daiinos;

datetime COMEPXKUT KJIACCHI /151 pabOThI C IaTaMU U BPEMEHEM;

00000 O0O0

frmatch obecrneunBaer pyHKUMHM Ui paGoThl ¢ MaTTepHaMH MMeHH daiina
B Unix-cTHie;

O concurrent obecrieynBaeT aCHHXPOHHbIE BbIYMCIeHHs (BcTpoeH B Python 3, no-
cryneH s Python 2 yepes PyPI);

O glob obecneunBaet GpyHKUMK A4s1 paboThl ¢ naTrTepHaMu nyTy ¢aiiaa B Unix-
CTUJIE;
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Q io obecneunsaer pyHkumu aas paborsi ¢ [/O norokamu. B Python 3 o Takxke
coaepxuT StringlO (BHyTpH Moayasi ¢ TakuM xe umereM u3 Python 2), kxoto-
Ppblii mo3BoJsieT 06pabaThIBaTh CTPOKH Kak aitnsr;

O json comepxuTt GYHKINH A1 YTEHUS U 3aUCH AaHHBIX B Gopmare JSON;

O logging obecneunBaeT JOCTYI K BCTPOEHHO OYHKIMOHAIBHOCTH /IS JIOTHPO-
BaHUS;

O multiprocessing Mo3BoOJIIET 3aMyCKaTh HECKOJIBKO NOAMPOIECCOB U3 MPOrpaM-
Mbl, obecnieunBas AP, KOTopoe npeacTaBisieT UX KaK NMOTOKH;

@)

operator COfepXKUT peanu3auuu GpyHKMi 6a30Bbix oneparopos Python, koto-
pble MOXKHO MCHOJIb30BaTh BMECTO HAMMUCAHUS COOCTBEHHBIX JIIMO/1a- BbIpaXke-
Hui (raaBa 10);

os obecneunBaet goctyn k 6a3oBbiM dpyHkunsm OC;
random cofiep>xuT (bYHKIUH /ISl FeHepaLluy NICeBAOCTYyYaiHbIX YHCEJT;

re obecrieynBaeT (PyHKIHOHAN PETYISIPHBIX BbIPAKEHHIA;

0 0 0 O

sched TpenOCTaBseT IJIAHUPOBIIUK COOBITUI 6€3 HCMOJIb30BaHMsI MHOTOIO-
TOYHOCTH;

(@

select obecneynBaer noctyn K GyHKUUsIM select() U poll() AJ1s1 CO3AAHUS LIH-
KJIOB COOBITHIA;

shutil oGecneynBaeT 1OCTYM K BBICOKOYPOBHEBBIM (DyHKLMAM (DaiiJIoB;
signal coaepxut GpyHkuuu aas oopadorku POXIS-curnanos;
tempfile oGecnieunBaeT PyHKIMH U151 CO3aHHsl BpEMEHHbIX (hail/IoB U AMPEKTOPHI;

threading faeT 1OCTYN K BbICOKOYPOBHEBOMY (DYHKLIMOHAJY [I0TOKOB;

©C 0O 00O

urllib (4 urllib2, urlparse B Python 2.x) obecneunBaer pyHkumu ans obpa-
6ortku u napcunra URL;

Q uuid no3BoJIsIET reHepPUPOBATh YHUBEPCATBHBINA YHUKAIbHBIA HAeHTHHKATOP
(Universally Unique Identifiers, UUID).

ITOT CIUCOK MO3BOJISIET OBICTPO O3HAKOMHUTBCS C BO3MOXXHOCTSIMH 3THX MOJIE3HBIX
MOZYyJIEH — UCIIOJIb3YiiTe ero B pabore. A elue Jyylle — 3anOMHHUTe ero. Yem MeHb-
lIe BpeMeHH Oy/eT MOTpayeHo Ha MOUCK HeoOxonumoin 6ubanoreku, Tem 6osblie
BpPEMEHH OCTaHETCs Ha HalMCcaHue KoJa.

Bosbluas yacTb craHaapTHOM 6ubMoTeKH HanucaHa Ha Python, a 3HauuT, HUYTO
He MellaeT MOCMOTPeTb HCXOAHBIM Koa MoayJied U ¢pyHkiuui. Koraa nossasiiorcs



BHewHwne 6ubnuorteku 39

COMHEHHU4, OTKPOﬁTe KO U TIOCMOTPHUTE, YTO OH /I€JIA€T. ﬂaxce €CJI1 B JOKYMEHTallun
YKa3aHHO BCe H606XOIII/IMOC, €CTb IIAHC NOYEPITHYTh YTO-TO HOBOE€.

BHewHue 6Mbnmnorexku

®unocodust Python «batapeiiku B KOMILIEKTe» MOAPa3yMEBAET, YTO OCTIE YCTa-
HoBKH Python y Bac mosiBasitorcst Bce He06X0AUMBbIE HHCTPYMEHTBI [IJIsi CO3JAHMsI
moboro npusnoxenusi. Meradopuuecku, Python uckmoyaer curyauuio, koraa, pac-
NaKOBaB M0JapOK, 0OHAPYKUBAETCsl, YTO JapPUTEJb 3a0blJ MIOJOXKHUTH OaTaperKu.

K coxanenwio, 1oy, 3annMaiomuecs pazpaborkoit Python, He MoryTt npeackasats
BCe CHTYAL1H, B KOTOPBIX BBl 3aXOTHTE €ro UCIOJIb30BaTh. A 1axe eciu Obl 1 MOTJIH,
TO He BceM ObLI0 6bl y1060HO CKauMBaTh MHOTOrMraGaiiTHele (haitiibl, YTOOBI BCETO
JIMLIb HAMKCATh CKPHIIT, KOTOPbIN epeMMeHOBbIBaeT (aitsibl. [ToaTomy, HecMoTpst
Ha obmmpHbIi GyHKUMOHAT, cTaHAapTHast 6ubuoTeka Python He Moxer oxBaTtuTh
Bce 3anpocsl. K cuactbio, yuactHuku coobuectsa Python paspabareiBaior BHenHIEe
6UbIMOTEKH.

CranaapTHas 6ubaroreka — 310 6e30MacHasi, XOPOIIO U3y4eHHAs] TEPPUTOPUSL: €€
MO[YJIH OZAPOOHO OMUCAHBI U €10 PETYJISIPHO TOJIB3YIOTCSi MHOXKECTBO JIIOAed. ITO
BCeJIsSIET YBEPEHHOCTD, YTO OUBIHOTEKA He AAcT COOM, a IaXKe eCIH 3TO CAYYUTCS,
MOJKHO OBITH YBEPEHHBIM, 4TO Jt0Oble OLIMOKYM CTaHAapTHOU OUOAKOTEKH OyayT
MCIIPaBJIeHbl COOOIIECTBOM B KpaTyaiiliiue Cpoku. BHemHue sxxe 6ubinorexu — sTo
HEeN3BeJaHHAs! TEPPUTOPHSL: JOKYMEHTAIMSI K HHM MO)KET OTCYTCTBOBATh, GYHKIHO-
Has1 — paboTaTh ¢ OUIMOKAMH, a OOHOBJIEHHS] — BBIXOANTD HEPETYJISIPHO MUK BOOOIIIE
Hukor/a. JIro6oi ceppe3Hbiii poekT noTpebyeT GyHKIMOHANA, KOTOPbIi obecreyn-
BA€TCs1 BHEIIHUMHU OUOIHOTEKAMH, HO HY)KHO IIOHUMATh PUCKH, COITY TCTBYIOLIME UX
HCMOJIb30BAHHUIO.

Bot Bam ucrtopus 06 onacHoctu BHemnux 6ubaunorek. OpenStack ucnonnayer
SQLAlchemy, Habop uHCTpyMeHTOB /st paboThl ¢ 6a3amu AaHHBIX Aas1 Python.
Ecnu bl 3HakoMbl ¢ SQL, To 3HaeTe, 4TO cxeMbl 6a3 JaHHBIX MOTYT CO BPEMEHEM
meHsThest, moatoMy OpenStack ucnonssyer sqlalchemy-migrate ass 06pabotku
MUTpaiuu cxeM. IT0 paboTasIo 10 ONPe/IeIEHHOr0 MOMeHTA. BoisiBieHHbIe B 6ubitmo-
TeKe OIMOKYM CTaIM HAKAMJIMBATHCS, a PEllaTh UX HUKTO He cobupascs. K Tomy
BpeMenu OpenStack Hyxaaincs B texuuueckoit noaaepxke Python 3, o sqlachemy
He M0Ka3bIBaJI IPU3HAKOB nepexona Ha Python 3. Crano oueBuaHo, uto sqlachemy-
migrate MPeKPATHJ TEXHMYECKYIO TIOMAEPXKKY U 6OJiblie He GyIeT YAOBIETBOPSTh
noTpe6GHOCTH MOJIb30BaTeNei — UX 3alPOCHl MCYEPNATH BO3MOXKHOCTU BHEITHEN
6ubnuoreku. Ha MoMenT Hanucanus aroi kaurn OpenStack yxe ucnosnbayer
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Alembic — HOBBI1 MHCTPYMeHT MUTpaluK (a3 AaHHBIX, oAAepxuBaoMid Python 3.
KoneuHo, nmepexosx norpe6oBa 3HAUMTENBHBIX YCUIIHIA, HO K CYACThIO, OKa3aJICs He
TaKUM CJIOHBIM, KaK IPeANONaraioch.

MpoBepka 6e30NacHOCTU UCNONb30OBaHUS
BHewWwHux 6mbnuorex

Bce aTo cBOAMTCA K OHOMY Ba’KHOMY BOIIPOCY: KaK He IIONACTh B JIOBYILIKY BHEUIHEH
6ubaunoreku? K coxasneHunio, HUKaK: NPOrpaMMHKCTBI TOXE JIIOAU, U HET crnocoba
npeayragarb, 4YTo 6ubaroTeKa, (haHATMYHO MOAEPKUBAEMAs CETO/IHS, 3aBTPa He
Gyner 3abpoieHa. TeM He MeHee KCNOJIb30BaHHE TAKUX GUOIUOTEK MOXKET ONpPaB-
JBIBATb PUCKHU: IPOCTO HY>KHO BHUMATEIbHO U3y4uTs ux. B OpenStack Mbl ucnonb-
3yeM CJIeqyIouni YeK-JIUCT [Jisi IPUHSTHS pelieH|s: 06 NCIOIb30BaHMK BHEIIHEH
6UGIMOTEKH, U 5T COBETYIO M0JIb30BATHCS UM.

CosmecrumocTtb ¢ Python 3. [laxe ecau ceituac Bbl He paccmatpuBaete Python 3,
TO BEJIUKY LIAHCHI, YTO TIPUAETCS ITO cAeJaTh B OyayleM, NOITOMY CJIEAYET MPO-
BEPHTb, CYLECTBYET /1M UCoab3yeMas bubanoreka ans Python 3 — coBmectuma
M TI0/1IEP)KUBAETCS B TAKOM COCTOSIHUM.

AxtuBHas pa3pa6orka. Ha GitHub unu Open Hub o6b1uHo nmeercs gocratouno
nHdopMaLuu, YTOObI MOHSITh, AKTUBHO JIM Pa3BUBAeTCsi GUOIMOTEKA.

AxTuBHas noaaep:kka. [[axe eciv paspabortka GubaHoTeKH 3aBepiiieHa (Bce 3asiBJIeH-
Hble BO3MOXXHOCTH PETU30BaHbl ), I0JIXKHA IPHCYTCTBOBATh TEXHUMYECKAs TOJIEPIKKA.
[TpoBepsre, Kak GbICTPO Pa3pabOTYMKK OTKJIMKAIOTCS Ha BbISIBJIEHHbIE OIIMOKH.

3anakoska B aucrpudytue OC. Eciu 6ubinoTeka 3anakoBaHa B AMCTPUOYTUB
OC, nanpumep Linux, 370 03HaYaeT, 4TO €CTh 3aBUCUMbIE OT HEe NPOEKTHI, IOITOMY
Npy BO3HMKHOBEHUH NpobJieM Bbl He OyleTe eANHCTBEHHBIM HENOBOJIbHBIM. Eciin
nuiaHupyete BbimycTuThb cBoe I10 B ob1iee 101b30BaHKeE, TO IPOBEPLTE ITOT MOMEHT:
BalI Koz OyJeT Jierde pas3aarhb, KOTa OH yKe YCTAHOBJIEH Ha KOMITbIOTEPE KOHEYHOTO
10J1b30BaTEs.

Iloanepxkka coBMectnmocTH API. Het Huyero xyske, koraa mporpaMma rnepecraet
paboTatb U3-3a TOTO, 4TO GUOIMOTEKA, Ha KOTOPYIO OHA OMMPAJIACh, IOJIHOCTHIO U3Me-
Hua cBoil API. Y3HaiiTe, mporcxoauio i Takoe ¢ BBIGpaHHO# 6UOIMOTEKOM paHee.

JInuensus. Yo6enurech, 4To JMLEH3UsI COBMECTHMA C Balllei MPOrpaMMOii U No-
3BOJISIET OCYILECTBUTH 33JlyMaHHOE B BONPOCAX €€ paClpOCTPaHEHHUs], U3MEHEHUST
Y BBITIOJTHEHUS.
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[IpUMEHHUTD ITOT YEK-JIMCT K 3aBUCHMbIM 3JIEMEHTaM Balllero MpoekTa byaer xo-
POLIVM MOAXOAO0M, XOTsI U BeCbMa TPYA0eMKUM. Ec/iu Bbl 3HaeTe, 4TO NPHIIOKEHHE
OyZAeT CUJIbHO 3aBHCETH OT ONPEEIEHHOM OUOIMOTEKH, CTOUT POBEPUTD, OT KAKHX
6ubIHOTEK, B CBOIO OYEPE/Ib, 3aBUCUT OHA.

3awuTa Koaa ¢ noMoubio o6eprku API

HeBaxxHo, kakue GHOIHOTEKH BBI KCIIOb3YeETe, K HAM HY>KHO OTHOCHTBCSI KaK K MH-
CTPYMEHTY, KOTOPbIN MOXKET IIPUHOCUTD KaK MOJIb3Y, TaK U BpeA. B nessix 6esonac-
HOCTH 6MOINOTEKH JOJKHBI BOCPUHUMATBCS KK HHCTPYMEHTDI, KOTOpPbI€ XPAHST
B rapaxke, ofjajiblile OT XPYINKHUX Bellleld, HO BCe XKe B 30He 0CTYIA.

HeBaxxHO, HACKOJIBKO MOJIE3HON MOXeT ObITh BHEWIHsIsi 6ubanoreka, 6yabre
OCTOPOXHBI, 3a[lyCKasi €€ B UCXOJAHBIN KOA. B npoTHBHOM cily4ae, eciiu BO3HUK-
HYT Npo6JieMbl U MOHAAOOUTCS CMEHUTH OUOIMOTEKY, Bbl MOXETE CTOJNIKHYTHCSI
C TEeM, YTO NPUAETCS Mepenucatb 60bIIYI0 YacTh KoAa. bosee ynobueiil moaxon
3aKJ04YaeTcsi B Hamucanuu cBoero APl — 06epTku, KOTOpast HHKANCyJaUpyeT
BHelIHWe OMOINOTEKH M IEPXKUT UX MOJAJIBIIE OT HCXOQHOTO Koza. Bameii npo-
rpaMMe He3ayeM 3HATbh 00 HCII0Ib3YeMbIX BHEITHUX OHOIHOTEKaX — BaXKHA TOJIBKO
npezocrtasasieMasi AP dyukimonansiocts. Toraa, ecau BaM nmoHago6utes apyras
6ubaroTeKa, HY)KHO Oy/ZeT MOMEHSTH TOJIBKO 00epTKy. [lo Tex nop, moka HoBasi
O6ubIMOTEKA TIPEAOCTABISET TAKYIO XKe (QYHKIHMOHANBHOCTD, TPOTaTh HCXOAHBIN
KOJI He HY’KHO. MOryT OBITh M HCKJIIOYEHHSI, HO X MaJIO: GONBIIMHCTBO 6UGIMOTEK
pa3paboTaHbl, YTOOBI pelaTh y3KOCHEeUUaTN3UPOBaHHbIE BONPOCH], U MO3TOMY
MOTYT OBITh JIETKO U30JMPOBAHBI.

B rnase 5 Mb1 Y3Ha€eM, KaK UCII0JIb30BaTh TOYKH BX0O/a AJIA CO3AaHHUA CUCTEM /:[paﬁ-
B€POB, KOTOPbIE MO3BOJIAT O6paéaTbIBaTb 4YaCTH MMPOEKTAa KaK MOAYJIH, BKJIIOYA€EMbIE
U BBIKJIIOYAE€MbI€ 10 BalIEMY JKEJIAHUIO.

YCTaHOBKa NakKeToB: NnoJslyyeHue
6onbluero or pip

[IpoekT pip mpeasiaraer 04eHb MPOCTOM CIOCOG YCTAaHOBKH BHEIIHUX GUOIHOTEK
1 naketoB. OH aKTUBHO Pa3BMBAETCsl, XOPOLLO MOJIep>KuBaeTcs v BKovyeH B Python
c Bepcun 3.4. OH MOXKET yCTaHABJIMBATD WM YAAIATh IAKETbl U3 KAMAl0za naxkemos
Python (Python Packaging Index, PyPI), apxuBos .tar unu Wheel (Oyaer paccMa-
TPUBATbHCA B IJ1aBe 5).
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Ero nprMeHeHMe He npe/ACTaB/sieT TPYAHOCTEN:

$ pip install --user voluptuous
Downloading/unpacking voluptuous

Downloading voluptuous-0.8.3.tar.gz

Storing download in cache at ./.cache/pip/https%3A%2F%2Fpypi.python.org¥%2Fpa
ckages%2Fsource¥%2Fv%2Fvoluptuous¥2Fvoluptuous-0.8.3.tar.gz

Running setup.py egg_info for package voluptuous

Requirement already satisfied (use --upgrade to upgrade): distribute in /usr/
lib/python2.7/dist-packages (from voluptuous)
Installing collected packages: voluptuous

Running setup.py install for voluptuous

Successfully installed voluptuous
Cleaning up...

[Tpocmarpusas unackesl PyPl, kyna nio060¥i kenaommii MoxeT 3arpy3uTtb CBOM
TaKeT 7151 PaClpOCTPAHEHUSA M YCTAaHOBKH, pip install MOXeT YCTaHOBUTD JIIOOOH
MaKer.

KpoMe Toro, MoxHO yKa3aTb OIIHUIO - -user, KOTOPasi yCTAHOBUT MaKeT B KOPHEBYIO
aupextopuio Python. 3To 1ipeoTspaTuT 3aMycopuBaHH1e JMPEKTOPUH ONEPALIMOH-
HOM cHCTeMBl TOBCEMECTHO YCTaHABJIMBAEMbIMHU MTAKETAMH.

MO0XHO BBIBECTH yoKe yCTAaHOBJIEHHbIE MTAaKeThl C MOMOILbI0 KOMAHAHI pip freeze:

$ pip freeze
Babel==1.3
Jinja2==2.7.1
commando=0.3.4
--snip--

YnaneHue IaKeTOB TaKKe BBIMOJHSETCS pip KOMaHI0M uninstall:

$ pip uninstall pika-pool

Uninstalling pika-pool-0.1.3:
/usr/local/lib/python2.7/site-packages/pika_pool-0.1.3.dist-info/

DESCRIPTION.rst
/usr/local/1ib/python2.7/site-packages/pika_pool-0.1.3.dist-info/INSTALLER
/usr/local/1lib/python2.7/site-packages/pika_pool-0.1.3.dist-info/METADATA

--snip--
Proceed (y/n)? y
Successfully uninstalled pika-pool-0.1.3
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Onna oueHsb nosne3Hast GyHKUUS pip — BO3MOXKHOCTb YCTaHaBJIMBATH AKeT 6e3 KO-
nupoBanus ero daitna. Tunnynoe npuMeHeHue 3ToM (PyHKIMHK — KOT/a Bbl paboTaere
HaJl TAKeTOM U XOTHTe N30eXaTh ero NOCTOSIHHOM YCTAHOBKH U yAaEHUsT KK
pas, Korzga rectTupyere uameHenusi. Vicnosns3yiite a7 3TOro MeTKy -e <directorys:

$ pip install -e .

Obtaining file:///Users/jd/Source/daiquiri

Installing collected packages: daiquiri
Running setup.py develop for daiquiri

Successfully installed daiquiri

B npumepe pip He konupyeT aitnbl U3 J10KaJIbHOW TUPEKTOPUHY, A CO3JAET CIIELIH-
asibHbli aii ¢ uMeHeM egg -1ink B KopHeBo# Aupextopuu. Hanpumep:

$ cat /usr/local/lib/python2.7/site-packages/daiquiri.egg-link
/Users/jd/Source/daiquiri

MDaiin egg-link COAEPKUT MyTb, JOOABISEMBIN B Sys.path /JIsi IOUCKA MAKETOB.
Pesyzibrat MOXeT ObITh JIETKO IIPOBEPEH CJIEAYIONIEH KOMAHIOM:

$ python -c "import sys; print('/Users/jd/Source/daiquiri' in sys.path)”
True

Eiue onuH nose3Hbiil HHCTPYMEHT pip — 3TO ONuMs pip install -e, Heob6xoquMast
JUIsA pa3MellleHUs KoJa U3 PENO3UTOPHS CUCTEMBI KOHTPOJIsi BepCHid: git, Mercurial,
Subversion, noaaepxusaetcsi naxe Bazzar. HanpuMep, Bbl MOXeTe yCTaHOBUTH
OubIMOTEKY HanNpsiMy 1o U3 peno3utopus git, nepegas URL-aapec mocse onuuu -e:

$ pip install -e git+https://github.com/jd/daiquiri.git\#tegg=daiquiri
Obtaining daiquiri from git+https://github.com/jd/daiquiri.git#egg=daiquiri
Cloning https://github.com/jd/daiquiri.git to ./src/daiquiri
Installing collected packages: daiquiri
Running setup.py develop for daiquiri
Successfully installed daiquiri

17151 KOppeKTHOM paboThl yKaKUTe egg-uMsl MTaKeTa, JomUcaB #egg- B koHile URL.
Toraa pip NpocTo BOCNOJIB3yeTcsl git clone AJs1 KIOHUPOBAaHMSI PENO3UTOPHS 110
azipecy src/<eggname> 1 CO3AacT (paiin1 egg-1ink, yKa3blBaIOLIKii HA KIOHMPOBAHHY IO
AMPEKTOPHUIO. :

ITOT MeXaHU3M OYeHb yA00€eH, KOT/Ia IPOEKT 3aBUCHUT OT He3aBepPLIEHHBIX 6ub1o-
TeK, a TaKkXe Mpu paboTe B CHCTEME HeNpepbIBHOrO TecTupoBanusi. Ho mockombky
3a OMLHKel -e He CTOUT HyMepalluy BePCUH, OHA MOXeT BbI3bIBaTh npobseMbl. He-
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BO3MOXCHO 3apaHee NpeayrajaTh, HOBPEISsT JU NPOEKTY BHOCUMBIE B yIaJ€eHHbIH
Peno3UTOpUil U3MEHEHUSI.

CTOMT yIIOMSIHYTb, YTO APYTHE HHCTPYMEHTBI IJIS yCTAHOBKKM UTHOPUPYIOTCS B YTO/y
pip, MO9TOMY OTHOCHTECH K HEMY KaK K TMIIEDMapKETY, IZIe MOXHO NPUO6pecTH Bce
HeoOXOAMMbIE MAKETHI.

Bbi6op n ncnonon3osaHne ppeiMBOpPKOB

Python umeer MHOXecTBO ZOCTYNHBIX (DPEHMBOPKOB /JIsi PAa3TUYHBIX TPUIIOKE-
HMIA: €CJIM HAJI0 HAMUCATD BeG-TIPUIIOXKEHHE, MOXKHO UCcnoib30BaTh Django, Pylons,
TurboGears, Tornado, Zope uiu Plone; eciu Bbl niiete COOGbITUAHO-OPUEHTUPOBAH-
Hblit ppeiiMBOpK, obpatute BHuManue Ha Twisted u Circuits u . 1.

OcHoBHoe oTinyue GpeiiMBOPKOB OT BHEIIHUX OGUOJIMOTEK COCTOUT B TOM, YTO
MPUJIOXKEHHsT UCTIOB3YIOT HpeiiMBOPKH, pa3pabaThiBasi cebst BOKPYT HUX: KO/ pac-
wupsiet GpeiMBOpPK, a He HaoO0poT. BubnoTeKa TOMBKO pacwUpsieT KO U NpU-
JaeT eMy HEKOTOpOe YCKopeHHe, a ppeHMBOPK HOPMUPYET ero kapkac, B KOTOPbIid
BKJIIOYEHO BCe, YTO BbI pa3pabarsiBaete. ITO 06010400CTphiii Med. ECTh MHOXKECTBO
MPENMYIECTB B UCTIOIb30BaHIM (HPeMBOPKOB, HapUMep ObICTPOE IPOTOTUIIUPO-
BaHHe U pa3paboTKa, HO TAKXKe eCTb U 3HAYUMBble HEJOCTATKH, TAKHE KAaK PUBSI3KA
K OCTaBIIKKY (ppeiiMBopka. CiielyeT NpHHSTH BO BHUMaHMe 3TH HIOAHCHI, IPUHUMAs
peleHue 06 UCMONB30BaHUU HpEMBOPKa.

PexoMeHzanuu no Bbi6opy ppeitMBopka s ceoero Python-npusoxenus B uesom
TaKHMe XKe, KaK B YeK-ucTe u3 paszena «[Iposepka 6€30MacHOCTH UCTOIb30BAHUS
BHEUIHUX OMOJMOTEK», YTO JIOTUYHO, €CJU OMUCHIBaTh HPeMBOPK Kak Habop
Python-6ubnuorek. Horaa ¢ppeiiMBOpkH Takxke coaepKaT HHCTPYMEHTHI st
CO3[aHMsl, 3aMyCKa U Pa3BEPThIBAHUS IPUJIOXKEHHIA, HO 3TO He BIUSIET Ha 6a3oBbie
KpuTepuu 0T60pa. Mbl BbISIBUJIH, YTO 3aMeHa BHellIHel 6MOIMOTEKH, TIOCIe TOTO KaK
KOJI HalkCaH, IPUHOCUT MHOTO HEYA00CTB, HO 3aMeHa HPEeHMBOPKA B ThicAYy pa3
Xye U 00bIYHO TPeGYET MONHOTO NEPENUCHIBAHUS IPOrPAMMBI.

YnomuHaBmuiics patee ppeitmBopk Twisted He mopnepxusaet Python 3: ecim Bl
napy JieT Ha3aJ HalKuCaji IPorpamMmy c nomorpio Twisted, a Teneps xotute, 4TGB!
oHa pa6orana c Python 3, To Bam MOXHO TOJIbKO OCOYyBCTBOBaTh. ECTb 11Ba yTH:
HepemnucaTh MPOrpaMMy, UCIIOJIb3Yst HOBbIH (PpeMBODK, UM IIOL0XKAATh, TOKA KTO-
HuOy b yayuwmt Twisted, BkiounB B Hero TexHuyeckyio noaaepxky Python 3.

Hexoropsie ¢peitmBopky npoie apyrux. Hanpumep, Django umeer BctpoeHHyI0
ORM-dyukunonansrocts; Flask, ¢ apyroii croponsl, He nMeeT Takux BO3MOXHO-
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creit. YeM menve pyHkunoHan GppeiiMBoOpKa, TeM MeHblile OyAET C HUM pobyieM
B OyaymeM. OaHako yem 6oJibiiie BO3MOXKHOCTEN OTCYTCTBYET BO GpeiiMBOpKe, TeM
6osbiie 3a5a4 HeOGXOAMMO PeLIaTh, CO3/aBasi CBOM KO/ MJIH Pa3bICK1Basi Gubuo-
TeKY, CIIOCOOHYI0 yCTPaHUTb Bauu n1pobieMsl. Boibop 3a Bamu, HO 6yIbTe OCMOTPH-
TeJIbHBI: Iepexo/ ¢ OAHOro ¢peiiMBOpKa Ha Apyroi paBHocuIeH noasury [epaka,
u 1axe Python, HecMOTpsi Ha Bce CBOM BO3MOXXHOCTH, HE CMOXET BAM HUYEM IOMOYb.

Pa3pa6botuuk sapa Python [lyr XenmaH
0 6ubnuorekax

Jlyr Xenman — Beayuwmii pa3paboryuk B DreamHost, yyacTBoBaBIIMit B pa3BUTHH
npoekta OpenStacks. On 3anyctun Be6-caiit Python Module of the Week (http://www.
pymotw.com/) u Hanucan otiauuHyio kuury The Python Standart Library by Examle.
Kpowme Toro, on paspaborunk siapa Python. 51 3agan [Iyry napy Bornpocos o craH-
AApPTHO# GUOIMOTEKE U O TOM, KaK MPOEKTUPOBATH MPHJIOXKEHHUS C €€ IPUMEHEHHUEM.

Kozoa But nauunaeme nucamo npunoxcerue na Python ¢ nyas, mo xaxoe Baw nepevtii
waz?

A6CTpaKTHO rOBOPs, HIary 1o HarmMCaHUIo NMPUJIOKEHUA C HYJIS1 TIOX0XH Ha B3/1I0M
YK€ CYHIECTBYIOLIErO MPUJIOXXEHHUA, HO C APYTUMHU HIOAHCAMH.

Koraa st MeHsI10 MMEIOIUIACS KO, TO HAYMHAIO C TOTO, YTO MBITAIOCh MOHSITD,
Kak paboTaeT NPUIOKEHHE U Kya HEOOXOAMMO BMELIATHCSL. 51 MOTY IPMMEHHUTH
HECKOJIbKO METOIMK OTJAIKH MPOrPaMMbl: J0OABUTH JIOTUPOBaHKE UM BBIBOJ
1oKa3arejieid WM KCNONb30BaTh pdb M 3alyCTUTh NPUJIOKEHHE C TECTOBBIMH
JAaHHBIMH, YTOOBI IIOHSATb, YTO Aenat0. OOBIYHO 51 U3MEHSIIO M TECTUPYIO BPYYHYIO,
a [10TOM J100aBJIsII0 aBTOMATUYECKOE TECTUPOBAHKE Nepe] myOarKanue.

51 ucnonp3yio 3TOT ke 03HAKOMUTETBHBIN MTOAXO0/I, KOT/Ia CO3/1al0 HOBYIO IPOTpaM-
My, — MHIIY KO/ 1 MPOTOHSIO €ro BPYYHYIO, a IIOTOM, KOT/Ia yIOCTOBEPSIIOCH, YTO
6a30BbI DYHKIMOHAT PabOTAET, IEIal0 ABTOMATHYECKHME TECThI, YTOOBI 060HTH
octpble yribl. Co3anne TeCTOB Takxke MOXKeT CONPOBOXKAATbCA pepaKTOPUHIOM
A1st obseryeHust paGoThl C KOAOM.

Taxum 6bi1 Moii moaxox nipu pabote co smiley (MHCTPYMEHTOM /UIsI CIIEXKKH 32
JeHCTBUSMU MTPOTPaMM M MX 3aMKChI0). Sl Hayas 3KCIIepUMEHTHPOBATH C Tpac-
cupoBkoii Python API, ucrosnb3ysi eAMHOX B! IPUMEHsIEMbIE CKPUIITHI, TIPEXAE
4eM B3SIThCS 32 pa3pabOTKy peaibHOro NpuiioxkeHus1. VI3HaYaIbHO s IVIAaHUPOBAJ,
4TO OJJHA YaCTh IPOrpaMMbl OyIeT COOMPATh AaHHBIE U3 3aMyLLIEHHOTO MTPUJIOXKe-
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HMS, a Apyrasi — nepeaasatb Ux no CeTu U coxpansiTh. [lo6aBUB napy oT4eToB,
51 IOHsLJI, YTO Mpouecc cbopa v nepesayy JaHHBIX ObLT MPAKTHYECKH OAMHAKOB.
51 npuMenun pepakTOPUHT K HECKOJNIBKUM KJlaccaM M co3fan 6a3oBblil Kaace
anst cbopa, OCTyNa ¥ BbIBOAA AaHHBIX. [IpuBsi3Ka aTHX K1accoB k ogHoMy API
M03BOJINJIA C/I€/IATh IPUJIOXKEHHeE /7St CO0pa JaHHBIX, KOTOPOE MUCAJI0 3HAYEHH S
npsiMo B 6a3y, He nepeaaBast AaHHbIE 110 CETH.

Korzaa st paboTtaio Hax NpuIoKeHUEM, TO IyMaIO O MOJIb30BAaTENbCKOM HHTEp-
Geiice, HO B IaHHOM CJly4ae, IPU CO3AAHUN OUOIUOTEKH, 51 COCPEAOTOYMIICS Ha
TOM, KaK pa3pabotuuk Oyaet ucrnosnb3osatb API. BoiBaet jierye Hanmucartb TeCTbl
AJ151 IPOTPaMM, KOTOpbIe OYAyT MOAKJII0YATh HOBble OUOIUOTEKH, a 3aTEM CaMH
6ubaunorexku. OOGbIYHO 51 CO3/a10 HAOOP POrpaMM-NPUMEPOB B BUJIE TECTOB, a 3a-
TeM oopMIIsio 6UOTHOTEKY MO MX TPEHGOBAHUSL.

A Takxke 06Hapy>xml, YTO HalTuCaHHUE JOKYMEHTAlUU K 6ubnuorexe /10 HAITUCAHUA
KO/la ITI03BOJISIET 6oee ACHO npeacTaBuUTb BO3MOXKHOCTH H Tpe6oaauml K HeW,
6e3 NpoayMbIBaHHUs Jaetanei pE€asIn3allHHU. Jrto COO6IH3€T nOJIb30BATEJIIO O Ha-
MEPEHHUSAX, KOTOPBIMHU s PYKOBOACTBOBAJICA IMPH IPOEKTUPOBAHUH 616IMOTEKH.

Kax eviensoum npovecc dobasnenus mooyns 6 cmandapmmyro 6ubnuomexy Python?

[TonHoe onucanme npouecca 1 pyKOBOACTBO M0 A06aBJIEHHIO MOAYJIs B CTaHAAPT-
Hy10 6M6IHOTEKY MOXKHO HAlTH B YKa3aHusix pa3paboruuky Python: https://docs.
python.org/devguide/stdlibchanges.html.

[Ipexnae yem moaynb Gyaer 1o6aBieH, aBTOP AOJIKEH [0Ka3aTh, YTO MOLYJIb
paboTaeT cTabUJIbHO U IMPOKO NPUMEHUM. MOy /b JOJIKEH MPEAOCTABIATD
&yHKUMOHA, KOTOPBII CI0XKHO Pa3paboTaTh B OAMHOYKY, a TaKKe ObITh O4€Hb
akTyanbHbIM. API 10/1keH ObITh OHATHBIM, 2 BCE 3aBUCHMOCTH MOJLY.JISI JI0JIXKHBI
HaXOAMTHCS TOJBKO BHYTPH CTaHAAPTHOU OUOGIHOTEKH.

[lepBblit war — npeacraBiaeHue Baulei naen Moay.st coobmectsy Python. Bei
nobaBiisieTe ee B CTaHAAPTHYI0 6MbIHOTEKY Yepe3 cniucok python-ideas, 4To6si
OLIEHUTb YPOBEHDb MHTepeca K npoekTy. [lonyctim, o6paTHast cBsi3b Oblia noJio-
XKMTENbHOM, TOrAa caeayomuM marom 6yzxer co3nanue Python Enhancement
Proposal' (PEP), B koTOpO€e A05KHO BXOAMTH 0060CHOBaHHE HEOOXOAMMOCTH
R0OaBJIEHHS! 3TOTO MOAYJIS U IETA/IM PeasIu3aL{y IPOLECCa.

BJsiarogapst TOMy YTO HHCTPYMEHTBI yIIPaBJI€HUsI M MOMCKA NAKETOB CTalH Ha-
AeXHbIMH, 0co6eHHO pip u PyPI, Moxet 6biTh Gosiee IpakTHYHBIM pa3paboTaTh

! Tlpeanoxenne no ynaydumenuio Python.
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cBOI0 6MOIHOTeKy BHe cTaHAapTHOW 6ubaMoteku Python. HesaBucumblii BbI-
nyck GuOINOTeKH MO3BOJIUT BHIITYCKATh OOHOBJIEHUS M HCTIPABJIEHHUs Yallle, YTO
aKTyaJIbHO /7151 HOBBIX TexHoJoruii u APL

ITpusedume mon-3 mooyaei us cmandapmmoi 6ubrUOMEKYU, O KOMOPHLX CIOUM 3HAMY
bonvuuncmsy modeil.

OnaHKUM U3 NOJIE3HBIX UHCTPYMEHTOB CTAHAAPTHON OUOJHOTEKH SIBISETCS MO-
Aynb abe. I ucnoasdylo ero npu padore ¢ APl ans AMHAMUYHO 3arpyKaeMbix
pacuMpeHuil B KayecTBe abCTPaKTHOro 6a30BOro KJ1acca, YTo IOMOraeT aBTopam
paclIMpeHus TMOHATH, Kakie MeTobl API eine HyHO 106aBUTD, a KaKHe METO-
ABbl YK€ ONTHMHU3HPOBaHbl. AGCTPaKTHBII 6a30BbIi KJ1acC BCTPOEH BO MHOTHE
00beKTHO-OPHEHTHPOBAHHBIE SI3bIKW IPOrPAMMHMPOBaHUS, HO, KaK s BbISICHHUII,
MHorue nmporpaMMucTsl Python He B kypce 0 ero npucyTCTBHY B HalleM A3bIKe.

AnroputM GUHAPHOTO NOMCKA B MOYJIE bisect — XOPOILMIA IIPUMEP MOJIE3HON
(yHKIH, KOTOPasi YaCTO Peau3yeTCsl HEMPABUJbHO, YTO AEJIAET €€ KOPPEKTHO
PeaTM30BaHHYIO BEPCHIO OAXOAsIILEN /15 CTaHAAPTHOM OubmoTekn. OcobeHHo
MHe HPaBHTCsI BO3MOXHOCTD IIOMCKA 3HAYEHUS] B Pa3PEKEHHbIX MaCCUBaX, KOT/a
OHO He BKJIIOYEHO B IaHHBIE,

EcTb nosesnsle CTPYKTypbI JaHHBIX B MOAYJIe collections, KOTOpbIE HE HCIOJIb-
3yI0TCSI TaK YacTo, KaK MoK Obl. MHe HPaBUTCS MCIOJIb30BaTh namedtuple’ Jisi
CO3/IaHUsT MAJIEHPKUX, OXOXKMX HA KJIACC, CTPYKTYP AAHHBIX, KOTOPbIE JOJIKHBI
XPaHUTb TaHHBbIe 6e3 conpoBoXKaaouLei Joruku. OueHb JIErKo P HEOGXOAUMOCTU
TnepeBecTH namedtuple B OOBIYHBII KJIACC, €CJIH MOHAI00MTCS 106aBUTH JIOTHUKY B pa-
60Ty, a Bce MOTOMY, YTO namedtuple MOAEPHKUBAET JOCTYMN K aTPUOYTaM MO HMEHAM.
Eite onHa nHTepecHasi cTpyKTypa AaHHBIX — ChainMap, KOTOpast MO3BOJISIET CO3ATD
yI06HOe pacuiupsieMoe MPOCTPAHCTBO UMEH. ChainMap MOXKHO MCIIO/Ib30BaTh IPU
CO3/IaHMH KOHTEKCTa /151 11a0JIOHOB PEeHAEPHHTA MJIH YIIPABJIeHHs] HACTPOUKAMHU
KOHQUIypaLyii U3 Pa3HbIX HCTOYHUKOB C YETKO Pa3JC/IEHHBIM IPUOPUTETOM.

Mmnooxcecmeo npoexmos, exnouas OpenStack u snewnue 6ubruomexu, nadcmpausarom
abcmpakyuu nosepx cmandapmuou 6ubnuomexu, Hanpumep cobcmeentvie memoosl
obpabomxu 0amo. u 8pemenu. [lo Bawemy muenuro, cmoum au npozpammucman npu-
depacusamocs cmandapmuou 6ubruomexu, paspabamoiéams c60U PYHKUUU, Nepexo-
Oumb na enewnue GubIuOMeKU UL OMNPasasms noxeranus paspabomuuxam Python?

Bcé Bmecte! S npeanountaio He u306peTaTh BeJIOCHIE, TOITOMY BRICTYNAIO 32
BHECEHHe U3MEHEHHH 1 YJIyYIIeHWH B CyLIECTBYIOLIKE TPOEKTH, KOTOPbIE MOXHO

' VIMeHOBaHHbIii KOPTEX.
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NO/IKJIIOYUTD KaK 3aBUCUMOCTH. C Zpyroii CTOPOHBI, HHOT[a MMEET CMBICJI CO31aTh
abCTPaKIHUIO ¥ TIOJIEPKUBATD €€ KO/l HE3aBUCUMO OT OCHOBHOTO KO/Ia, BHYTPU
NPAJIOXKEHHS UK HOBOM OUOIHOTEKH.

Monyns timeutils, MCIIONIB30BAaHHBIH B BAalleM PUMEPE, — A0BOJIBHO NIPOCTast
obGepTka Moay st datetime. Bosbias yacTs ee hyHKUMIA KOPOTKAst K HECIOXKHAS,
HO CO3/IaH1e MOAYJIS C HanboJiee OOLIMMH ONepalUsIMU TAPAHTUPYET, YTO OHU
OyayT BBIMOJHATHCS HalIeXauum 06pa3om B Jo0bix npoekTax. V3-3a Toro, 4to
MHorue (GYHKIMH 3aBUCST OT NPUJIOXKEHHS B TOM IUIaHe, KAaK OHH OTOOPaXKaIOT
BpeMsi, 00pabaThiBalOT CTPOKH CO 3HAYEHHEM BPEMEHH HJIM B TOM, KaK OHHM T10-
HHUMAIOT «Ceif4ac», 3T0 60IBINHCTBO QYHKLMUIA He SIBISIOTCS MOAXOASIIIAMI
KaHANAATaMM ISl BHECEHHs! B CTaHAAPTHYIO Oubanoreky Python u nostomy
ObLIM IPUHSTHI B APYTHX OUOINOTEKAX U IPOEKTAX.

B 0 xe Bpemst st paboran Haa nepeHocoM API-cepsucos OpenStack ¢ ¢peiim-
Bopka WSGI (Web Server Gateway Interface), caenanioro B paHHue JHH po-
eKTa, Ha (peitMBOpK 111 BeO-pa3paboTKH OT CTOPOHHEro moctaBmuka. Ects
MHOXecTBO onuuii s co3ganuss WSGI-npunoxenuii B Python, u noka Ham
HY’KHO YJIYYIIMTh OAHY M3 HUX, YTOOBI CA€JIATh €r0 MOJHOCTHIO COBMECTUMBIM
¢ API-cepsepamu OpenStack. BHeceHne 3THX U3MeHEHHUI HA BEPXHEM YPOBHE
NIPeANOYTHTEIbHEE JUISl OAJEPAKAHUS «4aCTHOT0» PpeiiMBOpKa.

Ymo BuL nocosemyeme paspabomuuxam, Komopoie He yeepenol, Kaxyio sepcuio Python
avibpamo?

KonunuectBo BHemHux 6ubmnotek ¢ moaaepxkoit Python 3 gocturio kputnye-
cko# Maccel. [Ipoiie Hekyaa co3aaBaTh HOBblE OMOINOTEKU U MPUIIOKEHHS IS
Python 3, a 61arogapsi BO3MOXXHOCTSAM COBMECTHMOCTH, 100aBeHHbIM B 3.3,
noazaepxusatb Python 2.7 takxe crano nerye. [locnenuue quctpubytuss Linux
NOCTaBJISIIOTCS! o BCTpoeHHBIM Python 3. JTi060i4, KTo HAYMHAET HOBBIN NPOEKT
Ha Python, gomxen paccmarpusars Python 3, ecin, koHeuHo, y HUX HeT 3aBu-
CHUMBIX 3JIEMEHTOB, He paboTalouux ¢ HUM. B HacTosiuiee Bpemst 6UGIHOTEKH, He
pabotatomue ¢ Python 3, MOXXHO nepeBOANTD B Pa3psil «HENOIEPIKUBAEMBIX»>.

Kaxoti nyrawuii cnoco6 evieecmu k00 u3 npunoxenus 6 6ubnuomexy, kozda smo xaca-
emcs OU3aUNA, NAGHUPOBANUS, MUZPAUUU U M. O.?

[punoxeHust — 310 KaK HABOPHI CBA3YIOUIETO KO/IA, yAEPKUBAIOLIETO GUOINO-
TEKH BMeCTe /s pellleHUsl ONpe/ieieHHOoM 3aaayn. Ecau BB ¢ caMoro Hayaza
OyneTte pa3pabaTbiBaTh MPUIOXKEHHE KaK OMOIMOTEKY, a 3aTEM yKe UCIIOJIb30BaTh
ee [UIs pellieHusi CBOe#t 3a/1a4H, TO 3TO TaPaHTHPYET, YTO Ko OyaeT OpraHu3oBaH
B Jlornyeckue 6;10kH, a Takxke Oyzer ynobeH st TectupoBanusi. Kpome Toro, Bo3-
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MOJHOCTH NPUJIOXKEHHsI OYAYT AOCTYNHBI B GUOINOTEKE U MOTYT NPHUMEHSATHCS
H B IpyTHX npuioxeHusix. Eciu Bbl He Oyzere cie0BaTh 3TOMY MOAXOAY, TO
PHUCKyeTe 0Ka3aThCsl B CUTYalluH, KOr/1a BO3MOXXHOCTH MPUJIOKEHHSI OYYT CHIBHO
NPUBSI3aHbl K M0Jb30BATEIBCKOMY HHTeP(eEIiCy, YTO MPUBEAET K CI0XKHOCTIM
NPY X U3MEHEHNHU Y IOBTOPHOM HCIIOJIb30BaHUU.

Kaxou cosem Bot 6v1 Oanu 11005m, komopuie xomsm paspabomambs 6010 6ubnuomexy

ons Python?

51 Bceraa pexoMeHnayio npoekTiHpoBaTh 616aoTek U API cBepxy BHU3, HCTIOIb-
3ysl NPUHUHUI eAMHCTBEHHOH OTBETCTBEHHOCTH K Kaxx oMy cJiowo. [logymaiite, uto
T0JIb30BaTENIb XOTEJ OBl MOTYYUTh OT GUbIMOTEKH, U caenaiite AP, koTopslii
MOAJEPKMBAET 3TH BO3MOXHOCTH. [logymaiiTe, Kakue 3HaYeHHsI MOTYT OBITh
COXpaHeHBl U HCIOJIb30BaHbl HA MECTe, a Kakue CTOUT NepeJaBaTh U3 MeTOJa
B MeToA. VI HakoHel, nogyMaiTe O peaM3alMy M O TOM, J0JKEH JIM KO/ BHYTpH
ObITb OPraHM30BaH MHaye, 4eM B mybmynom API.

SQLAlchemy — oTnuuHbIii npuMep npuMeHeHUs 3TUX NPaBuIIL. [exniapaTuBHOe
ORM (Object-Relational Mapping, 06bekTo-pensiloHHoe peobpa3oBaHue),
MaMnUpOBaHUE U CJIOM FeHepPali BHIPAKEHUN — Bce pasfiesieHo. PaspaboTunk
MOXKET PEeLINTh, KAKOH YPOBEHb abCTPAKIIMH eMy Hy>KeH 1151 paboTs! ¢ API, 1 uc-
110J1630BaTh OUOINOTEKY HA OCHOBE CBOMX MOTPEOHOCTEH, a He HA OTPaHUYEHHSX,
HAJIO)KEHHDIX JU3aHHOM.

Kaxue owubkxu Bo scmpeuaeme uawe écezo, kozda wumaeme K00 paspabomuuxos

Python?

Ectb oqHa o6nacth, B koTOpOii naroMsl Python oTaM4aoTcst OT APYruX sA3bIKOB
POrpaMMHUPOBAHM: UHMKJIBI U UTepaiui. Hanpumep, oauH U3 caMbIX YacThIX
AHTUIATTEPHOB, KOTOPBIE 51 BCTPEYalo, 3TO HUCIOJb30BaHUE IUKAA for A
bubTpauMu crKcKa: cHayana [00aBISIIOTCST 3JIEMEHTBI B HOBBIi CITMCOK, a 3a-
TeM 06pabaThIBAIOTCS Pe3yBTATHI €Il OAHUM LUKJIOM (Yallle BCero rnepenaven
CIHCKa KakK apryMeHTa ¢GyHKIMK). S Bceraa coBeTyIO NepeBeCcTH TaKhe HUKJIbI
B hopmy reHepatopa BbipaxxeHUH, KOTOPbIii 60s1ee acdekTBEH, a TaKXKe POCT
B noHMMaHuu. Eue s 4acTo BUXKY, KaK CIUCKH, C b0 00paboTKH UX COAEep-
)KUMOT0, 0ObEUHSIIOT Pa3HBIMH CIIOCOOAMH, BMECTO TOTO YTOOBI HCIIOIB30BATh
itertools.chain().

Ectb u apyrue, 6ojiee TOHKE MOMEHTbI, KOTOPBIE 51 PACCMAaTPUBaI0 B 0630pax
KOJIa: UCI0JIb30BaHKe dict () B KauecTBe TabJIMIIbI TOUCKA, a He GoJiee AJTMHHOTO
6Js0Ka if:then:else, 4TOObl yOEAUThCS, YTO PYHKUHUSA BCEra BO3BPAILAET TOT
ke TUN 06beKTa (HarmpuMep, MyCTOU CHKMCOK, a He None); CHUXKEHHE KOoJIrye-
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CTBa apryMEHTOB, HEOOXOAUMBIX /151 GYHKIUNH, yTeM OObeINHEHUS TIOXOKHX
3HaYeHHii B 0OBEKT THIA KOPTEX HJIU KJIacc, a Takke 00bsIBJIEHHE KJIACCOB /sl
HCnoab30BaHus B mybmuunbix API BMecTo cioBapeii.

Ymo Bui mosxceme cxa3amo o ¢ppetimsoprax?

DpeitMBOpPKH — 3TO TaKO#i Xke MHCTPYMEHT, Kak U Apyrue. OHU MOTYT IOMOYb,
HO Ha/I0 BBIOUPATh X C OCTOPOXKHOCTBIO U TOJ 33/1a4H, KOTOPbI€ OHM JOJDKHbI
pelaTs.

Bboiaeienue o6unx yacteit npunoxeHus B ppediMBOPK IOMOXKET COCPEAOTOYNTD-
cs1 Ha pa3paboTKe YHHKaNbHOW yacTH Bauleil nporpaMmsl. DpeitMBOpKH Takxke
NPEAOCTABJIAIOT MHOTO NPeIBAPUTEJIBHOTO KOZIA 1151 BLITIOJIHEHUS TAKMX Belllei,
KaK 3aIyCK B pe’KMMe OTJIaIKH1 U HallMcaHue Habopa TeCTOB, KOTOPbIE IOMOTaI0T
ObicTpee BBIBECTH NPUJIOXKeEHHe B paboTocnocobHoe cocTosinue. K Tomy e oHn
NPUIEPKUBAIOTCSI TOCTOSIHHOW (POPMBI B peTU3aLIMHU IPUJIOXKEHHs], YTO O3HAYAET,
4TO y Bac Oyaer 6oJiee NOHSTHBII 1 HAXEXXHBIHA KOZ.

OpHako ecTb U JIOBYIIKU. PeuieHre 06 UCMOIb30BaHUU KOHKPETHOTO (peiiM-
BOpKa 00bIYHO MOZpPa3yMeBaeT onpeaeseHHblil An3aiiH npunoxenus. Beibop
HenpaBWJIbHOTO (peliMBOPKa MOXKET CAeIaTh pa3paboTKy NPHIOKEHUS 3aTPY -
HHUTEJbHOM, €CJTU 3TOT AW3aiH OPraHMYHO He BIUCBHIBAETCS B TPeOOBaHUs 11PH-
J0xxeHHs. Bbl MoxeTe 0ka3aTbCsl B CHTYallMH, KOT/A CPaKkaeTech ¢ GpeiiMBOPKOM,
TaK KaK MbITaeTeCh UCMOIb30BaTh MATTEPHBI U UAMOMBI, KOTOPbIE HE COBINAAAIOT
C PEKOMEH/IOBaHHbIMH.



AOoKyMeHTauus N NPaKTUKn
xopouero API

B 370l rnaBe Mbl pacCCMOTPUM JOKYMEHTAUMIO U NOAPOGHO OCTAHOBUMCS Ha TOM, Kak
ABTOMAaTU3UPOBATb CIOXKHBIE U YTOMUTENbHbIE aCNEKTbl AOKYMEHTUPOBAHUA NPOEKTa
€ noMoLwbio Sphinx. XoTs BaM Bce euje NpuAETCA NUCaTb AOKYMEHTaUUIO CAMOCTOS-
TenbHO, Sphinx ynpocTuT 3agady. PaclumpsaTb BO3MOXHOCTM Python npuHsaTO yepes
61bnnoTekn, NOITOMY Mbi TaKoke pacCMOTPUM, Kak YNpaBnsaTb U AOKYMEHTUPOBATb
n3MeHeHus B nybnuunbix API. MNockonbky Bawwm API 6yayT passueatbCsi No mepe
BHeceHns 1 aobasneHns yHKUWIA, U PEAKO C CAMOro Hayana MOXHO NONYYUTL BCE,
4YTO 33aAYMaHO, €CTb HECKONbKO CMOCOB0B, Kak CAeNaTb UX MAKCMMaNbHO YAOOHbLIM
AN nonb3oBaTenen.

B koHue rnasbl NpuBeaeHO MHTepBLIO ¢ Kpuctodom ae BoeHHOM, aBTOpOM ¢peiM-
sopka Web Services Made Easy. B nHTepBblO 3aTparMBaloTcs nyyline NpakTUKu
pa3paboTku U noaaepxku APL.

AokyMmeHTUpoBaHue co Sphinx

JlokyMeHTHpOBaHHEe — O/IHA U3 HanboJIee BKHBIX YacTel pa3apaboTKH NporpamMm-
Horo obecneyenus. K coxanenunio, y 6oJbIIMHCTBA MPOEKTOB HET JOCTOMHOM 110~
KyMmeHTauuu. Ee HanMcaHue BBITJISIUT CJOXKHBIM M TMYTAIONUMM, HO 3TO He 00si3a-
TeJIbHO JI0JKHO ObITh TaK: C MHCTPYMEHTAMH, JOCTYHBIMU nporpammucTtam Python,
AOKYMEHTHPOBaHHE KO MOXET ObITh TAKUM e MPOCTBIM, KAaK M €ro HalMcaHHe.

OnHa U3 I1aBHBIX TPUYHUH OTCYTCTBUSI OOJBILOTO KOJTMYECTBA JOKYMEHTALUH — 3TO
He3HaHHe JIo/ieil O IPYTHX Crocobax ee COCTaBIeHuUs1, KpoMe pyuHoro. [laxe ¢ 601b-
LLIMM KOJIMYECTBOM JIIOZ€i1 B TPOEKTE ITO 3aKOHYUTCS TEM, YTO YACTh Pa3pabOTIMKOB
OyZeT BbIHYX/IeHa 6aIaHCHPOBATh MEX/LY CO3/laHHEM HOBOTO KO/ M €r0 JOKyMeH-
THpoBaHueM. Eciiu Bl cipocuTe pa3apaboTunka, 4eMy Obl OH OTAaJl MpeANIoYTEHHE,
TO CKOpee BCero, OH Obl XOTeJ MUCATh KOJI, @ HE ONUCHIBAMIb €TO.
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WHorzaa npouecc 10KyMeHTUPOBAHMS NOJHOCTBIO Pa3fieJieH C MPOLIECCOM pa3pa-
GOTKH — 3TO 03HAYaeT, YTO AOKYMEHTaUMIO OYAYT MUCaTb JIIOAH, HE CO3aBaBIlIHe
KoA. 1 yem manbine, TeM Gosblie JoKyMeHTaUust GyAeT MPOCPOYEHA MO BPEMEHH:
NPaKTHYeCKH HEBO3MOXXHO BPYYHYIO BECTH JOKYMEHTALHIO M YCIIEBATh 32 CKOPOCTHIO
pa3paboTkH, KaKKMMH Obl HU OBLIH CTIELUATUCTBI, KOTOPHIE 3aHUMAIOTCS €10.

[TonBeneM uToru: yeM 6osbILe pa3pbiB MEXAY KOAOM U I[OKyMeHTaLlPIef;I, €ro OMnuchbI-
Balolllel, TEM CJIOXKHEee 6leeT Ka4Y€CTBEHHO B KOHIl€ CBECTH BCE€ BOC/IHUHO. HOSTOMy
CTOMUT JIU pPa3/IENATDb 3TH npoueccm? Beap BriosiHe BO3MOYKHO BKJIIOYUTD AOKYMEHTa-

LIMIO NPSIMO B KO/ M B aJIbHe1IeM 1TepeBecTH ee B ierkouynTtaembiid popmar HTML
um PDE

Camblii pacnpocTpaHeHHbIH dopMmar Ans gokymenrauuu Python — ato reStructu-
redText, nnu, cokpauieHHo, — reST. ITO ynpouleHHbIH SI3bIK pa3MeTKu (Kak
Markdown), KOTOpbI# JIETKO YUTAETCS W MMULIETCA JIOABMU M MalIMHaMu. Sphinx —
3TO LIMPOKO MCIOJIb3yeMblii HHCTPYMEHT /s paboThl ¢ 3TUM POPMATOM: OH MOXKET
4yuTaTh cogepxkumoe dainoB reST 1 BEIBOZUTH JOKYMEHTANMIO B IpyroM opmare.

51 pexomeHayI0 BKJIIOYATh B JOKYMEHTALIUIO MPOEKTA CIIEAYIOLLYI0 HHGOPMALHIO:
O npobseMy, KOTOPYIO IPOEKT PEILAET, B ABYX CJIOBAX;

QO JMLEH3HI0, O KOTOPOU PacHpOCTpaHsieTcst MPoeKT. EC/M OH ¢ OTKPBITHIM UC-
XOZHBIM KOJOM, CTOMT YKa3aTh 3Ty HH(GOpPMaLMIO B 3ar0JI0OBKe KaXAOro gaiina
C KOZOM, YTOOBI T10JIb30BATENH 3HATH, YTO UM MOXKHO A€JIaTh C 3THM KOZOM;

O npuMep paboThl KOAA;

Q MHCTPYKUMIO 1O YCTAHOBKE;

Q ccbuiku Ha coobecTBo, paccsuikd, IRC, popym u T. 1;
O cChUIKY Ha CHCTEMY OTCJI€)KUBaHKS OLIUOOK;

O CcChIIKY Ha UCXOOHBIA KOA AJIsi pa3pabGOTUYMKOB, KOTOPbiE XOTAT pa3obparbes
B HEM.

Canenyert Takxe BKI0YHTD baitn Readme.rst, 0GbCHSIOMMIA, YTO A€IAET BAIll [IPOEKT.
ItoT Readme nomxken otobpaxarbcs Ha crpanuue npoekta B GitHub unu PyPI;
oba caiita mogaepxusaioT ¢popmar reST.

NPUMEYAHME

Ecnu Bbl ucnone3yete GitHub, To MoxeTe ao6asuth dann CONTRIBUTING.rst,
KOTOpbIV 6yAeT oTO6paxaThCa, Koraa KTo-HUOYAb OCTaBASET 3aNpoC Ha NonyyeHue
AaHHbIX. OH AOMKEH COAEPXaTb YEK-NUCT, KOTOPOMy ByayT CneaoBaTb NONL30BATENN
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NpY BHECEHUM U3MEHEHUW, rAe HEOBX0ANMO YKa3aTb, PyYKOBOACTBYETeCh /in Bbl PEP 8
N Kakue MoaynbHbie TecTbl ucnonslyete. Read the Docs (http://readthedocs.org/)
NO3BONAET aBTOMATUUECKW B PEXUME OHNAH CO3AaBaTb U Ny6NUKOBATb AOKYMEH-
Taumio. 3aperncTpUpoBaTLC U HAaCTPOUTL NPOEKT B 3TOM CEpBUCE OYEHb NPOCTO.
Read the Docs HaxoauT Baw ¢ainn koHdurypaumu Sphinx, cosaaeT Ao0KyMeHTauuo
U paeT K Hel AoCTyNn nonb3osatensM. OTAMYHOe AONONHEHWE K CaliTaM, coaepxa-
WwuM Koa.

Hauano pa6orbi co Sphinx u reST

Cxauats Sphinx MoxxHo ¢ http://www.sphinx-doc.org/. THCTpyKLHsi 110 yCTaHOBKE Haxo-
QUTCS Ha CaiiTe, HO MOXKHO MOCTYIHUTD MPOIE U BOCMIOJb30BaTLCA pip install sphinx.

[Mocne Toro kak Sphinx GyzeT ycTaHOBJIEH, 3anyCTUTe sphinx-quickstart B KOpHe-
BOW JUPEKTOPHH MPOEKTa. ITO CO3zacT nanky doc/source u $haibl, HeoOX0AMMbIE
Sphinx: conf.py, conepxammit napamerpst kondurypauuu Sphinx (6e3 Hero oH He
paGotaer), u index.rst, KOTOpPbIiA OYAET CIy>)XUTb [JIABHOM CTpaHHIEl Bamei 10-
kyMeHTaiuu. [locie BoinosHeHust KoMauabl quick-start Hago 6yzer npoiiTu yepes
CepHUIO 1IaroB sl YKa3aHHUs COIVIalleHHs] 110 HAMMEHOBaHUIO, HyMepaluH BepcHii
Y Ipyrye ONIHH JJIs IPOYMX MOJIE3HBIX HHCTPYMEHTOB U CTaHAAPTOB.

Daiin conf.py conepxuT Takue NepeMeHHble, KAK UMsI TPOEKTA, aBTOP U TEMA ISk
HTML-pa3merku. 1ot haiin MOXKHO peaKTUPOBATh HA CBOE YCMOTPEHHUE.

[locne co3gannsi CTPYKTYPBl M YCTaHOBKH IIepeMEHHBIX MOXKHO ITUCATh JOKYMEHTHI
B HTML, BBI3BaB sphinx-build c mpuMeHeHreM JUPEKTOPUH, COlepXKalel BXOIHbIE
JAHHbIE, U AMPEKTOPHH /ISl BBIXOAHBIX JaHHbIX B KA4eCTBE apTyMEHTOB, KaK NOoKa-
3aHo B aucrunre 3.1. Komanaa sphinx-build unraet ¢aiin conf.py u3 aupeKTopun
C BXOAHBIMHU JAaHHBIMHM M OCYLIECTBJISIET OTTY/1a MApCUHT Bcex ¢aitnoB .7st. 3aTeM
npousBoauT ux perjiep B HTML B 1upeKkTopuu ¢ BEIXOAHBIMY JaHHBIMH.

Nucrunr 3.1, Cospanue 6a3osoro Sphinx HTML agokyMeHTa

$ sphinx-build doc/source doc/build
import pkg_resources
Running Sphinx v1.2b1
loading pickled environment... done
No builder selected, using default: html
building [html]: targets for 1 source files that are out of date
updating environment: @ added, @ changed, © removed
looking for now-outdated files... none found
preparing documents... done
writing output... [100%] index
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writing additional files... genindex search
copying static files... done

dumping search index... done

dumping object inventory... done

build succeeded.

Tenepb MOXHO OTKPbIT doc/build/index.html B Gpay3epe u unTaTh Ballly JOKYMEH-
TALMIO.

NPUMEMAHME

EcJiv BBl Mcnionb3yeTe setuptools unv pbr (cM. taBy 5) 11 co3aHUs nakeTos, Sphinx
PACIIMPUT UX s OAAEPKKH KOMAHAK! setup.py build_sphinx, xoropast 3anycTur
sphinx-build aBromatnyecku. Unrerpauus pbr B Sphinx uMeeT HekoTOpbIe TapaMeTpb
10 YMOJTYAHHIO, HATPUMED BBIBOJI IOKyMEHTAIMH B OAAUPEKTOPHIO /docC.

JlokyMeHTalus HaunHaeTcs ¢ aitna index.rst, HO He 006513aTeIbHO 3aKAaHYMBAETCS
Ha aToM: reST momaepxxusaet nupeKTuBy include nns Bxmodenus daitnos reST us
npyrux ¢aiisios reST, H0O3TOMy HUUYTO He MellIaeT BaM Pa3ieInTh JOKYMEHTAIUIO Ha
HeckobKo ¢aitnioB. He cTouT nepexxuBaTh 3a CHHTaKCcUC U ceMaHTHKY: reST npen-
JlaraeT MHOX€ECTBO CPe/ICTB (DOPMATHPOBAHMS, U MO3KEe Bbl MOXKETe U3YYUTb ero
BO3MOXXHOCTH. B nosiHoit nokymenTtauum k HeMy (http://docutils.sourceforge.net/docs/
ref/rst/restructuredtext.html) MOkHO 03HaKOMHUTBCS C Te€M, KaK CO3/IaBaTh 3aTOJIOBKH,
MapKMPOBaHHbBIE CIMCKH, TaOJULbI U T. /1.

Moaynu Sphinx

Sphinx — pacimpsieMblit: ero 6a30BbIit PYHKIHOHAT NOAAEPKHUBAET TONBKO PYYHOE
BeJIeHUE IOKYMEHTAIIH, HO OH CKAYMBAETCS C HECKOJIBKUMHU MOJIE3HBIMU MOAYJISIMU
JJIs aBTOMATHU3al[MH ToKyMeHTHpoBaHusi. Hanpumep, sphinx. ext . autodoc BeizessieT
crpoku B popMate reST U3 Baliux MOyJieii ¥ reHepupyert (haiisisl .7t 47151 BKIIOYEHH ST
B IOKYMEHTaIMI0. ITO O/IHA U3 BO3MOXKHOCTE, 00 aKkTHBaIlUK KOTOPO#i BaC CIIPOCUT
sphinx-quickstart. Ecii1 Bbl OT Hee OTKa3a11ch, MOKHO B JII0O0H MOMEHT 106aBUTH
3TO pacUiMpeHue B conf.py:

extensions = ['sphinx.ext.autodoc"']

Obparute BHUMaHKe, YTO autodoc He OyzeT aBTOMAaTHYECKH Pacno3HaBaTh U obpa-
GarbiBaTh MOAy/1U. ClieflyeT BPYYHYIO YKa3aTh, KaKie MOAYJIM HEOOX0AUMO 32/10-
KYMEHTHPOBATh, 100aBUB aHAJIOTHYHBII KOA U3 TMCTUHTA 3.2 B (ail .7st.
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Nucrunr 3.2, 0603HaveHne Moaynen Ans AOKYMeHTMpoBaHusa autodoc
.. automodule:: foobar

) :members:
e :undoc -members:
® :show-inheritance:

B nuctunre 3.2 Mbl fes1aeM TPU 3anpoca, BCe U3 HUX HeoOsI3aTeIbHbL: BHIBOJ BCEX
JIOKYMEHTHDYEeMBIX 371EMEHTOB @, BBIBOJI BCEX HE/IOKYMEHTHUPYEMBIX 3JIEMEHTOB @,
1moka3 HacsieZoBanus @. O6pariTe BHUMaHUe TaKXke Ha CleyloLlee:

Q ecau Bbl He BKJIIOYKTE Kakue-1160 ykasanusi, Shpinx Hu4ero He creHepupyer;

Q ecau yKa3zaHO TOJBKO :members:, HEAOKYMEHTHPYEMbIE Y3JIbl MO/IYJs, KJac-
ca WaM MeToda OyayT MpOMyIeHbl, JaXe eCU COAEPKAT DJEMEHTDI, KOTOPbie
HOJKHBI ObITH 33/I0KyMEHTHPOBaHbl. Hanpumep, ecin 1OKYMEHTUPYIOTCS Me-
TOJbI KJIacca, HO HE CaM KJIacC, TO :members: HCKJIIOYUT U CaM KJIACC, U €ero Me-
Tosl. UTOOBI TAKOrO HE MPOMCXOAWIIO, HEOOXOAMMO AOMUCATh CIENHAIBHYIO
CTPOKY I KJlacCa UJIM YKa3aTh Bce B :undoc-members:;

O Moaysb goKeH pacnosiaratbes TaM, oTkyaa Python Moxer ero ummoptupo-
BaTb. [lo6aBneHue ., .., U/UIU ./ .. B Sys.path MOXKET IOMOYb.

Pacuipenue autodoc 1aeT BO3MOXKHOCTD BKJIIOYATD GOJIBIIYIO YaCTh JOKYMEHTAIMH
NPsIMO B UCXOAHBIN KO. MOXXHO BbIOMPATh, KAKUE MOLYJIN UM METOABI TOKYMEH-
THPOBATh — He 00s513aTeIbHO BCe. Ecan epkaTh JOKYMEHTALIUIO B UCXOJTHOM KO/I€,
TO €€ JIETKO aKTyaJIM3UPOBATh.

ABTOMaTH3aLUUA COAEPXKaHMA C NOMOLLbIO autosummary

Ecau oI co3naete 6ubsmoteky st Python, To, ckopee Beero, 3axorute 106aButs cozep-
kaHue kK API-okyMeHTaluy, B KOTOPOM GYZIET CCHIIKA Ha CTPAHHILY KaXKI0TO MOYJIS.

Mopnyab sphinx.ext.autosummary GblJ CO3/1aH CHELHUANbHO AJIsi 0OPaGOTKH ITOM
pyTHHOI1 3ana4u. [TepBbIM 1€10M Ha/IO MOAKIIOYUTD €ro, 106aBUB B conf.py cieny-
IOLIYIO CTPOKY:

extensions = ['sphinx.ext.autosummary']

Hanee cnexyet 106aBUTD Cae/1yOlIHe BBIpAXKeHUs B (haid1 .75t 17151 aBTOMAaTUY€ECKOi
reHepaluy COAEP)KUMOTO IS YKa3aHHbIX MOy JIeit:

.. autosummary::

mymodule
mymodule.submodule
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Cospanytcs daiinbl ¢ uMenamu generated/mymodule.rst u generated/mymodule.
submodule.rst, conep:xaiiue yka3aHusi 1Js autodoc, OnucaHHble Bbiule. Micnonbayst
3TOT e ¢opMaT, MOXKHO YKa3aTh, Kakue yacTu MoayJist APl Bbl xoTuTe BKNIOYUTD
B IOKYMEHTALHUIO.

NPUMEYAHME

Komanza sphinx-apidoc MoxkeT aBTOMaTH4YeCKU CO3AaTh 3TH (haiibl; moApoOHOCTH
CM. B IoKyMeHTauuu K Shpinx.

ABTOMaTM3auua Tectuposanmnna ¢ doctest

Ewe oana nosesnasi pyukuust Sphinx — aro ciocobHocTs aBTOMaTHYecKH 3amy-
cKaTb doctest Npu co3aanny JokyMeHTauuu. CTaHIapTHBIA MOAYJIb doctest HLIET
B JOKyMeHTaluu (parMeHThl KOJa ¥ NPOBEpPsieT, OTPAXKAIOT JIU OHU Te AeiCTBUS,
KOTOpbIe B Heil onucanbl. Kaxxablii ab3ail, HAUMHAIOWHKKCS C >>>, pACCMaTPUBAETCS
Kak Tako# ¢parmMeHT 1151 TecTupoBanus. Hanpumep, ecaiv Bbl XOTHTE 3a10KYMEHTH -
POBaTb CTAHAAPTHYIO QYHKILMIO print, BbI MOJKeTe HAIIMCATh CEAYIOLIUHA (pparMeHr,
U doctest IIPOBEPUT €ro pe3yJIbTar.

Yr1o6bl BBIBECTU CTPOKY CTAHAAPTHBIMH WHCTPYMEHTaMHM, UCNOJb3YHTe PYHK-
LU0 :py:func: print’:

>>> print("foobar")
foobar

Hanunuue nono6HbIX IPUMEPOB B IOKYMEHTALMH [O3BOJISAET II0Jb30BATEN IO IOHATD
Baw API. TeMm He menee ¢ pa3ButueM API serko 3a6s1Th 06 0OHOBJIEHUY IPUMEPOB.
K cyactbio, doctest moMoraetr HOMHUTb 06 3ToM. Ec/ Ballia 10KyMeHTaLus coaep-
)KMT TOLIArOBYI0 HHCTPYKIHIO, doctest, MPOBO/AS TECTUPOBAHUS KAXAOH CTPOKH,
GyZIeT OTIMYHBIM TIOMOLIHUKOM B MOAJIEP)KAHUH €€ aKTYaIbHOCTH C Pa3BUTHEM KO/IA.

doctest MOXHO MCIOJb30BaTh AJsi paspabomxu uepe3 0oKkymeHmuposanue
(documentation-driven development, DDD): cHayasia co3iaiiTe IOKYMEHTALIMIO U TIPU-
Mepbl, a 3aTeM KOJ, yIOBJIETBOPSIIOLIMIA 3TUM yc10BUsIM. [TosyynTs mpenmyiecTsa ot
3TOro MOJX0/a TaK Xe MPOCTO, KaK 3alyCTUTb sphinx-build ¢ 0coboit c60pkoii doctest:

$ sphinx-build -b doctest doc/source doc/build

Running Sphinx v1.2b1l

loading pickled environment... done

building [doctest]: targets for 1 source files that are out of date
updating environment: @ added, @ changed, @ removed

looking for now-outdated files... none found

running tests...
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Document: index

1 items passed all tests:
1 tests in default

1 tests in 1 items.

1 passed and @ failed.

Test passed.

Doctest summary

1 test

0 failures in tests

@ failures in setup code

0 failures in cleanup code
build succeeded.

[Ipu ucnonb3oBaHuM 3TOM cOOPKHU doctest Sphinx yuTaer oObiyHbIE Baiibl .75t
Y BBINOJIHSET IPUMEPDI KOZA, CoZieprKaiiecs B 3TuX daiinax.

Shpinx Taxxke obGecneynBaeT u LEbIH Psl APYTHX BO3MOXKHOCTEH, BXOAALIMX B €T0
6a30BYIO BEPCHIO WM TOJIyYaeMbIX YEPE3 PACIIUPEHHS, TAKUX KaK:

QO cBsA3bIBaHUE NPOEKTOB;

O HTML-Ttemsr;

QO auarpammsl ¥ GOpMYbI;

O BbiBoza B ¢popmartsl Texinfo u EPUB;

QO CCHIIKM Ha BHEIIHIO AOKYMEHTALUIO.

Ha nanHOM 3Tane Bce 3TH BO3MOXXHOCTH MOTYT ObITh M HE HY>KHbI, HO KOT/Ia OHH
noHa00s1TCs1 BaM B OGyayiueM, Bbl yxxe Oyzaere o Hux 3Hath. HanmomuHaeM, yto 060
BCEM 3TOM U MHOTOM JPYrOM MOXHO y3HaTb B 0puManibHOM JOKyMeHTauu Shpinx.

Hanucanue pacumnpenus gnsa Sphinx

WHoraa rotoBbix pelieHUid HEAOCTATOYHO U NPUXOAUTCS CO3aBaTh CBOM UHCTPY-
MEHTBI 11151 YCTPaHEeHHUsI TPOOIEMBI.

Honycrtum, Bbi nuuere HTTP REST API. Sphinx 3agokymeHTupyer Toabko yacTb
API, a ocraBmyiocs yactb fokymeHnTauud REST API npugercs nucatb BpyuHyio,
4TO MOBJIEYET 32 COOOM MPobEMbI, CBsi3aHHBIE ¢ TaKoW paboToit. Coznatean Web
Services Made Easy (WSME), ube uHTepBbIO IPUBEIEHO B KOHIIE [JIaBbl, PEIIHIH
3Ty npobJieMy: OHU co3/1asv paciuupenue 1isi Sphinx nox HazsaHMeM sphinxcontrib-
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pecanwsme, KOTOPOE aHaJIU3UPYET CTPOKU AOKYMeHTa U Bbigessier cTpoku Python
ans reHepaunu gokyMmentaunu REST API aBromatuyeckn.

NPUMEYAHMUE

Has gpyrux HTTP-¢dpeiimBopkos, Takux kak Flask, Bottle, Tornado, MoxHo uc-
noJL30BatTh sphinxcontrib.httpdomain.

Ecau MoxHO u3Beub MHGOPMALIMIO U3 KOJA [/ CO3JaHus JOKYMeHTalLlUH, TO cJle-
AyeT aBTOMATH3HPOBATD TOT NPoOLecc. ITO ropaszio yaoOHee, 4eM MOAREPKUBATD
JAOKYMEHTALMIO BPYYHYIO, 0COOCHHO Koraa MoxkHo noakmounTts Read the Docs.

PaccMaTpuBaiiTe pacuiupeHuUe sphinxcontrib-pecanwsme Kak IpUMep NOJIb30BATENb-
ckoro pacuiaperusi Sphinx. 1lepsbiii war a715s1 HanKcaHKUs TAKOrO MOAYJISL — a JIy41e
noaMoayJist sphinxcontrib, €C/M Ball MOAYJb AOCTaTOYHO YHUBEPCATE€H — Bbl-
6pathb A5 Hero uMs. Sphinx Tpebyert, yTo6b! y Moy st OblIa DYHKUUS C UMEHEM
setup(app), B KOTOpO# GyAyT MeToAbl, CBA3BIBAIOLINE KO C AUpekTuBamu Sphinx.
[TosHbI# CIIUCOK METOM10B, AoCTYNHBIX A7t Sphinx API, nocTyneH no ccouike: http://
www.sphinx-doc.org/en/master/extdev/appapi.html.

HanpuMep, paciMpenue sphinxcontrib-pecanwsme COXEPKUT €MUHCTBEHHYIO M-
PEKTHBY C UMEHEM rest-controller, koTopasi obaBsieTcst GyHKIMEH setup(app).
ITa AMpeKTHBa TPEOYET 1I0JHOLEHHOTO KIACCa /1151 FeHEPALUMH IOKYMEHTAIIMH, KaK
[I0Ka3aHo B auctuHre 3.3.

Nucrunr 3.3. Koa u3 sphinxcontrib.pecanwsme.rest.setup, ao6aensiowymit
knacc rest-controllerdirective

def setup(app):
app.add_directive('rest-controller', RESTControllerDirective)

Merton add_directive u3 sucrunra 3.3 perucTpupyer AUPEKTUBY rest-controller
U nepejaer ee s 00paboOTKM Kyaccy RESTControllerDirective. Kinacc RESTCon-
trollerDirective CONEPKUT aTPUOYTHI, yKa3biBAIOIIHE, KAK IMPEKTHBA I0JKHA
o6pabaTbIBaTh COAEPIKUMOE, €CTh JIH B HEM apryMeHTHI U T. . Kiacc Takske peanu-
3yeT MeTOX run(), KOTOPbIH HEMOCPeICTBEHHO U3BJeKaeT WH(OPMALIUIO U3 Koza
u Bo3Bpaiaer ee B Sphinx.

Penoautopuii https://bitbucket.org/birkenfeld/sphinx-contrib/src/ conepkuT MHOXeECTBO Ma-
JIEHbKHX MOJTYJIei, KOTOpBIE MOTYT TOMOYb B Pa3paboTKe COBCTBEHHBIX PACIIMPEHHIA.

B xauecTBe elie 0HOro npuMepa: B oqHoM 13 Moux npoekrtoB Gnocchi — 6Gaze
OaHHBIX JJIA XpaHE€HUA U HHAEKCAlUH JaHHbIX BDEMEHHBIX DANOB B 6OJIbII.[OM Mac-
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wtabe — st IPMMEHUJ II0JIb30BATENbCKOE paciikperne Sphinx a5t aBToMaTHueckoi
resepanuu gokymenrauuu. Gnocchi obecneunaer REST API, u 06b14HO 1151 10-
KyMeHTHpoBaHus Takoro APl npumepn 3anpocos u orsetoB aas1 AP nuuryres
BpYuYHYI0. /laHHBII METOZ MOXET BbI3bIBATh OIIMOKH U HE OTPAXKaTb PEATbHOCTb.

MPUMEYAHME

HecMotpst Ha To yto Sphinx Hanucad Ha Python u o yMonyanuio paGoTaet ¢ HuM,
pacuUIMpeHHst MOTYT MOAKIIOYUTD MOAJNEPXKKY APYTHX SI3BIKOB NMPOIPaMMHPOBAHHSL.
MozxHo npuMeHsiTh Sphinx 1 IOKYMEHTUPOBaHHsI IPOEKTA, AaKe €CJIM OH UCTIOJIb-
3yeT HECKOJIbKO S13bIKOB.

Wcnoab3yst MonyibHOe TecTupoBanue st npoBepku Gnocchi API, Mbl co3ganu
pacumpenne Sphinx g5 3anycka Gnocchi u renepupoBanwst daiina .rst, conepxa-
utero HTTP-3anpocs! 1 oTBeTsl, 3anyiieHHble Ha pealibHOM cepBepe. [1pu Takom
noaxojie 0becreynBaeTCsi AKTyaTbHOCTb JOKYMEHTALIMH B TI060i MOMEHT BpEMEHH:
OTBETBI CepBePa FeHEPUPYIOTCSI aBTOMATHYECKH, a B CITy4ae c60st BBIBOAMUTCS OMINOKa,
KOTOpast OyAeT CUrHATM3NPOBATh, YTO B JOKYMEHTALMIO II0PA BHECTH M3MEHEHHSL.

BrutioyeHne 3T0ro koaa B KHUTY 3aHsI0 OBl CIMIIKOM MHOTO MECTa, HO MOXHO MO-
cMoTpeThb Ha ucxoauuku Gnocchi B Cetn 1 u3y4nTh MOy b gnocchi . gendoc, YTOOBI
TOHSTBH ero pabory.

YnpasneHue nusameHeHnaMu B API

Xopo1o 3a10KyMEHTHPOBAHHDIN KO/ SIBJISIETCS] CUTHAJIOM [UJISI APYTUX pa3pabot-
YHKOB, YTO OH MOAXOAMT AJIsi MIMIIOPTA U UCMOJIb30BaHUsl B APYrUX npoektax. [Ipu
co3nanuu 6ubarorexu u akcnopre APl Heo6xoauMMo 06ecrieynuTh HaTHYHE Kaye-
CTBEHHOM /IOKyMEHTALMH.

B atoM paszesie 6yayT pacCMOTpEHDI Jiyylive NPakTHKH Utst myoanunbix APL. Ito
03HAYaeT, 4TO OHH OYAYT AOCTYNHBI MOJIb30BATEISIM IIPUIOKEHUS UK OMOIMOTEKH.
B 10 Bpems kak ¢ 1nunbiMH API MOXXHO fen1aTh BCe YTO YTOAHO, K MCIIOJIb30BAaHUIO
ny6amynbix API Ha/lo NoAX0AMTD € OCTOPOXKHOCTBIO.

Ytobbl pasaessitb npuBaTHbie ¥ nybanunbie API, B Python npunsto cornamenue
00 1CnoJIb30BaHNHK NPe(UKCa B BUJE HUXKHETO NOAYEPKUBAHUSL: foo — IyOIMYHBIH,
a_bar — npusatHbIii. CTOUT IPUAEP>KUBATHCS 3TOTO COTJIALLIEHNUs] TPY UMEHOBAHUH
cBoux API, as1s1 yno6cTBa Apyrux noJib3oBareiel ¥ OnpeaeieHus: CTaTyca CTOPOHHHUX.
B ot/inume ot Apyrux si3sIkoB nporpaMMupoBanusi, Python He HakianbiBaeT 3anper
Ha IOCTYTI K KOAY, OTMeYeHHOMY cJioBamu public unu private. CorzaieHue o npucBo-
€HHUH UMeH HeOOXOAMMO /ISl HATAKMBaHKWsl KOMMYHHMKAIIMU CPEAH TIPOrPAMMHCTOB.
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Hymepauus sBepcuit API

[MpaBunbHast Hymepauus Bepcuii API naet nosb3oBaresnto MHOro nose3Hoit uHgop-
maiuu. B Python Het KOHKpPeTHOI cCHCTEMBI WK COTJIAIEHHUS] O HyMePaLiK BEPCUI
API, Ho ecaiu nocMotperh Ha UNIX-nsiaTr¢opMbl, TO UX OTTOYEHHYIO CUCTEMY HY-
Mepanuu GuOJIMOTEK MOXKHO B3SITh 3a 00pasell.

B uenom cucreMa HyMepaiuu 10/KHa otoOpaxarts u3MeHenusi B AP, koropsie 3a-
TParuBaloT nosib3osareseil. Hanpumep, npu cymiecTBeHHbIX N3MEHEHUSIX OCHOBHOM
HoMep Bepcuu uaMeHuTcs ¢ 1 Ha 2. [Ipu no6aBieHUH HECKOIBKMX HOBBIX (DYHKLIMHA
B API nameHunTcs BTOpoil NOpsiIKOBHII HOMep, HanpuMep, ¢ 2.2 Ha 2.3. Eciu uame-
HEHHUsl KaCalOTCsI TOJIbKO YCTPaHEHHsI OMIUOO0K, TO HOMepP Bepcuu uaMeHuTcs ¢ 2.2.0
Ha 2.2.1. Xopouuii npuMep UCHOJIb30BaHUsI HyMepauru Bepcuii — 6ubanoTeka
Python requests (https://pypi.python.org/pypi/requests/). Ona yBennunBaeT HOMep
BEPCHUH B 3aBUCHMOCTH OT KOJIMYECTBA M KAUECTBA U3MEHEHHUH, KOTOPbIE 3aTParuBaioT
NPUIOKEHHS], UCTIOJIB3YIOIIKE TaHHYI0 OUOIHOTEKY.

Homepa Bepcuii — 3T0 noacka3ka pa3paboTyrKaM O TOM, YTO MEXKAY ABYyMsI pejin3a-
M1 6MOIMOTEKH CYILIECTBYIOT Pa3/NyHsi, HO CaMo MO cebe 3TO He JaeT JOCTATOYHOM
MHGOPMALMK: HEOOXOAMMO MPUIOKUTD MOAPOOHYIO JOKYMEHTAIHKIO C ONIUCAHUEM
MPOU3OLIEIIUX U3MEHEHUI.

loxymMeHTUpOBaHue usMeHeHn B API

Kaxnapiit pa3 npu BHeceHuH u3MeHeHuil B API nepBoe U rjiaBHOe, YTO HYXKHO
clieNiaTh, — 9TO 3aJJOKYMEHTHPOBATh UX, YTOOBI MOIb30BATEIb KOA MOT GBICTPO
NpPOaHaJIU3NPOBATh U3MeHeHHUs. [JOKyMEeHT JOJKeH OXBAThIBATh CJEAYIOIIHe
aCneKThL:

O HoBbIE 371EMEHTHI UHTEPdETICa;
Q aneMeHTHI cTaporo uHTepdeiica, KOTopbie GOJIbILIE HE UCTIOB3YIOTCS;
QO HHCTPYKIUH O TOM, KaK NMePedTH OT cTaporo HHTepdelica K HOBOMY.

He crout cpasy ybupats cTapsiii unTepdeiic. PekoMeHayeTcst COXpaHSTD €ro 10
MOMEHTA, [TOKA eT0 NMoJ/Iep’KaHKue He CTaHeT CJUIIKOM 3aTpaTHbIM. Ecoii Bel ykaxere,
4TO OH GoJIbIlE He OyeT HCIOMB30BAThCS, TO MOJIB30BATENM HAYHYT MOCTENEHHO
MepexXOUTh C HETO.

Jluctunr 3.4 — npumep X0opoLIo 33[J0KyMeHTUPOBaHHOro uameHenust API, rae kox
NpEACTaBJIsIET OOBEKT TUMA AaBTOMOOHIIS, KOTOPBI MOXET MEHSITb HalpaBJieHUE
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aBrxenust. [1o CBOMM BHYTPeHHUM yOeXKIeHUAM Pa3pabOTYMKK PELINJIU epPeesiaTh
MeToz turn_left (IIOBOPOT HaJIEBO) M 3aMEHHUTBD ero Ha 6osiee 061Hii turn (MOBOpPOT),
KOTOPbIi IPUHUMAET HalpaBJieHUe B KAYeCTBE apryMeHTa.

Nncrunr 3.4. N3MeHeHne B AokyMeHTauum k API ans obvekTa Car
class Car(object):

def turn_left(self):
“““MOBOPOT MaWMHb Haneso.

.. deprecated!:: 1.1
Ucnonb3yiTe :func: turn’ BMecTo 3TOro, C aprymeHTom left (Bneso)

now

self.turn(direction="'1left")

def turn(self, direction):
"""MoBopayuBaeT MaWWHy B 33AaHHOM HaNPaBNEHUH.

:param direction: NapameTp, onpepenswwuii HanpasneHwe.
:type direction: str (Tun napameTpa)

# 3pecb koA dyHKUMK
pass

TpoiiHble KaBBIYKH B IPUMeEPE, """, 0003HAYAIOT KOHEL ¥ HA4aJI0 CTPOK JIOKYMEHTA,
KOTOpbIe OYyT NepesaHbl B JOKYMEHTAIUIO, KOT/ NIOJIb30BaTENb BBEZET help(Car.
turn_left) B KOMaHAHYIO CTPOKY WJIH BbIIEJUT B JOKYMEHTALHIO C TOMOIIbIO BHEII-
Hero WHCTpyMeHTa, HanpuMep Sphinx. To, yto MeTox car.turn_left ycrapesn, Bbi-
JleJieHO CJIOBOM deprecated 1.1, rie 1.1 yKka3bIBaeT Ha BEPCUIO, HAYMHAsI C KOTOPOH
OH 0O0JIbIlIEe HE UCTIOJIb3YETCSI.

O6o3HayeHrEe CTAPOro METOAA M OTOOPakeHH e ero B Sphinx sIBHO yKa3bIBaeT M0JIb30-
BaTeJI0, 4TO GYHKLUKUs 6OJIbllIe He J0KHA UCMOb30BaThesi. OHO TaksKe HanpaBJsieT
M0/Ib30BaTeJIsi K HOBOMY METO/Y C OITMCAaHUEeM TOrO, KaK OCYLIECTBUTD MePexo/ Ha
HOBBIA QYHKIIMOHAI.

Ha puc. 3.1 npeacraByien npumep ohopMIeHNsT HEAKTYATbHBIX QYHKLHIT B IOKY-
meHTauuu Sphinx.

HenocraTtok gaHHOrO MOAXO0Aa COCTOUT B TOM, YTO MOJIb30BATEISIM HEOOXOAHMMO
YUTATh CMIUCOK U3MEHEHHI M IOKyMeHTalMIo ipu o6HoBeHun Python-makera.

Tem He MeHee ecThb pelmeHue: 0603HaubTE HEAKTyaJIbHbIE€ (I)yHKI_II/II/I MOZYJIEM warnings.

' MoxHo nepeBecTy Kak «boJiblle He HCTIOIB3YETCS .
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complete

Returns a bool indicating whether the current frame is complete or not. If the frame is
complete then trame_size will notincrement any further, and will reset for the next frame.

Changed in version 1.5: Deprecated header and keyframe attributes and added the new
frame_type attribute instead.

Changed in version 1.9: Added the complete attribute.

header
Contains a bool indicating whether the current frame is actually an SPS/PPS header.

Typically it is best to split an H.264 stream so that it starts with an SPS/PPS header.

Deprecated since version 1.5: Please compare frame_type tO PiVideoFrameType.sps_header

instead.

Puc. 3.1. OdopMneHmne HeaKTyanbHbix QYHKUWIA B AOKYMEHTaUMK K Sphinx

0O603HaueHHne HeaKTyanbHbIX PyHKUMA MOAyNIEM warnings

Yro6bl ycTapeBire MOy M GOJIbIIE HE UCIIONB30BAIMCH, HEOOXOAMMO YETKO 000-
3HAaYMTb UX B JOKyMeHTaruu. Python takxe obecneurBaet Moy b warnings, o3Bo-
NSO BBIIABATh PAa3IMYHbIE NPEAYIPEXKIEHUS [IPH TOMBITKE HCIIOJIb30BATb ITH
MOZYJIH. DTH NpeaynpexaeHus, DeprecationWarning u PendingDeprecationWarning,
MOXHO IIPUMEHSITH IJIs COOOIIEHU s Pa3pabOTYHKY, YTO HCTIOJIb3yeMast UM QYHKIUS
6osbiiie He OyaeT NOAAEPKUBATHCS.

NPUMEYAHME

Ins Tex, kro paGoraer ¢ s3bikoM C, 3T0 ymo6HOE AOMONHEHHE K attribute_
((deprecated)) GCC pacimupeHus.

B npuMepe ¢ aBromMo6uIeM U3 IUCTHHTA 3.4 MOXKHO HCIIO/IB30BATH PEAYNPEXKAEHHS]
IS IOJIb30BATeEJIEH, €CJIM OHU GYYT MBITATHCS BHI3BATh HEAKTyaIbHbIEe (PYHKIHMH,
KaK B JIUCTHHre 3.5.

Nincrunr 3.5. 3apokyMeHTUpOBaHHOE U3MeHeHue B API o6bekTa Car ¢ noMoLblo
warning Moayns

import warnings

class Car(object):
def turn_left(self):
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"""NoBOPOT MaWUHL HaNeBo.

©® .. deprecated:: 1.1
Ucnonb3yitte :func: turn® BmecTo 3Toro, ¢ aprymentom left (Bneso)

e warnings.warn("turn_left 6onbwe He ucnonb3yeTcA; UCNONb3yHTE BMECTO 3TOro
¢yHkumio turn c aprymeHTtom left (Bneeo)",
DeprecationWarning)
self.turn(direction="'1left")

def turn(self, direction):
"""MosBopayuBaeT MawuHy B 33aAAHHOM HaNpaBACHWM,

:param direction: NapameTp, onpeaensluwuin Hanpasnexune.
:type direction: str (Tun napamertpa)

nwan

# 3pecb koa OyHKUUM
pass

B npumepe ¢yHkuus turn_left 6b1a OTMedYeHa Kak HeakTyaubHas @. [loGaBuB
CTPOKY warning.warn, MOXKHO HamucaTb coOCTBeHHOe coobienne 06 ounbke ©.
Teneps, ecin Kakoi-1160 KO/t BbI30BeT (PyHKIMIO turn_left, Gy/IeT BbIBEAEHO Npeay-
npesxieHKe CIeAyIolero BUaa:

>>> Car().turn_left()
__main__:8: DeprecationWarning: turn_left is deprecated; use turn instead

ITo ymomnyanuio Python 2.7 v ero no3aHue Bepcuu He BbIBOSIT PeAYIPEXAEHUS U3
MOy warnings, a GUABTPYIOT UX. UTOOB YBUACTD HTH MpeAYNPEXAEHUS, HEOO-
XOIUMO Nepeaath OMLHIO -W B UCTIONHsIeMBbIi (aiit. Onuus -W all GyaeTr BHIBOAUTD
BCe npeynpex/enus B stderr. Ha rnasnoi crpanuite Python MoxHo nocMoTpets
Ha BCe 3HAueHUsI 1S -W.

Bo Bpemst TecToB pa3paborurku MoryT 3amyckatb Python ¢ onuueit -W, roraa omn6ka
OyneT BbIBOAMTBCST KAXK/Iblid Pa3, KOI/Ia MCIIOJIb3yeTCsl HeakTyaibHas pyHkuus. Pas-
pabOTYMKH, HCIIOJIB3YIOLIHE Ballly OUOIHOTEKY, MOTYT JIETKO HAWTH TOYHOE MECTO, T1€
HeoOX0AMMO M3MeHNTB Koz, JIuctuur 3.6 mokassiBact, kak Python Tpancgopmupyer
npeaynpexxaeHus B pataibHble HCKIIOYeHHs, KOI/1a OH 3allylleH C OMUMEN -W.

JNucrunr 3.6. 3anyck Python ¢ onuueit -W 1 BbiBoA OWKUEKM O NPUMEHEHWUH
HeaKTyanbHoW yHKUWK

>>> import warnings
>>> warnings.warn("This is deprecated”, DeprecationWarning)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
DeprecationWarning: This is deprecated
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[Ipexynpexaennst 0GbIYHO HTHOPUPYIOTCS B MPOLIECCE BHIMOJIHEHHUS, U 3aMyCK NPO-
rPaMMBl C OII{He -W He O4eHb Xopolllee pelieHue. C Apyroit CTOpPOHBI, TECTUPOBaHHE
npusioxenusi Ha Python ¢ BkioueHHO# onupneit -W GyIeT OTJIMYHBIM PelieHHeM s
BBISIBJIEHWS] M YCTPaHEHUs! OIUMOOK Ha paHHEeM JTalle.

[Iucartp BpyYHYIO BCe 3TH peaynpexaeHus], 0OOHOBJIEHUSI CTPOK JOKYMEHTA  MPO-
4yee YTOMUTENBHO, I03TOMY /Il aBTOMATH3AllMK 3TUX MPOLIECCOB Obljla co3JaHa
6ubsmoreka debtcollector. OHa IpeAOCTaBASET AEKOPATOPSI /15 GYHKIHMIA 1 0bec-
ne4uBaeT COOTBETCTBHE NMPeAyNPeXAeHUA U CBOEBPEMEHHOE OOHOBJIEHUE CTPOK
nokyMeHTtauuu. Jluctunr 3.7 nokasplBaeT, Kak ¢ MOMOIIBIO MMPOCTOTO eKOpaTopa
yKa3aTb, 4TO (pyHK1MsI Oblila NepeHeceHa.

Nncrunr 3.7. U3meHenne B API, aBTOMaTU3UpOBaHHOE C NoMoLbio debtcollector
from debtcollector import moves

class Car(object):

@moves .moved_method(‘turn', version='1.1")
def turn_left(self):

"""oBOPOT MaWuHbi HaNEBo.

return self.turn(direction="left')
def turn(self, direction):
"“"MNosopaynBaeT MawuHy B 33JaHHOM HaNpaBNEHWUM.

:param direction: The direction to turn to.
:type direction: str

# 3pecb koa ¢yHKUUM
pass

B npumepe ncnosnbayercst MeTox moves() u3 debtcollector, Yeit feKopaTop MeToOza
moved_method reHepupyeT DeprecationWarning (pyHKuuu turn_left npu ee BbI30Be.

NTorn

@axrnyeckn Sphinx — 3T0 CTaHAapT A0OKyMeHTHPOBaHUSA MPoeKToB Ha Python.
OH noazepxuBaeT pa3HOOOPa3HbIil CUHTAKCHC, a 10OaBJIEHHE P HEOOXOAUMOCTH
HOBOTO CHHTaKCHCa MJIM BO3MOXXHOCTEN OCYLIECTBIISETCS JOBOJIbHO mpocTo. Sphinx
TakXe aBTOMaTH3UPYeT Takue 3ala4yd, KaK CO3/1aHHe COePKAHMs I BBIBOJ /10-
KyMEHTalH1 U3 KOAA, YTO 00JIer4aeT MoAAEPKKY aKTyaJbHOCTH JOKYMEHTALlUH
B GOJIBIINX MPOEKTAX.
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JlokyMeHTHpOBaTh 3MeHeHHs1 B API KpuTHYeCcKH BaXkHO, 0COOEHHO KOr/Aa Bbl
nepeenbiBaeTe GyHKIMOHAIBHOCTD. [lo/1b30BaTENM JOKHBI OCTABAThCS B KypCe
u3MeHeHuit. Criocob6aMu JOKyMEHTHPOBATh HEUCIIONb3yeMble (PYHKIMHU SIBJISIOT-
cs1 KJIIo4eBoe CJI0BO deprecated B Sphinx, Moxyib warnings, a Takxke 6ubanorexa
debtcollector, KOTOpast MOKET aBTOMAaTHU3UPOBATDb MOAAEPKKY JOKYMEHTALIMH.

Kpucrod ae BbeHH 0 pa3pabortke API

Kpucrod — paspaboruux Ha Python u aBTop ¢ppeitmBopka WSME (Web Services
Made Easy), koTopblii no3BosisieT pa3apaGoTydKaM CO31aBaTb BeO-CEPBUCHI HaA
Python, a rakxe noaaepxxuBaet 6o0sbioe koaudectso API, BcTpauBast UX BO MHOTHE
apyrue GpeiiMBOpKH 151 BeG-pa3paboTKH.

Kaxue owubxu donyckarom paspabomuuku, kozda npoexkmupyrom Python API?

CyuiecTByeT HECKOJIBKO PaCIpPOCTPAHEHHBIX OMMOOK MPH NPOEKTUPOBAHUH
Python API, uzberarb KOTOpPbIX MHE IIOMOTAIOT CJIEAYIOIIHE TPAaBHUIIA;

* He nenaiite ero cimmxkoM croxkubIM. [1punepsxusaiitecsk npoctotbl. C1ox-
Hbie API Tsxe10 moHUMaTh M JOKyMeHTUPOBaTh. B To ke BpeMs GyHKLUHO-
HaJIBHOCTB GMOIMOTEKU He06A3aTeIbHO JOJKHA OBITh POCTOM, HO XOPOLLIMM
peleHyeM OyeT caeaTh ee IOHSITHOM /JISl IOJIb30BATENsl M CHU3UTb BEPOSIT-
HoCTb on60k. K npumepy, 6u6110TEKa MOXKET GBITH TPOCTOM W HHTYUTUBHO
TIOHSITHO B 0OpallieHHH, HO TIPH 3TOM JIeNIaeT CI0XkKHBbIe onepauuu. [[potuso-
TNOJIOXKHOCTB 3TOMY — urllib API, KoTOpas u c10%kHa B 0OpallieHHH, U TaKXKe
NPOU3BOUT CJIOXKHBIE ONepPaLUH.

* Cpenaiite marmo Buaumoii. Korna API cosepiaet onepaiunu, He ONMUCaH-
Hble B JOKYMEHTAIUH, KOHEYHOMY TMOJIb30BaTENIO 3aX0YETCSl B3JIOMATh KO
¥ IOCMOTPETD, YTO TaM NPOUCXOAUT. HeT HIYero yanBuTeIbHOTO B TOM, YTO
BBIMOJIHsIEMasi pab0Ta BHITJISIAUT Kak Marusi. [1aBHOe, 4TOOBI y M10JIb30BaTE IS
He BO3HUKAJIO HUKAKUX cO0eB Ha pabo4eM MeCTe, MHa4Ye ero OTHOLIEHHE K Ha-
JEKHOCTH BALIETO MPOAYKTA MOXET U3MEHUTHCSI.

* He 3a6bBaiiTe 0 npuMeHennn. Korzaa Bbl COCPeIOTOYEHBI HA CO3AHUH KOJI@,
JIerKo 3a0bITh O TOM, KaK Ha CaMOM JieJie Oy/1y T oJIb30BaThCs Balel 6ub.mo-
Tekoii. [Ipoaymaiite akTyanbHble cnocoObl ee IPUMeHEHUsI— 3TO obJieryaer
paspa6orky API.

¢ ITnmure MoayabHbIe TeCTh. PazpaboTka Yepe3 TeCTUPOBAHHE — ITO OYEHD
a¢dekTUBHBII criocob Hanucanus 6ubaKoTEK, 0cobeHHO Ast Python, motomy
YTO OH 3aCTaBJISET Pa3pabOTYMKA C CAMOrO Ha4aIa PACCMAaTPUBATh IIPOrpamMMy
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Y C TOYKHU 3PEHMUsI M0JIb30BATEsI, YTO B UTOTE YJIYYIIaeT AU3aiH U y100CTBO
MCIOJIb30BaHMsI. DTO eAMHCTBEHHBII MOAXO0A, O3BOJSAIOIHIA TOJTHOCTHIO
nepenucars OubIMOTEKY B CTyyae HEOOXOAUMOCTH.

Kaxoii acnexm Python eausiem na npocmomy co3oanus API-6ubruomexu?

Python He o6;1amaeT BcTpoeHHBIM MeToaOM pasaeneHust API Ha npuBaTHyio
Y NyOJIMYHYIO YACTH, YTO OLHOBPEMEHHO SIBJISIETCS M TLIIOCOM, H MUHYCOM.

Paspa6oTuyuk He yBepeH B TOM, Kakue 4acTH API myGauunsl, a kakue nayyine
6b1710 Obl CKPBITh OT NOCTOPOHHUX, U B 3TOM mpobsema. Ho npu npaBusibHON
OpraHM3aluy NOPsIAKa, AOKYMEHTALKY, a TaKXKe IPUMEHEHNH CIelHalbHbIX
MHCTPYMEHTOB BpoJie zope.interface 3Ty mpo6ieMy MOXXHO PELIUTb.

[Ipenmy1ecTBO Xe 3akjo4aeTcss B ObICTPOM u npoctoM pedaktoputre API
C OHOBPEMEHHbIM COXpaHEHUeM COBMECTUMOCTH C NIPE/bIAYILMMH BEPCUSIMU.

Ha wmo cmoum o6pamumv enumanue npu usmenenusx API, ezo ycmapesanuu u yoa-
aenuu?

EcTb HeCcK0/IbKO KpHUTEPUEB, KOTOPBIE 1 PACCMATPHUBAIO IIPU PUHSITUU PEILIEHU i
OTHOCHUTENIbHO pa3paboTku API:

* Kak c10:kHO OyzAeT no/Ib30BaTe 1M OHOIHOTEKH aJaNITHPOBATD CBOM KOA?
[Momus, yto BamuM API mons3yioTcs moay, 1000e BHOCUMOE U3MEHEHKe
JI0JIKHO CTOUTb YCUJIMH 110 €r0 afanTaluu. ITO MPaBUIO HEOOXOAMMO s
NpeaoTBpauleHus HeoOPaTUMBIX W3MEHEHHIA B Tex yacTsix API, koropriMu
Hanboee yacTo nosb3yiorcst. OxHo n3 npeumymiects Python B atom Bonpo-
ce — JIerkuii pepakTOPUHT KO/ /IS aAanTaiuu K uaMeHeHusiM API.

* Hackoabko Jerko noaaepxkuBatb cBoit API? Ynpomarh peanusanuio,
OYHMILATh KOJI, ynpouarts npuMeHenue API, nenatp GoJiee aeTaibHbie TECTHI,
CcTpeMuUTbCs co3aaTh AP] MHTYUTHBHO NOHSITHBIM — BCE 9TO CHAEJAET MOA-
JEPXKKY TpoLle.

* Kak s mory coxpanutp uenoctiocts API npu namenenusnx? Ecan Bce
¢&dyukuun API noctpoeHst no oaHoMy mabsioHy (HanpuMep, py nepefaye
napameTpa B (pyHKIHIO NepBbIii apaMeTp y 6oabLIMHCTBA QPYHKUMI OTHH
M TOT Ke), [I0CTapaiuTeCh, YTOOBI U HOBble QYHKIMU eMy ciiefoBaIn. X0ouy
OTMETUTD, YTO BBIIIOJIHEHHE MHOTIMX 33/1a4 OMHOBPEMEHHO — 3TO XOPOLIHA
€rnoco0 He peasn30BaTh KAYECTBEHHO HU OJHY U3 HUX: COCPENOTOYETECh HA
OCHOBHOM 33jJ]aue, KOTOpy1o peutaet Bam APL.

* Yro noxy4aT noip3oBaTes M OT 3THX H3MeHeHHH ? [locieiHuil NyHKT, HO He
MeHee BaXXHBIH: BCEr1a CMOTPHTE C TOYKH 3PEHHsI KOHEYHOTO T10JIb30BATESL.
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Kaxoti cosem Bot moxeme damo no doxymenmayuu API?

Xopouiasi JOKyMeHTaLHs [IOMOTaeT HOBBIM M10JIb30BaTe IsIM OBICTPee BKIIOYHTHCS
B paboty. Ee oTcyTcTBHE OTTOJIKHET MHOTMX MOTEHIMAIbHBIX [OJIb30BaTENEH,
Aaxe onbITHBIX. [Ipo61eMa B TOM, 4TO JOKYMEHTUPOBaHHME — 3TO CJIOXKHBIHN MPO-
11eCC, M TIO3TOMY MM 4acTo Npexebperaot!

HaunnaiiTe 10KyMEHTHpOBaHHE KaK MO’KHO pPaHbIle H BKJIOYalTe 3TO
B CHCTeMY HenpepbiBHOI HuTerpauuu. C nactpymentom Read the Docs ans
CO3/1aHHUs1 ¥ Pa3MeLlleHUsl TOKYMEHTALUH OTTOBOPOK, I04YeMY JOKYMEHTalUsI
OTCYTCTBYeT, ObITb He IOXKHO (110 KpaidHeil Mepe, /st [IPOEKTOB C OTKPBITHIM
YICXOJIHBIM KOZIOM).

BxunouaiiTe CTPOKH V1S AOKYMEHTHPOBaHHA KJaccoB H GyHkuuii Bamero
API. Ecnu Bol cienyete pexoMmedaauusivm PEP 257 (https://www.python.org/
dev/peps/pep-0257/), pa3apaboTuyuKaM He NPUAETCSA YUTATh UCXOMHBIN KOZ,
4TOOBI MOHATH BO3MOXHOCTH API. Tenepupyiite HTML-nokymMeHTauuio us
CTPOK B KOJle — U He orpaHNYMBaiTech conepxanuem API.

o6asasiite npakTHyeckue npuMepsl. BriounTe X0Ts1 6b1 01HO «HaYaIbHOE
PYKOBOZCTBO», B KOTOPOM HOBHUYKaM O0'bsICHSIETCS1, KAK CO3/1aTh paboTaromuit
npumep. Ha nepBo#i cTpanuie JoOKyMeHTalKUU CAeAyeT yKa3aTh PUMEPHI
NPOCTOrO ¥ MPOABHHYTOrO NpruMeHeHus1 Bamero APIL.

JoxymenTupyiite nameHenne API B noapoOGHOCTsX, BepcHs 3a BepCHEiA.
JKypHnana cucreMbl KOHTPOJISI BEPCHIA HEOCTATOYHO!

Caenaiite 10KyMEeHTaLHIO JIETKOJOCTYTHOMN H IPUATHOM I YTEHHUS, €CIH
BO3MOXHO. Y MOJb30BaTeseil J0oMXKHa ObITh BO3MOXHOCTb JIETKO HAUTH
M IIOJIyYU T Heobxoaumyio nndopmamio. [Ty6imkanus 10KyMeHTaluu yepe3
PyPl — onuH U3 OCHOBHBIX METOIOB IOCTHXKEHUS 3TOTO; TAKXKe XOPOIIeH
uzeeii Oyaer my6aukauust Ha Read the Docs, Tak kak nosib3oBaTtesiu 0Xuaa10T
HANTH JOKYMEHTAIIMIO TaM.

Hy u HakoHel, BbIOMpaiiTe NIpHBIIEKaTEIbHOE BUH3YAIbHOE O(OpPMIICHHE.
51 ucnons3yio Busyanbnyio temy «Cloud» ans Sphinx, ogsako cymectByer
MHOXECTBO APYTUX TeM Ha BbiOop. Heobs3aTeibHO 6bITh BeO-1u3aiiHEPOM,
4TOOB! KPACMBO OPOPMHUTD JJOKYMEHTALIHMIO.



Pa6boTta c BpeMeHHbIMU MEeTKaMM
M 4acoBbIMM NOSACAMM

C vacoBbiMM NOAICaMKM BCe 3anyTaHo. MHorve aymaioT, uto paboTa C 4acoBbIM Nos-
COM — 3TO npocToe fobasneHne UNn BblYUTaHWE NApbl YacoB OT BCEMUPHOro KOOP-
AnHWpoBaHHOro Bpemerun (UTC) B npeaenax oT +12 ao —12 yacos.

Ho Ha npakTuke Bce 06CTOMT MHAYe: YacoBbIE NOACA HENOrUYHbI U HENPEeACKa3yEMb.
EcTb YacoBble nosica ¢ pasHuuei B 15 MUHYT, €CTb CTpaHbl, KOTOpbie NEPEBOANAT Yach!
ABaXAbl B rOA, €CTb CTPaHbl C COBCTBEHHLIM OTCYETOM BpEMEHU B NETHUE MecAUbl
ANS paunoHanNbHOro UCMONL30BAHUS AHEBHOrO CBETA, U T. A. Bce 310, KOHEYHO, npe-
BPALLAET M3y4EHUE HYaCOBbLIX NOSACOB B UHTEPECHOE 3aHATUE, HO COBCEM He noMoraet
obpabaTbiBaTb BpeMeHHbIe 3HaYeHus. Takue 0COBEHHOCTU BbIHYXAAIOT NPpeKpaTUTL
pa6oTy 1 06ayMaTb Nyt 06paboTkn 3Ha4EHNI YacoBbIX NOACOB.

B 3TOM rnaee Mbl y3HaeM, noyeMy paboTta ¢ 4acoBbIMW NOSACaMN NOMHA 3aKOBLIPOK
M KaK NyJLue BCEro CnpasnsTbC C HUMM B NPOrpaMMax. PaccMOTPUM, kak CO3AaBaTh
O6bEKT BPEMEHHEIX METOK, KaK HayuuTb ero paboTaTb C 4acOBbIM MOSICOM U Kak
0b6xoauTL OCTpbie Yrabl.

Mpo6nema OTCYTCTBYIOWMUX YACOBbIX NOSICOB

BpemenHast MeTKa Ge3 IpUBSI3aHHOTO YaCOBOTO M0sICa He 1aeT NoJie3Hoi nHdopma-
1IMH, TaK KaK (€3 4acOBOTO M0sica HEBO3MOXKHO IOCTOBEPHO 3HATh, K KAKOMY MOMEHTY
BpeMeHHU obpallaeTcs NpuaoxKeHne. be3 yacoBoro nosica Hesb3si COMOCTABUTD JIBE
BPEMEHHbIE METKH; 3TO PABHO3HAYHO CPAaBHEHHUIO ABYX [AHeEH Heenu 6e3 cpaBHEHH s
MX aT — HEBO3MOXHO TOHSATh, HAIPUMED, ITOT MOHEAENbHUK ObL 10 MM TOCsTe
onpeneneHHON cpeabl. BpemeHHble MeTKH, He MPUBsI3aHHbIE K YaCOBOMY MOSACY,
JOJIKHbI CUUTATBCS HEPEJeBaHTHBIMHU.

ITo aToit MpUYHUHE NIPUIOXKEHUE HUKOI'Ja HE NOJI’)KHO 06pa6aTblBaTb BPEMEHHDbIE
MeTKH Oe3 yacoBoro nosica. OHo AOJI’)KHO BbI3bIBATh OHIPI6Ky, ecJIM YaCOBOH MOsIC
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He MPpeaoCTaBJICH, HJIX )K€ ABHO YKa3bIBaTh, KaKO# 4aCOBOH MOsIC HCIIOJIb3YETCA IO

YMOJ4aHHUIO, — HAlIpUMEP, paCHpOCTpaHeHHOﬁ npamuxoﬁ CYHUTAETCA BBICTABJIATH
UTC.

Cremyer 0CTOPOXXHO NpeoOpPa3oBbIBATh YaCOBbIE MOSCa, IPEXKAE YeM Bbl COXpa-
HHMTe BpeMeHHble MeTKHU. [IpeacTaBuM, 4TO NoMB30BaTeNb CO3/IAET NMOBTOPSIOILH-
ecst coOBITHS Kaxayio cpeny B 10 4acoB yTpa 1o MeCTHOMY BpeMeHH, HanpHuMep,
uentpanbHoesponeiickoMy (CET). CET Ha yac onepexaer UTC, noatomy eciu
KOHBEPTUPOBATDH 3Ty BpeMEHHYIO MeTKY 1151 06pabotku B UTC, To cobbiTHe byaet
co3J1aBaThCsl Kaxaylo cpeny B 9 yacos ytpa. JletoMm yacoBoii nosic CET onepesxaer
UTC Ha nBa yaca, ¥ 370 BpeMsi Z00aBUTCS K BbIYHCJIEHHUSIM IIPOTPaMMBbl — B JIETHHE
MecsiLbl coObiTHe OyaeT co3naBatbesi B cpeny B 11 yacos yrpa. Kak Buaute, nosib3bi
OT TaKOM MporpaMMsl OyzeT MaJo.

Onpenenus 6a30Byio npobJieMy 06paboTKK YaCOBBIX N0SICOB, 00PATUMCS K HallleMy
s13bIKy mporpaMmupoBanusi. Python nocrasisiercst ¢ 06beKTOM BpeMEHHOI METKH
datetime.datetime, B KOTOPOM XpaHUTCsI 3HayeHHE BDEMEHHU C TOYHOCTBIO 10 MUKPO-
cexyHabl. O6BeKT datetime.datetime MOXeT 3Hamp 0 4aCOBOM Nosice (B TAKOM CJiyyae
OH BCTpanBaeT HH(MOPMALIMIO O HEM) WJIU He 3Hamb (TOTAa OH HUYETO He CeNaeT).
K coxanenuio, no ymosyanuio datetime API Bo3Bpauiaer 06bekT, ecin nHgpopma-
[[MM O YACOBOM Mosice HeT. ITo OyaeT mokazaHo B suctuhre 4.1. PaccMoTpuM, kak
co3aTh 0OBEKT BPEMEHHOM METKHU 110 YMOIYAHUIO, 4 3aT€M — KaK UCIIPABUTh €r0
1J1s1 pabOTBI C YACOBBIMU TOSICAMH.

Co3paHue obbekTa datetime no ymonuanuio

Jlnsi co3panmst oObexTa datetime ¢ TEKyILel 1aTON ¥ BpEMEHEM B KaueCTBE 3HAUYEHUI
MOXHO HCNO0/IB30BaTh QYHKIHIO datetime.datetime.utcnow(). Ta GyHKUUA BO3-
Bpalaet AaTy ¥ BpeMs u3 yacosoro nosica UTC B naHHbIt MOMEHT BpeMeHH, Kak
noka3saHo B iuctunre 4.1. Ytobbt co31aTh TaKOI XKe 0OBEKT, HO C BDEMEHEM U 1aTOM
M3 TOrO PETMOHA, I/le HAXOAUTCS KOMIIbIOTEP, UCTIONb3YiTe PyHKUUIO datetime.
datetime.now(). Jluctunr 4.1 osBpauiaer spemsi u gaty u3 UTC u peruona.

Nucrunr 4.1. Bo3sspalleHue BpeMeHn U AaTbl ¢ NoMolblo datetime

>>> import datetime
>>> datetime.datetime.utcnow()

@ datetime.datetime(2018, 6, 15, 13, 24, 48, 27631)
>>> datetime.datetime.utcnow().tzinfo is None

® True
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Ms1 uMnopTupyeMm 6ubaunorTeky datetime u onpenesnsieM oObekT datetime Kak uc-
noJb3youui yacoBoit nosic UTC. B npumepe datetime Bo3BpalaeT BpeMEHHYIO
metky UTC co 3HaueHHsIMH rof1a, MeCsila, [Hs1, 4aca, MUHYTHI, CEKYH/Ibl © MHKPO-
cexkyHab! @. [IpoBepuM, COIEPXKHUT JIM ITOT 00bEKT HHPOPMALMIO O YACOBOM MOSICE,
C moMouIbio 06beKTa tzinfo, M B 3TOM NPUMEpE MOyYUM OTPULIATEIbHBIN OTBET @.

Ilanee cosnaeM o6beKT datetime ¢ momowpbio MeToaa datetime.datetime.now(),
4TOOBI BEPHYTD TEKYILIEE BPEMS U ATy IS PETHOHA, I7ie HAXOAMTCS KOMIbIOTEp:

>>> datetime.datetime.now()
o datetime.datetime(2018, 6, 15, 15, 24, 52, 276161)

BpemeHHas MeTka Bo3BpallaeTcsi €3 4aCOBOTO 110siCa, KAaK BUIHO U3 N0JIA tzinfo @ —
ecsiu 661 MHGOPMALKS 0 YACOBOM MOsICE MPUCYTCTBOBAJIA, TO B KOHIIE BHIBO/IA CTOSJIO
651 tzinfo=<UTC>.

datetime API no ymosyanuio Bcersa Bo3BpalaeT oObeKT datetime, €C/IH HET MH-
dopmanum 0 yacoBoM nosice, ¥ Tak Kak HeT BO3MOXHOCTH TTOJIyYUTh 3TH JaHHBIE,
TO OH JJOBOJIbHO O€eCToe3eH.

Apmun Ponayep, coznarens ¢ppeiimBopka Flask, npeasaraet, 4yro6el Bce npuioxe-
HHSI PaCCMaTPUBAJIM HEU3BECTHBIE YACOBBIE MOsica 11 0ObekTa datetime B Python
c npussskoii k UTC. Ho kak MbI yke BUI€EIH, 3TO He paboTaeT a5 00bEKTOB, BO3-
BpalljaeMbIX datetime.datetime.now(). PekoMeHyercs co3naBaTh 00DBEKTHI datetime
C YYETOM YaCOBOTO MOSICA. ITO FAPAHTHUPYET HENMOCPEACTBEHHOE CPaBHEHHE OOBEKTOB
M IPOBEPKY NMPaBUJIbHOCTH BO3BPAILIAEMbIX 3HAYEHH I C HEOOXOAUMOI HHPOPMAaIIH-
eil. PaccMoTpHM co3aHe BpeMeHHbIX METOK C yY€TOM YaCOBOTO MOSICa, HCMOJIb3Y s
06bexT tzinfo.

BOHYC: KOHCTPYUPOBAHUE OBBEKTA DATETIME U3 [IATbI

MoXHO co3aaTh COBCTBEHHbLIM 0BBLEKT datetime C onpeaeneHHoM AATOW, nepeaas
Xenaemble 3HaueHUs AN PasHbiX KOMMOHEHTOB [HS, KaK NOKa3aHo B NIMCTUHre 4.2.

Jiucrunr 4.2. Co3ganuve obvekTa timestamp

>>> import datetime

>>> datetime.datetime(2018, 6, 19, 19, 54, 49)
datetime.datetime(2018, 6, 19, 19, 54, 49)
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Co3paHune BpeMeHHbIX METOK C YYeTOM HacoBOro nosca
c noMouwyblo dateutil

Ectb MHOXeCTBO 623 TaHHBIX CYLIECTBYIOI[MX YACOBBIX MOSICOB, NOJIeP>KUBAEMBIX
TakMMH opranusanusimu, kak IANA (Internet Assigned Numbers Authority, Aamu-
HUCTPALHUs aIPECHOTO MPOCTPAHCTBA MHTEPHET ), KOTOPbIE IOCTABJISIOTCS CO BCEMH
OCHOBHBIMH OIePalMOHHBIMU cucTeMaMu. [1o 3Toi mpu4KHe BMeCTO CO3AaHus Ki1ac-
COB C YAaCOBBIMU TOSICAMH U 1y OJIMPOBaHKsI MX U3 POEKTA B IPOEKT Pa3paboTYUKU
Python ucnonp3yior npoekt dateutil ans monydyeHus o6bekTa tzinfo. [IpoekT
dateutil obGecrneynBaeT MOAYJIb tz, KOTOPbI MPEJOCTABJSET AOCTYN K HHGOPMa-
[[MH O YACOBBIX NOSCAX HAMPSMYIO: MOAYJIb tz MOJyYaeT AOCTYN K MHGOPMALHH
0 yacosbix nosicax OC, a Takxe MOXeT 0OpamaTbcs K 6a3e AaHHBIX C YaCOBBIMU
nosicamu u3 Python.

YcraHoBuTe dateutil, UCTIONIB3Ys pip ¢ KOMaHAOMU pip install python-dateutil.
dateutil API no3Bossiet mosyuuth 0OObEKT tzinfo, OCHOBBIBAsICH HA UMEHH 4aCOBOTO
1osica, HanpuMep:

>>> from dateutil import tz

>>> tz.gettz("Europe/Paris")
tzfile('/usr/share/zoneinfo/Europe/Paris')
>>> tz.gettz("GMT+1")

tzstr('GMT+1')

Meton dateutil.tz.gettz() Bo3Bpaiaer 06bEKT, pean3yomnii uHTepdeic tzinfo.
ITOT MeTOA NMPUHUMAET Pa3IMyHble CTPOKOBbIE 3HAYEHUS] B KA4eCTBE apTyMEHTa,
HalpuMep 4acoBO#i 1osic, BbIOpaHHbI 10 peruoHy (Hampumep, «Europe/Paris»),
1M YacoBou nosic, poactBeHHbii GMT. O6bekTs dateutil MOTYT MCIIONB30BATh
KJIacC tzinfo HANPsIMYIO, KaK ITOKa3aHO B JIUCTUHTe 4.3.

Nucrunr 4.3. Ucnonb3osaHue obvekTa dateutil kak knacca tzinfo

>>> import datetime

>>> from dateutil import tz

>>> now = datetime.datetime.now()

>>> now

datetime.datetime(2018, 10, 16, 19, 40, 18, 279100)

>>> tz = tz.gettz("Europe/Paris")

>>> now.replace(tzinfo=tz)

datetime.datetime(2018, 10, 16, 19, 40, 18, 279100, tzinfo=tzfile('/usr/share/
zoneinfo/Europe/Paris"'))
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[TockosbKy Ha3BaHUE HY>KHOrO YacOBOTO I0SICa U3BECTHO, MOYKHO TOJIyYUTD CO-
OTBETCTBYIOIMI eMy 00beKT tzinfo. MoayJib dateutil ucrnonb3yer HHGOPMALIUIO
o yacoBoM nosice u3 OC, a ecim OHa HEJOCTYIHA, TOJIb3YETCs COOCTBEHHBIM CIIMCKOM.
Ecau 110Hafo6MTCs1 JOCTYM K 3TOMY CIIUCKY, €FO MOXKHO NOCMOTPETh Yepe3 MOAYJIb
dateutil.zoneinfo:

>>> from dateutil.zoneinfo import get_zonefile_instance

>>> zones = list(get_zonefile_instance().zones)

>>> sorted(zones)[:5]

['Africa/Abidjan’, 'Africa/Accra’, 'Africa/Addis_Ababa', 'Africa/Algiers’,
'Africa/Asmara’]

>>> len(zones)

592

B HekoTOpbIX cJyyasix mporpamMMa He GyeT 3HaTh, B KAKOM YacOBOM rosice paboTa-
€T, ¥ 9TO NMpHETCs yKa3aTb BpyuHylo. DyHkuus dateutil.tz.gettz() Bo3BpauaeT
pPEerMoHaIbHBINA YaCOBOM MOSIC KOMIIBIOTEPA, €CJIU €Hl He NepeaH0 HUKAKUX apry-
MEHTOB, Kak B JIUCTUHTE 4.4.

Nucrunr 4.4. NonyyeHne permoHanbHOro YacoBoro nosca

>>> from dateutil import tz

>>> import datetime

>>> now = datetime.datetime.now()

>>> localzone = tz.gettz()

>>> localzone

tzfile('/etc/localtime’)

>>> localzone.tzname(datetime.datetime (2018, 10, 19))
'CEST'

>>> localzone.tzname(datetime.datetime(2018, 11, 19))
'CET'

O6e naTel nepeaaHsl B localzone.tzname(datetime.datetime()) no ovyepeny,
U dateutil onpexesnu, 4TO O/JHA U3 HUX — LIEHTPAJIbHOEBPOIEICKOe IeTHee BPeMs
(CEST), a BTopast — npocto uentpaisHoeBporneiickoe Bpemst (CET).

MO0>kHO KCI10J1b30BaTh 0OBEKTHI U3 OMOIMOTEKH dateutil B Kiacce tzinfo 6e3 ca-
MOCTOSITEIbHOUM Pealu3aliy X B PUJIOKEHHUH. ITO YNPOLIAET MPOLIECC EPEBO/A
06beKTOB datetime 6e3 yueTa 4acOBOro nosica B 0GbEKTHI, yYUTHIBAIOIIHE €T0.
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PEAJIN3ALINA COBCTBEHHbIX KJTACCOB YACOBbIX MNOACOB

B Python cylecTByeT kiacc, No3BONSIOLMIA peanu30BaTh COBCTBEHHLIE YaCOBbIE NOSCa:
datetime.tzinfo — abCTPaKTHbIN KNacc, KOTOPbI CNYXUT 6a30# AN BbINONHEHUS
KJTaCCOB, BbIpaXaloLMX Yacosbie nosica. ECnu Bbl 3aX0TUTe peanu3oBaTh KNacc Ans
NPEeACTaB/IEHNs YaCoBOro NOsica, TO BaM NPUAETCS MCNONB30BaTh €ro Kak PoAUTENbCKUIA
KN1acC 1 BbINOJIHUTL TPU MeTOAa:

o utcoffset(dt), KOTOpbI AOMDKEH BEPHYTL cMelueHne ot UTC B MUHYTaX B BOC-
TOYHOM HanpasneHnu;

e dst(dt), KOTOpbIN AOMKEH BEPHYTb CE30HHbI NEpeBos BPEMEHU B MUHYTaX
B BOCTOYHOM HanpasneHuu ot UTC;

e tzname(dt), KOTOpPbI AOMKEH BEPHYTb Ha3BaHWE YaCcoBOro nosica B popmare
CTPOKM.

371 TpY MeToAa BXOAAT B 06bEKT tzinfo M NO3BONAIOT NEPEBECTU C YUYETOM YacoBOro
nosica noboi datetime B Apyroi YacoBoii Nosc.

Ho Kak ynoMuHanocb paHee, CylwecTeyeT 6a3a AaHHbIX YacoBbIX MOSICOB, MO3TOMY
CaMOCTOSTENbHO 3aHUMATLCA UX Peanu3aumen HeNpPaKkTUYHO.

Cepnanusauusa o6vexros datetime c yuetom
4acoBOro nosca

YacTo HeoOXOAUMO MepeMeCTUTh OOBEKT datetime M3 OZHOrO MPOEKTa B APYTOi,
KOTOPBbIii MOXeT He paborars Ha Python. Tunuynsiit npumep — HTTP REST API,
KOTOPBbIil BO3BpaIlaeT KJIMEHTY 00beKT datetime cepuanuanpoBaHHbIM. MeTox
Python ¢ umeHeM isoformat MCnoNB3yeTCs A CepUaIM3aluU OOBEKTOB datetime
B [IPOEKTax, He paboralomux Ha Python (iuctunr 4.5).

Nnctunr 4.5. Cepnann3oBaHHbI 06beKT datetime ¢ yyeToM YacoBoro nosica

>>> import datetime

>>> from dateutil import tz
® >>> def utcnow():

return datetime.datetime.now(tz=tz.tzutc())

>>> utcnow()
o datetime.datetime(2018, 6, 15, 14, 45, 19, 182703, tzinfo=tzutc())
@ >>> utcnow().isoformat()

'2018-06-15T14:45:21.982600+00:00"
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Mb1 onpeznensieM HOBYIO QYHKIIMIO C UMEHEM utcnow M YKa3biBaeM eif BO3BPaTUTD
o6bekT B yacoBoM nosice UTC @. BuzHo, 4To Bo3BpauiaeMblit 06bEKT COAEPKUT
nHopMaLHIO 0 YacoBoM nosice @. /lanee Ml popMaTHUpyeM CTPOKY, UCMOJb3Ysl
dopmar ISO @, uto obecnieunBaer cogepxkanue 3Toi HHOOPMALMU BO BpEMEHHON
MeTKe (YacTb C +00:00).

[ ns bopMaTupoBaHUS BEIBOAA UCIIONB30BAJICS MeTON isoformat (). PekoMenayercs
npuzaepxxuBartbcs 1SO 8601 u Bcerna popmaTupoBats BBOA U BbIBOZ datetime C 1mo-
MOI1IbIO MeTO/1a datetime.datetime. isoformat(), BO3Bpallasi B y10004HTAEMOM BU/E
BpPEMEHHbIE METKH C Y4€TOM 4acOBOTO NOsiCa.

Otdopmaruposannbie 1o/ TpeboBanus ISO 8601 cTpokM MOTyT GBITH IepeBeIEHbI
B 00DbeKThI datetime.datetime. Moaysib is08601 COAEPKHUT BCEro oaHy (PyHKLHMIO,
parce_date, KOTOpasi NEPEBEACT CTPOKU U ONPEAETUT BpEMEHHbIE METKU M YaCOBbIE
nosica. Mozaysip 1508601 He BXOAMT B 6a30Bblii coctaB Python, noatomy ero naxo
YCTaHOBUTD € NMOMOLIbIO pip install iso8601. JlnctuHr 4.6 nmokasbiBaeT, Kak oCy-
IECTBUTDb MAPCUHT BpeMeHHOI MeTkH, ucroan3yst ISO 8601.

NucTunr 4.6. Ucnonb3osaHue Moayns iso8601 Ans napcuHra BpeMEHHOU MeTKM
8 ¢opmare 1SO-8601

>>> import 1iso8601
>>> import datetime
>>> from dateutil import tz
>>> now = datetime.datetime.utcnow()
>>> now.isoformat()
'2018-06-19T709:42:00.764337"'
© >>> parsed = iso8601.parse_date(now.isoformat())
>>> parsed
datetime.datetime(2018, 6, 19, 9, 42, 0, 764337, tzinfo=<is08601.Utc>)
>>> parsed == now.replace(tzinfo=tz.tzutc())
True

B nuctutire 4.6 Moyyib 108601 Ucrob3yeTcst AJ1si CO3MaHUs1 0ObeKTa datetime u3
cTpokH. Bbi3BaB 1508601, parse_date 1151 CTPOKH, cozepKalleid BpeMEHHYIO METKY
B dpopmare [SO 8601 @, 6ubnoreka Bo3Bpaiaet 06beKT datetime. Tak Kak cTpoka
He COAEPXKUT UH(POPMALIMH O YaCOBOM IOsICe, MOAYJIb 1508601 MPEATOJIAraeT, YTO
ucnoabayercsi yacosoit nosic UTC. Ecan undopmanust o yacoBom nosice 6yaer
nepeaaHa, To MO/1yJib BEpHET 3HayeHHe Ha ee OCHOBE.

Hcnonb3oBaHue 06bekTa datetime ¢ yyetoM yacoBoro nosica u ISO 8601 B kauecTse
dopmara 151 CTPOK — 3TO U/I€AIbHOE PellieH e IS 60IbUIMHCTBA NPO0OJIEM, CBSI3aH-
HBIX C 4aCOBBIMH MosicaMH. Takoe pelieHre nomoraeT udberatb OMKUGOK U CO3/1a€T
COBMECTHMOCTb MEX/Y NPUTOXKCHUEM ¥ BHEIIHUM MHPOM.
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Pa6oTa c HeOAHO3HAUYHbLIM BpEMEHEeM

BhIBalOT c/yyau, KOraa BpeMsl AHsI MOXKET ObITb HEOAHO3HAYHBIM; HaNpuMep, MpU
TIepeBOJIE YaCOB Ha JIETHEE BPEMs OAIH Y TOT Xe Yac IHsI MOXKET BCTPEYaThCs ABAXK/BI.
Bubnuoreka dateutil mpezoCTaBJsieT METO/A is_ambiguous JJIsl BbIEIEHUS] TAKUX
BpPEMEHHbIX METOK (JIMCTUHT 4.7).

Jincruur 4.7. HeoaHO3HAYHan BpeMeHHas MeTKa, BO3HMKLLAA NpU nepexoae Ha 3uMHee
BpeMs

>>> import dateutil.tz

>>> localtz = dateutil.tz.gettz("Europe/Paris")

>>> confusing = datetime.datetime(2017, 10, 29, 2, 30)
>>> localtz.is_ambiguous(confusing)

True

B Houb Ha 30 Hos16pst 2017 roaa [1apyix nepewien ¢ JeTHEro BpeMeHH Ha 3MMHee.
Topoxa coepiuna nepexos B 3 yaca HOYH, a 3TO 3HAYHUT, YTO YaCbl CHOBA IIOKA3bIBAIOT
2 yaca Houn. Ecsin ucnonb3oBaTh BpeMeHHYI0 MeTKY 2 yaca 30 MMHYT, TO OObeKT He
CMOXeT YAOCTOBEPUTHCSI, KAKOE 3TO BPeMsI — 10 MJIU NTOCJIe IEPeXoAa.

Ho MOXHO yKa3aTh, Ha KakO# CTOPOHE Nepexoaa J0JXKHa ObITh BDEMEHHAs METKa,
UCIoab3ysi aTpuOYT fold, 106aBIEHHBIN K 00beKTY datetime, HauuHast ¢ Python 3.6
B PEP 495 (Local Time Disambiguation — https://www.python.org/dev/peps/pep-0495/).
Iror atpubyT yKa3bIBAET, HAXOAUTCS BPEMEHHAsI METKa /10 UJIH TIOCJIE ITePeX0Aa, Kak
MOKa3aHo B JIUCTHHTe 4.8.

NucTunr 4.8. YcTpaHeHne HEOAHO3HAYHOCTU BPEMEHHOW METKU

>>> import dateutil.tz

>>> import datetime

>>> localtz = dateutil.tz.gettz("Europe/Paris")

>>> utc = dateutil.tz.tzutc()

>>> confusing = datetime.datetime(2017, 10, 29, 2, 30, tzinfo=localtz)
>>> confusing.replace(fold=0).astime zone(utc)

datetime.datetime(2017, 10, 29, @, 30, tzinfo=tzutc())

>>> confusing.replace(fold=1).astime zone(utc)

datetime.datetime(2017, 10, 29, 1, 30, tzinfo=tzutc())

KoHeuHo, 3Ta KOHCTPYKIIMSI MCIIOJIb3YETCs1 He YaCTO, TAK KaK HEOJIHO3HAuYHOe BpeMst
BCTpevaeTcs kpaiiHe peako. Ecau npuaepxxusatbess UTC, To MOXKHO CHIBHO YIIPO-
CTUTH cebe XKU3Hb M N36eXKaTh TPYAHOCTEH, CBSI3aHHBIX C YaCOBBIMH nosicaMu. Tem
He MeHee 3HaHHUe O CYIIECTBOBAaHUU aTpUOyTOB fold 1 dateutil MOXXET IPUTOAUTHCS
B TPYAHYIO MHUHYTY.
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MUTorm

B aT0i1 r1aBe Mbl paccCMOTpeNH, KaK BaXHO HaJaJUThb B3aMMOAEHCTBUE MEXAY
BPEMEHHBIMM METKaMM UM YaCcOBBIMHU NosicaMU. BeTpoeHHblit Moay b datetime He
MOKPBIBAET BCEX MOTPEOHOCTEN, HO €My aKKOMIIAHUPYET MOAYJIb dateutil: OH Mo-
3BOJISIET MOJIYYUTh OOBEKThI, COBMECTUMBIE C tzinfo U FOTOBbIE K MCII0JIb30BAHHUIO.
Mogayab dateutil Takake NOMOraeT pelaTb TpyJHOCTH, BO3HUKAIOILIKE C [IePeX0I0M
Ha 3UMHee/JIeTHee BpeMsl.

®opwmar cranaapra ISO 8601 — 310 oT/IMUHBIM BBIOOP /1151 CEPUAIM3ALIMMI U €Ce-
pHAIM3aLMY BpEMEHHDBIX METOK, TAaK KaK OH JIerko focTyrnex B Python u coBmMectum
C APYTUMH A3bIKAaMU MPOrPaMMUPOBAHUSL.



PacnpocrpaHeHnue NO

CoBepLUeHHO TOYHO, YTO B KAKOW-TO MOMEHT Bbl 3aX0TUTE pacnpocTpaHsaTb ceoe MNO.
OyeHb 3aMaH4YMBO 3aNaKkoBaTb NPOrpaMMy B apXMB W BbIIOXUTb B UHTEPHET, OAHAKO
Python npepocTasnsieT 60nee NPOCTble MHCTPYMEHTLI AN KOHEYHOro Nonb3oBare-
ns, 4Tobbl TOT MOr HayaTb NONL30BATLCA BaLWMM MPUIOXKEHNEM. Bbl yke 3HaKOMBbI
C setup.py ans yCTaHOBKW Npunoxenuit u 6ubnuotek Python, HO Bpsia nu 3HaeTe
noapobHOCTM TOro, Kak Co3AaTb CBOWM COBCTBEHHbLIE.

B 3TOM rnase Bbl y3HaeTe, kak paboTaeT setup.py M kak CO3AaTb NONb30BaTeNb-
CKuin setup.py. Take Mbl PaCCMOTPUM HEKOTOpPbIE MEHEE U3BECTHbIE BO3MOXHOCTU
MHCTPyMEHTa YCTAHOBKM NakeToB pip W y3HaeM, Kak 3arpyaTb 4Yepe3 Hero CBOw
nporpamMmbl. B 3aknioueHne Mbl U3yuuM, Kak MCNonib3oBaTh TOYkK Bxoaa Python ans
6bicTporo nouncka yHkuui cpean nporpamMMm. Obnapas 3TUMKU HaBblKaMW, MOXHO
caenatb ceoe MO AOCTYNHLIM ANS APYrvMx Nonb3oBaTenew.

UcTtopusa setup.py

BubnuoTteka distutils Obia co3gaHa pa3paboTYMKOM MPOrPaAMMHOTO 0GecTiedeHust
I'perom BapaoM u siBisinach 4acTbio cTaHapTHo# 6ubanotexu Python ¢ 1998 rozaa.
Bapa uckas criocob co3aaTh MpocToil 1 aBTOMaTH3NPOBAHHbIH MPOLIECC YCTaHOBKH
[1O nnsa koHeunoro nonb3oBaressi. [lakers! conepxanu dain setup.py B kauecTBe
CTaHAapTHOro ckpunta Python ass X ycTaHOBKM ¥ MCNONb30BaMu distutils ans
cobCcTBEHHOM ycTaHOBKH (JIMCTHHT 5.1).

Nucrunr 5.1, CospaHue setup.py ¢ nomolwsio distutils

#!/usr/bin/python
from distutils.core import setup

setup(name="rebuildd",
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description="Debian packages rebuild tool",
author="Julien Danjou",

author_email="acid@debian.org",
url="http://julien.danjou.info/software/rebuildd.html",
packages=['rebuildd'])

Korza setup py Haxoaurtcsi B IMPEKTOPHH IIPOEKTA, M0JIb30BATENH JOJKHBI 3AIyCTUTD
€r0 C OnpeieJIEHHOM KOMaHA0M B KaueCTBe apryMeHTa, YTOOBI YyCTaHOBUTD MPOTPaM-
My ¥ Ha4aTh €I0 NoJIb30BaThes. Jaxe ecu quctpubyTtus, kpome Python, conepxut
moxyin Ha C, distutils MoxeT 06paboTaTh HX aBTOMATHYECKH.

Pazpa6orka distutils 6bu1a npuoctanosseHa B 2000 roay; ¢ Tex nop Apyrue pas-
PabOTYMKH MBITATUCH NPOACKUTE ee. OJIHAM U3 YCMEHbIX PEEMHUKOB CTajla
nakeTHast 6uGaMOTEKa setuptools, KOTOpasi YacTO 0OHOBIAIACH U MMeJIa J0NOJ-
HUTEJIbHBIE OMI[MH, TAKHE KAK aBTOMaTHYeCKass 06paboTKa 3aBUCMMOCTEM, TUC-
Tpu6ym3 ¢opmMaTa Egg, a Takke KOMaH/Ia easy_install. XoTs distutils Bce elie
peliajia BOMPOCHI [0 PACIPOCTPAHEHHUIO TPOrPaMM Yepe3 MaKeThl M Obljia BKJII0YeHa
B CTaHAApTHYI0 OGUOIMOTEKY, setuptools MMesa OOPATHYIO C HEH COBMECTUMOCTb.
B nucrtunre 5.2 nokaszaHo KCIOJb30BaHKE setuptools /sl CO3AaHKS TOTO XKe yCTa-
HOBOYHOTO MaKeTa, KaK u B JIUCTHHTE 5.1.

Jiucrmnr 5.2. Co3panue setup.py ¢ noMowbto setuptools

#!/usr/bin/env python
import setuptools

setuptools.setup(

name="rebuildd",

version="9.2",

author="Julien Danjou",

author_email="acid@debian.org",

description="Debian packages rebuild tool",

license="GPL",

url="http://julien.danjou.info/software/rebuildd/",

packages=['rebuildd'],

classifiers=[
“Development Status :: 2 - Pre-Alpha"”,
"Intended Audience :: Developers",
"Intended Audience :: Information Technology",
"License :: OSI Approved :: GNU General Public License (GPL)",
"Operating System :: OS Independent”,
"Programming Language :: Python"

I
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B kakoii-To MOMeHT U pa3paboTka setuptools 3aMeJIUNACh, HO MPOIILIO COBCEM
HEeMHOTO BPeMEeHH, U Ipyrasi rpynmna pa3paboTynkos caenana ero Gpopk u co3gana
HOBYIO OMOHOTEKyY 1MOA Ha3dBaHMeM distribute, KOTOpasi UM€JIa HECKOJIBKO Mpe-
MMYLIeCTB nepex setuptools. Tam Gbiio MeHbIIe OMIKMOOK U ObisIa BCTPOEHHAS 10/ -
aepxka Python 3.

B xopoweit ucropun Bcerna ectb HeOXKHIaHHBIH MOBOPOT: B MapTe 2013 rofa komaH-
1a pa3paboOTYMKOB setuptools M KOMaH/a distribute 06bEANHIIM CBOKM POEKTHI 101
001INM 3HaMeHeM setuptools. distribute GoJiblle He TOAIEPXKUBAETCS, a setuptools
Ternepb sIBJSIETCS] OCHOBHBIM crtoco6oM paboTs ¢ maketamu B Python.

B 3710 ke BpeMsi ObL1 pa3paboTaH ApYroi MPOEKT, M3BECTHBIH Kak distutils2, ¢ uesabio
TIOJIHO# 3aMeHBI distutilis B craHzapTHO# 6uGanoTeke. B otsinume ot distutils
U setuptools, MeTaJaHHbIe MAKETa 3[eCh XPAHATCS B TEKCTOBOM aile setup.cfg,
4TO YNpOLIAEeT 3a4a4y AJisi pa3pabOTYHKOB 10 ero OTKpeITHI0. OfHAKO distutils2
COXpaHHWJI HEKOTOPbIE U3 He/IOCTATKOB distutils, HallpuMep Hey/lauHblil 1U3aiiH, OT-
CyTCTBHME NOAJAEPKKH TOUEK BXOJIa U OTCYTCTBUE BbIIIOJTHEHHUS CKDUIITOB CPECTBaMHU
Windows — BO3MOKHOCTH, KOTOPBIE €CTb B setuptools. [10 9TuM 1 gpyrum npuyunam
TJTaHBI TI0 BKJIIOYEHUIO distutils2, nepeMeHOBaHHOIO B packaging, B CTaHAApPTHYIO
6ubamoteky Python 3.3 Tak u octanich niaHamy, a 11poekT 6but 3abpotued B 2012 roxy.

Y packaging BcCe ellle eCTb IIAHC BEPHYTHCS € MOMOII{bIO distlib — eule 0fiHa MONbITKA
3aMeHHTb distutils. /lo pean3a xoanuau cayxu, 4to naket distlib 6yaer gobasieH
B cTaHAapTHyio 6ubauoreky Python 3.4, Ho 3TOro He NIpou3oWLIO. Distlib, o6nanas
JIyYIIMMH BO3MOXHOCTSIMH packaging, peannayer 6a30Byl0 OCHOBY, OITUCAHHYIO
B cooTBeTcTBYIOIIeM PEP.

IToaseneM uroru:

Q distutils — 3T0 yacThb cTaHAApPTHOI 6MOIMOTEKY, 06pabaThIBaIOINAs YCTaHOB-
Ky MPOCTHIX MAKETOB.

Q setuptools — cTaHAAPT AJIsi TPOJABUHYTOH YCTAHOBKH [1aKETOB, 3aMOPOXKEHHBIN
HEKOTOpOe BPeMsl Ha3ajl, HO ceif4ac CHOBa aKTUBHO Pa3BHBAIOIIMIACS.

Q distribute moaHoOCTbIO Mepelen B setuptools B Bepcuu 0.7.
O distutils2 (packaging) 3aMOpPOJKeH.
Q distlib moxem 3ameHuTb distutils B Oyayiuem.

Ectb u gpyrue 616110TeKH 7151 IAKETHPOBAHUSI, HO 3TO CaMbl€ PaclpOCTPaHEHHBIE.
Bynbre BHUMaTebHBI, U3y4ast UHPOPMALIMIO O HUX B MHTEPHETE: MHOTO TOKYMEH-
TaLMH, BBUAY CJI0)KHOH MCTOPUH pa3BUTHS, yxke ycrapeno. OaHako obuumanbHas
JNOKYMEHTAIUSI OJIEPKUBAETCS B AKTYATIbHOM COCTOSIHUU.
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Bkparue, 6ubanoTeka iucTpubynuu setuptools Oy/IeT akTyasbHa ellle JOJITOe BPeMs,
HO CTOMT CJIEAUTD U 3a distlib.

MakeruposBaHue ¢ setup.cfg

B03MO0XHO, Bbl yKe IpoOOBaIM HAMKUCATD Setup.py 1Jisi NAKEeTa, MOXKET, 1aXe Ibl-
TAJMCh CKOMUPOBATH YY>KOH MaKeT WK YUTAIH JOKYMEHTALHUIO O TOM, KaK 3TO BCe
nosxHo paborars. Co3naHue setup.py He COBCEM UHTYUTHBHO MOHSITHas 3ajiaya.
Bri6paTh NpaBHJIbHBIA HHCTPYMEHT — JIMIIb YaCTh Aea. B aToM pa3aene Mbl no-
3HAKOMHUMCS C OJHMM M3 MOCJEAHUX yAyUllleHHH A setuptools: MOAAEPHKKOM

setup.cfg.
Kak setup.py vcnonb3ayert setup.cfg:

import setuptools

setuptools.setup()

Bcero aBe cTpoku koxa — o4yeHb npocto. Camu MeTagaHHble, HEOOXOAUMBIE IS
YCTaHOBKH, XPaHATCS B setup.cfg (muctuHr 5.3).

Jincrunr 5.3. MetagaHHble setup.cfg

[metadata]

name = foobar

author = Dave Null

author-email = foobar@example.org

license = MIT

long_description = file: README.rst

url = http://pypi.python.org/pypi/foobar

requires-python = >=2.6

classifiers =
Development Status :: 4 - Beta
Environment :: Console
Intended Audience :: Developers
Intended Audience :: Information Technology
License :: OSI Approved :: Apache Software License
Operating System :: 0S Independent
Programming Language :: Python

Kak Buaure, setup.cfg ucnonb3yet ynobountaeMbiit GopMaT, mo3auMCTBOBaHHBII
U3 distutils2. MHOrue UHCTPYMEHTBI, TaKHe KaK Sphinx v Wheel, Takxe 4u-
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TalT KOHUrypauuio u3 daiina setup.cfg — u 3T0 yxe XOPOUIUN apryMeHT B €r0
HOJIB3Y.

B nucrunre 5.3 onucanue npoekra Haxoaurcs B aitie README.rst. Umets daiin
README xenatenbHo B hopmate RST, 4To6bI N01b30BaTENN MOTJIN GBICTPO TIO-
CMOTpETb, 0 YeM npoekT. DaiiioB setup.py u setup.cfg yxe 10CTATOYHO, YTOODI BaLI
NakKeT MOT ObITh OMyGIMKOBaH M UCIIONB30BaH APYTUMHU Pa3paboOTUMKaMH U TIPH-
noxxeHussMu. JlokyMeHTanus setuptools obecneuuBaet 6osiee mOAPOGHDIA 0630p,
HalpUMep, ecT HYXKHBI JOMOJHUTEIbHbIE MIark MPH YCTAHOBKE MJIN BKJIIOYEHHE
JOTIOJIHUTENBHBIX (haIOB.

Eie oauH nmosesHblit MHCTPYMEHT [JIsl TakeTUPOBaHUsL — 3T0 pbr (Python Build
Reasonableness). [Ipoekt 6611 oTKpbiT Ha OpenStack xak pacmupenue aas
setuptools ISl YIIPOIIEHHsT YCTAHOBKU U Pa3BepThiBaHUsI MakeToB. HCTpyMeHT
NaKeTHPOBaHMUsI pbr, HCIOJIb3YEMBIIt BMECTE C setuptools, peayin3yeT BO3MOXKHOCTH,
He BKJIIOYEHHBIE B setuptools, TaKHeE KaK:

O aBroMmartunyeckas reepauus Sphinx gokymenTaiuu;

O aBromaruyeckasi renepauus daiitnos AUTHORS u ChangeLog na ocHOBe UCTO-
puH git;

Q aBTOMaTHYeCKOe COo3[aHKe cnucKa Gaisios A git;

Q ynpaBieHue BepCUSIMU Ha OCHOBE METOK git C MOMOIBIO CEMAHTUYECKOI HY-
Mepanuu.

U Bce ato AOCTYIIHO 6e3 Bawero y4yacCTus. Jl1st ucnosib30BaHUs pbr HaZ0 TOJBKO
MNOAKJIIOYHUTD €ro, KakK NOKa3aHO B JINCTUHIE 5.4.

Nucruur 5.4. Setup.py npumeHseTt pbr
import setuptools

setuptools.setup(setup_requires=["'pbr'], pbr=True)

[TapameTp setup_requires MoKa3bIBa€eT setuptools, YTO pbr JOJIKEH ObITh YCTaHOBJIEH
Ipesx/ie, Y4eM HAYHETCsl CMOJIb30BaHUeE setuptools. ApryMeHT pbr-True obecreyu-
BaeT TO, YTO paclIMpeHue pbr A1 setuptools 3arpy’kKeHO U BbI3BaHO.

ITocne nopkmoueHnst KOMaHaa python setup.py OyZeT BKIIOYaTh B ce6s1 ¥ BO3MOX-
HoCTH pbr. Bbi30B python setup.py -version, HanpuMep, BO3BpaIllaeT HOMeP BepCHH
[TPOEKTa, OCHOBAHHBIN HA CYILIECTBYIOIMX MeTKax git. 3amyck python setup.py sdist
CO3/1aCT apXMB C aBTOMaTH4eCKH reHepupyeMsiMu daitnamu ChangeLogu AUTHORS.
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CraHpapr pacnpocrpaHenHus Wheel

Bosbiyio yacTs BpeMmen# cymiecTBoBanust Python se Gbu10 hopmata aisi craHaapT-
3aluH pacrpoctpaHenust. [Ipy ToM 4To 60IBIINHCTBO MHCTPYMEHTOB AUCTPUOYLIMU
MCIOJIB3YIOT OAMHAKOBBIN opMaT apxuBa — aaxe ¢opmar Egg, UCIOAb3yeMblii
B setuptools, 3TO NMPOCTO zip-(aiin ¢ ApyruM pacliMpeHneM, — UX MeTaJaHHble
M CTPYKTYpa [IaKeTUPOBAHHs HECOBMECTHMbI MeXy coboil. JTa npobiiema ycyry-
6unacs, korja Bbiuies opuimanbHblii cTanaapt ycranosku PEP 376, koTopbiii Toxe
OblJI HECOBMECTHM C CYLIECTBYIOIMMH (OpMaTaMHu.

Yr06b1 penTh 3TH 11po0IeMsl, 6b1 Hancan PEP 427, onpeensiBiunii HOBbIN CTaH-
AapT Wheel 711 pacripocTpaHeHUs NaKeTOB. DTAJOHHAsI peayii3alusi 3Toro popmarta
AOCTYIIHA B Ka4eCTBEe MHCTPYMEHTA, TaKKe Ha3bIBaeMOro Wheel.

Wheel noaaepxuBaeTcsi pip HadynHaA ¢ BepcuM 1.4. Ecoiv BbI ncnionib3yere setuptools
1 MMeeTe YCTaHOBJIEHHbI akeT Wheel, OH aBTOMAaTH4€CKN MHTETPUPYETCST B KOMaH-
Ay And setuptools ¢ UMeHeM bdist_wheel. Ecau y Bac HeT ycTaHOBJIEHHOTO Wheel,
TO MOXXHO HACTPOMTH €ro C MOMOUIbI0 KOMaHAbI pip install wheel. JlucTunr 5.5
MOKa3bIBa€T HEKOTOPBIE BHIBOJbI JAHHBIX IPU BHI30OBE bdist_wheel, 1/11 3KOHOMUU
MeCTa — He B II0JIHOM oObeMe.

JIncrunr 5.5. Boizos setup.py bdist_wheel

$ python setup.py bdist_wheel

running bdist_wheel

running build

running build_py

creating build/lib

creating build/lib/daiquiri

creating build/lib/daiquiri/tests

copying daiquiri/tests/__init__.py -> build/lib/daiquiri/tests
--snip--

running egg_info

writing requirements to daiquiri.egg-info/requires.txt
writing daiquiri.egg-info/PKG-INFO

writing top-level names to daiquiri.egg-info/top_level.txt
writing dependency_links to daiquiri.egg-info/dependency_links.txt
writing pbr to daiquiri.egg-info/pbr.json

writing manifest file 'daiquiri.egg-info/SOURCES.txt'
installing to build/bdist.macosx-10.12-x86_64/wheel

running install

running install_lib

--snip--

running install_scripts
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creating build/bdist.macosx-10.12-x86_64/wheel/daiquiri-1.3.0.dist-info/WHEEL
@ creating '/Users/jd/Source/daiquiri/dist/daiquiri-1.3.0-py2.py3-none-any.whl’

and adding '.' to it

adding ‘'daiquiri/__init__ .py

adding ‘'daiquiri/formatter.py’

adding 'daiquiri/handlers.py’

--snip--

Komanza bdist_wheel co3aaert ¢aiin .whl B naupekropuu dist @. Kak u Egg, apxuB
Wheel — 3T0 npocTo zip-daiin, HO ¢ ApyruM pacuiupeHueM. TeM He MeHee apXuB
Wheel He TpeOyeT yCTAaHOBKH — MOXHO 3arpy3HuTh U 3aIIyCTHTDb KOJI, POCTO 106aBUB
MMSI MOJLYJIs Yepe3 CJIeL:

$ python wheel-0.21.0-py2.py3-none-any.whl/wheel -h
usage: wheel [-h]

{keygen,sign,unsign,verify,unpack,install,install-
scripts, convert,help}

--snip--

positional arguments:
--snip--

Bbl MOXeTe yAUBUTBCS, Y3HAB, YTO 3Ta (GYHKIMs He NpeJcTaBieHa caMuM popmatom
wheel. Python cam no cebe MoXeT OTKpBIBaTh zip-(haiiJibl, Kak Java MOXET OTKPbIBATh
Jjar-aitnbr:

python foobar.zip
Yrto paBHO3HAYHO:

PYTHONPATH=foobar.zip python -m __main__

JIpyrumu cioBamMu, MOAYJIb __main__ mporpamMMsi 6yieT aBTOMaTH4eCKH UMIIOPTH-
poBaH U3 __main__.py. Takske MOXXHO UIMIOPTUPOBATh __main__ M3 yKa3aHHOTO BAaMU
MOZyJIs1, eCii JOOABHTH €ro MMsI Yepe3 cJiell, Kak B Wheel:

python foobar.zip/mymod
Y10 3KBUBAJIEHTHO:

PYTHONPATH=foobar.zip python -m mymod._ main__

OaHuM 13 npermyIecTB Wheel sIBJIsieTCS coTJallieHHE O HAMMEHOBAaHUH, TO3BOJISI-
folllee YKa3arb, 3aJyMaH JId AUCTPUOYTHUB 110/] ONIPE/IEJIEHHYIO apXUTEKTYPY pea-
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susaiuu Python (CPython, PyPy, Jython u T. 1.). 3T0 0cOGeHHO akTyanbHO, €CK
Heo6X0ANMO pacrpocTpaHsTh Moayu Ha C.

Mo yMonuanuio nakeTbl Wheels NpuBsi3anbl K Toii Bepcun Python, na koropo# nx
cospasnu. [1pu Bbi30BeE python2 setup.py dsist_wheel mabnoH nMeHu aiina Wheel
GyaeT npuMepHo caeayiowwmii: library-version-py2-none-any.whl.

Ecnu kox coBmecTuM ¢ ocHoBHBIMU Bepcusimu Python (uMeercs B Buay 2 u 3), To
MO>XKHO CO3/1aTh YHUBEPCaIbHbIH (aiisn Wheel:

python setup.py bdist_whell -universal

Pesynbrupyioinee ums daiisia Gyzer oTiM4aThes U coaepxkarb B cebe nHbopMauio
06 obeux Bepcusix — library-version-py2.py3-none-any.whl. Co3nanue ynubep-
CaTbHOTO Wheel MO3BOJIsIET M30eXKaTh HATMYMS ABYX PasHbIX GailioB aJsi paboThl
¢ Python 2 u Python 3.

Ecnu BBI He XOTHTE IepeaBaTh - -universal Ka)/Ibli pa3 npu co3ianny aiina wheel,
MOXeTe POCTO A0OABUTb €ro B setup.cfg:

[wheel]
universal=1

Ecnu co3naHHblii Wheel comepkUT GUHAPHbBIE IPOrPaMMBbl WM 6UOIMOTEKH (HarpH-
Mep, pacunpenus ans Python, nanucanubie Ha C), GuHapHbIi Wheel MOXET OKa-
3aThCsl HE TAKUM MOPTUPYEMBIM, KakK 0xuanoch. OH 6ynet paboTaTh 110 yMOTYAHHUIO
Ha HEKOTOPBIX cucTeMax, Harpumep Darwin (macOS) uau Microsoft Windows, Ho
MoxeT He 3anyckartbcs Ha Linux. PEP 513 (https://www.python.org/dev/peps/pep-0513)
OCBeILaeT 3Ty NPoOGJIEMY U ONpPe/esieT ONEPAlMOHHYI0 METKY manylinux1 4 Habop
6ub1MOTEK, MUHUMAIBHO HEOOXOAMMBIX, YTOObI FTAPAHTHPOBAHHO 3aIyCTHTh BbI-
noJiHeHHe Takux ¢aitnos Ha Linux.

Wheel — ato npexpacHsiit dopmar aist pacnpocTpaHeHHst TOTOBBIX OUbIMOTEK
¥ TIPUJIOKEHUH, TO3TOMY PEKOMEH/IYETCsI CO31aBaTh U 3arpyxarb ux Ha PyPl.

Kak pacnpocrpaHuTb CBOA NPOEKT

Kaxk Tosbko y Bac Gyznet npaBusibHbii daiin setup.py, 1erKo co3faTh apXUB, KOTOPbIi
MO’KHO PaclnpoCTpPaHsATb. JTO AejaeTcsl ¢ OMOLIbI0O KOMaH/bl sdicst setuptools
(smcruHr 5.6).
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Nucrunr 5.6. Ucnonb3osaHue setup.py sdist ans co3paHus apxuea

$ python setup.py sdist
running sdist

[pbr] Generating AUTHORS

running egg_info

writing requirements to ceilometer.egg-info/requires.txt

writing ceilometer.egg-info/PKG-INFO

writing top-level names to ceilometer.egg-info/top_level.txt

writing dependency_links to ceilometer.egg-info/dependency_links.txt
writing entry points to ceilometer.egg-info/entry_points.txt

[pbr] Processing SOURCES.txt

[pbr] In git context, generating filelist from git

warning: no previously-included files matching '*.pyc' found anywhere in
distribution

writing manifest file ‘ceilometer.egg-info/SOURCES.txt'

running check

copying setup.cfg -> ceilometer-2014.1.a6-g772ela7

Writing ceilometer-2014.1.a6-g772ela7/setup.cfg

--snip--

Creating tar archive
removing 'ceilometer-2014.1.a6.g772ela7' (and everything under it)

KoMmanza sdist co3naer apxuB 1oji AMpeKTOpUei dist UCXOQHOU HepapXuu. ApXuB
coaepxut Bce moayau Python, Bxoasiue B npoekt. Kak 65110 nmokasano paxee,
MOJHO CO3aTh apX1B Wheel C MOMOLIBIO KOMaH/b! bdist_wheel. Wheel-apxuB ObICTPO
YCTaHABIMBAETCsI, TAK KaK yXKe UMeeT HeoOxoinMoe hopMaTHpoBaHue.

[Tocneannii war — caenars KOA ZOCTYMHBIM, ISl YEr0 HEOOXOJMMO OCYIECTBUTD
3KCIOPT NaKeTa Ty/Ja, OTKY/a [0Jb30BaTeIM CMOTYT yCTaHOBHUTS ero yepe3 pip. [1po-
111e TOBOPs1, ONy61MKOBaTh MpoeKT Ha PyPI.

Ecniu Bbl 1e1aeTe 3TO BliepBbIE, CTOUT BOCIIOJIB30BAThCS TECTOBBIM PEXKHMOM H Oy -
6sinkoBatTh NpoekT B necounuue. /las atoro B PyPl ectb oTnagouHsiit cepsep; oH
obnanaer TeM ke GYHKIMOHAIOM, YTO ¥ OCHOBHOI, HO CJTY>HT TOJIbKO /ISl TECTH-
pOBaHMsI.

[lepBblii mar — 3aperucTpUpoOBaTh NPOEKT Ha TecToBOM cepBepe. Haynure c ot-
Kpbitus Baitna /. pypirc u no6aBbTe Ty/1a CTPOKH:

[distutils]
index-servers =
testpypi
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[testpypi]

username = <your username>

password = <your password>

repository = https://testpypi.python.org/pypi

Coxpanure (aii U 3aperucTpupyiite ero B ykasarese:

$ python setup.py register -r testpypi

running register

running egg_info

writing requirements to ceilometer.egg-info/requires.txt
writing ceilometer.egg-info/PKG-INFO

writing top-level names to ceilometer.egg-info/top_level.txt
writing dependency_links to ceilometer.egg-info/dependency_links.txt
writing entry points to ceilometer.egg-info/entry_points.txt
[pbr] Reusing existing SOURCES.txt

running check

Registering ceilometer to https://testpypi.python.org/pypi
Server response (200): OK

IT0 obecneyuT coeinHeHNe C TECTOBbIM cepBepoM PyPl 1 co3aacT HOBYIO 3anuch.
He 3a6yzbre 06 onuuu -r; B IPOTUBHOM CJly4ae Oy/IeT HCNob30BaH paboumii cepeep
PyPL.

OueBUIHO, YTO €CIM NPOEKT C TAKUM UMEHEM YyKe 3aperuCTPUPOBaH, TO Mpolecc
NpeTepnuT Heyaady. 3afanTe HOBOE UMS, M KaK TOJIBKO MOJIy4UTe OTBeT OK, 3arpy-
XkaiiTe apXUB C UCXOAHBIM KOAOM (JIUCTHUHT 5.7).

Nucrunr 5.7. 3arpy3ka apxvsa 8 PyPl

$ python setup.py sdist upload -r testpypi

running sdist

[pbr] Writing ChangelLog

[pbr] Generating AUTHORS

running egg_info

writing requirements to ceilometer.egg-info/requires.txt

writing ceilometer.egg-info/PKG-INFO

writing top-level names to ceilometer.egg-info/top_level.txt

writing dependency_links to ceilometer.egg-info/dependency_links.txt
writing entry points to ceilometer.egg-info/entry_points.txt

[pbr] Processing SOURCES.txt

[pbr] In git context, generating filelist from git

warning: no previously-included files matching '*.pyc' found anywhere in
distribution

writing manifest file ‘ceilometer.egg-info/SOURCES.txt'

running check
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creating ceilometer-2014.1.a6.g772ela7
--snip--

copying setup.cfg -> ceilometer-2014.1.a6.g772ela7

Writing ceilometer-2014.1.a6.g772ela7/setup.cfg

Creating tar archive

removing 'ceilometer-2014.1.a6.g772e1a7' (and everything under it)
running upload

Submitting dist/ceilometer-2014.1.a6.g772ela7.tar.gz to https://testpypi
.python.org/pypi

Server response (200): OK

B kauecTBe ajibTepHATHUBBI 3arpy3uTe apXuB Wheel, Kak MMOKa3aHO B JIMCTHUHTe 5.8.

Nucruur 5.8. 3arpyska apxmsa Wheel B PyPI

$ python setup.py bdist_wheel upload -r testpypi

running bdist_wheel

running build

running build_py

running egg_info

writing requirements to ceilometer.egg-info/requires.txt
writing ceilometer.egg-info/PKG-INFO

writing top-level names to ceilometer.egg-info/top_level.txt
writing dependency_links to ceilometer.egg-info/dependency_links.txt
writing entry points to ceilometer.egg-info/entry_points.txt
[pbr] Reusing existing SOURCES.txt

installing to build/bdist.linux-x86_64/wheel

running install

running install_lib

creating build/bdist.1linux-x86_64/wheel

--snip--

creating build/bdist.linux-x86_64/wheel/ceilometer-2014.1.a6.g772ela7
.dist-info/WHEEL

running upload

Submitting /home/jd/Source/ceilometer/dist/ceilometer-2014.1.a6
.g8772ela7-py27-none-any.whl to https://testpypi.python.org/pypi
Server response (200): OK

Kak Tospko orepaunum 6ynyT 3aKOHYEHDI, BBl ¥ IPYTHE NOJIb30BaTEJIN MOTYyT UCKATh
3arpy>KeHHbI€ [TaKeThl Ha OTJIAJ0YHOM CepBepe PyPI U Ja)ke yCTaHaBJIMBATh UX, HC-
MoJb3ys pip, €C/In 6y11eT nobaBjeHa onuus -i:

$ pip install -i https://testpypi.python.org/pypi ceilometer
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Ecau Bce mpoBepKH NMpPOAEHDI, MOXKHO 3arpyaTh CBOH NMPOEKT Ha OCHOBHOM
cepsep PyPI. Y6enurecn, uto 106aBHIM yYeTHbIE NaHHBlE U MTAPAMETPhl cEpBepa

B (aiin /. pypirc:

[distutils]

index-servers =
pypi
testpypi

[pypi]

username = <your username>

password = <your password>

[testpypi]

repository = https://testpypi.python.org/pypi
username = <your username>

password = <your password>

Ecsu BbI 3anycTunu register U upload ¢ onuuei -r pypi, naket GyaeT 3arpyxeH
Ha PyPL

NMPUMEYAHUE

PyPI MOXeT XpaHHUTb HECKOJIbKO Bepcuit Bamero [10, 4To n03BossieT pH He06X0 A~
MOCTH YCTaHABJIMBATh CTapble WU ONpe/iesieHHble Bepcuu. [IpocTo nepenaiite Homep
Bepcuu B pip install — Hanpumep, pip install foobar==1.0.2.

[Ipoitecc 3TOT PAMOTMUHEEH U TTO3BOJISIET COBEPIIATD JTI000€ KOJTUYECTBO 3arpy30K.
MoskHo BbimyckaTb [1O Tak 4acTo, KaK XOTHUTE, a IOJIb30BaTEJH 10 Mepe He0OX0aU-
MocTu 6yayT OGHOBJIATHCS.

Touku BXoaa

Bbl MoOr/IM y’Ke N0/Ib30BaThCsl TOYKAMHU BXOAA setuptools, faxke He JOragbIBasiCh
06 sToM. Pacnipoctpanenue T10 yepes setuptools BKIOYaeT B ceOsi ONMMUCAHME BAX-
HbIX METAlaHHBIX, TAKUX KaK HEOOXOAMMbIE 3aBUCUMOCTH M aKTYaJIbHbIE /IS 3TOTO
pasjiena cnucku mouek 6xooa. TO4KH BXOa — 3TO METOBI, C IOMOLIbIO KOTOPBIX
Apyrue nporpammMbl Ha Python mMoryT o6HapyXuBaTh AMHAMUYECKHE CBOWCTBA,
obecrie4yeHHbIE MTAKETOM.

Creayouuii IpuMep MOKa3bIBAET, Kak 00€CIIeYNTh TOYKY BXO/a C UMeHeM rebuildd
B IpyIIIe TOYEK console_scripts:



Touku BxoAaa 89

#!/usr/bin/python
from distutils.core import setup

setup(name="rebuildd",

description="Debian packages rebuild tool"”,
author="Julien Danjou",
author_email="acid@debian.org",
url="http://julien.danjou.info/software/rebuildd.html",
entry_points={

‘console_scripts': [

'rebuildd = rebuildd:main’,

1
1
packages=['rebuildd'])

Jlio60# naker Python moxer perucrtpupoBars Touku Bxoga. OHU OpraHU30BaHbI
B PYNIBbL KaXkAasi FpyIna — 3TO CIUCOK U3 Map KJI04Y/3HayeHue. TU Naphl UC-
nosb3yIoT popMart path. to.module: variable_name. B npoiinoM npiumMepe Kkiio4 — 310
rebuildd, a 3HaueHHe — 3TO reduildd:main.

CnMcKOM TOYeK MOXKHO YIIPaBJIATh, UCMONIB3Y sl Pa3Hble HHCTPYMEHTHI, OT setuptools
1o epi, Kak OyzeT moka3aHo HUXe. B crenyomumx pasgenax pacCMOTPHM, KaK HC-
110JIb30BaTh TOYKH BXO/a, YTOOBI 1062BUTb PACIIMPSIEMOCTH IIPOTPAMMAM.

Busyanusaumsa Touku Bxoaa

Ilpocreiimuii myTh A/l BU3yaIM3aLMU TOYEK BXOJA, NOCTYIHBIX B MAKETE, — 3TO
HCTNOJIb30BaHUeE NIaKeTa entry point inspector. Ero MokHO ycTaHOBUTB, 3aIyCTUB
pip install entry-point-inspector. [locje ycTaHOBKH JOCTyNHA KOMaH/A epi,
KOTOpast 3aMyCcKaeTcsl U3 KOMaHAHOW CTPOKH /Jisi MHTEPAKTHBHOTO OTOOpaXKeHUsi
TOYEK BXO/Ia yCTAHOBJIEHHBIX MakeToB. JIucTunr 5.9 noka3piBaeT npuMep 3amycka
epi group list B cucTeMe.

Nncrunr 5.9. Nonyyelne cnucka rpynn To4eK Bxoaa
$ epi group list

| console_scripts |

| distutils.commands |

| distutils.setup_keywords |
| egg_info.writers |

| epi.commands
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| flake8.extension |
| setuptools.file_finders |
| setuptools.installation |

BoiBoz epi group 1ist U3 iMcTHIira 5.9 mokaspiBaeT pa3iMyHble NAKETbl, yCTAHOBJIEH-
HbI€ B CHCTEME, KOTOpble 0beciieyetibl TOYKO Bxozia. Kakplii a71eMeHT Tabauubl — 310
MM Tpyniibl TOYeK Bxona. OOpaTiuTe BHUMaHUe: CIIMCOK BKJIIOYAET console_scripts,
KOTOPBIii CKOpO OyaeT paccMOTPCH. MOXXHO HCII0JIb30BaTh KOMaH/1y epi BMECTe C show
JUIs1 OTOOpaXKeHUs AeTaeld KOHKPETHOM rpynnbl Touek Bxoza (aucTuHr 5.10).

Nuctunr 5.10. OtobpaxkeHne AeTaneit rpynnbi TOYeK BXoAa
$ epi group show console_scripts

| coverage | coverage | main | coverage 3.4 | |

B rpynme console_scripts TOUKa BXO/a MO/ Ha3BaHUEM coverage CChLIAETCS Ha
4JIeH main MO/IYJIsi coverage. ITa TOYKa BXO/Ia, B YaCTHOCTH, 00eCreyeHHasi TaKeTOM
coverage 3.4, yKa3blBaeT Ha TO, Kakyi0 (PyHKIHIO BbI3BaTh, KOT/Ja BBIIIOJIHAETCS
CKPUIT KOMaHHOI1 CTPOKH coverage. B mpumepe ocyliecTsiisieTcsi BbI30B QyHKIIUUA
coverage.main.

WHcTpyMeHT epi — Bcero JiMiilb Bepxyuika 6ubnoreku pkg_resources. ITOT
MOZY b [103BOJISIET HAITH TOYKK BXOa 115l 11060 6UOIMOTEKU UM IPOrPAMMBI.
Touku BXoAa XOPOIIHU A/ MHOTHX 33714, BKJII0Yasi CLlEHaPHH KOMaHAHOM CTPOKH
M IMHAMHU4YeCKOC mporpaMMupoBanue. O6 3TOM Mbl MOTOBOPUM B CJEAYIOIHUX
pasjiesiax.

Mcnonb3oBaHue cueHapues KOMaHAHOW CTPOKM

[Tpu Hanncanuu npuoxeHus Ha Python nmpakruyecku Bceraa HyXHO Npe0CTaBUTh
3amycKaeMylo IPOrpaMMy — CKPHIIT, 3arpy’kaeMblii KOHEYHBIM MOJIb30BATENIEM, KOTO-
PBlii He06X0AMMO YCTAaHOBUTD BHYTPH IMPEKTOPUH I/e-TO B CACTEMHOM OKPY)XKEHHUH.

BosbIMHCTBO MPOEKTOB 3alyCKAIOT IPOrpamMMy, NOA0OHYIO ITOM:
#!/usr/bin/python
import sys

import mysoftware

mysoftware.SomeClass(sys.argv).run()
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Takoii ckpuUnT — 3TO JTy4mKii BHIGOP: y GOJIBIIMHCTBA IPOEKTOB Gy et ropasmo 6o-
Jiee IVIMHHBIN KOJ B CHCTEMHOM OKpY>KeHHHU. OIHAKO y TAKUX CKPUITOB €CTh CBOU
HeJJOCTaTKH:

O Tlons30Batesnb He 3HAET, rie HaxoAUTCs uHTeprnperatop Python mam kakywo
BEPCHIO OH MCIOJIb3YeT.

- O CkpunT ucnosnb3yer GUHAPHBINA KO/, KOTOPBIA He MOXET ObITH UMIIOPTHPOBaH
B [1O uiu ucronb3oBaH B MOAYJIBHOM TECTUPOBAHUH.

O Her poCTOro criocoba OIIpENEJINTD, Ky/la YCTaHaB/JIMBATb CKPHUIIT.

O HeoueBuaHo, Kak yCTaHOBHUTD €70 B MOPTaTUBHOM BH/e (HampuMep, Aas Linux
u st Windows).

Yro6b1 n36€KaTh ITUX NPO6IIEM, setuptools peaIaraeT HaM KJI04 console_scripts.
ITa TOYKA BXOZIa MOXKET ObITb UCTOJIb30BaHa setuptools /ISl yCTAHOBKHY MaJIeHbKOM
NPOrpaMMbl B CHCTEMHOE OKPY’K€EHHE, KOTOPasi BHI3bIBAET ONPEEIEHHYI0 PYHKLHIO
o/iHoOro U3 Moy eit. Mcronb3yst setuptools, MOXKHO yKa3aTh BHI30B GYHKIMH, C KO-
TOPO# HAYHETCSI IPOrPaMMa, YCTAHOBHMB Mapy KJII04/3HauyeHHe B TOYKY BXOJIa FPYIIIIbI
console_scripts: KJII0YW — 3TO MMs1 YCTAaHABJIMBAEMOTO CKPHIITA, 8 3HAYE€HHE — ITO
nyTb ¢pyHKIKHM (4TO-TO Bpoe my_modult.main).

[IpeacraBum, 4To nporpaMma foobar coCcTOMT U3 KiIMeHTa U cepBepa. Kaxkaas yactpb
HamMcaHa B CBoeM MoayJie — foobar.client u foobar.server, COOTBETCTBEHHO
foobar/client.py:

def main():
print("Client started")

U foobar/serverpy:

def main():
print("Server started")

Jta NporpaMMa He AeJjla€T MHOIO — KJIMEHT U CEPBEP aXKe He 06MEHHBAIOTCA CO-
06IJ.ICHI/ISIMI/I. OaHako AJiA Halero 1npuMepa 6071€ee yem JOCTAaTOYHO BBIBOAUTDH CO-
06IIIBHHC, YTO OHa YCIECUTHO 3anyIlleHa.

Tenepb MoxHO HanucaThb caeayOIKA hall setup.py B KOPHEBOWH AUPEKTOPUH, UC-
N0J1b3ys1 TOYKH BXO/Ia, ONPe/ieIeHHbIE B Setup.py.

from setuptools import setup

setup(
name="foobar",
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version="1",
description="Foo!",
author="Julien Danjou",
author_email="julien@danjou.info",
packages=["foobar"],
entry_points={
"console_scripts”: [
@ "foobar = foobar.server:main",
"foobar = foobar.client:main",
1,
b

OrnipezesisieM TOYKH BX0ia € moMouibio dopmara module. submodule: function. B mpu-
Mepe BUIHO, YTO Mbl 0OBsIBHJIM TOUKY BXOJIa U 71 client, U 4715 server @.

[Ipu 3anmycke ycTaHOBKH python setup. py setuptools CO3[IaeT CKPUIIT, KOTOPBIH MO-
XO0K Ha CKPMIIT U3 JucTuHra 5.11.

Nucrunr 5.11. CueHapuit KOMaHAHOM CTPOKK, CreHepMpPOBaHHbLIN setuptools

#!/usr/bin/python

# EASY-INSTALL-ENTRY-SCRIPT: ‘'foobar==1','console_scripts"','foobar’
__requires__ = 'foobar==1'

import sys

from pkg_resources import load_entry_point

if __name__ == '__main__":
sys.exit(

load_entry_point('foobar==1', 'console_scripts', 'foobar')()

ITOT KOA CKaHUPYeT TOUKMU BXoJa MakeTa foobar ¥ BO3BpallaeT Koy foobar U3
TPYIINBI console_scripts, KOTOPbIA UCIIOJIB3YETCS /151 IOUCKA U BbINOJTHEHHUS CBSI-
3aHHOM pyHKuMHK. Bo3BpaiaeMoe 3HayeHue load_entry_point OyaeT nepeHanpas-
JieHOo B GyHKUMIO foobar. client.main, BbI30B KOTOPOii Npou3oiaeT 6€3 apryMeHTOB,
M ee BO3BpallleHHOEe 3HaueHue Oy/JeT UCMOJIb30BaHO KaK KoA Bbixoxa. Obparure
BHMMaHHe, YTO ITOT KO/l HCIIO/Ib3YeT pkg_resources /st OOHapy>KeHHsI U 3arpy3Ku
¢aiinos Touku Bxoaa ua nporpamm Python.

NPUMEYAHME

Ecau Bbl McroJIb3yeTe pbr noBepx setuptools, reHepupyeMblil CKpUNT OyA€eT npoiie
(1 GpIcTpeE), YeM reHepUpyeMbIii 0 YMOTYaHUIO setuptools, Tak KaK OH BbI3bIBA€T
(YHKLHIO, yXKe HAMKMCAHHYIO B TOYKe BXO/a, 6e3 HeoOXOAMMOCTH MCKATh TaKOBYIO
JIMHAMHUYECKH BO BPEMS BBIIIOJIHEHUS TPOrPAMMBI.




Touku BXxoaa 93

Hcnonp3oBanue crieHapyeB KOMaHIHOM CTPOKH — 9TO TEXHUKA, KOTOPast M30aBJIsieT
OT 00513aHHOCTH THUCATh MOPTUPYEMbIE CKPUIITHI, OHOBPEMEHHO FaPAHTUPYsI, YTO
KOJ ocTaHercsi B nmakete Python u MoxeT GbITb UMIOPTHPOBAH (U TECTHPOBaH)
JIPYTUMU NIPOrpaMMaMH.

Ucnonb3oBaHne NNarMHoB U ApaiBepos

Touku BXoxa aenal0T npouecc nmoruckKa u JUHAMUYECKOH 3arpy3KHu KoJa Jerde A
Pa3BE€PTHIBAEMOrO MAaKETA, HO 3TO HE €AUMHCTBEHHOE UX MPUMEHEHHUE. Jlio6oe npu-
JIOXKE€HHUE MOXKET MpeajaraTb U peraiCTpUpoBaTb TOYKU BXO/a WU UX IPyNIbl 451
HCII0JIb30BaHUA IO CBOEMY YCMOTPEHHIO.

B aTOM pa3zesie Mbl CO31aUM cron-MmoAoOGHOro qeMoHa'! pycrond, KOTODBIit MO3BO-
Jut 1060u nporpaMme Python perucTpupoBaTh KOMaH/Iy ¥ BBIMOJIHATH €€ KAXK/ble
HECKOJIBKO CEKYHJ IyTEeM PErucTpaluy TOYKH BXO/Ja B IpyIine pytimed. ATpuoyT,
ornpene/isieMblil 3TOM TOYKOM BXOAa, HOJKEH ObITh 00bEKTOM, BO3BPAILAIOLIUM
number_of_seconds, callable.

Bot peanusauus pycrond c npuMeHeHUEM pkg_resources JJIsl IIOMCKA TOYEK BXOAA
B [IPOrpaMMe Mo/ Ha3BaHUEM pytimed.py:

import pkg_resources
import time

def main():
seconds_passed = 0
while True:
for entry_point in pkg_resources.iter_entry_points('pytimed'):
try:
seconds, callable = entry_point.load()()
except:
# NponycTuTh ownbky
pass
else:
if seconds_passed % seconds ==
callable()

time.sleep(1)
seconds_passed += 1

JTa nporpaMma COCTOUT U3 GECKOHEYHOro LUKJIA, KOTOPbIH MPOBOAUT UTEPALHH
¢ Kax/0Hi Toukod BXxoza B rpynme pytimed. Kaxxgasi Touka Bxoza 3arpyxaercs

! KomnbloTepHast mporpamMma B cucteMax kiacca UNIX, sanmyckaemasi caMoil cucTeMoit u pabo-
Taomas B GOHOBOM pexxume 6e3 NPsIMOro B3aUMOAEHCTBHUS C MOJIb30BATEIEM.
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MeToZI0M load(). /lanee nporpaMma BbI3biBaeT BO3BPALUEHHBIH METO/, KOTOPBIii
JI0JI’)KEH BEPHYTh KOJTHYECTBO CEKYH/T OXKHAaHHs Iepe/l BbI30OBOM callable, a Takxe
CaM 9TOT METOL.

[Iporpamma B pytimed.py nMeeT OYeHb MPOCTYIO U GE3BICKYCHYIO pean3aluio, HO
OTJIMYHO MOAXOAMT /st NpuMepa. Ternepb MOXKHO HAMKCATD APYTYIO MPOrPaMMy
Python, ¢ umenem hello.py, kotopast TpebyeT BbI30Ba cBOel HDYHKIMH C 33AaHHOM
MEePUOANYHOCTDIO:

def print_hello():
print("Hello, world!")

def say_hello():
return 2, print_hello

Kak Tos1bko GpyHKUMs 06bsiBIEHA, PETUCTPHPYEM €€, UCTIONIb3Y st O/IXOASAIHE TOYKH
BXO/a B setup.py.

from setuptools import setup

setup(

name="hello",

version="1",

packages=["hello"],

entry_points={
"pytimed"”: [

"hello = hello:say_hello",
1
1)

CkpunT setup.py perucTpupyeT TOYKY BXo/a B IpyIne pytimed ¢ KJI04oM hello
M 3HaueHueM, obpaueHHbIM K GyHKunH hello. say_hello. Kak Tosibko ¢ noMoupio
setup.py yCTaHABIMBAETCS MaKeT — HaNPUMeED, Yyepe3 pip install, — CKpunT pytimed
0OHapyXHUBAET BHOBb J00ABJIEHHYIO TOYKY BXO/Ia.

ITpu 3amycke pytimed oTckaHUpyeT rpynmny pytimed u HaliieT KIt0Y hello. /lanee o
BbI30BeT (DYHKIHIO hello. say_hello, MOTYYHB 1Ba 3HAYEHUS: KOJTUYECTBO CEKYH/I IS
nay3bl MeX/y Ka>KIIbIM BbI30BOM M GYHKIIMIO s BbI30Ba. B HateM npuMepe — aBe
ceKyHzb! v print_hello. [Tocse 3anycka nporpammsi (nuctunr 5.12) Beisox «Hello,
world!» nomkeH nosIBAATbHCA Yepe3 Kax/ible BE CEKYH/IbI.

JNincrmnr 5.12. 3anyck pytimed

>>> import pytimed
>>> pytimed.main()
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Hello, world!
Hello, world!
Hello, world!

Bo3mosHocTH, npegocTaBisieMble 3TUM MEXaHU3MOM, OOIIMPHBI: MOXKHO 6€3 rpo-
671eM co3aBaTh ApaiiBepbl, YCTaHABINBATh XyKH U pacuIdpeHus. Peanu3oBbiBaTh
€ro BPYYHYIO /711 KaXX/I0| IIPOrPaMMbl I0BOJIBHO YTOMUTENBHO, HO, K CYACThIO, 1S
aToi uesnu B Python ects 6ubanoreka.

Bubanoteka stevedore obecrieynBaeT NMOAAEPKKY AMHAMHUYECKUX MIJIATHHOB Ha
OCHOBE paHee MPOJAEMOHCTPUPOBAHHOIrO MexaHuaMa. Vicnonbayemsiilt npumep
yIKe O4€Hb MPOCT, HO €T0 MOXKHO €l1le YIIPOCTHTH B CJENYIONIEM CKpUIITe pytimed
stevedore.py:

from stevedore.extension import ExtensionManager
import time

def main():
seconds_passed = @
extensions = ExtensionManager('pytimed', invoke_on_load=True)
while True:
for extension in extensions:
try:
seconds, callable = extension.obj
except:
# NponycTute ownbky
pass
else:
if seconds_passed % seconds ==
callable()
time.sleep(1)
seconds_passed += 1

Kunacc ExtensionManager, npuHaaexammui stevedore, 06¢CIieUMBaeT IPOCTOM My Th
AJ151 3arPY3KHU BCeX PacCIIMPeHUH IPyNbl ToYeK BXoAa. VIMsi nepeaaetcsi B kauecTBe
apryMeHTa. ApryMeHT invoke_on_load-True oGeclie4uBaeT, IpH ee HaXOXKIEHUH,
BbI30B KaXk10i (PyHKLMHU IPYNIEL. DTO AejiaeT pe3y.1bTaThl /I0CTYITHBIMU HANpPsIMYIO
U3 arpubyTa obj, IPUHAIEKAIETO PACIIUPEHHUIO,

B nokyMeHTauunu stevedore yka3aHo, 4to ExtensionManager umeeT Habop MozKJac-
COB, KOTOPbIE MOTYT 00pabaThIBATh PA3INYHBIE CUTYAIIMH, TAKHE KaK 3arpy3Ka yKa-
3aHHBIX PACLIMPEHUIt B 3aBUCHMOCTH OT UX NMEH WJIH Pe3yJILTaToB paboThl GYHKIHA.
ITO BCe 4ACTO UCIOJIb3yeMble MOJIEJIH, KOTOPble MOXKHO IIPMMEHSATH B IPOrPaMMax
IUIS1 peasin3alivy JaHHbIX 11a0JI0HOB HANPSIMYIO.
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Hanpumep, HyXHO 3arpy3uTb U 3allyCTUTD TOJIBKO OLHO PAaCIIMPEHHE U3 IPYIIIbI TO-
YeK BXO/[a. ITO MOXHO C/IeJIaTh C TOMOLIBIO KJlacca stevedore.driver.DriverManager.
[puMep B 1ucTUHTe 5.13.

Nncrunr 5.13. MNpuMeHenne stevedore ans 3anycka OAHOMO pacluMpeHnUst U3 TOYKKU BXOAA

from stevedore.driver import DriverManager
import time

def main(name):
seconds_passed = @
seconds, callable = DriverManager('pytimed', name, invoke_on_load=True).
driver
while True:
if seconds_passed % seconds ==
callable()
time.sleep(1)
seconds_passed += 1

main("hello")

B aToM ci1yuae TOJIbKO OTHO paclIMpeHue 3arpy>kaeTcsi i BHIOMPAETCs 110 UMEHU. ITO
M03BOJISIET OBICTPO CO3AATh CHCTEMY IPABEPOB, B KOTOPOH NPOrpaMMa 3arpyaer
Y UCTIOJIB3YET TOJIBKO OJJHO pacuIMpeHue.

MTorm

[TakeTHas skocucteMa Python nMeer ci105HYI0 HCTOPHIO, TEM HEe MEHEE CUTYalMs
crabunusupyercsi. Bubnnorexa setuptool Mo3BoJISIET PELIATh BONPOCHI NAKETHPO-
BaHUS: OHA He TOJIBKO TPAHCIOPTUPYET KOA B Pa3MyHbIX (popMaTax U 3arpyskaer
ero B PyPI, Ho u obecrieynBaeT COBMECTUMOCTD C IPYTMMH OUOJIMOTEKAMH U TIPO-
rpaMMaMH 4epe3 TOYKHU BXOZA.

Huk KornaH o nakeTuposaHum

Huk — rnaBubiii pazpaborunk Python komnanuu Red Hat. OH aBTOp HECKOJIBKHX
PEP, B oM uuciie u PEP 426 (MertanaHHbie 17151 TAKETOB IIPOrpaMMHOTO obecreye-
Hus Python). Huk Bezer cebst kak mocos Hauiero BepX0BHOTO I1aBHOKOMAH/YIOILEro
I'Buno Ban Poccyma — cosaarensi Python.
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Konuuecmeo pewenuii ons naxemuposanus (distutils, setuptools, distutils2, distlib,
bento, pbr, um. 0.) das Python dosonvro 60zamo. Ilo Bawemy muenuro, 6 uem npuvuna
maxoeo pasnoobpasus?

Ecsii ympocTuTh, TO MOXKHO CKa3aTh, YTO MyOIHKaLHsl, DPACIPOCTPAHEHHE U MHTE-
rpaLus IPOrpaMMHOr0 06ecreYeH!st — 3TO KOMIUIEKCHAs! TPOGIIeMa, K PELLIEHHUIO
KOTOPOH CTOMT MOAXOMTH C PAa3HbIX CTOPOH. 51 IPHIIIET K BBIBOAY, 4TO MpobieMa
B OCHOBHOM 3aKJII04YAeTCs B TOM, YTO pa3Hble HHCTPYMEHTHI TAKETUPOBAHUS CO3-
AAI0TCA B Pa3Hble BeXH PACPOCTPAHEHUs TPOrPAMMHOIO 0O€eCTIeYeHHSI.

PEP 426, onpedenuswuii Hogbuid popmam memadanuvix oas nakemos Python, do-
801610 MO00 U D0 cux nop cebs ne npossun. Kax Bo. Oymaeme, cmoxcem on pewums
HacyuwHble NPobeMbl NAKeMUPOBAHUS NPOZPAMMHOZ0 0becneueHusn?

W3snauanbHo PEP 426 HauuHascs kak yacTh onpeneieHus popmara Wheel, HO
Jsanen Xoat NoHs, YyTO Wheel MOXeT paboTaTh ¢ CyiecTByIOWUM GopMaToM
MeTaJlaHHbIX, OIpe/ie/IeHHBbIM B setuptools. PEP 426, takiuM obpasom, siBasieT-
€A CIMSTHUEM CYIIECTBYIOIIMX MeTAJaHHbIX setuptools ¢ uaesiMu u3 distulis2
U IPYTHUX CHUCTEM MaKeTUPOBaHUs (Hampumep, RPM 1 npm). OH HamnpasJieH Ha
yCTpaHeHHe HeAopabOTOK CYLIECTBYIOMMX HHCTPYMEHTOB (HAanmpuMep, IBHOTO
paszieIeHUs] HEKOTOPbIX BUJIOB 3aBUCUMOCTEN ).

OcnoBHbiM npeumyitectBom 6yaer REST API na PyPI, npexocrasasiomuit
TMOJIHBIIA IOCTYI K METAIAHHBIM, & TaKXke (OyeM HaleATbCS) BO3MOKHOCTD aBTO-
MaTHYeCKOM reHepallii MaKeTOB U3 UCXOAHBIX METAJIaHHbIX, COOTBETCTBYIOLIEH
NOJIMTHKE PacnpeneseHusl.

@opmam Wheel — amo nosoe sesnue, ewe noscemecmno He UCnOIb3yemoe, Ho 6bi-
ensosuee mrozoobewatoue. Ilouemy on ewe ne wacmo cmanoapmmot 6ubiuomexu?

Kak BbISICHUIOCH, CTaHAApTHAs GUOIMOTEKA HE COBCEM MOAXOMSAILEE MECTO IS
CTaH/JAaPTOB MAaKETUPOBAHUS: OHA MEHSIETCSI CIMILIKOM MEJIJIEHHO, K TOMY e 6osiee
TN03/{HME BEPCHHU HE MOTYT IPUMEHSTHCS B paHHUX Bepcusix Python. [Toatomy Ha
koHbepeHuuu no Python mbl BHecn uameHenust B npouecc PEP u no3soaunau
distutilis-sig ynmpaBJsiTh MOJHBIM LIUKJIOM COTJIACOBAHMUS 151 CBsidaHHbIX ¢ PEP
NIAKeTOB, U python-dev Tenepb GyeT UCMOIb30BAH TOJNBKO AJIsA MPEAJIOKEHUH,
KOTOpbIe HanpsiMyo u3Mensiior CPython (sanpumep, npouecce pip).

Kaxoe 6ydywee acoem naxemor Wheel?

Wheel TpebGyercs ente opaboTaTh, MPEXKIE YEM €r0 MOXKHO GyNeT MIPUMEHSATD
Ha Linux. Tem He MeHee pip npuHsis Wheel Kak ansTepHaTuBy dopmary Egg,
Pa3peINB UCIOIb30BATh JIOKAIbHBIN KL VISl YCKOPEHHUs1 COOPKH U CO3JaHus
BUPTYaJIbHOTO OKpYyseHust. Takoxe PyPI mo3Bosu 3arpyxarb apxuBbl Wheel ist
Windows 1 macOS.



MoaynbHOe TecTupoBaHMe

MHorue HaxoAaT MOAY/IbHOE TECTUPOBAHWUE TPYAOEMKUM, @ APyrue BoobLe He BKIo-
YaloT B CBOM NPOEKTbI HUKAKOM NONUTMKU TECTUPOBaHUA. Mbl npeanonaraeM, uto
Bbl OCO3HANM BAXXHOCTb MOAY/IbHOTO TECTMPOBAHUA. HanmcaHue KoAa, KOTOpbIM He
TecTupoBancsi, 6ecrnonesHo, Tak Kak Apyroro AeMCTBEHHOro cnocoba AoKasaTh ero
paboTy HeT. Ecnum Bac ewe Hajo y6exaaTb B NOnb3e MOAYNLHOMO TeCTUPOBAHUS, TO
HAYHUTE YMTaTb O NPEUMyLIECTBAX Pa3paboTKu Yepes Hero.

B 3101 rnase GyayT pacCMOTpeHbl MHCTPYMeHTbI Python, KoTopble MOXHO UCMONL30BaTL
ANS ncyepnbisalowero Habopa TECTOB U KOTOPbIE NO3BONAIOT CAeNaTL TECTUPOBaHWe
aBTOMaTH4eCKM U 6onee NpocTbiM. Mbl 06CyANM, Kak UCMONL30BaTL 3TU UHCTPYMEH-
Tbl, YTO6bLI NPOrpaMMbl 6binn 6e30TKasHLIMKU U 6e3 perpecca. PaccMOTpUM co3aaHue
MHOrOpa30BbIX TECTOBbIX O6bLEKTOB, NAPANNEbHbINA 3aMyCK TECTOB, BbiB/IEHUE HENPO-
TECTUPOBAHHOIO KOAA U UCMONb30BaHWE BUPTYasNIbHOrO OKPYXKEHUSA Ans obecneyeHuns
YMCTOTbI NPOBEAEHNS TECTOB, @ TaKKe MHOTME Apyr1e XOpoLuMe NPaKTUKKU U METOADI.

OCHOBbI TECTUPOBaHUA

[Tucath u 3amyckaTh MOAYJIbHBIE TeCTH B Python He oueHb C/10XKHO. ITO HEyTOMHU-
TeJIbHBIA M He Melnaouuii pabore npouecc. Moy ibHOe TECTUPOBAHHE OYEHD MO~
MOTaeT BaM u ApyruM pa3paborunkam noaaepxusatb [10. 3xeck Mbl paccMOTpHM
OCHOBBI TECTUPOBAHHMsI, YTOOBI JIyyllle TOHUMATh BOIPOC.

MpocTbie TecTbl

XpaHHUTb TECTBI HY>KHO B NOAMO/IYJIe tests NMPHIOKEHUsI Ui OUOIMOTEKH, K KOTO-
PbIM OHM OTHOCsTCA. ECaiu cienoBath 3TOMY npHHIMY, TO 6yeT IPOCTO MepeaaTh
TECTHI KaK YaCTh MOJYJIS ¥ J11000i JKeaounii CMOXeT UX 3alyCTUTh (AaXe Mocje
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YCTaHOBKH MPOrpaMmbl ) 6€3 He0OOXOIMMOCTH OTKPhIBaTh HCXOAHBIN nakeT. OdopM-
JIeHHe TeCTOB B BH/I€ TIOAMOAY/ISi OCHOBHOTO MOJYJIsi IOMOraeT Takxke U36exaTh
OIIKOKK YyCTAHOBKH B MOZLYJIb BBICOKOTO MOPsiKa tests.

Ucnonp3oBanue nepapxum B iepeBe TECTA, KOTOPasi MOBTOPSIET HEPAPXUIO MO,
caenaet TecTol 6oJiee ynpasisieMbIMU. ITO 3HAYMT, YTO TECT AJIsl KoAa mylib/foobar.
py HEOOXOAMMO pa3MelaTh B mylib/tests//test_foobar.py. Cxoxas HOMEHKJIaTypa
YIPOILAeT MOUCK TecTa /ISl KOHKpeTHoro daia. Jluctunr 6.1 aeMoHcTpupyer npo-
CTeH M MOLYIbHBIA TECT.

Jinctuur 6.1. Tect test_true.py

def test_true():
assert True

ITO TeCT MOATBEPAKIAET, YTO MOBENEHHE MPOTPAMMBI COOTBETCTBYET OXKUAAHHUSIM.
Jlns ero 3anmycka HeOOXOAUMO 3arpy3uThb (ail test_true.py u 3anyCTUTb (PyHKIHUIO
test_true(), 0ObSIBIEHHYIO BHYTPH HETO.

Tem He Menee HanMcaHue M 3aIyCK OTAEIbHOrO TeCTa [JIsl Kaxaoro ¢aiina Moxer
ObITh BeCbMa YTOMUTEJIbHBIM. [[J151 MaJIEHbKHUX NPOEKTOB C MPOCTHIM IIPUMEHEHHEM
CTaHeT CraceHHeM MaKeT pytest, yCTAaHOBJIEHHBIN Yepe3 pip. pytest npeaocTasJsieT
KOMaHJY pytest, KOTopast 3arpy’kaeT KaXkAblii (paii1, iMsi KOTOPOro HAYMHAETCS Ha
test_, v 3aTeM BBINOJIHAET Bce QYHKUMU BHYTPH KaX/A0ro ¢aiina, ecid OHHU TOXe
HAYMHAIOTCA Ha test_.

C daiinom test_true.py B UCXOXHOM JepeBe 3aMyCK pytest BBIAACT CIEAYIOLIHA
pe3yJIbTarT:

$ pytest -v test_true.py

test session starts
platform darwin -- Python 3.6.4, pytest-3.3.2, py-1.5.2, pluggy-0.6.0 --
/usr/local/opt/python/bin/python3.6

cachedir: .cache

rootdir: examples, inifile:

collected 1 item

test_true.py::test_true PASSED [100%]

-------- 1 passed in ©.01 seconds =====s===

Onuus -v BBIBOIUT UMsI KXK/I0TO TeCTa B OT/e/IbHOM cTpoke. Ecau Tect He npotlizeH,
BBIBOJ/I MEHSIETCS1 U OTOOpaXkaeTcst uHGOpMaLHs 06 omuOKe.
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B nucrunre 6.2 — npuMep Takoro Tecra.

Jucrunr 6.2. He npoiiaeHHbIn TecT test_true.py

def test_false():
assert False

Ecnu cHoBa 3amycTUTb TecT, T pe3ysibrat OyaeT cJieayIomHii:

$ pytest -v test_true.py
==== test session starts ================= ===z

platform darwin -- Python 3.6.4, pytest-3.3.2, py-1.5.2, pluggy-0.6.0 -- /usr/

local/opt/python/bin/python3.6

cachedir: .cache

rootdir: examples, inifile:

collected 2 items

test_true.py::test_true PASSED [ 50%]
test_true.py::test_false FAILED [100%]

test_false

def test_false():
> assert False
E assert False

test_true.py:5: AssertionError
=================== 1 failed, 1 passed in 0.07 seconds =

TecT He MPOXOMIUT, KAK TOIbKO BO3HUKAET UCKJII0OYEHHE AssertionError; TECT assert
BBI3bIBAET AssertionError, KOT/a €ro apryMeHT OLEHUBAETCS KaK YTO-TO JIOXKHOE
(False, None, @ U T. 4.). [Ipy BOBHUKHOBEHHU JIIOOOTO APYTrOro UCKJIIOYEHHUS TECT
TaKXe BblAAeT OILHOKY.

XOoTs1 Mbl 1 PaCCMOTPEJIM MPUMUTHBHBIH IIPUMEDP, HO MHOXECTBO MaJIEHbKHX MPO-
€KTOB MCIIONb3YIOT HMEHHO TaKOM MOAXO0J, TaK KaK OH XOpoio paboraer. ITUM
npoekrtam He TpeOGyeTcsi APYrMX UMHCTPYMEHTOB MU GUGIHOTEK, KPOME pytest
U MPOCTBIX assert-TecToB.

an HanucaHuy 6oJiee CI0XKHBIX TECTOB pytest MOMOXeT MOHSITh, YTO HE TaK B IPO-
BaJIEHHBIX TE€CTaXx. HpelICTaBI/IM CJIellleIIll/Iﬁ TECT.

def test_key():
a=['a, 'b']
b=1['b"]
assert a ==
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[Ipu 3anmycke pytest MoJy4YuM CaeAyOMUN BbIBOA!

$ pytest test_true.py

test session starts ===
platform darwin -- Python 3.6.4, pytest-3.3.2, py-1.5.2, pluggy-0.6.9
rootdir: /Users/jd/Source/python-book/examples, inifile:

plugins: celery-4.1.0

collected 1 item

test_true.py F [100%]

----------- FAILURES ============= ====
test_key

def test_key():

a=['a', 'b']

b=1['b"]

assert a ==

AssertionError: assert ['a', 'b'] == ['b']
At index @ diff: 'a' != 'b’

Left contains more items, first extra item: 'b'
Use -v to get the full diff

m m m m v

test_true.py:10: AssertionError
==== === 1 failed in 0.97 seconds ======== ========

BoiBoa TecToBOrO 3allyCKa rOBOPUT O TOM, UYTO a U b pa3Hble M UTO TECT He l'lpOﬁ-
JieH. Takxe OH MOKa3bIBaEeT, B YEM COCTOUT UX pa3jiniyue, 41O obsneryaer 3agavdy no
YCTPAaHEHHIO OIIMOKH B KoJe€.

Mponyck TecrtoB

Ecsu Tect Henb3s 3anyCcTUTD, TO BaM, BEPOSITHO, 3aX04YETCsl €ro MPOMyCTUTb — Ha-
NPUMED, BbI XOTeJIH OBl 3aMyCTUTH TECT 110 YCIOBUIO HAJIMYHUS WK OTCYTCTBHUS OIpe-
JeJieHHOM 6ubaroTeku. I1oka 3TOro He MPOU3OLIO, MOXKHO UCMIOIb30BaTh QYHKLMIO
pytest.skip(), KOTOpast OTMETUT NPONYLIEHHbIE TECTHl U NEPEHIET K CIEAYIOILUM.
Jlexopartop pytest.mark. skip 6e30roBOPOYHO NPOIMYCKAET 1eKOPUPOBAHHYIO DYHK-
IIMI0, TO3TOMY €r0 MOXXHO MCIOJIb30BaTh BCEr/a, KOr/la HyXKHO MPOMYCTUTD TECT.
JluctuHr 6.3 moka3biBaeT, Kak UCIOJIb30BaTh 3TOT METO/I.

Nucrunr 6.3. Nponyck Tectos
import pytest

try:
import mylib
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except ImportError:
mylib = None

@pytest.mark.skip("Do not run this")
def test_fail():
assert False

@pytest.mark.skipif(mylib is None, reason="mylib is not available")
def test_mylib():
assert mylib.foobar() == 42

def test_skip_at_runtime():
if True:
pytest.skip(“”Finally I don't want to run it")

[Tpu BeINOMHEHHH 3TOT TeCcTOBBIN aiis BhIBEAET Clenyiouiee:

$ pytest -v examples/test_skip.py

test session starts = ====
platform darwin -- Python 3.6.4, pytest-3.3.2, py-1.5.2, pluggy-0.6.0 -- /usr/
local/opt/python/bin/python3.6

cachedir: .cache

rootdir: examples, inifile:

collected 3 items

examples/test_skip.py::test_fail SKIPPED

[ 33%]

examples/test_skip.py::test_mylib SKIPPED

[ 66%]

examples/test_skip.py::test_skip_at_runtime SKIPPED
[100%]

3 skipped in ©0.01 seconds

BbiBog TecToBOro 3anmycka B IMCTUHTE 6.3 MOKa3biBaeT, YTO BCE TECTbI ObLJIH MPOITY-
weHsl. Ta UHGOPMALUs OACKAXKET, HE MPOMYCTUIH JIM BBl TECT, KOTOPHI XOTEH
3aIyCTHUTb.

3anyck onpefaeneHHbIX TeCToB

[Ipu ucnonb3oBaHuH pytest 4acTO BO3HHKAET HEOOXOAMMOCTb 3aMyCTUTD TOJbKO
onpeziesieHHbIe TeCThl. MOXHO BbIOPATh, KAKWE U3 HUX 3allyCTUTB, TIePEIaB UX IUPEK-
TOPHIO WK (paiisibl B KaYeCTBe apryMeHTOB B KOMaHIHY10 CTPOKY pytest. Hanpumep,
BbI30OB pytest test_one.py 3alycKaeT TecT test_one.py. Pytest Takxe NPUHUMAET
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IUPEKTOPHUIO B KAYeCTBe apryMeHTa, U B 3TOM CJIy4ae OH PEKypCUBHO NIPOCMOTPUT
Manky U 3aMyCcTUT Bce (pailiibl, COOTBETCTBYIOLIHE 1Ia0IOHY test_*.py.

MoxHo lIO6aBl/lTb CbI/IJIpr C IIOMOLbIO BBOZA apTYMEHTA -k B KOMAHIHYIO CTPOKY
C LI€JbIO BBIMOJIHUTD TOJIbKO TE€CTbl, COOTBETCTBYIOLIHE LIIa6JIOHy HUMEHH, KaK I10-
Ka3aHo B JIUCTHUHTe 6.4.

NncTuir 6.4. GunbTpaums TeCToB, 3anyLUEHHbIX NO UMEHW

$ pytest -v examples/test_skip.py -k test_fail

---------- test session starts ====
platform darwin -- Python 3.6.4, pytest-3.3.2, py-1.5.2, pluggy-0.6.0 -- /usr/
local/opt/python/bin/python3.6
cachedir: .cache
rootdir: examples, inifile:
collected 3 items

examples/test_skip.py::test_fail SKIPPED
[100%]

2 tests deselected ===
1 skipped, 2 deselected in ©.04 seconds ===

MMena — He Bceraa Jydiuii cnoco6 ¢GuabTpoBaTh TeCThI st 3anycka. OObIYHO
pa3paboTYMK IPYNIKMPYET TECTHI MO THIAM U GYHKLMOHATBHOCTH, 2 He 110 IMEeHaM.
Pytest obecnieunBaeT AMHAMUYECKYIO CHCTEMY METOK, IO3BOJISIIOLLYIO MAPKHPOBAaTh
TECTBI C IOMOUIBIO KJIIOYEBOTO CJI0BA, KOTOPOE 3aTe€M MOXET ObITh UCIIOJIb30BAHO
B dussTpe. [1J1st MApKHPOBKH TECTOB TAKMM CIOCOOOM UCMOb3YiiTe onuuio -m. Ecn
HaCTPOMTD I1apy TECTOB BPOJIE ITUX:

import pytest

@pytest.mark.dicttest
def test_something():
a=[a’, 'b]
assert a == a

def test_something_else():
assert False

TO MOKHO MCNOJIb30BAaTh APFyMEHT —-m C pytest 1J14 3anyCcKa TOJIbKO OAHOTO U3 HUX!

$ pytest -v test_mark.py -m dicttest

=== test session starts ===

platform darwin -- Python 3.6.4, pytest-3.3.2, py-1.5.2, pluggy-0.6.0 -- /usr/
local/opt/python/bin/python3.6
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cachedir: .cache
rootdir: examples, inifile:
collected 2 items

test_mark.py::test_something PASSED
[100%]

1 tests deselected ===
1 passed, 1 deselected in 0.01 seconds ===

Mertka -m [IpPUHHUMaET U 6osiee CI0XKHbIE BbIpaXX€HUs, IO3TOMY MOXXHO, HAlIpUMEDP,
3allyCTUTDb BCE€ TECTbI, KOTOPbIE HE UMEIOT METKHU!

$ pytest test_mark.py -m 'not dicttest’

=== test session starts ===

platform darwin -- Python 3.6.4, pytest-3.3.2, py-1.5.2, pluggy-0.6.0
rootdir: examples, inifile:

collected 2 items

test_mark.py F
[100%]

=== FAILURES ===
test_something_else

def test_something_else():
> assert False
E assert False

test_mark.py:10: AssertionError
== 1 tests deselected ===
= 1 failed, 1 deselected in 0.07 seconds ===

B npumepe pytest BbINOJHUI KaXKAbIH TECT, HE OTMEYEHHBIH disttest, — B JaHHOM
cirydae TecT test_something_else, — W OH OyzeT npoBasieH. OCTaBIIMIACS OTMEYEH-
HBIii TeCT test_something He OblJI BHINIOJHEH U I03TOMY 3aHECEH B CIIUCOK deselected.

Pytest NMPUHHUMAET CJIOXKHbIE BbIPaXKEHHs1, COCTOsALHE U3 or, and U KJIIOYEBOTO CJIOBa
not, YTO MO3BOJIsIET TPOU3BOJAUTD CJI0XKHYIO (bpmpraumo.

NapannenbHblit 3aNycK TeCToB

3anyck TecToBbIX HaOOPOB MOXKET OTHMUMATh MHOTO BPEMEHH. JTO YaCTOE sIBIEHHE
B KPYIHBIX MPOEKTaX, KOra BbINOJHeHHe Habopa TecToB 3aHUMaeT MUHYThI. [1o
YMOJIYAHHIO pytest 3aMyCKaeT TECTHI NOCJIEA0BATEbHO, B ONPEAETEHHOM TOPSIIKE.



OcHoBbl TecTupoBanua 105

Tak kaK 60JIBLIMHCTBO KOMIIBIOTEPOB UMEIOT MHOTOAIEPHBIE MPOILIECCOPbI, MOXXHO
YCKOPHUTDBCS, €CJIY IPOU3BECTH pa3/ieJICHUE TECTOB /A 3alTyCKa HA HECKOJIBKUX A/Ipax.

[lns1 aToro B pytest ecTb NJIAarkH pytest-xdist, KOTOPHIt MOXHO YCTaHOBHUTH C IO-
MOIIBIO pip. ITOT IJIArMH pacIiupsieT KOMAaHIHYIO CTPOKY pytest apryMeHTOM
--numprocesses (COKpaLIEHHO -n), TIPUHUMAIOIIHAM B KAYeCTBE aPIryMEHTa KOJIMYECTBO
MCNOJIB3YEMBIX sifiep. 3amycK pytest -n 4 3alyCTHT TECTOBBIA HAOOP B YeThIPEX Ma-
PaJLTe/IbHBIX [IPOLIECCAX, COXPaHsis 6alaHC MeXY 3arpy’KEHHOCTDIO IOCTYIIHbIX sIIep.

M3-3a TOro 4To KOJIMYECTBO sIAEP MOKET Pa3INyaThCs, MJIArMH TaKXKe NPUHUMAET
KJIIOUEBOE CJIOBO auto B KauecTBe 3HaueHUs1. B 3ToM ciiyyae k0JIM4ecTBO JOCTYIHBIX
sinep 6yeT BO3BpalleHO aBTOMAaTHYECKH.

Co3paHue 06bEKTOB, CNONb3YEMbIX B TeCTax,
C NOMOLLbIO PUKCTYP

B Mo/1y/IbHOM TECTMPOBAaHKMH YaCTO NPUAETCS BHINIOJHATH HAOOP CTaHAAPTHBIX OIle-
paluii 10 ¥ nocJie 3amycka TecTa, ¥ 3TH HHCTPYKIIMK 3a[IeHCTBYIOT ONpe/eIeHHbIE
KoMnoHeHThl. HanpuMep, MoxeT moHano6UThCst 00BEKT, KOTOPBIH OyeT BhIpaXKaTh
COCTOsIHME KOHGUTYPALUY NPUJIOXKEHHUS], U OH OKEH HHUIIMATM3UPOBAThHCS Neped
Ka)K/IbIM TECTUPOBAHHUEM, a TIOTOM COPACHIBATHCS 70 HAYAJIbHbIX 3HAYEHUH MOCIe
BBITIOJIHEHUSI. AHAJIOTMYHO, €CJIU TECT 3aBUCUT OT BpeMeHHoro ¢aiisa, 3ToT daiin
JI0JKEH CO3/1aBAThCS NIepesl TECTOM U YAANSTHCs mocsie. Takue KOMIOHEHThI Ha3bl-
BaloTCs puxcmypamu. OHH yCTAaHABIUBAIOTCS II€PE/ TECTUPOBAHHEM M IPONAJAIOT
[OCJIE €T0 BBINIOJHEHUSI.

B pytest bukctypsl 00bsiBasIIOTCS Kak npocTbie GpyHKiuu. OyHKuus GUKCTYpbI
J0JKHA BO3BPALLATH XKeJIaeMblil 0OBEKT, YTOObI B TECTUPOBAHUH, [/I€ OHA MCIOJIb-
3y€TCs1, MOT UCIIOJIb30BATHCSI 3TOT OOBEKT.

Bot npumep npocroii GpukcTypbi:

import pytest

@pytest.fixture
def database():
return <some database connection>

def test_insert(database):
database.insert(123)

@Duxcrypa 6a3bl JaHHBIX aBTOMATHYECKU UCTIOJIb3YETCsl IOOBIM TECTOM, KOTOPBIi
MMeeT aprymeHT database B cBoeM criucke. DyHKuus test_insert() mouaydur pe-
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3yJbTaT PYHKILMK database () B KauecTBe IEPBOTO apryMeHTa M Oy/1eT HCMOb30BaTh
3TOT pe3yJIbTar 110 CBOeMY YCMOTpeHuIo. I1pu TakoM ucnonb3oBannu GUKCTYPHI HE
HY’KHO MIOBTOPSATH KO MHULMATU3AUMK 6a3bl JAaHHBIX HECKOJIBKO Pa3.

Eue ogHa pacnipocTpaHeHHasi 0CO6EHHOCTb TECTUPOBAHHS! KO/JIa — 3TO BO3MOXKHOCTD
yAausTh AuiHee nocse paborsl pukctypol. Hanpumep, 3akpsiTs coequHenne ¢ 6a3oi
AaHHbIX. Peannsauus GpUKCTYpbl B KauecTBe reHepatopa 106aBUT GYHKIMOHAb-
HOCTb 10 OYUCTKE MPOBEPEHHDBIX 0ObEKTOB (JIUCTHUHT 6.5).

JincTuir 6.5. O4ncTka NpoBepeHHoro obvekTa
import pytest

@pytest.fixture

def database():
db = <some database connection>
yield db
db.close()

def test_insert(database):
database.insert(123)

Tak kak MbI UCNIOJIB30BAIM KJIIOYEBOE CJI0BO yield U cie1aiu U3 database reHeparop,
TO KOZ IOCJIe YTBEPXKACHUS yield BBIMOJHUTCS TOJBKO B KOHIIE TeCTa. TOT KOJ
3aKpOeT COeANHEHMeE ¢ 6a30¥ JAHHBIX 110 3aBEPILEHUH TECTA.

3akpbITHe coeiMHeHUs ¢ 6a30ii aHHBIX 1J1s1 KAXK/I0TO TECTAa MOXET BbI3BaTh He-
OnpaBJAaHHbIE TPAThl BBIYUCIUTENBHBIX MOIHOCTEH, TaK KaK APYrHe TECThl MOTYT
MCII0/Ib30BATh YoKe OTKPBITOE COeAMHEHHeE. B 9TOM caryyae MOXKHO nepeiaTb apryMeHT
scope B IeKOpaTop (pHKCTYpbl, yKa3biBasi 06J1acTb ee BUAUMOCTH:

import pytest

@pytest.fixture(scope="module")

def database():
db = <some database connection>
yield db
db.close()

def test_insert(database):
database.insert(123)

Yka3aB nmapameTp scope = "module”, Bbl MHULMAIH3UPOBAIU (PUKCTYPY €AUHOXIbI
JJ151 BCETO MOZLY.Isl, U TellePb OTKPbITOE CoeHeHHe ¢ 6a30#i JaHHBIX OyAeT Z0CTYMHO
17151 BceX TeCTOBbIX GYHKUMH, 3aNpalinBaIOLINX €r0.
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MoxHo 3amycTuTh KaKoi-HUOY b 061Kt KOA 10 MM NOCJIE TeCTa, Onpeae/uB puk-
CTYpbl KaK aBTOMaTH4YE€CKH MCII0Jb3yeMble C MOMOILbIO KJII0YEBOIO CJIOBa autouse,
a He YKa3bIBaTh MX B KA4eCTBE apryMeHTa JJ1s1 Kax/10ii TecToBoi pyHkuuu. Konkpe-
TH3anus QyHKINH pytest. fixture() ¢ NIOMOLIBIO apryMeHTa True, KJIIOYEBOTO CJI0Ba
autouse, rapaHTUPYeT, YTO (PUKCTYpa BbI3bIBAETCSI KAXK/BI pa3 epe/ 3allyCKOM TecTa
B TOM MOJLyJI€ UJIH KJIACCE, T/l OHa O0BbsIBJIEHA.

import os
import pytest

@pytest.fixture(autouse=True)

def change_user_env():
curuser = os.environ.get("USER")
os.environ["USER"] = "foobar"
yield
os.environ["USER"] = curuser

def test_user():
assert os.getenv("USER") == "foobar"

Takue aBTOMaTHYECKH BKJIIOYaeMble GyHKUMH yaoOHbl. OxHako ybeaurecs, 4To He
3n0ynotpebsiere HUKCTYpaMH: OHU 3aITyCKAIOTCs] IEPe/] KXKIBIM TECTOM, KOTOPBIIi 10-
najiaeT B UX 00/1aCTh BAZIMMOCTH, ¥ IOITOMY MOTYT 3aTOPMO3UTb PaBOTy IPYMNIIbI TECTOB.

3anyck TecToBbiX CLieHapueB

ITpu Moy, IBHOM TECTMPOBaHUN MOXET MOHAZOOMTHCS 3alyCTUTb OAMH U TOT Xe
TECT, HO C Pa3HBIMU 0ObEKTaMH, KOTOPbIE BbI3BaJIM OLIMOKY, MM XK€ POrHaTh BeCh
Habop TeCTOB Ha APYroi CHCTEME.

Mbl 04eHb CHIIBHO TOJIAraIuCh Ha 3TOT MeTOA npu pa3pabotke Gnocchi, 6a3bl aaH-
HbIX BpeMeHHbIX psioB. Gnocchi obecneunBaer abCTPaKTHBIN KJIACC M0/1 HA3BAHHEM
storage API. Jlio6oii knacc B Python Moxer peanusoBats aty abctpakTHyo 6a3y
M 3aperucTpupoBarthb cebsi kKak apaisep. [10 npu HeoOXOAUMOCTH 3arpyxKaeT OT-
KOH(UIypPUPOBaHHBIN JApaiiBep XpaHWJIMILA, a 3aTEM UCIOJIb3YeT pealn30BaHHOE
xpauuauiie APl ans uaBnedyenus nanHeix. B aToM npumepe Ham HyxeH kjacc
MOJ1YJIbHOTO TECTUPOBAHHUS, KOTOPBIH 3aIlyCKaeTCsl C KaXAbIM ipaiiBepoM (3anycka-
eTCs IS KXok peanusanuu storage API), ytoOb1 ybeauThesi, 4To Bee ApaiBepbl
COBEpLIAIOT OXKK/AeMble NI0J1b30BaTesIeEM JEHCTBUSI.

ITOro J1erko AOOUTHCS, €C/IM IPUMEHUTD NApamempuyeckue GuKcmypbot, 3anycka-
IOll{H€ HECKOJIBKO Pa3 BCE TECTHI, I/le OHU UCMOJIb3YIOTCS €UHOMX/IbI A1 KAXK/0T0
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YKa3aHHOro napameTpa. JInctusr 6.6 conepxuT npuMep UCIOIb30BaHUS TapaMeTpHU-
4eCKUX (PUKCTYP AJIS 3aIyCKa OHOTO TeCTa ABAXK/bI, HO C Pa3HBIMU MapaMeTPaMH:
OZIMH pa3 IJisi mysql, a BTOpoil — [J1s postgresql.

Jincrrir 6.6. 3anyck Tecta C NOMOLWbIO NapaMeTpUYeckux GUKCTyp

import pytest
import myapp

@pytest.fixture(params=["mysql", "postgresql"])
def database(request):

d = myapp.driver(request.param)

d.start()

yield d

d.stop()

def test_insert(database):
database.insert("somedata")

®DukcTypa driver nosyyaeT B KayecTBe MapaMeTpa Ba Pa3HbIX 3HAYE€HUsI — UMEHa
ApaiiBepoB 6a3 JaHHBIX, KOTOPbIe MOAAEPXXUBAIOTCS NPUJIOXKEHHEM. test_insert
3amycKaeTcsl ABaX/Abl: OfUH pa3 aisi 6a3bl nanHbix MySQL, a BTopoit — a5 6a3bl
naHHbix PostgreSQL. 3to obsierdaer moBTOPHOE MPOXOXKAEHHE OAHOTO H TOTO e
TeCTHPOBaHMs], HO C Pa3HBIMU CLIEHAapUsIMH, 63 106aBJIeHUsT HOBbIX CTPOK KOJa.

YnpaBnsieMble TeCTbl C 06beKTaMU-NYCTbILUKaMK

O6bekThi-mycThinKY (Mau 3araymku, mock objects) — 3To 06bekTHI, KOTOpPBIE
MMHTHDYIOT IOBE/IeHHE PEATBHBIX OOBEKTOB PHJIOXKEHHS!, HO B 0OCOOEHHOM, yNpaB-
asieMoM coctostiui. OHM HauGoJiee NMOE3HBI B CO3AaHUU OKPYXKEHH, KOTOpbIe
JOCKOHAJIBHO OMHUCHIBAIOT yCJIOBUsI POBEIEHUs! TeCTa. Bbl MOXeTe 3aMeHHUTh Bce
OGDBEKTBI, KPOME TECTUPYEMOTO, Ha OOBEKTBI-TyCTHIIIKY U H30JIMPOBATD €10, a TAKKE
€031aTh OKPYXKEHHUE ISl TECTUPOBAHUSI KO/A.

OpnuH u3 cayyaeB ux ucnoab3oBanusl — co3ganue HTTP-knuenta. [1paktuyecku
HeBO3MOXHO (KM TOYHEe, HEBEPOATHO €J0HO) co3aatb HTTP-cepsep, Ha ko-
TOPOM MOXXHO NPOrHaTh BCe BAPDUAHTHI CUTYyalUid U CLIEeHapUH ISt KaXIO0To BO3-
mocxHoro 3HayeHust. HTTP-kineHTbl 0cOG€HHO CI0)KHO TECTHPOBATD Ha CLIEHAPUHU
ounboK.

B cranpaprHo#i 6ubanoTeKe eCTh KOMaHAa mock /st CO3IaHUs OOBEKTa- Iy CTHILIKH.
Hauunas ¢ Python 3.3 mock o6beauneH ¢ 6ubmnorekoii unittest.mock. [ToaTomy
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MOXHO MCMOJIb30BaTh ()ParMeHT Koja, IPUBENEHHbIN HIOKe, 11 obecrnedeHust 00-
paTHO# coBmecTuMocTH Mexxay Python 3.3 u Gosiee paHHuMY BepcUsMHU:

try:

from unittest import mock
except ImportError:

import mock

Bub6anoreka mock oueHb MpocTa B npuMeHeHuH. JI1060ii aTpubyT, ZOCTYHbIHA 4715
o6bexTa mock.Mock, CO3Aa€eTCsl AMHAMMYECKH BO BPEMsl BBINOJHEHUS MPOrPaMMB.
Takomy aTpubyTy MOXeT ObITh TPUCBOEHO JI000e 3HayeHue. B ymictunre 6.7 mock
MCIIOJIb3YETCs IS CO3JaHUst OObEKTa-MyCTHILIKU AJISl aTPUOYTA-MYCTHILIKH.

Nucrunrr 6.7. O6paueHne k atpubyTy mock.Mock

>>> from unittest import mock

>>> m = mock.Mock()

>>> m.some_attribute = "hello world"
>>> m.some_attribute

"hello world"

MoXHO Tak)Xe AMHAMMYECKH CO3aBaTh METO/ MJIsi U3MEHSIEMOro 061>e1<'ra, KakK
B JIUCTUHTre 6.8, rie co3naercs METOA-MMYyCThIUIKA, KOTOprﬁ BCerjaa BO3BpallacT
3HavyeHue 42 ¥ IIpUHHUMaeT B KauyeCTBE apryM€EHTaA BCE YTO YTOAHO.

NucTunr 6.8. CoszpaHue MeToaa ans 0bvekTa-nycTbiwku mock.Mock

>>> from unittest import mock

>>> m = mock.Mock()

>>> m.some_method.return_value = 42
>>> m.some_method()

42

>>> m.some_method("with", "arguments")
42

Bcero napa cTpok, 1 06beKT mock . Mock Tenepb UMeeT MeTo/ some_method (), KOTOPBIi
Bo3BpailaeT 3HayeHue 42. OH npuHUMaeT J1I000# TUT apryMeHTa, IoKa MpoBepKa
TOTO, YTO 3TO 32 APTYMEHT, OTCYTCTBYET.

JIMHAMMYECKH CO3/laBaeMble METOJIbl MOTYT TaK)Ke MMeTh (HaMepeHHbIE ) TOO0YHbIE
a¢dekTsl. YTOODBI He GBITH POCTO MAGIOHHBIMU METOAAMH, KOTOPbIE BO3BPALIAIOT
3HaYeHHe, OHU MOTYT ObITh OTPe/IeJIEHB! /ISl BBINIOJHEHUS MT0JIE3HOTO KO/Ia.

JluctuHr 6.9 coznaer GUKTUBHBIA METOZ, Y KOTOPOTO €CTh M060ouHbIi 3ddexT — oH
BBIBOAMT CTPOKY "hello world".
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Jincrunr 6.9. Cospanue MeToaa Ans obbekta mock.Mock ¢ no6ouHbIM 3ddekToM

>>> from unittest import mock

>>> m = mock.Mock()

>>> def print_hello():

vee print("hello world!")
return 43

® >>> m.some_method.side_effect = print_hello
>>> m.some_method()
hello world!
43
® >>> m.some_method.call_count
1

MbI 1puCBOMIIM LeNYI0 PYHKIHIO aTpUOYTY some_method @. TexHM4YECKM 3TO MO3BO-
JIsieT peayin30BaTh 6oJiee CIOXKHBIN CLIEHapUid B TeCTe, 6J1arofapsi TOMy 4TO MOXKHO
BKJIIOYHUTD 060 HEOOXOAMMBIH 1151 TECTa KOJ B 00BEKT-IyCTHILIKY. [{asiee Hy)KHO
nepeaarb 3TOT 00BEKT B (PYHKIIUIO, KOTOPAsi €r0 0KM/IAET.

ATpubyT @ call_count — 3TO NPOCTOM CMOCOO MPOBEPKM KOJMYECTBA Pa3, KOraa
MeToZ 6bLI BEI3BaH.

Bubanorexa mock UCMOJIb3YET MATTEPH «AEHCTBUE — MPOBEPKA»: 3TO 3HAYMT, YTO
T10CJIe TECTUPOBAHMUS HYXKHO YOEUTHCS, YTO AEACTBUSI, 3AMEHEHHBIE Ha ITyCTHIILIKH,
ObLK BBITIOJIHEHBI KOPPEKTHO. B iuctutre 6.10 npuMensieTcs MeToy assert () K 00b-
€KTaM-IyCThIIKaM JJI1 OCYLIECTBIEHUS ITHX MPOBEPOK.

JNIncrmur 6.10. Bbi3oB METOAOB NPOBEPKK

>>> from unittest import mock
>>> m = mock.Mock()
© >>> m.some_method('foo', 'bar')
<Mock name='mock.some_method()' id='26144272'>
® >>> m.some_method.assert_called_once_with('foo', 'bar')
>>> m.some_method.assert_called_once_with('foo', emock.ANY)
>>> m.some_method.assert_called_once_with('foo', 'baz')
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "/usr/lib/python2.7/dist-packages/mock.py", line 846, in assert_called_
once_with
return self.assert_called_with(*args, **kwargs)
File "/usr/lib/python2.7/dist-packages/mock.py"”, line 835, in assert_called_
with
raise AssertionError(msg)
AssertionError: Expected call: some_method('foo', ‘baz’')
Actual call: some_method('foo', 'bar')
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Mpi co3aanu MeTobl C apryMeHTaMH foo M bar B KaueCTBE TECTOB, BhI3BaB METOX @.
[Tpocroii cmocob npoBepUTD BHI30BBI K 00 BEKTaM-NYCTHIIIKaM — UCMO/IB30BATh Me-
TOABI assert_called(), Takue Kak assert_called_once_with() @. [lns1 3TUX MeTONOB
Heo0X0MMO NepeaTh 3HaYEHHsI, KOTOPbIE, KAK Bbl 03KKUAAeTe, OyAyT UCMOIb30BAHBI
IIPH BbI30Be MeToAa-MycThIKU. Eciiv nepenanHbie 3HaY€HUS OTJIMYAIOTCA OT HC-
MI0JIb3YEMBIX, TO mock BBI3BIBAET UCKIIIOUEHHE AssertionError. Eciu Bbl He 3HaeTe,
KaKHe apryMeHTbl MOT'YT OBITb IIepeaHbl, UCMIOIb3yHTE mock . ANY B KauecTBe 3Have-
HUs1 @; OH 3aMEHUT JII000M apryMeHT, repeiaBaeMblii B METOA-NYCThILLKY.

Bubnoreka mock Takyke MOXeET ObITh UCIIOIb30BaHa /1J1s 3aMeHbl (DYHKIMU, METO-
Aa uin oObeKTa U3 BHelHero MoayJsi. B sucrunre 6.11 Mbl 3aMeHuM GYHKIUIO
0s.unlink() coGCTBEHHON QYHKIMENR-TYCTHIIIKOM,

Jincrunr 6.11. Ncnonb3osaHue mock.patch

>>> from unittest import mock
>>> import os

>>> def fake_os_unlink(path):

v raise IOError("Testing!")

“ee

>>> with mock.patch('os.unlink', fake_os_unlink):
ces os.unlink('foobar')

Traceback (most recent call last):

File "<stdin>", line 2, in <module>

File "<stdin>", line 2, in fake_os_unlink
IOError: Testing!

[Ipu ncnonb3oBaHUM B KayecTBe MeHeIKepa KOHTEKCTa mock.patch() 3aMeHsieT
eseBy0 (PyHKIHIO HA Ty, KOTOPYIO MBI BBIOUpaeM. OTO HY»HO, YTOObI KOZ, BbI-
HOJIHSIEMbIHl BHYTPU KOHTEKCTA, UCII0Jb30BaJl UclipaBieHHblit MeToa. C MeTozOM
mock.patch()MOXXHO UBMEHUTD mo6y10 4acTb BHEIIIHEro KO/ia, 3aCTaBUB €ro BECTH
cebs1 Tak, 4TOOBI IPOTECTUPOBATH BCE YCIOBUS IS IPHIIOXKCHUS (IUCTHHT 6.12).

Jincruur 6.12. Wcnonb3oeaHne mock.patch() Ans TeCTMPOBaHUA MHOXECTBA NOBEASHWN
from unittest import mock

import pytest
import requests

class WhereIsPythonError(Exception):
pass

e def is_python_still_a_programming_language():
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try:

r = requests.get("http://python.org")
except IOError:

pass
else:

if r.status_code == 200:

return 'Python is a programming language' in r.content

raise WhereIsPythonError("Something bad happened")

def get_fake_get(status_code, content):
m = mock.Mock()
m.status_code = status_code
m.content = content

def fake_get(url):
return m

return fake_get

def raise_get(url):
raise IOError(“"Unable to fetch url %s" % url)

® @mock.patch('requests.get’, get_fake_get(
200, 'Python is a programming language for sure'))
def test_python_is():
assert is_python_still_a_programming_language() is True

@mock.patch('requests.get', get_fake_get(
200, 'Python is no more a programming language'))
def test_python_is_not():
assert is_python_still_a_programming_language() is False

@mock.patch('requests.get’, get_fake_get(404, 'Whatever'))
def test_bad_status_code():
with pytest.raises(WhereIsPythonError):
is_python_still_a_programming_language()

@mock.patch('requests.get', raise_get)
def test_ioerror():
with pytest.raises(WhereIsPythonError):
is_python_still_a_programming_language()

Jluctunr 6.12 peanu3yet TeCTOBBIN Ciy4aid, KOTOPBIH HIIET BCE 9K3EMILISAPbI CTPO-
KU Python is a programming language Ha caiite http://python.org/ @. He cymectsyer
BAapHaHTa, [IPX KOTOPOM TeCT He HAl/IET H1 OJIHOM 33a/IaHHO# CTPOKM Ha BBIOPAHHOI
Bel-cTpanuue. YToObI OIYYUTb OTPULIATENBHBIHA PE3YJIBTAT, HEOOXOAMMO U3BMEHUTh
CTpaHHILY, a 3TOro cAearh Heab3si. Ho ¢ moMompio mock MOXKHO MOUTH HAa XUTPOCTh
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Y UI3MEHHTb [MOBEIEHHE 3aIPOCa TaK, YT0ObI OH BO3BPALIaJ OTBET-MYCTHIUIKY C BBILY-
MaHHOM CTPaHHUIIEH, HE COleprKallleil 3aJaHHOM CTPOKH. JTO MO3BOJIUT IPOTECTUPO-
BaTh OTPUIIATENbHBIH CLIEHAPHIA, B KOTOPOM http://python.org/ He COAEepPXKUT 3alaHHOM
CTPOKH, U yOEAUTHCS, YTO MporpaMma obpabaTeiBaeT TAKOU CIy4ail KOPPEKTHO.

B atoM npumepe ucnosib3yeTcst Bepcusi Aekopartopa mock.patch() @. Ilosenenue
00beKTa-MyCTHIIKN HE MEHSETCS], U ObLJIO MpoLle MOKa3aTh NPHMep B KOHTEKCTe
TeCTOBOH GyHKIIUU.

HWcnonb3oBaHue 06bEKTa-IyCTHIIKU TIOMOXET CBIMUTUPOBATD JI0OYI0 NpobeMy:
BO3BpalleHue cepBepoM omubku 404, omuOKy BBOAA-BHIBOZA WK OMIMOKY 3a/1epiK-
Ki ceTd. Mbl MOXeM yOeauThCsl, YTO KO/ BO3BPAILAET PAaBHUJIbHbIE 3HAUEHHUS HIIH
BBI3bIBAET HYXXHOE MCKJIIOYEHHE B KAKAOM CJIydyae, YTO FapaHTHPYeT 0XKHIaeMoe
noseJieHue KOJIa.

BbisiB/iIeHMEe HeNnpoTeCTMPOBAHHOro koAaa
C NOMOLWbIO coverage

OTJIUYHBIM JOTIOJTHEHUEM ISt MOAYJIbHOTO TECTUPOBAHHUA ABJIAETCA HHCTPYMEHT
coverage', KOTOprﬁ HAaXOAHUT HENMPOTECTHPOBAHHBIE YaCTU KOJa. On HUCIIOJIb3YET
UHCTPYMEHTDI aHA/IN3a U OTCJIEXKUBAHUSA KOJAA AJIA BbISBJIIEHUA TEX CTPOK, KOTOPbIE
6b11M BHINOJIHEHBI. B MOAYJIbHOM TECTHPOBAaHUU OH MOXKET BbISIBUTDb, KAKNE YaCTH
KOJa ObLnu 3a/1eCTBOBAHBI MHOT'OKpPATHO, a KaKue B006H.le HE€ HUCIIOJIb3OBAJIUChb.
Co3naHue TeCTOB HCO6XOZII/IMO, a BOBMOXXHOCTb Y3HATh, KaKyIO 4aCTb KOJa BbI 3a-
6bLIK IMOKPBITH TECTAMH, ACJIAET 3TOT IIPOLUECC IIPUSATHEE.

YcranoBurte MOZyYJib coverage 4yepe3 pip, 4TO6BI MOJTYYHUTb BO3MOXXHOCTDb UCITOJIb30-
BaTb €ro 4€pe3 CBOI0 KOMaHAHYIO 06OJIO‘IKy.

NMPUMEYAHUE

KoMaHza Takke MOXeET Ha3bIBaThCsl python-coverage, eciM yCTaHOBKAa MOAYJIS
npoucxoauT yepes ycraHoBiuk Baueit OC. [Tpumep takoro caydast — OC Debian.

Hcnonb3oBath coverage B ABTOHOMHOM PEXUMe JOBOJIBHO NPOcTo. OH NOKa3blBaeT
Te YaCTH MPOrPaMMBbl, KOTOPblE HUKOT/IA HE 3aIyCKAIOTCSI U CTATH «MEPTBBIM IPY-
30M» — TaKUM KOJIOM, yOpaTh KOTOpBIii 6e3 M3MeHeHHsi paboTOCOCOOHOCTH TIPO-

! l'loprrme Kola — Mepa, UCMOJIb3yeMasi MPU TECTUPDOBAHUH. IToka3biBaet TMPOLUEHT HCXOAHOTO
KO/Zla MporpaMmbli, KOTOprl;'i ObL7 BHITIOJIHEH B npouecce TCCTUPOBaHUA.
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rpaMMbl y)X€ HE MMOJYYUTCA. Bce TectoBbie UHCTPYMEHTBI, KOTOpbIE o6cy>l<11a1mc1>
paHee B IJiaB€, THTETPHPOBAHBI C coverage.

ITpu ucnosip3oBaHNY pytest yCTaHOBHUTE IJIarMH pytest-cov yepe3 pip install
pytest-pycov U 106aBbTe HECKOJIBKO MepeK.ioYaTesiei A/ reHepaliiu 1eTalbHOIO
BBIBO/Ia HENPOTeCTHPOBaHHOrO Koja (ucTuHr 6.13).

Nucrunr 6.13. Vcnonb3oBaHue pytest n coverage

$ pytest --cov=gnocchiclient gnocchiclient/tests/unit
---------- coverage: platform darwin, python 3.6.4-final-@ -----------

Name Stmts Miss Branch BrPart Cover
gnocchiclient/__init__.py 0 0 (%] 0  100%
gnocchiclient/auth.py 51 23 6 (] 49%
gnocchiclient/benchmark.py 175 175 36 (%] 0%
--snip--

TOTAL 2040 1868 424 6 8%

Onuus - - cov BKITIOYAeT BBIBOJI OTYETA coverage B KOHIlE TecTupoBaHusi. Heobxoan-
MO IlepeiaTh UMsi MTaKeTa B KaueCTBe apryMeHTa, YTOOBI MJIaruH J0/HKHBIM 00pa3om
otdunsrpoBai oryet. BoiBosx GyneT comepkaTh CTPOKH KO/Ia, KOTOPbIE He ObLIN BbI-
TIOJIHEHBI, a 3HAYHUT, He TECTUPOBAIUCH. Bee, YTO BaM ocTaHeTCsl, — OTKPBITh PeAaKTOP
Y HaNUCaTh TECT AJIs1 3TOTO KO/Ia.

Mogaynb coverage elile Jyyille — OH MO3BOJISIET FEHEPUPOBATh MOHATHBIE OTYETHI
B ¢popmare HTML. ITpocTo nob6aBbre --cov-report-html, u B aupektopun htmlcov,
OTKyZaa Bbl 3anyctuTe koManay, nosissaitcs HTML-crpanunusl. Kaxxaas ctpanuna
MIOKaXKeT, KaKHe YaCTH UCXOAHOT0 KoAa ObIIM UK He ObLIU 3allyILEHDI.

EcJiu BbI XOTHTE NOWTH €11l Jablile, TO UCIIOJIb3YHTeE —-cover-fail -under-COVER_MIN_
PERCENTAGE, KOTOpasi IIPUBEZET K COOI0 TECTOBOrO HaGopa, €CJIM OH He OKPbIBAeT MHU-
HUMAJIbHBIH MPOLEHT Koz1a. XOTsi GOIBILOM NPOLEHT MOKPHITUS — ITO XOPOILIas Leb,
a UHCTPYMEHTHI TECTHUPOBAHUS MOJIE3HBI /1151 TOJIy4YeHUs THGOPMaIIMU O COCTOSIHUN
TECTOBOTO MOKPBITHS, CaMa 110 cebe BeJIMYMHa NMPOLEHTa He 0c060 MHGOPMATHBHA.
PucyHok 6.1 noka3spIiBaeT NpUMep OTYeTa coverage C YKa3aHUEM MPOLIEHTA MOKPBITHSI.

Hanpumep, mokpeiTe kofa tectamu Ha 100 % — mocToiiHas uesb, HO 9TO He 00s-
3aTeJIbHO 03HAYaeT, YTO KO/l TECTUPYETCs MOJHOCThIO. JTa BeJIMYMHA JIMLIb [TOKa-
3bIBA€T, YTO BCE CTPOKH KOZIa B IIPOrpaMMe BhINOJIHEHbI, HO HE COO0IIaeT, 4To OblH
NPOTECTUPOBAHBI BCE YCJIOBUSI.
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Crout ucnosnb3oBaTh HHGOPMAIHIO O MOKPHITHH C LEJIbIO PACIIMPEHHs HAbopa Te-
CTOB M CO3JaHHUs UX IS KOAQ, KOTOPBIN He 3alyCKaeTcsi. ITO ympowaeT HoANepAKy

MPOEKTa U MOBLIIAECT 06]1[66 Ka4yeCTBO KO/a.

Coverage for ceilometer.publisher : 75%
12 statements ' 9 nn |3 missing !0 excluded

1 # -*. encoding: utr-s -*-

2 #

3 # Copyright © 2013 Intel Corp.
4 ® Copyright © 2013 ewovance

#
5 # Author: vunhong Jiang <yunhong.jiang@intel.cos>
. # Julien Danjou <julien@danjou.info>
s *
]

# Licensed under the Apache License, Version 2.0 (the "License"); you may
# not use this file excep? in compliance with the License. You may obtain
# a copy of the License at

#

] http://www, apache, org/licenses/LICENSE-2.0
B g
W # unless required by applicable law or agreed to in writing, software
15 # distributed under the License is distributed on an "AS IS" BASIS, WITHOUT
15 # WARRANTIES OR CONDITIONS OF AWY KIND, either express or implied. See the
17 # License for the specific language governing permissions and limitations
12 # under the License.

import abc
from stevedore import driver
from ceilometer. openstack.common import network_utils

|rlef get_publisher(url, namespace='ceilometer. publisher'):
""'cet publisher driver and load it.

:param URL: URL for the publisher
iparam namespace: Namespace to use to look for drivers.

30| parse_result = network utils urlsplit{url)

loaded_driver = driver.privermanager(namespace, parse_result.scheme)
return loaded_driver.driver(parse_result)

5 | class PublisherBase(object):
3 """gase class for plugins that publish the sampler."""

\3| __metaclass__ = abc.ABCMeta

def __init_ (self, parsed_url):

49 pass

41

421 @abc, abstractme thod

43 def publish_samples(self, context, samples):
44 "Publish samples into final conduit."

a5

Puc 6.1. MokpbiTue ceilmeter.piblisher

BupTtyanbHoe oKkpy)xeHue

Panee Mpl 0Opamaiu BHUMaHHe Ha OMIACHOCTDb TOTO, YTO TECTHI MOTYT HE BBISAIBUTD
orcyTtcTBusi 3aBucuMocteil. JIioboe npuioxenune Gosbuioro pa3mepa GyaeT paHo
WJIH TTO3[IHO 3aBHCETh OT BHELIHMX OUOIMOTEK /1715 0OecniedeHns TeX BO3MOXKHOCTEHH,
B KOTOPBIX OHO HYXIA€eTCsl, HO CYIIeCTBYeT MHOXKECTBO CLIEHApPUEB, IPH KOTOPBIX
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BHellHNe 6ubinoreku 6yayT paboTaTh HEKOPPEKTHO Ha Balllel ONEPAllHOHHOM
cucreme. Harpumep:

O B cucreme Het He0OX0AMMO#t 6UOIMOTEKH.
O B cucreMe Het HyXHO¥ Bepcuu 6ubIMOTEKH.

QO Bam Hy»XHO ABe pa3Hble BEPCUH OIHOM ¥ TOU e 6MOINOTEKH IS ABYX Pa3HbIX
NPUJIOKEHUH.

ITH Npo6IeMbI MOTYT NMOSIBUTBCSI, KOI'/Ia BBl Pa3BepPHETE NPHJIOKEHHUE BIIEPBbIE HIIH
1no3xe, BO BpeMst BeinonHenus. O6HoBaeHue 6ubaunoreku Python, ycranosienHoit
4yepe3 CUCTEMHBIH MeHeKep, MOXET HapyIUTh paboTy npuioxeHus 6e3 npemy-
NPeXEeHUs 0 He3HAYMTEIbHBIM NPUYMHAM — HamnpuMep, u3-3a uameHenus API
6161M0TEKH, KOTOPAst UCIOMB3YeTCs B IPUIIOKEHHH.

Y1066l pelwnTh 3Ty npobieMy, UCIOb3YHTE TAKYI0 AUPEKTOPHIO A OUOIHOTEKH,
KOTOpasi Obl coZieprkasia BCe 3aBUCUMOCTH TPHJIOKEHHUs. ITa IMPEKTOPUsi OyIeT uc-
T0JIb30BATHCA 151 3arpy3KH He0OXoauMbIX MoxyJieit Python u He Gyaet onupatbest
Ha YCTaHOBJIEHHbIE B CHCTEME.

Takas AUPEKTOPUA HA3bIBACTCA BUPMYATbHLIM OKPYICEHUEM.

Hacrpoiika BUPTYanibHOro OKpyXeHus

WHcTpyMeHT virtualenv 06pabaThIBaeT BUPTYAIbHOE OKPY)KEHHE B ABTOMATHYECKOM
pexxume. B Bepcusix 1o Python 3.2 Bk104nTE IBHO MOXXHO YCTAaHOBHUTH 3TOT MAKET
¢ momou1bio pip install virtualenv. Ecin y Bac Python 3.3 unu Beime, To maker
JOCTYTNEH HAMPAMYIO 110 HMEHHU venv.

Jln1s McroIb30BaHUSI 3TOrO MOAYJIS 3arpy3HTe ero Kak OCHOBHYIO IPOrpaMMy C M-
peKTopHeil Ha3HaYeHUs B BUJe apTyMeHTa, HanpyMep:

$ python3 -m venv myvenv

$ 1s foobar
Bin include 1ib pyvenv.cfg

[Tocne 3anycka venv co3naer aupektopuio lib/pythonX.Y nns ycraHoBKH pip B BUPTY-
aJIbHOE OKPYXKeHHe. ITO MOHAA0OMUTCS 1711 yCTAaHOBKH OCTabHBIX Python-nakeros.

Jlanee MOXXHO aKTUBMPOBAaTb BUPTYabHOE OKPYXKEHHE, UCIOJIb3Ysi KOMaHIY
activate. [lns cucrem Posix komanaa cienyromas:

$ source myvenv/bin/activate
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Jlns Windows ucnonb3ayiite 3TOT KOZ:

> \myvenv\Scripts\activate

JloJKHA MOSIBUTBCSL KOMaH/IHasi 000JI04Ka ¢ Pe(hUKCOM B BUe UMEHU BUPTYallb-
HOTO OKpyXeHusi. BoimosiHeHue python Bei3oseT Ty Bepcuto Python, kotopas 6su1a
YCTaHOBJIEHA B BUPTYaJbHOE OKpYkeHue. YToObI yOeauThesl, YTo Bce paboTaer, no-
CMOTPHUTE MEPEMEHHYIO Sys . path U IPOBEPLTE, YTO B KaYeCTBE [1€PBOTr0 KOMIIOHEHTa
MPHUCYTCTBYET KATaJIOT Balllei BUPTYaJIbHOH cpelbl.

B /11060ii MOMEHT MOXKHO OCTAHOBHUTbBCS U IOKUHYTh BUPTYaJIbHOE OKPY KEHHE, BbI-
3BaB KOMaHAy deactivate:

$ deactivate

CTOHT OTMETHTD, YTO HeOOSI3aTEIBHO 3aITyCKaTh activate, €CJIM BBl XOTUTE UCIIOJIb-
3oBatb Python, ycTaHoBJIeHHBI B BUPTYalbHOM OKPY)X€HUU eJMHOXAbl. BbI3oB
OGuHapHON OMOIHOTEKH TaKXKe CPabOTaeT:

$ myvenv/bin/python

Tenepb, KOrZia Mbl HAXOAUMCSI B aKTUBUPOBAaHHOM BHUPTYaJIbHOM OKPYXXEHHUH, MBI
He MUMeeM J0CTYMa K MOAYJIsIM, YCTAHOBJIEHHBIM B OCHOBHO# cucTeMe. B atoM cyTh
MCII0JIb30BaHMs BUPTYJTbHOTO OKPY>KeHHS1, ¥ 3TO 3HAYMT, YTO NPUIETCS yCTAHOBUTD
HeobxoaMMble makeThl. Micnosb3yem cTaHAAPTHYIO KOMaHAY pip 7151 YCTaHOBKH
Kaxaoro nakera. Ouu 6yayT nob6aBJieHbl B BAPTYaJIbHOE OKPYKEHHE, He 3aTPOHYB
OCHOBHYIO CHCTEMY:

$ source myvenv/bin/activate
(myvenv) $ pip install six
Downloading/unpacking six

Downloading six-1.4.1.tar.gz

Running setup.py egg_info for package six

Installing collected packages: six
Running setup.py install for six

Successfully installed six
Cleaning up...

MBI MOXEM YCTaHOBHUTH Bce HEOOXOAMMBIE OUOINOTEKH U 3aMyCKaTh IPUJIOXKEHUE
U3 BUPTYaJIbHOTO OKPYKeHHUs1 6e30MacHo AJIsi CUcTeMbl. MOXKHO HamMcaTh CKPUMNT
[UJIs1 aBTOMATHYECKOI YCTAHOBKU BUPTYaJIbHOTO OKPY>KEHUS C IPEAONpPeeIeHHbIM
CIMCKOM 3aBHCUMOCTel (JTMCTUHT 6.14).
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JNncrnur 6.14. ABToMaTUYECKOE CO3AaHUe BUPTYanbHOIO OKPYXXEeHNS

virtualenv myappvenv

source myappvenv/bin/activate
pip install -r requirements.txt
deactivate

Ecan BaM noHago6uTCs AOCTYN K MaKeTaM, YCTAaHOBJIEHHBIM B CHCTEMY, TO
B virtualenv eCTb TaKast BO3SMOXXHOCTb: BO BpeMs CO3/1aHUs1 BUPTYaJIbHOTO OKpY-
J)KeHUsI HY>XKHO NnepelaThb METKY --system-site-package KkomaHz€e virtualenv.

BHyTpu myvenv MOXXHO HaiiTu pyvenv.cfg — daiin KOHUTypaumu [JIst OKPYKEHHUS.
[1o yMonyanuio B HeM He MHOro onuuid. Bel yxe 3HakoMbI ¢ include-system-site-
package, y KOTOPOTO CXOXHH C --system-site-packages (pyHKIHOHaN,

BupryanbHble OkpykeHHsl O4eHb MOJIE3HBI /151 aBTOMAaTHYECKOro 3amycka Habopa
MOZYyJIbHbIX TecTOB. OHH OYEHDb PACIPOCTPAHEHBI, H TO3ITOMY ObLJI CO3/IaH OTAEb-
HbIIl UHCTDYMEHT.

MUcnonb3osaHue virtualenv c tox

OnHO U3 r/1aBHBIX IPUMEHEHUI BUPTYAIbHOIO OKPYXXeHHUs1 — obecrieyeHHe YHCTOro
OKPY>KEHHUsI 151 3alyCKa MOy IbHBbIX TeCTOB. Ec/iu 6bl y Bac CJ10XKUJIOCH BrieyatJie-
HHe, YTO BALIM TECTbl PAOOTAIOT, KOTZa OHH He TOIIEPKHUBAIOT, HATIPUMEP, CITMCOK
3aBucuMocrtei list.nent, 3To HaHecs0 Obl yIEpo.

YT10o6b1 yOEAUTHCS1, YTO BCE 3aBUCUMOCTH YUTEHDI BEPHO, HY>KHO HAIIUCATh CKPUIIT
ISl pa3BePThIBAaHUSI BUPTYaJIbHOIO OKPYXKEHHsI, YCTAHOBUTD setuptools, a 3aTeM
HACTPOUTD BCE 3aBUCUMOCTH, HEOOXOIUMBIE 1151 PaGOTHI BALIETO MPUIOKEHUS UK
O6ubIMOTEKH BO BpeMsi MOy JIbHOTO TecTupoBaHusl. K cuactbio, Bce yxe 6b110 caie-
JIaHO 32 BaC Y BOIUIOIEHO B MHCTPYMEHTE tox.

Llesbio tox siBJIsieTCS1 aBTOMATHU3alUs U CTAaHAAPTU3UPOBAHHE TOTO, KaK TECThI 3a-
nyckaiorcsi Ha Python. tox obecnieunBaet Bce HEOOXOMMMOE /LIS 3aMyCKa TECTOBOTO
Habopa B YUCTOM BUPTYaIbHOM OKPY>KEHHH, a TAKXKE YCTAHABJIMBAET MPUJIOKEHHE
C 1IEJIbIO IPOBEPKH Ha pabOTOCTIOCOOHOCTD.

[Ipesxxae yeM UCOIB30BATH tox, HEOOXOAMMO CO3/aTh KOH(MUIYPALIMOHHBIH (haiin tox.
ini ¥ TIOMECTUTD €r0 B KOPHEBYI0 OUOIMOTEKY POEKTa, BMeCTe ¢ (ailioM setup.py:

$ touch tox.ini

Jlanee MOXHO yCHenHo 3aMmyCTUTD tox:
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% tox

GLOB sdist-make: /home/jd/project/setup.py

python create: /home/jd/project/.tox/python

python inst: /home/jd/project/.tox/dist/project-1.zip
summary
python: commands succeeded
congratulations :)

B aTOM mpumepe tox co3aaeT BUPTYaJbHOE OKPYXKEHUE B .Lox,/python, NCONb3Yst
Bepcuio Python no ymonyanuio. OH npuMeHsieT setup.py A7si CO3AaHUsL AUCTPUOY-
THBA Balllero aKeTa, KOTOPbI 3aTeM Oy/IeT yCTaHOBJIEH B BUPTYaJIbHOE OKPYJKEeHHe.
3amycka HUKaKUX KOMaHJ He MPOUCXOAUT, TOTOMY YTO OHM He YKa3aHbl B (aiije
KOH(pUrypaiuu. ITo He O4eHb YIA0OHO.

MoxHO H3MEHUTD ITO AEHCTBHE 10 YMOTYAHHIO, 10OABMB KOMAH/bI U151 BBIIOJTHEHH S
BHYTPH TECTOBOrO OKpyxeHust. OTpenaktupyiire tox.ini u 106aBbTe CleayloLiee:

[testenv]
commands=pytest

Teneps tox 3amyckaer koMaHay pytest. Tem He MeHee pytest He YCTAHOBJIEH B BUP-
TYaJIbHOM OKPY>KEHHH, a 3TO 3HAYMT, YTO KOMaH/1a BbIBeET coobIeHne 06 ommoOKe.
Heo6xoxumo yka3aTb pytest B CIMCKe 3aBUCUMOCTEM /ISl YCTAHOBKH:

[testenv]
deps=pytest
commands=pytest

Ecnu 3anycTuTsb KO ceifyac, tox NOBTOPHO CO3JaCT OKPYXKeHHUe, YCTAHOBUT HOBYIO
3aBHCHMOCTD U 3aIyCTHT KOMaHAy pytest, KOTOpast BBIMIOJHUT BCe MOIYJIbHbIE
TecTsl. [[1s1 106aBIE€HKSI HOBBIX 3aBUCUMOCTEN MOXKHO JIHOO0 106aBUTH MX B ONIIHIO
deps KoHUTypaLKH, KaKk B puMepe, 11060 BOCIONb30BaAThCS ~-rfile /sl YTEHHUsT
u3 daiina.

MoBTOpHOE CO3laHNE OKPYIKEHUR

MHorzaa Bo3HUKaeT HEOOXOAMMOCTH IIOBTOPHO CO3/aTh OKPY KEHHE, YTOOBI, HANPH-
Mep, y6eauThest B paboTOCIIOCOGHOCTH TPOrpaMMBI, B CJTyYae eCIi HOBbIii pa3paboT-
YUK CKOITUPYeT HCXOAHBIH KOJI PEMO3UTOPHS U 3allyCTUT tox B [1epBbiii pa3. /115 aToi
LIe/I1 tox IPUHMUMAET OILHIO -recreate, KOTOPasi BOCCTAHOBUT € HYJ1sl BAPTyaJlbHOE
OKPY>X€HHe Ha OCHOBE TapaMeTPOB, BKJIIOYEHHBIX BAMU.
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ITH napaMeTpsl J0OABJISIOTCS [/ BCEX BUPTYAIbHBIX OKPY)KE€HHH, YIPaBJIsieMbIX
tox B cekuH ¢aiina koHpuUrypauuu tox.ini Moa Ha3BaHueM [testenv]. Kak yxe
FOBOPHJIOCH, tOX MOXET yNpPaBJsiTh HECKOJIBKMMH BUPTYaJIbHBIMUA OKPYXKEHUSIMH
Python. MoxHo 3anmycTuth TecTsl u aJsi Apyroi Bepcuu Python, ecnn nepenatnb
METKY -€ B tox, HanpuMep:

% tox -e py26

GLOB sdist-make: /home/jd/project/setup.py

py26 create: /home/jd/project/.tox/py26

py26 installdeps: nose

py26 inst: /home/jd/project/.tox/dist/rebuildd-1.zip
py26 runtests: commands[@] | pytests

--snip--
== test session starts ==
=== 5 passed in 4.87 seconds ====

ITo ymon4yanuio tox UMUTUPYET Jn1060€ OKpy’KeHHe, KOTOPOE COBNAAAET CO caeny-
IOIIMMH BEPCHSIMH Python: py24, py25, py26, py27, py30, py31, py32, py33, py34,
py35, py36, py37, jython u pypy. Bonee Toro, Bbl MoXeTe onpenesiuTb CBOU cobcTBeH-
Hble OKpY>KeHus. [171s1 5TOro Hao 106aBUTh CEKLMIO C UMEHEM [testenv:_envname_].
Ecau BbI XOTHTE 3aMyCTUTh KOHKPETHYIO KOMAHAY [JIs1 OTHOTO U3 OKPYXXE€HHUH, TO
3TO JIETKO C/iesaTh, 106aBuB B aiin tox.ini ciexyolee:

[testenv]
deps=pytest
commands=pytest

[testenv:py36-coverage]
deps={[testenv]deps}

pytest-cov
commands=pytest --cov=myproject

Ucnosnb3ysi pytest --cov=myproject Ha ceKlI1M py36-coverage, Kak TOKa3aHO B NpU-
Mepe, Bbl lepeorpeenIid KOMaHIbl 7151 OKPYXKeHus1 py36-coverage. Koraa Bbi 3a-
MYCTHJIU tox -e py36-coverage, TO YCTAHOBUJIU pytest KaK OJHY U3 3aBUCUMOCTEMH,
a caMa KOMaH/Ia pytest 3amycTuiach ¢ onuueit coverage. Ytobsl 31O cpaborao,
HeOOXOAMMO YCTaHOBJIEHHOE pacliMpeHHe pytest-cov: Mbl 3aMEHUJIM 3HAYEHUE
deps Ha aHAJIOTHYHOE 3HaYeHHEe U3 testenv U J0OABUIN 3aBUCUMOCTD C pytest-cov.
M HTepnossiuus nepeMeHHOMN NOAAEPKHBAETCS B tox, MO3TOMY MOXHO 00pamiaThCst
K 1060My noJtio u3 aiina tox.ini 1 NCNOMB30BATD €ro KAk IePeMeHHYI0 C IOMOILBIO
cUHTaKcuca {[env_name Jvariable_name}. 910 103BOAUT U36€XaTh OBTOPEHUS
OJIHUX M TeX XKe JeiICTBUH.
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Ucnonb3osanune apyrux sepcui Python

MoxHO co3aaTh HOBOe OKPY>XEeHHe C HemoIepxxuBaeMoii Bepcueit Python, ecin
BBECTH B toX.ini cJieAyioulee:

[testenv]
deps=pytest
commands=pytest

[testenv:py21]
basepython=python2.1

[1pu 3amycke 3TOro KoJa NporpaMma nbitaercsi ucnoab3osats Python 2.1 aas npo-
BeneHusi TectoB. Ho 51 CHIbHO COMHEBAIOCH, YTO 3TO CPabOTaEeT B BallleM OKPYXKEHHH,
Be/lb MAJIOBEPOSITHO, YTO y BaC yCTAHOBJIEHA Takasl ipeBHsist Bepcuu Python.

Cxopee Bcero, NOHATOOUTCs NOAJEPXKKA CPa3y HECKOIbkuX Bepcuit Python, u B aToM
cayyae 6yaeT M0Je3HO 3ayCTUTD tox JJisl BCEX TeCTOB U Bcex Bepcuit Python, ko-
TOpPbl€ BaM HY>XHbI. ITOTO MOXKHO 10OUTHCS, yKa3aB CIIUCOK OKPY XKEHHii, KOTOpbie
BbI XOTUTE UCIOJIb30BaTh, KOr/Aa tox 3amycKaeTcsi 6e3 apryMeHTOB:

[tox]
envlist=py35, py36, pypy

[testenv]
deps=pytest
commands=pytest

[Ipu 3amycke tox 6e3 KaKUX-11OO0 JOMOTHUTENBHBIX APIYMEHTOB U CO3/IAIOTCSI BCE
YeThIpe YKa3aHHBIX OKPY>KeHHUsl, HAMOJIHSAIOTCSI HEOOXOAUMBIMU 3aBUCHMOCTSIMH
1 NIPHJIOXKEHHEM, T10CJIe Yero 3almyCKaeTcst pytest.

MHTerpauusa c ApyrmMun TecTaMmm

Mo>kHO HUCIIOIB30BaTh tox AJIsA MHTErPALMY C IPYTUMH TeCTaMH, Hanpumep flakes,
onucaHHbiM B rase 1. Cienyomunit koa u3 tox.ini obecneunBaet okpyxenne PEP 8
IUIs1 yCTAaHOBKH flake8 U ero 3amycka:

[tox]
envlist=py35,py36, pypy, pep8

[testenv]
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deps=pytest
commands=pytest

[testenv:pep8]
deps=flake8
commands=flake8

31ech OKpyXKeHHe pep8 3amyCKaeTcsi ¢ Hcnosib3oBaHueM Bepcud Python no ymon-
YaHHIo, 4To Xopouo. OHaKO BCeraa MOXKHO YKa3aTh ONLMIO basepython, ecsu 3a-
XOTUTE U3MEHUTD 3TO.

[Ipu 3anycke tox Bbl OGHAPYXKHUTE, YTO KAXKAOE OKPYXKeHHEe COOMPAETCs U 3aIyCKa-
€TCs1 110 QYeped. JTO PACTATUBAET MPOLIECC, HO TaK KaK BUPTyaJibHble OKPYXKEHUsI
M30/IMPOBaHbl, HUUYTO He MEIIAET 3amyCcKaTh tox KOMaH/Ibl MapaiiensHo. /s atoro
CyLUECTBYET naxet detox, 06eciie4rBaOIMIi KOMaH/y /IS IAPaJIIeIbHOTO 3aIlycKa
BCEX OKPYXeHUI n3 ctincka envlist. iciionb3yiiTe €ro Asist yCTaHOBKH pip.

NMonuTtnuka TecTupoBaHuna

BcrpanBanue TeCTOBOIO K0/Ia B 1IPOEKTHI — HelJloxXast ujesl, HO He MeHee BaXKHO, KaK
aTOT Ko GyAeT BbINOAHATbCS. CMILIKOM MHOTO POEKTOB UMEIOT HepaboTarolue
TECTbl, U HCIPABJATb X HUKTO HEe CHIEIIUT. ITO OTHOCUTCS He Toabko K Python, u st
CYMTAIO BXXHBIM 0OCYANUTD HTOT BONPOC 3/1€Ch: Bbl OJKHBI 00J1a1aTh MOTUTUKON
HyJIeBOM TEPIMMOCTHU K HEMPOTCCTUPOBaHHOMY Koxy. Koz He noykeH cymecTBoBathb
6€3 COOTBETCTBYIOILEr0 HAOOPa MOLYJIbHBIX TECTOB.

Kaxxaoe nameHenue npoexkTa JOJKHO MPOXOAUTb BCE TECTHI — BOT MHHUMYM,
K KOTOpPOMY cieayeT cTpeMUTbCs. [loMoxeT aBTOMaTu3anus aToro npotecca.
Hanpumep, OpenStack npumcHsier pabounii notok us Gerrit (cepsuc ais o63opa
KO/1a, pa3MellleHHblii Ha Be6-nardopme) n Zuul (cepBuc HenpepbIBHON UHTErPa-
1My 4 noctasku). Kaxioe naMelienue Kkoza NpoxXoAnT Yepe3 3Ty CBSA3KY, KOTOpast
ocyuiecTBJsieT 0630p U TecTUpoBaHue. Zuul 3amyckaeT MoKy IbHBIE TECTHI ¥ PYHK-
LIMOHAJIbHBIE TECThl BBICOKOTO MOPsiiKa A/ KAXKIOT0 NpoekTa. Takke HECKOJIBKO
pa3paboTYHUKOB NPOBEPAIOT, YTO BECh KO MMEET COOTBETCTBYIOLIME MO/ JIbHbIE
TECTHI.

Ecsiu BBl HCnIONIb3yeTe MOMYJISPHBIN CepBHUC A1 pa3MeleHust koaa GitHub, To no-
moxeT Travis CI — MHCTPYMEHT //Ist 3aIyCKa TeCTOB M10C/Ie PErUCTPaLii H3MEHEeHUH
B yIaJEHHOM HJIM JIOKAJIbHOM PCMO3UTOPUH. XOTs, K COXATEHHIO, TECTUPOBaHUE
MPOU3BOAUTCA M10C/€ BHECEHUS! U3MEHEHUH B yJAJIeHHOM PENO3UTOPUH, HO ITO
ayyiui cnocob oTceauTb perpeccuio. Travis noepxKuBaeT Bce OCHOBHbIE Bep-
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cun Python u nMeer MHoxecTBO HacTpoek. Ilocne aktuBauuu Travis B mpoekTe
uepe3 BeO-UHTEPGENC https://www.travis-ci.org/ octaetcst n06aBuTh daiin .tavis.yml,
KOTOPBIH OMKMCBHIBAET NPOLECC TECTUPOBaHHUs. B smuctunre 6.15 npusenen npumep
daiina .travis.yml.

Nucrunr 6.15. MNpumep damina .travis.yml

language: python
python:
- "2.7"
- "3.6"
# KomaHAaa ANA yCTaHOBKM 3aBUCHMOCTEN
install: “pip install -r requirements.txt --use-mirrors”
# KomaHaa AnA 3anycka TecToB
script: pytest

C nomoupio 3roro ¢aiia B peno3uTOPUH U aKTUBHPOBaHHoro Travis nociaeaHui
CO3aCT CNUCOK 3aJ]aHUH 110 TECTHPOBAHHUIO KOZA C MOMOLIbIO COOTBETCTBYIOLIMX
MOZIYJIbHBIX TECTOB. Bce 3TO MOKHO HACTPAaWBATb M M3MEHSATH IPH N06ABIEHUH
3aBUCMMOCTeN U TecToB. Travis — GecniaTHBIA CEPBUC, HO TOJIBKO JJIsi IPOEKTOB
C OTKPBITBIM UCXOAHBIM KOJIOM.

Crtout paccMoTpeTh nakeT tox-travis (https://pypi.python.org/pypi/tox-travis/) — on
JIOBOJIUT I0 YMa MHTETpaluIo Mexay tox U Travis, 3anmyckasi KOpPEeKTHBIH 1ieJ1eBoi
tox B 3aBUCHMOCTH OT UCIIOJIb30BAaHHOTO OKpy>keHusl. JluctuHr 6.16 nmokaspiBaeT
npuMep Gaiina .travis.yml, KOTOPBIA NPeABAPUTENBHO YCTAHABIMBAET tox-travis,
a 3aTeM BBITOJIHSIET toX.

Nuctunr 6.16. Npumep daitna .travis.yml c tox-travis

sudo: false
language: python
python:
- "2.7"
- "3.4"
install: pip install tox-travis
script: tox

tox-travis BBI3bIBaeT tox B KayecTBe CKpUINTa A Travis, 1 OH, B CBOIO 0Yepenb,
BbI3bIBAET OKPYKeHHUE, YKa3aHHOoe B (haiine .travis.yml. 3ateM co3naer HeobXoauMOe
BUPTYaJIbHOE OKPY>keHHe, YCTaHABJIMBaeT 3aBUCHMOCTH U 3aITyCKaeT KOMaH/Ibl, yKa-
3aHHbIE B f0X.ini. ITO 06JI€TYaeT UCTIOAb30BaHKE OMHAKOBOIO MIOTOKA BHITIOTHEHUS
IJ151 Ballled JIOKAJIbHOW MAalIWHBl ¥ 1J1s1 M1aT¢GOPMbl HeNpepbIBHOIM MHTerpaluu
Travis.
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B Hauu AHY He Tak BaXKHO, T/l Bl pa3MellaeTe CBOH KOJIl, — BCET/Ia MOXKHO PUMe-
HUTb aBTOMaTH4ecKoe TecTpoBaHue [10 u ybeauTbest B 6€30IKOO0YHOM pPa3BUTHH
NPOEKTA.

Po6epT KonsnH3 0 TeCTMpoBaHUM

PoGept KosinH3 — aBTOp pacnpeiesieHHOM CUCTEMbI KOHTPOJIsi Bepcuii Bazaar, v He
T0J1bKO. CeroiHsi OH — BeylHii TEXHOJIOr 061a4HbIX cepBUCcOB Komnanuu HP, rae
pa6oraer ¢ OpenStack. PoGept — aBTOp MHOX€ECTBAa HHCTPYMEHTOB, ONMCAHHBIX
B 3TOM KHUTE, HanpuMep QUKCTYP, testscenarios, testrepository ¥ python-subuni.
B03M03KHO, BBl HCII0JIb30BAIHM €TI0 MPOrPaMMbl M Jaxke He 3HaIH 06 3ToM!

Kaxyro noaumuxy mecmuposanus Boi 661 nocosemosanu ucnonvsosams? Moxcno au
6006ue omKa3amvcs om mecmuposanus kooa?

TecrupoBanue — 310 yaepxaHue 6anaHCca MEXAY PECYPCaMU U BPEMEHEM: Mbl
JOJIKHBI YYUTBIBATh, BO CKOJIbKO HaM 000i1eTCs oluMbKa, He 3aMeYeHHas Ha CTa-
auM pa3paboTKH U nepeuieauas B GuHaibHbii npoaykt. Hanpumep, B OpenStack
YYacCTBYIOT ThICSYa IECTHCOT YEJIOBEK: OYEHD CJI0XKHO 3aCTABUTD BCEX CJI€I0BATh
O/IHO MOJIUTHKE, BEb y KAKAOTO U3 HUX MOXeT ObiTh CBOe MHeHuUe, [IpoekTy
Heo0X0/IMMO aBTOMATHYECKOE TECTUPOBaHHE /ISl IPOBEPKH PpaboTOCIIOCOOHOCTH
KOJ1a — IIPOBEPKH TOTO, BBIIOJIHSET JIM KOA 3alyMaHHoe. YacTo 71st 3TOro HyXKHbI
(yHKUHOHANbHBIE TECTDI, KOTOPBIE MOTYT HAXOAUTCS B Pa3HbIX 6a3ax koga. Mo-
IyJIbHOE TECTUPOBaHHUE, KOHEYHO, ObICTpee U JiydlLe st 00X0/1a OCTPBIX YIJIOB.
51 nymaio, HyXHO MOJIb30BAThCS Pa3HBIMU BUAAMH TECTUPOBAHHS], HO IJ1aBHOE,
4TOObI OHO 6BIJIO B IPUHIIMIIE.

KOHC‘IHO, €CJIN LI€HA TECTUPOBAaHUA BbICOKA, a OTAa4a OTCYTCTBYET, AyMal0, MOXXHO
NPHUHATD B3BEUIEHHOE PELICHHUE U OTKA3aTbCsA OT HETO. OnHako 3TO He JOJIKHO
BXOAWUTDH B IIPUBBIYKY: TECTUPDOBAHHUE Halll€ BCETO BBINOJTHAETCA JOBOJBHO ITPO-
CTO, U NIpEUMYLIECTBA B 06Hapy>xeﬁnn omuboK Ha paHHEM 3Tale HEOLlEHUMBbI.

Kaxoe aywwuii nodxod npu nanucanuu xooa Python, eapanmupyrouuti xopowyio
YNpasisieMocms mecmuposanus u yayuuaruul obuee xavecmeo xooa?

Pazzensiite cioxkHble MeCcTa U He JleJlaliTe HECKOJIbKO BELIEH B OJHOM MECTeE,
TOr/Ia MOBTOPHOE MCMOJIb30BaHUE KoJa OyaeT BHITJIsiAeTb 60Jiee eCTeCTBEHHO,
a pa3MellleHHe HECKOJIbKUX TeCTOB /ISl OAHOM yacTH Gyaet npoute. ITo Bo3amMoxk-
HOCTH UCHOJIb3yHTe NOJHOCTbIO (PYHKIIMOHAIBHBINA MOAXOA: HAPUMEP, MYCTh
MeToZ 100 BBIYHCIISIET YTO-TO, IMOO M3MEHSIET COCTOSIHUE, HO He Bee cpa3y. Takoi
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MOJXO/ T03BOJIsIET MPOTECTUPOBATb BCE BBIYUCIIEHUS], HE U3MEHSIA COCTOSIHHUE,
K NpUMepy 3anuch B 6a3y AaHHbIX Ui oOMeH nanubiMu ¢ HTTP-cepepom. 310
NPEUMYIIECTBO paboTaeT U B 0OPaTHYIO CTOPOHY — Bbl MOXKETE 3aMEHHThH BCE BhI-
YHCJIeHUs1 0ObEeKTaMH-TTyCTHIIIKAMH ¥ IPOTECTUPOBATh COCTOSTHUSI IPOrPaMMBbI
C 1esbio 060MTH OCTpBIe yribl. TpyaHee Bcero TeCTUpOBATh I1yOOKHe CI0M CTe-
KOB CO CJIOXKHOU MepeceKalouleincsi CUCTEMOI 3aBUCMMOCTed. B Takux ciyyasax
BaM HaJ0 pa3BUBATh KO, YTOOBI B3aUMOIENCTBHE MEXAY CIOSIMUA OCTAaBAJIOCh
MIPOCTBIM, MIPEJCKA3yeMBIM U — YTO Ba)XXKHO [IJIs1 TECTUPOBAHUS — 3aMEHSIEMBIM.

Kaxos aywwuii memoo opeanusayuu MooyibHo20 mecmuposanus 8 UcCXo0Hom xkode?

Nmetb yetkyio uepapxuio, Hanpumep $ROOT/$PACKAGE/tests. 51 npeamno-
YHTAI0 UMETb BCETO OIHY MEPapXHIO 1Js BCETO UCXOAHOTO epeBa, HapUMep
SROOT/$PACKAGE/3SUBPACKAGE/tests.

BHyTpH TeCTOB 51 4acTO OTpaXKalo CTPYKTYypy Toro e aepesa: SROOT/$PACKAGE/
foo.py 6yner nporecrupoBano B SROOT/$PACKAGE/ tests/test_foo.py.

OcrasnbHasi 4acTb iepeBa He 10/KHa ObITh IMIOPTUPOBaHA U3 TECTOBOTO, KPOMeE
cayyaeB QyHKIUU test_suite/load_tests BepxHero ypoBHs __init__. 9710 no-
3BOJISIET JIETKO Pa3/IeJIATh TECTHI /11 KOMIAKTHON yCTAaHOBKH.

Kaxum Bot sudume 6yoyujee MoOyivnoeo mecmuposanus 6ubiuomex u gpeimsopkos
6 Python?

I'naBHble 3a1a4u 3TOrO HalnpaBJIEHUSA:

* [locTosiHHOE pa3BUTHE MapalIeIU3alUH B BHIYUCTEHUSX U MAlIMHAX, HAalIpU-
Mep MHorosiiepHble cMapTdonbl. CyliecTBylomee MOAyIbHOE TECTUPOBaHHE
He ONTUMHU3MPOBAHO /IS Mapa/lle/IbHbIX Bbiuncienuii. Ceityac st paboTaio
Hax kj1accom Java StreamResult a5t peuienust 31oit npo6eMsi.

* bBonee cinoxHas noanepxka MJaHUPOBAaHUS — MeHee YPOIJIUBOe pellleHne
3TO# NpobeMbl BMECTO KJIACCOB M MOZYJIE, HalleJIEHHBIX Ha 3Ty 3a/1a4y.

* Ilouck cnocoba koHCONMMANPOBATH pa3Hoobpasue PppeiiMBOPKOB: ISt UHTe-
rpalLiy TECTUPOBaHHUs Oy €T XOPOLIO MOCMOTPETD Ha BCe MPOEKThI, IMEIOLIHe
pa3Hble TECTHI, CKOTIOM.



MeToAabl U AeKopaTopbI

[lexopaTopbl — 3T0 yA06HbIM CNOCO6 M3MeHATb PyHKUMK. [lekopaTopbl 6biin npea-
craBneHbl B Python 2.2 classmethod() U staticmethod(), @ 3aTeM nepepaboTaHbl Ans
yBenn4eHnn rubroCcTn n HaAEXHOCTU. KpoMe 3TUX ABYX U3HAYanbHbIX 4eKOPaTOpoB,
Python obecneunsaet ewe HECKONLKO, a Taloke NOAAEPXUBAET CO3AaHMe NO/b30-
BaTeNbCKUX AekopaTopoB. HO Kak BbIACHUNOCL, GONBLWIMHCTBO pa3paboTyMKOB He
NOHWUMAIOT, KaK OHK paboTaloT.

B 3ToW rnase Mbl NONLITAEMCA 3TO UCMPaBUTL. Mbl Y3HAEM, YTO TaKoe AeKopaTop,
KaK UM NO/b30BaTbCA W KaK CO3AaTb COBCTBEHHLIE AeKOpaTopbl. 3aTeM pa3bepem
NPUMeHEeHNe AEKOPaTOPOB ANA CO3AAHWUA CTAaTMUECKUX U aBCTPaKTHLIX KNaccos
¥ METOAOB, a TaKXKe PacCMOTPUM YHKUMIO super (), KOTOPas NO3BONNET NOMECTUTL
peanusyeMbiii KOA BHYTPU abCTpaKTHOro MeToAa.

[lekopaTopbl U UX NPUMEHeHHne

Iexopatop — 310 pyHKIHsA, KOTOpPasi IPUHUMAET APYryi0 GYHKUHUIO B KayecTBe
apryMeHTa U 3aMeHsleT ee HOBO#, MoguduipoBanHoit. OCHOBHOe Ha3HAYeHUeE Jie-
KOpaTtopoB — (haKTOPHU3ALMs KO/A, KOTOPBIN JOJKEH ObITh BHI3BaH [I0, MOCJIE WK
BOKpyT Apyrux ¢dynkumii. Ecau Bbl koraa-uubyap nucanu Ha Lisp, To Moriu uc-
M0Ib30BaTh IEKOPaTop defadvice, KOTOPBIH MTO3BOJISLT OOBSIBISIT BHI3IBAEMBIH KOJI
psiaom ¢ hyHKUMEH. A ecii Bbl IPUMEHSIIM METOJ KOMOMHMPOBAHUSA B 0ObEKTHOM
cucreme Common Lisp (CLOS), To Toraa 6sictpo noiiMete, uto Python ucnosnssyer
TaKue Xe KOHIenuuu. Mbl NOCMOTPHM Ha MpocTeiine 00bsABIEHHS 1€KOPaTOPOB
¥ 3aTeM U3yYUM PacIpPOCTPaHEHHbIE CUTYallUU UX IPUMEHEHHSI.
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Co3panme fekopaTopoB

Besika BEpOSITHOCTD, UTO BBl y)Ke MPUMEHSIM IEKOPATOPbI AJIs1 CO3[aHMs CO0-
cTBeHHBIX GQYHKIMIA-06epTOK. CaMoit NPUMUTHBHBIN U MIPOCTOH AEKOPATOpP — 3TO
¢dbyHkuuMs identity(), Bcsl paboTa KOTOPOIt 3aKTI0YAETCs B BO3BPAILIEHHH ITEPEaHHOM
¢dynkuuu. Bot kak oHa 06GBbSABASIETCS:

def identity(f):
return f

Jexopatop 6yaer paboTaTb cenyoumm oopasoM:

@identity
def foo():
return 'bar’

BBenure ums aekoparopa c CHMBOJIOM @ M 3aTeM Ty (PYHKIHIO, HA KOTOPYIO XOTUTE
€r0 NPUMEHUTD. ITO PABHO3HAYHO CIEYIOLIEMY:

def foo():
return 'bar’
foo = identity(foo)

ITOT AekopaTop GecroneseH, Ho OH paboTaeT. [[aBaiiTe nOCMOTpUM Ha APYTOi, Gosee
N0JIe3HBIN pUMep B TUCTUHTE 7.1.

Nuctunr 7.1, [lekopatop Ans opraHusauum QyHKUMA B cnosape

_functions = {}

def register(f):
global _functions
_functions[f.__name__] = f
return f

@register

def foo():
return 'bar’

B nucrunre 7.1 gekopatop register coxpaHsieT UMsl AeKOpHpyeMO# dyHKIIHU
B c1oBapb. Cii0Baph _functions MOeT ObITb 3aT€M HUCIOIb30BAH U K HEMY MOXHO
HOJIY4UTD JOCTYT [0 MUMeHU (PYHKINHU, KOTOPYIO HY2KHO BEpHYTb: _functions[ 'foo']
YKa3bIBaeT Ha yHKIMIO foo().
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B caenyiomux paszaenax Mbl y3HaeM, Kak IUCaTh COOCTBEHHBIE 1EKOPATOPbL. 3aTeM
NIOHUMEM BOIIPOC MPUMEHEHHUsT BCTPOEHHDIX IEKOPATOPOB, a TaKxKe UX paboTy.

HanucaxHue aekopaTopos

Kak ynoMuHanoce, IeKOpPaTopsl 4YacTO UCMOJb3YIOTCS A5 peaKTOPUHIa OMHA-
KOBOro Koza BOKpyr dyHkuuii. [locMoTpuTe Ha ciefyiolee MHOXXeCTBO PYHKIIUH,
KOTOpOe MPOBePsIeT, SIBJSIETCS JIM NONy4€HHOE UMSI [10JIb30BaTe st UMEHEM aIMUHH-
ctpartopa. B cayyae, ecnu He siB/isleTCs1, BBI3BIBAETCST MCKITIOYEHHE.

class Store(object):
def get_food(self, username, food):
if username != 'admin':
raise Exception("This user is not allowed to get food")
return self.storage.get(food)

def put_food(self, username, food):
if username != ‘'admin’:
raise Exception("This user is not allowed to put food")
self.storage.put(food)

B npuMepe MOXXHO yBUAETH MOBTOPstioIeNcst koA, O4eBHIHBIM MIEPBBIM 1IAroM Oy-
met caenarb Kox 6onee 3¢ deKTHBHBIM — NPOBECTH (haKTOPH3ALHMIO KO/Ia IPOBEPKU
CTaTyca aIMUHHCTPATOpa:

® def check_is_admin(username):
if username != ‘admin’:
raise Exception("This user is not allowed to get or put food")

class Store(object):
def get_food(self, username, food):
check_is_admin(username)
return self.storage.get(food)

def put_food(self, username, food):
check_is_admin(username)
self.storage.put(food)

MbsI nepeHeciu Ko NpOBEPKH B CBOIO cOOCTBeHHYIO GyHKUHKIO @. Tenepb OH BbI-
TJISAMT YHIIE, HO MOXKHO C/eJIaTh ellle Jyyllle, eCIH PUMEHUTH EKOPaTop, Kak
B JIMICTUHTE 7.2.
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Nucrunr 7.2, [lobaBneHve aekopartopa Ans dakTopusauum koaa
def check_is_admin(f):
o def wrapper(*args, **kwargs):
if kwargs.get('username') != 'admin':
raise Exception("This user is not allowed to get or put food")
return f(*args, **kwargs)
return wrapper

class Store(object):
@check_is_admin
def get_food(self, username, food):
return self.storage.get(food)

@check_is_admin
def put_food(self, username, food):
self.storage.put(food)

M1 06bsiBUIN 1€KOPATOP check_is_admin @ ¥ 3aTeM BBI3BAJIM €T0 /15 IPOBEPKH Ha
npaso aoctyna. /lekopatop MHCIEKTHPYET NepeilaBaeMble apryMEHTBI C IOMOLIbIO
nepeMeHHOM kwargs 1 BO3BpalllaeT apryMEeHT username, BHINONHSAS TPOBEPKU HMEHU
T0J1b30BaTeJIsl elle 10 Bbi3oBa (yHKUMH. Vicnonp3oBaHue Takux 1eKOPaTopoB 00-
Jieryaet ynpasJieHue obuiei GyHKUMOHaIbHOCTBIO. [[J1s1 II0OOro ONMBITHOTO MOJIb-
3oBatesisi Python arto crapsiii npusbrasslit Tpiok. OfHAKO TaKoil NPsIMOIMHENHBIN
crnocob pean3aiuu AeKOpaTopa UMEET ONpe/IeIeHHbIE HEIOCTATKH.

Mcnonb3oBaHne HECKONbKUX AEeKOPaTOPOB

BbI MoJeTe HCTI0/IB30BaTh HECKOJIBKO €KOPATOPOB /7St OAHOM (PyHKIIMH UM Me-
TOJA, KaK B JIUCTHHTe 7.3.

JNncrunr 7.3. Ncnonb3oBaHue Gonee 04HOro AekopaTopa Ansl OQHOW YHKLWUK

def check_user_is_not(username):
def user_check_decorator(f):
def wrapper(*args, **kwargs):
if kwargs.get('username') == username:
raise Exception("This user is not allowed to get food")
return f(*args, **kwargs)
return wrapper
return user_check_decorator

class Store(object):
@check_user_is_not("admin")
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@check_user_is_not("user123")
def get_food(self, username, food):
return self.storage.get(food)

check_user_is_not () — 3T0 dyHKIHs (pakTOpU3aLIKH /1Sl JEKOpATOpa user_check_
decorator(). OHa co3maeT nekopaTop GhyHKUHY, 3aBUCSIUIMH OT NepeMEeHHON
username, 1 BO3BpalllaeT €€ 3HaYEHHE. (Dymcumi user_check_decorator() 6y1_1eT
dyHkumeit nekoparopa as get_food().

DyHkuns get_food() MeKOPUPYeETCs ABAX/BI C MOMOIIbIO check_user_is_not ().
Bomnpoc: kakoe umMsA npoBepuTh nepBbIM — admin uau user123? OTBeT B cienyio-
1ieM Kojie, Tie si mepeBesl JUCTUHT 7.3 B aHAJIOTMYHBIN Ko, HO 6e3 MpUMeHeHUs
ZIEKOpPaTOpOB.

class Store(object):
def get_food(self, username, food):
return self.storage.get(food)

Store.get_food = check_user_is_not("user123")(Store.get_food)
Store.get_food = check_user_is_not("admin")(Store.get_food)

Cnucok gekopaTopoB IPUMEHSIETCS] CBEPXY BHU3, I03TOMY A€KOPaTOPbI, Pacroio-
)KeHHble GJIHKe BCEro K KJII04eBOMY CJoBY def, cpaboTtaioT nepsbiMu. B npumepe
BBIllIE [IPOrpaMMa IPOBEPUT CHavyasla admin, a MOTOM user123.

Hanucanue gekopaTopoB knacca

EcTb BO3MOXHOCTB peasu3oBaTh 1€KOPAaTOPbI KJacca, MpaB/a, OHA UCHOJIb3yeTCs
ropaszio pexe. Jexopamopot xracca paboTaloT Tak e, Kak AeKopaTopbl (PyHKIUH,
Ho ¢ knaccamu. Crexyomuil parMeHT KoZia — 3TO MPUMEP JIEKOpaTOopa KJacca,
KOTOPbIil yCTaHABJIMBAET aTPUOYTHI It ABYX KJIACCOB:

import uuid

def set_class_name_and_id(klass):
klass.name = str(klass)
klass.random_id = uuid.uuid4()
return klass

@set_class_name_and_id
class SomeClass(object):
pass
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Koraa knacc 6yner 0ObsiBIIeH 1 3arpyskeH, OH yCTAHOBUT aTpUOYTHI name 1 random_id
CJIey oMM 00pasoM:

>>> SomeClass.name

"<class '__main__.SomeClass'>"

>>> SomeClass.random_id

UUID( 'd244dc42-fOca-451c-9670-732dc32417cd")

Bce 310 MOXeT OBITH NOJIE3HO I (bamopuaauun 06[].[61‘0 KO/1a KJIaCCOB.

Eute o1HO BO3MOXHOEe NPHUMEHeEHMeE [JIs1 1eKOpaTopa Kjaacca — obopayrBaHue
dynkumu nmm k1acca Apyrumu kiaccamu. Hanpumep, aekopatop kiracca yacto uc-
nosb3yercs anst GyHKUMH-00ePTKH, KOTOpasi coxpaHsieT cocrosinue. Caenyoumin
npuUMep JEMOHCTPUPYeET 0bopaunBaHue PyHKUMH print () 4151 IPOBEPKH KOJIHYECTBA
ee BbI30BOB 32 CECCHIO:

class CountCalls(object):
def __init__ (self, f):
self.f = f
self.called = @

def __call_ (self, *args, **kwargs):
self.called += 1
return self.f(*args, **kwargs)

@CountCalls
def print_hello():
print("hello")

Tenepp MOXHO HUCIOJIB30BATh €€ [/ POBEPKH KOJIMYECTBA BHI30BOB DYHKIUU
print_hello():

>>> print_hello.called
0

>>> print_hello()
hello

>>> print_hello.called
1

Bo3sspaT HauanbHbix aTpnbyTOB C NOMOLWLIO
Aexoparopa update_wrapper

Kak yxe ynoMuHasnoch, IeKOPaTOp 3aMeHsieT OPUTHHANBbHYI0 QYHKIMIO HOBOH,
CO3/1aHHO# B X0/€e BbIMOJAHEeHHs nporpaMMbl. OiHaKo 3Ta HOBast GYHKIMS OyneT
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JIMIIEeHa MHOTUX aTPUOYTOB HCXOHOH, HATIPUMED UMEHH HIIH CTPOK, (hopMUpYIOMINX
B AajbHelmeM fokyMeHTaluIo. JIMCTUHT 7.4 noka3biBaeT, Kak ¢yHKuus foobar()
TepsieT CBOM CTPOKY M UMsI Nocsie 00paboTKH AeKOPaTOPOM is_admin:

JincTnur 7.4. MNoTteps AEKOPMPOBAHHOW yHKUMEN CTPOK W aTpubyTOB MMEHH

>>> def is_admin(f):
def wrapper(*args, **kwargs):

if kwargs.get('username') != 'admin':
e raise Exception("This user is not allowed to get food")
. return f(*args, **kwargs)

.o return wrapper
>>> def foobar(username="someone"):
nn "m crazy stuff . wun
pass

>>> foobar.func_doc

'Do crazy stuff.'

>>> foobar.__name__

'foobar'

>>> @is_admin

... def foobar(username="someone"):
"""Do crazy stuff."""
pass

>>> foobar.__doc__

>>> foobar.__name

'wrapper'

OTCcyTCTBHE KOPPEKTHBIX CTPOK 7151 (POPMUPOBAHUsS JOKYMEHTAUUU O QYHKLUU
Y ee IMEHU MOJXKET BbI3bIBAaTh MPOGJIEMbl B HEKOTOPBIX CUTYalMsIX, HATIPUMEDP NPH
reHepaLyy JOKYMeHTaLU! U3 UCXOAHOTO KOJa.

K cuacTbio, Moaysb funtools U3 CTAaHAAPTHO GUOIHOTEKHU pelIaeT 3Ty npobieMy
¢ noMoubio pyHKUKHU update_wrapper (), KONUPYIOIIeH aTPUOYTHl M3 UCXOTHON
dynkuum, Tepsiemsie npu obeptoiBanuK. Micxoaubiii Koz update_wrapper() nokasaH
B JINCTHHTE 7.5.

Nucrunr 7.5. UcxoaHbii koa update_wrapper

WRAPPER_ASSIGNMENTS = ('__module_ ', '__name__', '__qualname__', '__doc__°',
__annotations__ ')

WRAPPER_UPDATES = ('_ dict__',)

def update_wrapper(wrapper,
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wrapped,
assigned = WRAPPER_ASSIGNMENTS,
updated = WRAPPER_UPDATES):
for attr in assigned:
try:
value = getattr(wrapped, attr)
except AttributeError:
pass
else:
setattr(wrapper, attr, value)
for attr in updated:
getattr(wrapper, attr).update(getattr(wrapped, attr, {}))
# Issue #17482: set _ wrapped__ last so we don't inadvertently copy it
# from the wrapped function when updating _ dict__
wrapper.__wrapped__ = wrapped
# Return the wrapper so this can be used as a decorator via partial()
return wrapper

3mech HCXOMIHDII KOJI update_wrapper BbiAEJISIET, KAKKE ATPUOYTHI TOJKHBI OBITH CO-
XpaHeHbl pY iekoprpoBaHuu GyHKIMK. [0 ymonuanuio arpubyT _name _attribute,
_doc_attribute, a Tak)xe HEKOTOpbIE Jpyrie aTpuOyThl KONUPYIOTCSA. MOXKHO TaKxe
JIOMOJIHUTENIBHO YKa3aTh, Kakue aTpUOY Thl CKONHUPOBATDb B IEKOPUPYEMYIO GYHKLIHIO.
[Tpu ucnosib3oBaHUM update_wrapper()MOXHO IPUBECTH NPUMEP U3 JUCTUHTA 7.4
K 60Jiee aKKypaTHOMY BHAY:

>>> def foobar(username="someone"):
N """Do crazy stuff."""
pass

>>> foobar = functools.update_wrapper(is_admin, foobar)
>>> foobar.__name__

‘foobar'

>>> foobar.__doc__

‘Do crazy stuff.'

Teneps dyHk1us foobar() HMeeT KOPPEKTHOE UMST U CTPOKH AOKYMEHTALUH, axe
Kor/ia JeKopupoBaHa is_admin.

wraps: AekopaTop AN aekopaTopa

Ecnu He aBTOMAaTH3MPOBATh NPUMeEHEHHE update_wrapper(), TO €ro UCIOJIb30BaHUE
MOXeT ObITb BecbMa yromuTesbHbIM. K cyacTblo, y functools ecTb AekoparTop Aas
Jekoparopa ¢ iMeHeM wraps. JIMCTUHT 7.6 1oka3biBaeT 1eKOpaTop wraps B IEHCTBHH.
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Tincrunr 7.6. O6HoBNeHUe AekopaTopa ¢ NoOMoWbio wraps u3 functools
import functools

def check_is_admin(f):
@functools.wraps(f)
def wrapper(*args, **kwargs):
if kwargs.get('username') != 'admin’:
raise Exception("This user is not allowed to get food")
return f(*args, **kwargs)
return wrapper

class Store(object):
@check_is_admin
def get_food(self, username, food):
"""Get food from storage."""
return self.storage.get(food)

C functools.wrap ¢yHkuus gekopaTopa check_is_admin(), Bo3Bpaiiaomas QpyHk-
LIMIO wrapper (), IPUHHUMAET Ha ce0st 06I3aHHOCTH N0 KOMMPOBAHHIO CTPOK ISt 10-
KyMEeHTallMH, UMeHH YHKUUH 1 Apyroi HHopMmaunu u3 pynkuuu f, nepeaHHon
B KayecTBe aprymenTa. Takum o6pa3om, nekopupyemasi pyHkuus (get_food() B Ha-
111eM CJIyyYae) Bce elle BUAUT CBOH HEU3MEHHbII KJTIOY.

U3Bneuenne peneBaHTHOH MHPOPMaALMM C NOMOLLbIO inspect

B npeabiaymmx npuMepax 1peanonarauoch, YTo AeKopupyemast GyHKIHst 0ObIYHO
MOJIy4YaeT username B KaUeCTBe apryMeHTa KJIOYEBOro CJIOBA, HO 3TO He BCerja Tak.
MoxHo nepesatb MHOro pa3Hoii HHGOpPMaLKHU, U3 KOTOPbIH HAIO U3BJIEYb UMS
N0J1b30BaTes /11 IPOBEPKH. YUUTHIBAst 3TO, MOXKHO cO31aTh H0Jiee YMHYI0 BEPCHIO
AEeKopaTopa, KoTopas OyaeT MPOCMaTPUBATh APIyMEHTHI IEKOPUPYEMOii (PyHKLHMH,
M3BJIEKasi TOJIBKO HEOOXOAUMOe.

Jns atoro B Python ectb Moy inspect, o3Bosstiomuil BO3BpaILaTh UMs ¥ Napa-
MeTpbl GyHKUMM U paboTaTh ¢ HUMH (AUCTHHT 7.7).

Nucrurr 7.7. Ucnonb3oBaHue MHCTPYMEHTOB MoAyns inspect
ANs 3BneYeHus uHpopmaumn

import functools
import inspect

def check_is_admin(f):
@functools.wraps(f)
def wrapper(*args, **kwargs):
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func_args = inspect.getcallargs(f, *args, **kwargs)
if func_args.get('username') != ‘'admin':
raise Exception("This user is not allowed to get food")
return f(*args, **kwargs)
return wrapper

@check_is_admin
def get_food(username, type='chocolate'):
return type + " nom nom nom!"

DyHkus inspect.getcallargs() BO3BpallaeT Cl0Baph, COAEPXKALIMI UMEHA
U 3HaYeHHUs1 apTYMEHTOB B BHUJe Map KJo4/3HayeHne. B npuMepe oHa BepHy1a
{'username’:'admin’, 'type': 'chocolate'}. DTO 3HAYHUT, YTO AE€KOPATOP He AOJI-
JKEH MPOBEPATH, SABJIAETCA JIM NTapaMeTp username NO3ULIMOHHBIM aPTYMEHTOM UJIH
apryMeHTOM KJIIOYEBOT'O CJIOBA; BCE, YTO HEOOXOAMMO C/Ie/IaTh I€KOPATOpPY, — HAUTH
B CJIOBApe username.

Mcnonb3oBanue functools.wraps U MOAYJIsI inspect MO3BOJISIET HAMKCATH JI000H
HeoOXOUMBIH MOJIb30BaTeNbCKUil AekopaTop. Ho He 31oynoTpebasiite MoayieM
inspect. Xots u yno6HO 3HaTh, 4TG PYyHKUUS IPUHUMAET B Ka4eCTBE apryMeHTa,
3TO MOXeT ObITh HeHagexHO. [Ipu cMeHe uMeHH WK apaMeTpoB HYHKIUH JIETKO
MOJKET MPOU30UTH cH0i. JleKopaTopbl — 3TO OTJHYHBIA COCO0 /IS pealu3aluu
MOOGUMOi MaHTPBI pa3paboTyuKoB: «He nosmopsica».

Pa6ora metopos B Python

MeTtoap! IpoCThbl B UCMONB30BAHUHM U MOHUMAHHH, U CKOpPee BCero, Bbl y2Ke MHOTO-
KPaTHO MPUMEHSIIN UX, He YTIIy0.Isisich B UX BHYTpeHHIOI0 paboty. Ho a71st noasoro
MOHUMAaHMs! pabOTHI HEKOTOPBIX EKOPATOPOB HEOOXOAMMO 3HATH YCTPOMCTBO Me-
TOZIOB.

Memoo — ato dyHkuuMs, KOTOPasi XPaHUTCs KaK aTpubyT Kiaacca. [TocMoTpuM, 4yto
IPOUCXOJUT MPH NOMbITKE MOJIYYUTH JOCTYI K aTPHUOYTy HaNpsIMYyIO:

>>> class Pizza(object):

v def __init__ (self, size):

ce self.size = size

cee def get_size(self):

AN return self.size

>>> Pizza.get_size

<function Pizza.get_size at @x7fdbfd1a8b9e>
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OrtBer: get_size() — ato dyHKuus, Ho noyemy? IIpuynHa B TOM, YTO Ha 3TOM 3Tane
get_size() He MpUBs3aHa K KOHKPETHOMY OOBEKTY, I03TOMY OHa 06pabaThiBaeTCst
Kak oOblyHast pyHkuus. Byzet BoiBeseHa ommMbOKa, €CIM MOMBITATHCS BBHI3BATH €€
HaNpsiIMyIo:

>>> Pizza.get_size()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: get_size() missing 1 required positional argument: ‘'self’

Python rosopur 06 otcyTcTBUM HEOOX0AMMOTrO apryMeHTa self. Tak Kak apryMeHT
self He NPUBSI3aH HU K KAKOMY OODBEKTY, OH He MOXeT ObITb 3a/laH aBTOMAaTHYECKH.
OaHaKo MOXHO HCNOJIb30BaTh (PYHKLHUIO get_size(), HE TOJBKO NepeiaBast Npou3-
BOJIbHBIN 9K3EMIUISIP KJlacca METOAY, HO U MepefaBast 11060t 00BEKT, IIOKa Y HETO
€CTb CBOHCTBa, KOTOPble METOJI MbITaeTcst HaTH. Bot npumep:

>>> Pizza.get_size(Pizza(42))
42

IJToT BbI30B paboTtaeT npaBuibHO. OHAKO OH HE OYEHDb YA00EH: HEOOXOAMMO 06-
palaThCs K KJIACCy KaXkAblil pa3, KOrAa HY>KHO BbI3BaTb OJMH M3 €r0 METO/I0B.

Python BeinosiHsieT IMLIHIOI paboTy 32 HAC, CBA3BIBASt METOABI KJIACCA C €T0 IK3EM-
isipamu. [l pyrumu ci0BaMu, MOXKHO 0OpaTUTHCSI K get_size() M3 J11060r0 sK3eMIl-
Jsipa Pizza, u Python aBromatuecku nepemact o6beKT Kak mapaMeTp self MeToaa:

>>> Pizza(42).get_size

<bound method Pizza.get_size of <__main__.Pizza object at 0x7f3138827910>>
>>> Pizza(42).get_size()

42

Kak 1 0xxuzanoch, He Hy)XHO 0O€eCIIeuMBaTh apryMeHT sl get_size(), Tak KaK OH
CBSI3aH C METOZOM: apryMeHT self aBTOMaTH4YeCKH MPUCBOEH 3K3eMILISIPY Pizza.
Bor eite 6011ee npocroii npumep:

>>> m = Pizza(42).get_size
>>> m()
42

[Toka ecTb CChIJIKA HA CBSI3aHHBII METO/I, HE HA/IO a)kKe MMETh CCBLIKY Ha 00bEKT
Pizza. Bosee TOro, ecsiu eCcTb CChLIKA HA METO/I, HO HY)KHO HAHTH OOBEKT, KOTOPBIN
CBsI3aH C HUM, MOXXHO MIPOBEPUTb CBOICTBO MeToAa _self :
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>>> m = Pizza(42).get_size

>>> m.__self__

<__main__.Pizza object at 0x7f3138827910>
>>> m == m.__self__.get_size

True

O‘{eBHlIHO, BCe€ €lll€ €CTb CCblJIKa Ha O6'beKT, U P4 XXKEJAHUH MOXXHO HaMTH €ero.

CraTnueckue Metoabl

Cmamuueckue memoovt NMpUHAAJIEeXKaT KJIACCy, a HE €ro 3K3eMILIAPY, I03TOMY OHHU
(baKTI/I‘-leCKPI HE pa60Ta10T M HE BJIUAIOT HA IK3EMIUIAPHI KJIaccCa. BwmecTo aToro
CTaTUYECKUH METOJ onepupyer napaMeTpaMH, KOToOpbl€ IDpUHUMAET. CraTtnyeckue
METO/AbI 00OBIYHO HCIIOJIBb3YIOTCA A1 CO34aHUs (t)yHKI.IPIﬁ MNOJIE3HOCTH, IOTOMY 4YTO
He 3aBUCAT OT COCTOSIHUS KJIaCCOB MM OOBEKTOB.

B nuctunre 7.8 cratyeckuit MeToa mix_ingredients!() mprHALIEXUT KJaccy Pizza,
HO MOXeT ObITh MCTIO/Ib30BaH /1JIs1 CMEIMBAHUS MHIPEAMEHTOB JIIOOOro APYTOro GIioza.

Jincrunr 7.8. CozpaHme CTaTMHECKOro MeToaa Kak 4YacTu Knacca

class Pizza(object):
@staticmethod
def mix_ingredients(x, y):
return x +y

def cook(self):
return self.mix_ingredients(self.cheese, self.vegetables)

ITpu xeslaHUM MOKHO HanucaTth mix_ingrediets() B BHAE HECTATUYECKOTO METO/3,
HO TOT/Ia OH TIPUMET apTYMEHT self, KOTOPbIi HUKOTAa He OyaeT npuMeHsiThest. Uc-
I0J1b30BaHMeE IEKOpaTopa @staticmethod mpeaocTaBjisieT HECKOJIBKO IIPEUMYIIIECTB.

[TepBoe — aT0 ckOpoCThb. Python He fo/keH ycTaHaBIMBATD CBI3aHHBIN METOA 1S
KaXK/I0rO CBSA3aHHOTO 00beKTa Pizza. CBsI3aHHBIN METOJ — 3TO TOXe OOBEKT, a CO3-
JlaHue HOBOTO 0ObEKTa OTHUMAET CHCTEMHBIE PECYPChI, XOTh M He3HAYHMTENbHbIE.
M cnonb3oBaHHe CTATUYECKOTO METO/IA MIOMOTaeT H30exXaTh TAKOTO:

>>> Pizza().cook is Pizza().cook
False

! CMewmarb HHIPEAMEHTHI.
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>>> Pizza().mix_ingredients is Pizza.mix_ingredients
True

>>> Pizza().mix_ingredients is Pizza().mix_ingredients
True

BTopoe npenMymecTBO 3aK1104aCTCs1 B MOBbIIIEHUH yno604uTaeMocTu koaa. Buas
@staticmethod, MBI 3HaeM, UYTO METOJ HE 3aBUCHUT OT COCTOSIHUSA obbexTa.

Tperbe 11peMMYI1LECTBO COCTOUT B TOM, YTO CTaTH4€CKHE METO/bI MOTYT ObITH mepe-
onpeziesicHbl B KJacchl. EcaM BMeCTO cTaTH4ecKoro MeTo1a Ha BBICOKOM YPOBHE
MOZYJIsl UCIIONB3YCTCs (PYHKLMSA mix_ingredients(), kjacc, HacaeayeMbiid U3 Pizza,
HE CMOXET MMOMCHSATD C1ocol NepeMenBaHus HHIPEAUEHTOB AJ1s TULLBI 6€3 epe-
onpeaenenus merona. Co crarnyecKMMU MeTOaMHU IOAKJIACCH MOTYT Nepeonpe/e-
JIMTH METO/bI [I/Isi CBOMX 3a/1au.

K coxanenno, Python He Bceraa cnocobet onpeaenTs, ABASETCSA M METOA CTaTH-
YEeCKHUM, — 3TO U3/1ePXKKH An3aiiia sizsika. O/IMH U3 cioco60B U36eKaTh ITOr0 — 10-
6aBHTDb IIPOBEPKY Ha 3TOT MATTEPIL, KOTOPasi OyAeT BhI3bIBATH OIIMOKY yepe3 flakes.
[ToapoGHee aTo GyzeT paccMoTpelio B paszene «Pacuupenue Boamoxtnocrei flake8
¢ nomousio npoBepok AST».

KnaccoBbit MeTOa

Knaccosvie memoovt cBs3aHbl C KJ1acCoM, a He € IK3EMILISAPOM. ITO 3HAUMT, YTO OHU
He MOTYT 00paIaThCsl K COCTOSIHUIO OOBEKTA, 2 TOJIKO K COCTOSIHHIO METOJIOB 3TOTO
ksacca. B nuctunre 7.9 noka3aHo, kak co3aath KJIaCCOBBINA METOA.

Jincrunr 7.9. CesisbiBaHWe KNaCCOBOro METoAA C KNACCOM

>>> class Pizza(object):

ves radius = 42

ves @classmethod

ces def get_radius(cls):

cee return cls.radius

>>> Pizza.get_radius

<bound method type.get_radius of <class
>>> Pizza().get_radius

<bound method type.get_radius of <class '__main__.Pizza'>>
>>> Pizza.get_radius is Pizza().get_radius

True

>>> Pizza.get_radius()

42

__main__.Pizza'>>
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W3 npuMepa BUAHO, YTO CTb MHOTO CIIOCOOOB 0OpaTUTBCS K KJaccy get_radius(),
O/IHAKO KaKoii 6bl HH ObL BbIOpPaH, METO/ BCer/a OyAeT CBSI3aH C KJIaCCOM, KOTOPOMY
npuHaanexuT. Takke ero nepBbIM apryMeHTOM J0JKeH ObITh caM kiacc. He 3a6s1-
BaiiTe: KJ1aCChl — TOXE 00beKTDI!

KaaccoBbie MeTOBI NPUHIHUNIHAIBHO MOJIE3HDBI /1 CO3JaHNA ¢)a6pl/l‘IHbIX METO/10B,
KOTOpbl€ HHCTAHIIUDYIOT 06DBEKTHI € IIOMOIIIbIO CUTHATYPHI, OTJIMYHOH OT _init_:

class Pizza(object):
def __init_ (self, ingredients):
self.ingredients = ingredients

@classmethod
def from_fridge(cls, fridge):
return cls(fridge.get_cheese() + fridge.get_vegetables())

B 3Tom npuMepe, npu Hcnosib3oBaHuM @staticmethod BMecTO @classmethod, BO3-
HUKHET HeoOXOMMOCTb XeCTKO 3aKOMPOBaTh B METO/ MMS KJlacca Pizza, clejaB
J11060M KJ1acC, HaCJIeIOBAHHBIN U3 Pizza, HENPUMEHUMbIM [J1s1 HCIIOJIB30BaHUsl HaLlIeH
(abpukoii. Mbl obecnieunBaeM pabpuuHbiid MeTox from_fridge (), KOTOPOMY TaKxKe
MOJKHO mepenatb o0beKT Fridge. Eciin BbI3BaTh METOA C OMOIIBIO Y€r0-TO BPOjE
Pizza.from_fridge(myfridge), OH BepHeT HOBYIO Pizza C HOBbIMH HHIPEAHUEHTAMH
M3 IOCTYNHLIX B myfridge.

Kaxaplil pa3 npu HanMcaHMK METOAa, KOTOPbIA 3a00TUTCS TOJIBKO O KJ1acce 00beKTa,
a He 0 ero COCTOSIHNM, HEOOXOAMMO OODBSIBUTD €T0 KaK KJIaCCOBbIH METO/.

A6CTpaKTHbIe MeToAbI

Abcmpaxmuuiii memoo onpeziesieH B 6aze aGCTPAaKTHOTO KJacca, KOTOPHI caM 1o
cebe MoXxeT He UMeThb peanu3auun. Kak crencrsue, abcmpaxmmuoiii kracc (06bsis-
JIEHHDbIH KaK KJIacC, UMEIOIHiA X0Tsl Obl O1MH abCTPaKTHBIA METO/) A0JIKEH OBITH
MCIIO/Ib30BaH KaK POANTENbCKUH KJIACC AJIs1 APYTOTO KJacca. ITOT noakaacc Oyaer
yNpaBJIsiTh peaiu3aiueil abCTpaKTHOTO METO/Ia, C/IeJ1aB BO3MOXKHBIM HHCTaHLMPO-
BaHHe POANTENBCKOTO KJacca.

Mo3HO HCN0Ib30BaTh aGCTPAKTHBIN KJIACC U151 TOTO, YTOOBI POSICHUTD OTHOILEHHSI
MeX/y JAPYTMMH CBA3aHHBIMHU KJIaCCaMH, NOJTyYeHHbIMH U3 6a30BOro Kjacca, Ho
claelaBUIMMK caM aGCTPAKTHBIN KJIaCC HEBO3MOXKHABIM /Tl peanu3anuu. Vicnons3ys
6a30Bble abCTPaKTHBIE KJIACCHI, MOSKHO YOEAUTBCS, YTO KJIACChI, TOTyYeHHbIe U3 Oa-
30BOTO, peaIU3yIOT €r0 ONpe/eJIeHHble METO/Ibl, HHaue OyIeT BbI3BAHO HCKITIOUEHHE.
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Creayoumii mpUMep MOKa3biBaeT MPOCTEUIINN CIOCOO HanMcaTh aOCTPAKTHBIM
METOA:

class Pizza(object):
@staticmethod
def get_radius():
raise NotImplementedError

C aTuM omnpeenerueM J060i KJIacc, HacaeayeMblil U3 Pizza, OJKEH PealU30BbI-
BaTb U NepeonpenensaTh MeTox get_radius(); B MPOTHBHOM CJy4yae BbI30B METO/AA
BBI3bIBAET MCKJIIOYEHME, IOKA3aHHOE B NpUMepe. ITO YA0OHO AJist MPOBEPKHU TOTO,
peasn3yer M KaxIblil MOAKIacC Pizza cOOCTBEHHBIN CMOCOO BHIYMCIEHUS U BO3-
Bpara paauyca.

Y atoro cniocoba peanu3annu abCTPAKTHOTO METOAA €CTb HEAOCTATOK: IPH HaMKCa-
HMH KJIacCa, KOTOPbI Hac/IeyeTcst u3 Pizza 6e3 peanu3auuu get_radius(), oumbka
06HAPYKHUTCS TOJIBKO IPHU MOMBITKE MCIIOIb30BATh €T0 BO BPEMs BBHIIOJIHEHH S IPO-
rpammbl. Bot npumep:

>>> Pizza()
<__main__.Pizza object at @x7fb747353d90>
>>> Pizza().get_radius()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "«<stdin>", line 3, in get_radius
NotImplementedError

Tak KaK Pizza HHCTaHLIUPYETCsI HANIPSIMYIO, HET CIOCO0a NPeyNPeAUTh Ty OLIHOKY.
EcTb noaxon, Ha paHHeM 3Tane npeaynpeXxaalonuil 0 TOM, YTO METO/I He peayIn30BaH
¥ He nepeonpe/esieH UK YTO UCHOMb3yeTCs 0ObeKT ¢ abCTPAaKTHBIMH METOAAMH.
ITOT NOAXO0[ 3aKJI0YAETCS] B IPUMEHEHNH BCTPOEHHOTO MOZYJIsl abc:

import abc
class BasePizza(object, metaclass=abc.ABCMeta):

@abc.abstractmethod
def get_radius(self):
"""Method that should do something."""

Moaysb abc npegoCcTaBIseT MHOKECTBO A€KOPATOPOB /JIsi UCIIOJIb30BAHUS C Me-
TOAMH, KOTOpbIe OYAYT 0ODBsIBIEHDBI KaK aOCTPAKTHBIE, @ TAKXKE METAKJACC AJISA
paboTsi Bcero atoro. IIpy ncnonb30BaHMK abc U €ro CleuraabHOro metaclass, Kak
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B IIPUMEPE BbIllle, HHCTAHTaLlMs BasePizza WM KJacca, HacJeAyIoLero ero, Ho He
nepeonpeaesnsiouero get_radius(), BbI3bIBaeT oum61<y TypeError:

>>> BasePizza()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: Can't instantiate abstract class BasePizza with abstract methods
get_radius

le/l IONbITKE MHCTAHLIUPOBATDH 3.6CTp3KTHbIl’I KJ1acC BasePizza MTHOBEHHO MPUXOAUT
COO6H.I€HPI€, YTO 3TO HEBO3MOXKHO!

Ucnonb3oBanue abCTPaKTHBIX METOAOB HE TapaHTUPYET TOrO, YTO MeTox OyaeT
peayM30BaH MOJIb30BaTeNeM, HO 3TOT JAEKOPATOP MMO3BOJISIET BHISBUTH OUIMOKY Ha
paHHeM 3Tarne. ITo 0COOEHHO MOJIE3HO MPH MPEAOCTaBIeHUH HHTepdelica, KOTOPbIH
OyayT UCMOB30BATh APYrUe pa3paGOTYMKU: ITO MOACKA3Ka AJisi (POPMUPOBAHHUS
AOKYyMEHTALHH.

CMeCb CTaTUYeCcKOoro, K1acCMYeCcKoro
n abcrpakTHOro Mmeronos

Kasxap1it U3 mepeyncieHHbIX 1€KOPATOPOB MOJIE3€H caM M0 cebe, HO HaCTaIo BpeMsl
MCIOb30BaTh UX BMecTe. Hanpumep, MOXHO 00bs1BUTH (haOpHYHbIH METOX B BUZE
KJIaCCOBOTO METO/1a, OZIHOBPEMEHHO PeaIn30BaB ero B Mojkjacce. B TakoM ciyyae
Heobxoaumo OyaeT 0GbSIBUTD KJIACCOBBIA METO M Kak abcTpakTHbINA. B aTOM pasnene
MBI Y3HaeM, Kak 3TO C/eJIaTh.

Jlnst Hayana o6paTMM BHUMaHHE HA TO, YTO MPOTOTHI aOCTPAKTHOrO METOAA He
oxoHuaTebHbli. [Ipu ero peanu3anuu MOXKHO KaK YTOJHO PacUIUPSITh CIIUCOK apry-
MeHTOB. B uctunre 7.10 npuBeaeH npumep Kozia, B KOTOPOM MOAKJIACC pacUIMpsieT
CUTHaTypy abCTPaKTHOTO KJIacca ero POAUTESL.

Nucrunr 7.10. Vicnonb30BaHue Noaknacca Ans pacluMpeHwus CUrHaTypbl
abCTpakTHOro MeToaa ero poauTens

import abc
class BasePizza(object, metaclass=abc.ABCMeta):

@abc.abstractmethod
def get_ingredients(self):
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"""Returns the ingredient list."""

class Calzone(BasePizza):
def get_ingredients(self, with_egg=False):
egg = Egg() if with_egg else None
return self.ingredients + [egg]

[loaknacc Calzone onpenesneH Kak HacjaeflyeMbld OT Kjacca BasePizza. MoXxHO
00BSIBUTD MeTO/Ibl MOJKJIacca Cazone KaK yroAHO, TOKa OHH MOAAEPXKUBAIOT UHTEP-
(peiic, 3a1aHHbII B BasePizza. ITO BKJIIOYAET PETH3ALMIO METOLOB JIMOO KaK KJjac-
COBBIX, 60 Kak craruyeckux. Cleayomuii Koa o0bsBaseT abCTPAKTHBINA METOL
get_inmgredients() B 6a30BOM KJlacce M CTaTMYECKHI METO[ get_ingredients()
B NoAKJacce DietPizza:

import abc
class BasePizza(object, metaclass=abc.ABCMeta):

@abc.abstractmethod
def get_ingredients(self):
"""Returns the ingredient list."""

class DietPizza(BasePizza):
@staticmethod
def get_ingredients():
return None

HecMotpst Ha To uTO MeToz get_ingredients() He BO3BpAIIIa€T pe3yJIbTaT, OCHOBAH-
HbIIl HA COCTOSIHUM 0OBEKTA, OH MOAAEPKUBaeT UHTepdeic abCTPaKTHOrO Kaacca
BasePizza, YTO ZI€JIA€T €r0 aKTya/IbHBIM.

Mo2xHO HCNOJIB30BaTh JEKOPATOPHI @staticmethod 1 @classmethod Hax @abstract-
method, 4TOOBI yKa3aTh, 4TO ITOT METO/] U CTATUYECKHH, M aOCTPAaKTHBIH, KaK MOKa3aHO
B iuctunre 7.11.

Nncrunr 7.11. Ucnonb3oBaHWe AekopaTopa KNaccoBoro MeToAa C abCTpakTHLIM METOAOM
import abc

class BasePizza(object, metaclass=abc.ABCMeta):
ingredients = ['cheese’]
@classmethod

@abc.abstractmethod
def get_ingredients(cls):



CMeCb CTaTUUeCKOro, KNaccuyeckoro n abCTpakTHOro MeToaos 143

"""Returns the ingredient list."""
return cls.ingredients

AOGcTpakTHbI MeTOZ get_ingredients() TpeGyeTcs peaiM30BaTh B BHE NOAKIIACCA,
HO OH Take SIBJSIETCS M KJIACCOBBIM METO/IOM, YTO 03HaYaeT, YTO ITEPBBIA NOTyYeH-
HbIi1 UM apryMeHT OyzeT k1accoM (He 00beKToM).

OG6paruTe BHIMaHKe, YTO 00bsABIEHHE get_ingredients() B Ka4eCTBE KJIACCOBOrO
MeTO/1a B BasePizza He 00si3bIBaeT OOBSBIATD get_ingredients()AJisl IOAKIACCOB
KJIACCOBBIM METOLOM — OH MOJXKET OBITb U OOBIYHBIM METOAOM. DTO XK€ IPaBHJIO
HPHUMEHUMO, ECJIH OH GbLT 0GBSIBJIEH CTATHYECKUM METOJOM: HEBO3MOXKHO 3aCTaBUTD
THO/IKJIACC Pean30BaTh aBCTPAKTHBIE METO/IbI KaK KaKOii-TO Apyroi MeTox. Takum
06pa3oM, MO>KHO H3MEHUTh CUTHATYPy aGCTPaKTHOTO METO/A TIPH €r0 Pear3aluH
B MOZKJIACCE TaK, KaK TPeOyeTCsl.

BknioueHune peannsaumnmn B abCTpakTHbii MeToA

B nuctunre 7.12 peanusauysi gxatouena 6 abcTpakTHbIA MeToa? MoxxHO jiu Tak Oe-
namv? Oteet: fa. Python nossossiet 310. M0XHO HOMECTUTD KO/ B aOCTPaKTHBIN
METOJI M BbI3BaTh €ro C MOMOIIBIO super (), Kak MOKa3aHO B JUCTUHTe 7.12,

Nucrunr 7.12. Bknioverne peanusauuu B abCTpakTHbIA MeToA
import abc

class BasePizza(object, metaclass=abc.ABCMeta):
default_ingredients = ['cheese’]

@classmethod

@abc.abstractmethod

def get_ingredients(cls):
"""Returns the default ingredient list."""
return cls.default_ingredients

class DietPizza(BasePizza):
def get_ingredients(self):
return [Egg()] + super(DietPizza, self).get_ingredients()

B npumepe kaxaasi cosanaBaeMasi Pizza, HacsieyeMas OT BasePizza, nepeonpezensiet
MeTo/ get_ingrredients(), HO KaX/J1as Pizza Tak)Xe UMeeT AOCTYII K MEXaHHU3MY IO-
JIy4eHHUs CIIUCKA HHIPEIMEHTOB OT 6a30BOro Kaacca. ITOT MEXaHU3M [10J1€3€H TIPH
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obecrneyeHnn peanu3anu HHTePdENRca OTHOBPEMEHHO C Ha30BbIM KOJIOM, KOTOPbIii
MOJKeT ObITb MOJIE3eH BCEM HAC/IEYEMBIM KJIaccaM.

MNpaspa o super

PythOl’l BCerja 1no3BoJiAJ UCII0J1b30BaTh OAMHOYHbIE U MHOXKECTBEHHBIE HaC/1€40-
BaHHUA AJIA PaCIIUPEHUA CBOUX KJIACCOB, HO JaXKe CEroAHst MHOTHE paapa60mm<n
HE€ IMMOHUMAIOT, KaK pa60Ta10T 9TH MeXaHU3MBI, B YaCTHOCTU MeTOJA super(), CBs-
3aHHBIA C HUMU. I[JIH IIOJIHOTO TIOHUMAHHUA KOJAA HAa/10 3HATb, OT YEro NpUuujaoChb
OTKa3aTbCs.

MHoecTBEeHHbIE HACJIeJOBAaHUS HUCIOJIb3YIOTCSI MOBCEMECTHO, OCOOEHHO B KOZE,
HMeIolIeM NaTTepHbl npuMecH (Mixin). [Ipumecu — Knacc, KOTOPBI HAaCTeAyeT ABa
ApYrux uim bosee knacca, 00beqUHsISA NX BO3MOXXHOCTH.

NMPUMEMAHMUE

MHorue npenMMy1ecTBa ¥ HEAOCTATKU OAMHOYHBIX M MHOXKECTBEHHBIX HACJIEIOBAaHUH,
KOMITO3ULIMH U JaXKe HesIBHBIX TUITH3ALHii He BXOAAT B 00J1aCTh UCCIIEN0BaHUS 3TOM
KHHIH, I03TOMY He OYAyT paccMoTpeHsl. [Ipu HEOGXOAMMOCTH STOT BOIPOC CEAYET
U3Y4YUTh CAMOCTOSITEJILHO.

Kak y>e uaBectHo, kaaccel B Python — 310 06beKTBI. Koncrpykuusi, ucnossdyemast
ZJIs1 CO3JaHMs KJlacca, — 3TO CNEIHaIbHOE, XOPOIIO 3HAKOMOE YTBEPKAECHHUE: class
classname (expression of inheritance)'.

Kon B ckobkax — Bbipaxxenre Python, koTopoe Bo3Bpauiaer cnucok Knaccos, uc-
TI0JIb3yeMbIX B Ka4ecTBe POAHTeell HaceayeMoro kaacca. OObIYHO UX YKa3bIBAIOT
SIBHO, HO MOXKHO HCII0JIb30BaTh CJEAYIOMIMI KO/ /ISl yTOYHEHHUS CITUCKA 00bEKTOB-
poauTene:

>>> def parent():

return object

>>> class A(parent()):

cee pass

>>> A.mro()

[<class '_main__.A'>, <type 'object’'>]

! Knacc uMs_kJjacca (BbIpaKeHH!s HaClIeJOBaHUS ).
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ITOT Ko/ paboTaeT CaeAyoUIUM 06pa3oM: KJIacc A C IIOMOIIBIO object 0ObsIBIsIETCS
POAMTENBCKUM KaccoM. KiaccoBblit MeToa mro() BO3BpaILAeT nopadok paspeule-
HUsi Memodos' 111 BBIYKCIEHHs aTPUOYTOB — OH ONpe/essieT, KaK HalTH 7151 Bbl-
30Ba CJIEAYIOIMI METOJ Yepe3 AepeBO HACeOBaHUs MeXAY Kiaccamu. Tekymnas
CHCTEMa NOPsI/IKA pa3peNIeH s METO/IOB BriepBbie Oblia peann3oBaHa B Python 2.3,
1 ee BHYTpPeHHsisi paboTa onucaHa B 1okymeHTauud Python 2.3. Ona onpenensier,
KaK CHCTeMa NIPOCMATPUBAET JePEeBO HACJIEJOBAHUS MEXAY KJaCCaMu B NIOUCKaX
MeTOoza 71 BbI30Ba.

Ham u3BecTeH Kkaccuyeckuii Cocod BRI30BA METO/A B POAUTENBCKOM KJlacce Yepe3
byHKIMIO super (), HO HA CAMOM JIEJI€ U super KOHCTPYKTOD, M OOBEKT super CO3/aeTcsl
KaKABIN pa3, Koraa K HeMy obpamtaiorcst. OH NpHHAMAeT OMH UJIM {Ba apTyMeHTa:
TEePBBIit — TO KJ1ACC, a BTOPOit — MO0 MOAKIIACC, MO0 IK3eMIISAP EPBOrO apTyMEHTA.

Bosspautaemblit GpyHKIMENR KOHCTPYKTOPA OOBEKT CIYXKHUT MPEACTaBUTENEM PO-
JAMTENBCKOTO Kjacca nepBoro aprymedta. OH uMeeT CBOi COOCTBEHHBI METOJ
_getattribute_, KOTOpHBIA MpoxoaAuT Mo Ki1accaMm B cnucke MRO u Bo3Bpaaer
NepBOE COOTBETCTBYIOIIIEE M0JIe, KOTOpoe HaiaeT. MeTon _getattribute_ BbI3bIBa-
eTcsl, Koraa Bo3Bparnaetcsi aTpubyT o6bexta super () (smuctunr 7.13).

Nncrunr 7.13. OyHkuma super() B KOHCTPYKTOPE, MHCTaHUMpYIoWweM o6bekT super

>>> class A(object):
. bar = 42

. def foo(self):
.. pass

>>> class B(object):

. bar = @

>>> class C(A, B):

N xyz = 'abc’

>>> C.mro()

[<class '__main__.C'>, <class
>>> super(C, C()).bar

42

>>> super(C, C()).foo

<bound method C.foo of <__main__.C object at 0x7f0299255a90>>
>>> super(B).__self__

>>> super(B, B()).__self

<__main__.B object at 0x1096717f0>

_main__.A'>, <class '__main__.B'>, <type ‘'object'>]

! Method resolution order — MRO.
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ITpu 3anpoce atpubyTa 06BEKTA Super 3K3eMILisipa C MeTol _getattribute_ oGbex-
Ta super () npoxoaut 1o cnucky MRO u Bo3Bpaiaer aTpubyT U3 nepBoro KJacca,
B KOTOpPOM OyzieT HaiifieT aTpubyT super.

B nucrunre 7.13 super() BbI3BaH C OMOUIBIO IBYX aPTYMEHTOB, YTO 03HAYAET, YTO
OBLJI HCTIOJIb30BaH CBS3aHHBIN super 06beKT. ECiin super BbI3BaH C OAHUM apryMeH-
TOM, OH BEPHET He CBSI3aHHbI super OOBEKT:

>>> super(C)
<super: <class 'C'>, NULL>

Tak Kak 9K3eMILISIP He NepefiaH B KayeCTBe BTOPOTO apryMeHTa, OObeKT super He
MOJeT OBITb CBSA3aH HH C KAKUM 3K3eMILISPOM. JTO 3HAYMT, YTO HEBO3MOXKHO MC-
T0JIb30BaTh ITOT HECBSA3aHHBIN 0OBEKT A5 10CTYNa K atpubyTam Kaacea. [1pu no-
NBITKE CAEIATh 3TO NOSBATCS CJeAYIOLIHEe OMIUOKH:

>>> super(C).foo
Traceback (most recent call last):

File "<stdin>", 1line 1, in <module>
AttributeError: 'super' object has no attribute 'foo’
>>> super(C).bar
Traceback (most recent call last):

File "<stdin>", 1line 1, in <module>
AttributeError: 'super' object has no attribute 'bar’
>>> super(C).xyz
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
AttributeError: ‘super' object has no attribute 'xyz'

Ha nepBbIil B3r/1si1 MOXXET NMOKA3aThCsl, YTO HECBSI3aHHBIA THUT 0OBEKTa super ab-
COJIIOTHO GecroJie3eH, HO Ha CaMOM JieJle CIoco0 peasin3aliy KJIaccoM super T1po-
TOKOJIa IECKPUIITOPA _get_ Ze/1aeT HECBSI3aHHbIE OOBEKTHI MONE3HBIMHU B Ka4eCTBe
aTpubyTOB KJIacca:

>>> class D(C):

v sup = super(C)

>>> D().sup

<super: <class 'C'>, <D object>>

>>> D().sup.foo

<bound method D.foo of <_ main__.D object at @x7f0299255bde>>
>>> D().sup.bar

42
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MeTton _get_ HecBsI3aHHOTO super O6BEKTa BbI3BaH C NOMOMIbIO 3K3eMILIsIpa
super(C)._get_(D()) u anu6yTa foo B KauecTBe apryMeHTOB, MO3BOJISAIOLINX Haii-
TH U pa3pelinThb foo.

NMPUMEYAHME

Jlaxxe ecyiv BBl HUKOT/IA He CJIbILIAJIH O IPOTOKOJIE AECKPUIITOPA, TO MOTJIH UCII0JIb30-
BaTb JileKOpaTop @property 1 He 0J03peBaTh 0 HeM. [IPOTOKOJ AeCKpUNTOpa — 3TO
MEXaHHU3M, MO3BOJSIOIHIA 00bekTaM B Python npu ux MCMOB30BaHMU B KayecTBe
aTpubyTa BO3BpAIIaTh YTO-TO, KPOMeE CeOsA. ITOT MPOTOKOJ He PACCMAaTPUBAETCS
B KHHT€, HO B f0OKyMeHTaluH Python MoxHO HaliTH MHGOPMaLHKIO O HEM.

EcTp MHOXeCTBO cuTyaliii, B KOTOPBIX MCIIOJb30BaHUE super() YCJIOXHSETCS, Ha-
npuMep 06paboTKa CUrHATYp Pa3HBIX METOAOB M0 XO/Y IIETIOYKH HACJIeN0BaHU.
K coxanenuio, 0qHO3HAYHOTO peLeHust 3Toi pobeMst HeT. JIydiuasi TAKTHKA — 3TO
NPUMEHSTD TPIOK C *args, **kwargs, NP1 KOTOPOM BCE METO/ABI NPMHUMAIOT apryMEHTHI.

C nosBieHreM Python 3 super() npeTrepriejia HEKOTOPbIE H3MEHEHHUS: OHA MOXET
ObITh BbI3BaHa M3 MeTO/1a 6e3 aprymeHToB. Eciiv B super () He nepeaaTh apryMeHTHl,
OHa aBTOMaTHYeCKH Oy/IeT HCKaTh UX B CTEKOBOM KaJIpe:

class B(A):
def foo(self):
super().foo()

CrangapTHbiii crocob obpaueHust K aTpubytam poauTesiss B HOAKIACCE — 3TO
super(), ¥ BaM MPHUAETCS ee UCNOJIb30BaTh. OHA yCTPaHseT HEOXKUAAHHOCTH KOO-
NepaTUBHOTO BBI30BAa POAUTENBCKMX METO/IOB, TAKHe KaK OTCYTCTBHE BBI30Ba PO-
AMTEJIbCKUX METOJ0B MJIH MOBTOPHBIH BBI30B, B TEX CJIYYasiX, KOT/AAa HCMOJIb3YeTCsI
MHOXECTBEHHOE HaCJIe[IOBaHUE.

MTorm

3HaHus1 U3 ITOM IJ1aBbl IO3BOJISIT BaM CIIPABUTHCS C JIIOOBIMU BOMIPOCAMH 00bsIBJIE-
Hust Meton1oB B Python. /lekopatopbl He06X0aAUMBI, KOraa Aes0 KacaeTcsi (paKTOpH-
3alMH KO/, 3 TPaMOTHOE IPMEHEeHNe BCTPOEHHBIX JeKOPATOPOB MOXKET YJIyYIINUTh
€ro BHELIHU# BUl. AGCTPaKTHbIE KJIACChI MOJIE3HBI PH NpefocTaBienun API apyrum
pa3paboTYMKaM U CEpBHUCAM.

HacnenoBanue kaccoB He Bceraa ObIBa€T MOHSTHO, M BO3MOXKHOCTD 3arIsIHYTh
BHYTDPb YCTPOWCTBA s13bIKa IPOrPAaMMHPOBAHHUS — XOPOIIHI CIOCOO NPOSICHUTD 3TOT
npouecc. Tenepb y Bac He JOJKHO OCTAaThCsl BOITPOCOB 110 3TOH TeMe!



PYyHKLUUOHANbHOE
nporpaMMupoBaHue

MHorue pa3paboTtunku Python He 3HakOMbl ¢ NpuMeHeHneM YHKUMOHANBLHOO Npo-
rpaMMUPOBAHUA: 3@ HEKOTOPbLIM UCKIOYEHUEM, OHO NO3BONAET NUcaTb koA Gonee
NAKOHWYHO U 3dPekTnBHO. KpoMe Toro, noaaepxka QyHKUMOHANLHOro NporpamMu-
posaHus B Python BecbMa o6wupHa.

3Ta rnaBa OXBaTbIBAET acNeKThl QyHKLUOHANLHOro NporpaMmMupoBaHns Python, sikio-
Yan co3faHUe M UCNONb30BaHWE reHepaTopoB. Bbl y3HaeTe o0 Haubonee nonesHbix
naketax (PyHKUMOHaNLHOro NPOrpaMMUPOBAHUA U UX COBMECTHOM MCMONb30BaHUK
ANs co3pamuna apdeKTUBHOro koaa.

MPUMEYAHME

Ecau Bbl XOTHTE Cephe3HO 3aHAThCS (DYHKLMOHAIbHBIM IPOTPAMMHUPOBAHUEM, TO
BBIYYHTE A3bIK, CO3AAHHBIN CMELIMAIBHO MO 3TOT CTUJIb, HanpuMep Lisp. KoHeuHo,
pa3sroBopsi o Lisp B kHure o Python BeIriaaat nono3puresibHo, HO 3a BpeMs UCTIOJIb-
30BaHHMs Lisp Ha NpOTsKEHWM Mapbl JIeT s Hay4uJIcsi 0c060My QYHKLHOHATIBHOMY
MblueHHI0. Cl0XKHO MOJHOCTBIO MOCTUYD (DYHKLMOHAIBHOE TPOrPaMMHUPOBaHKE
TOJIBKO C UMIMEPATHBHBIMU MM 06bEKTHO-OPUEHTUPOBAHHBIMH sA3bikaMu. CaM 1o
cebe Lisp He MOJIHOCTDHIO GYHKUMOHAIBHO OPHEHTHPOBAHHBIMN, HO OH ropa3ao 6osbiie
OTpaXaer 3TOT CTHJb, yeM Python.

Co3paHune YncCTbiX PYHKLUNH

IIpn Hanucanum koaa B GYyHKUMOHAIBHOM CTUJe PYHKLMH HE UMEIOT MOOOYHBIX
3¢ deKToB: OHM NPUHUMAIOT 3HAYEHUST U BBIYMCJISIIOT UX, HE COXPAHSISi COCTOSIHUE
M He U3MeHssl HUYEero, YTO He OTPaXKeHO B BO3BpalaeMoM 3HayeHud. DyHKUuH,
KOTOpbI€ CJEAYIOT 3TOMY NPaBHJTY, HA3bIBAIOT YUCTNOIMU PYHKYUAMU.

[IpuBesem npumep 0ObIYHOM, HE YUCTOM (PYHKLIMM, KOTOpass yOUpaeT NocaeaHUM
3JIEMEHT B CIIMCKe:
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def remove_last_item(mylist):
"""Removes the last item from a list."""
mylist.pop(-1) # Moaudukauma cnucka

[lanee npuMep YKCTO BEPCUH ITOH ke PyHKUHUH:
def butlast(mylist):

return mylist[:-1] # Bo3spawaeT xonuw mylist

Mbi caenanu ¢pyHkuuIo butlast() Tako# ke, kak butlast u3 Lisp, — ata pyHkuus
BO3BpAlllaeT CIUCOK 63 MOCIeHEro 31eMEHTa U He MEHSIET U3HAYAIbHbIHA CITUCOK.
Ona Bo3BpallaeT KOMHUIO CITUCKA CO BCEMH U3MEHEHUSIMU, YTO NO3BOJISIET COXPAHUTD
HCXOAHHK.

[IpakTuyeckue npeuMyIecTBa GyHKIHOHATIBHOrO NPOrPaMMHPOBaHHs BKJIOYAIOT
crenyouee:

O MoayabHOCTb: UcaTh B GYHKUMOHATBHOM CTHJIE — 3HAYUT Pa3AensiTh npobie-
MY Ha MeJIKHe YaCTH, KOTOpble 3aTeM MOXKHO UCIIO/Ib30BaTh B IPYTUX NPOEKTAaX.
Tak kak yHKIMS He 3aBUCHT OT COCTOSIHUS UJIM BHELIHEH nepeMeHHOH, BbI30B
ee U3 IPYroi YacTH KoJa He 3aTPy/JHEH.

O KparkocTb: GyHKUMOHAIBHOE IPOrpaMMUPOBaHue Hoslee TaKOHUYHO, YeM ApY-
rye MapajiurMbl NPOrpaMMHUPOBaHMUS.

O Hapamnennam: yncrbie GyHKuMY Ge30MacHbl 4711 NOTOKA BBINOJHEHUS U MO-
ryT paboratp napauienabHo. Hekoropbie pyHKIIMOHANBHBIE SI3BIKU J€/AIOT 3TO
AaBTOMATHYECKH, YTO OYEHb MMOMOTAeT NPU MAcIITAOUPOBAHUU NPUJIOKEHHH.
[IpaBaa, k Python sTo0 He oTHOCHUTCSI.

O TecTpyeMoCTb: TeCTUPOBaTh (QYHKIIMOHAJIBHYIO IPOrPaMMy OY€Hb MPOCTO:
BC€, YTO BaM HA/IO C/IeJ1aTh, — 3TO HACTPOUTb BXOAHBIE JaHHDIE M 0)XKUaeMble
BBIXOZIHbIE aHHble. OHU OyaAyT udemnomenmmusl, TO €CTh BbI30OB O/THOM U TOH
e PyHKUHHU C TeMH XKe aprymeHTamu Oy/leT Bo3BpallaTh O/IUH U TOT XKe pe-
3yJIbTaT.

FeHepaToOpbl

Tenepamop — ato o6bekT, Beayumii cebst Kak HTepaTop, KOTOPbI FeHEPUPYeT 1 BO3-
BpallaeT 3HaYyeHHe TIPU KaX/10M BbI30Be METO/Ia next (), 10 T€X MOP MOKa He OyaeT
BbI3BaH StopIteration. [eHepatopsl, BriepBbie npeactaBiaelHble B PEP 255, npex-
JIAraloT NpocToi cnocob co3aanusi 06bEKTOB, PEATU3YIOLIUX NPOMOKON UMEPAUUU.
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XoTsi nucaTh reHepaTopbl B GYHKLMOHATIBHOM IPOrPAMMHPOBaHKH He 00s13aTeIbHO,
caenarb ux OyaeT Mosie3Ho A/st OTJIAAKU NPUIIOKEHUS, YTO SBJISIETCS PaCPOCTpa-
HEHHOH NPaKTUKOH.

Jlnsi co3aaHust reHepaTopa HanUMmUTe 0ObIYHYI0 PYHKLHIO, COAEPXKAILYIO YTBEPIK-
nenue yield. Python o6HapyXuT ucnonb3oBaHue yield M OTMETUT DYHKUHMIO KaK
reHeparop. Korza BbinosiHeHWe JOCTUTHET YTBEPXKAEHHUs yield, PyHKIIHA BepHeT
3HaYeHHe Kak 0OBIYHO, HO C OHUM UCKIIIOYEHHEM: MHTEPIIPETATOP COXPAHUT CCBLIKY
Ha cTeK u OyJeT UCNOJIb30BaTh €€ ISl MPOJAOIKEHHUs BbINOJIHEHUS QYHKILMH NPU
cJienyoneM BbI30Be (PYHKIIMH next ().

Koraa pyHkuus BoinonHsieTcsl, Lenoyka BbINOJHEHUH CO3/aeT CMmeK — Nocjie0Ba-
TeJbHBIN BbI30B yHkuuit. Koraa dyukuus 3aBepuiaet paboty, OHa H3bIMAETCS U3
CTeka, a 3HayeHHe, BO3BpallleHHOe €lo, NepeaeTcst caeaywoueid ¢pynkuun. B cay-
Yae ¢ reHepaTopoM (PyHKIHMS He 3aBepiaer paboTy, a BHIMOJIHSIET KOMaHIY yield.
Python coxpansiet cocrosinue pyHKIMH Kak CCBLIKY Ha CTeK, BO30OHOBIsAs paboTy
reHeparopa B TOii TOUKe, I7le OHa ObliIa COXpaHeHa, KOraa MOHAA00UTCs Clieayouas
uTepauus reieparopa.

Co3paHue reHeparopa

Kak y>ke ynmoMuHanocn, reHepaTop co3/1aeTcsi Kak 0ObiuyHast PyHKIUSA, HO C BKJIIOYEHH-
eM yield B Tes10o pyHkuuu. JluctuHr 8.1 co3naer reHepaTop ¢ KMeHeM mygenerator (),
cozepKaiuii TpH yield, YTO O3HaYaeT, YTO OH OyzIeT UTEPUPOBATD CJIEAYIOLIME TPH
BbI30Ba next().

Nucrunr 8.1. Co3aaHne reHepaTopa C TpeMsi UTepaumnsaMm

>>> def mygenerator():

v yield 1

e yield 2

ces yield ‘a’

>>> mygenerator()

<generator object mygenerator at 0x10d77fa5e0>
>>> g = mygenerator()

>>> next(g)

1

>>> next(g)

2

>>> next(g)

‘a
>>> next(g)
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Traceback (most recent call last):
File "<stdin>", line 1, in <module>
StopIteration

[Tpu okoHYaHUU yTBepKAeHUH yield StopIteration BbI3bIBAE€TCSA BO BPEMS Cleny-
I011Iero BbI30Ba next ().

[eHepaTop XpaHUT CCHUIKY Ha CTeK, Koraa QpyHKIMs NpUMeHsieT yield, H BO306HOB-
JIsieT 3TOT CTEK, KOr/la CHOBA BHITIOJIHAETCS BbI30B next ().

Ecnn NPOBOAUTD UTEPALIUIO JAHHbIX 6e3 reHeparopa, To CHavyaJjia IpyuaAeTCs BOCCO34aTh
BCe JaHHbIE, YHTO B€CbMa PaCTOYUTE/IbHO C TOYKU 3PEHUSA UCIIOJIb30BAHUA NAMATH.

JlonyctumM, Haxo HalTH nepBoe yuco, pasHoe 50 000, B cniucke ot 1 xo 10 000 000.
IIpocreiimas 3agaya. Ho ectb ogHo ycnoBue: namsth orpaHudeHa 128 M6. Ecau
nonpo6oBath rpy6blii METO/I IO BOCCO3/IaHMIO MHTEPBAJIA JaHHBIX:

$ ulimit -v 131072
$ python3
>>> a = list(range(10000000))

TO BC€ 3aKOHYUTCS BbIBOIOM cnezlylomeﬁ OLIHOKH:

Traceback (most recent call last): File "<stdin>", line 1, in <module>
MemoryError

OxazbiBaetcs, 10 000 000 snemenToB B 128 M6 namstu He Bae3et!

BHUMAHME

B Python 3 range() BosBpawaer renepaTop npy urepaunu. st noayyeHHs reHe-
patopa B Python 2 Heob6xoaumo ucnosib3oBarh xrange(). Ita yHKUMs ycTapena
u boabie He cymwecryer B Python 3.

JlaBaiite nonpobyeM UCMOJIb30BaTh BMECTO 3TOTO FEHEPATOP, HO C TAKMM e Orpa-
HuueHueM B 128 M6:

$ ulimit -v 131072

$ python3

>>> for value in range(10000000) :
cee if value == 50000:

. print("Found it")
eee break

o s

Found it
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B atot pa3 nporpamma BbinosiHeHa 6e3 omn6ok. 11pu urepanuu knace range () Bo3-
BpalllaeT reHepaTop, AMHAMUYeCKH CO3AI0IIHH CMIMCOK LeJIOYHCIEHHBIX 3HaYeHUH.
Bonee Toro, nockosbky Hano HaiT yucsao 5O 000, BMecTo co3aanus MOJTHOTO CIU-
CKa reHepartop J0JkeH Ob11 co3aath Toabko 50 000 yncesn, npexae YeM 3aBEpPUINTD
pabory.

CosgaHue 3HauYeHHi N0 X0ty pabOThI TO3BOJISIET reHepaTopy 00pabaThiBaTh 60JbILKE
HabOoPbI JaHHBIX C MUHUMAJIbHBIMHU 3aTPAaTaMM NaMSITH Y BBIYMCIIUTENbHBIX IUKJIOB.
Kaxnablit pas, koraa Heo6xoaMMo paboTaTh ¢ GOJIBIINM KOJUYECTBOM 3HAYEHHIA,
reHepaTopbl oMoryT 3¢dpexkTBHO 06paboTaTh HX.

Bo3spaujeHne u nepepaua 3HaueHus ¢ noMmouybio yield

YrBepxkaetue yield umeet 60jee peakoe NPUMEHEHHE: OHO MOXET BO3BpalllaTh
3HayeHHe TaK ke, KaKk ¥ BbI30B (PYHKIMK. ITO O3BOJISIET NIEPelaBaTh 3HAYEHUS B re-
HepaTop C IOMOLIBIO BbI30Ba MeToAA send(). B kayecTBe mpuMepa UCMOIb30BaHUSA
send() HanmumeM (QYHKIHIO C UMeHeM shorten(), NPUHUMAIOLIYIO CITUCOK CTPOK,
a BO3BPALAIOILYIO YCEYEeHHBIH CITUCOK TeX Xe CTPOK (JIMCTUHT 8.2).

Nucruar 8.2. Bo3spalieHne 1 ucnonb3osaHne 3Hauexus ¢ send()

def shorten(string_list):
length = len(string_list[@])
for s in string_list:
length = yield s[:length]

mystringlist = ['loremipsum’, 'dolorsit’, 'ametfoobar']
shortstringlist = shorten(mystringlist)
result = []
try:
s = next(shortstringlist)
result.append(s)
while True:
number_of_vowels = len(filter(lambda letter: letter in 'aeiou’, s))
# YcekaeMm cneaywouyio CTpPOKY
# B 3aBUCUMOCTM OT KOAWMYECTBA FNacHbIX B NpOWNOH CTpoke
s = shortstringlist.send(number_of_vowels)
result.append(s)
except StopIteration:
pass

Yceuenue 3akaoyaercsi B COKpalll€eHHUH AJIHHBI CTPOKH 10 KOJHUYECTBA IVIACHDbIX
B NpeAUIECTBYIOLIIEM CJIOBE: loremipsum HUMeEET YeTbIPpE IrjlaCHbIE 6yKBbI, MO3TOMY
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CJIeflyolIiee 32 HUM CJIOBO Oy/IeT COKPALEHO 110 YETHIPEX MEePBBIX 3HAKOB; U3 dolorsit
0JYYUI0Ch dolo, B KOTOPOM /IBa IJIaCHBIX 3BYKa, — 3HAYMT, CJIEAYIOlIee CIOBO
ametfoobar 6ynet coxpaieto xo am. Ha aTom reHepatop 3akaHunBaeT paboTy U Bbl-
3bIBaeT StopIteration. 3HayeHHe, BO3BPALIEHHOE TEHEPATOPOM:

['loremipsum’', ‘'dolo‘', 'am']

Wcnonb3oBaHue yield u send( )no3Bossiet reHeparopam Python paborats B kauecTBe
conpozpammyt, Kak B APYTUX A3blkaX, HanpumMep B Lua.

PEP 289 npeacraBuin reHepaTop BhIpaXkeHHi, MO3BOJSIIOMUN CO3aBaTh OAHO-
CTPOYHbIE TEHEPATOPbI, KOTOPbIE UCMOIb3YIOT CHHTAKCUC, MOXOXKUI Ha CIIUCKOBOE
BKJIIOYEHHE:

>>> (x.upper() for x in ['hello’', 'world'])
generator object <genexpr> at @x7ffab3832fa0>

>>> gen = (x.upper() for x in ['hello’, 'world'])
>>> list(gen)

[ 'HELLO', 'WORLD']

B 5TOM mpuMepe gen — reHeparop, Kak ecjiu Obl MBI MCIIOJIB30BATH YTBEPXKAEHUE
yield. IIpocTo B 3TOM Cayyae yield — HesABHBII.

inspect n reHeparopbl

YT106BI ONpEAEuTh, ABASETCS 1 (QYHKIKsI FEHEPATOPOM, UCIOb3YyiiTe inspect.
isgeneratorfunction(). B nucrunre 8.3 co3gan npocToii reHepaTop ¥ NPOBOAUTCSA
€r0 NpOBepKa.

Jincrunr 8.3. MNposepka ¢GyHKUKUKN reHepaTopa

>>> import inspect

>>> def mygenerator():

ces yield 1

>>> inspect.isgeneratorfunction(mygenerator)
True

>>> inspect.isgeneratorfunction(sum)

False

WmMnoprupyiite naker inspect AJsi HCOJAb30BaHUsS isgeneratorfunction() u Aa-
Jiee nepenaite UMs PyHKIMHU A MpoBepkH. YTeHUe UCXOAHOrO Ko/a inspect.
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isgeneratorfunction() JAacT 110/icka3ky, Kak Python orMeuaet ¢pyHKuMH, Ha caMOM
niesie sIBASIIOLIMeECs reHepaTopaMy (JUCTHHT 8.4).

Jincrunr 8.4. VicxoaHbiit koa inspect.isgeneratorfunction()

def isgeneratorfunction(object):
"""Return true if the object is a user-defined generator function.

Generator function objects provides same attributes as functions.
See help(isfunction) for attributes listing.”""

return bool((isfunction(object) or ismethod(object)) and
object.func_code.co_flags & CO_GENERATOR)

Oynkuus isgeneratorfunction() npoBepsier, siBasieTcst 00beKT GYHKIHEH HIH
METOJOM U UMeET JIH €Tr0 KO/ YCTAHOBJIEHHYIO METKY CO_GENERATOR. TOT NMpUMep
IOKa3bIBAET, KaK JIETKO MOXHO pa3o6paTbcsi BO BHYTpeHHeM ycTpoiictee Python.

[Taket inspect obecnieunBacT HyHKIMIO inspect.isgeneratorfunction(), ko-
TOpasi BbIAAeT TEKyllee COCTOsIHME reHepaTopa. B nmpuMepe oHa ucnoabayercs
C mygenerator () Ha Pa3HbIX HTANAX BHINOJIHEHHUS IPOrPAMMBbI:

>>> import inspect
>>> def mygenerator():
yield 1

>>> gen = mygenerator()
>>> gen
<generator object mygenerator at 0x7f94b44fec30>
>>> inspect.getgeneratorstate(gen)
© 'GEN_CREATED'
>>> next(gen)
1
>>> inspect.getgeneratorstate(gen)
® 'GEN_SUSPENDED'
>>> next(gen)
Traceback (most recent call last):
File "<stdin>", 1line 1, in <module>
StopIteration
>>> inspect.getgeneratorstate(gen)
® 'GEN_CLOSED'

ITO N03BOJISIET ONPEENUTD, XK/IeT reHepaTop 3anycka Bnepsbie(GEN_CREATED) @,
XKIET BbI30Ba next () AJ1s IPO/I0JIKeHUsI pabOThI(GEN_SUSPENDED) @ MJIM 3aKOHYMI
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BbINOJIHEHHE (GEN_CLOSED) @. ITO MOXeT OBITh MOJIE3HBIM IS OTJIAAKH TeHepa-
TOPOB.

Cnuckosoe BKJ/IlOUEeHMUe

Cnuckosoe exnouerue NO3BOJSIET ONPEIENSTh COAEPAKUMOE CITUCKA, BCTPOEHHOE B €T0
onucaxue. YTo6bl NPOM3BECTH CIMCKOBOE BKJIIOYEHHE, HY)KHO 00EPHYTh CIIMCOK
B KBapaTHble CKOOKHM M BKJIIOYMTb BbIPaXXeHHE, KOTOPOe CreHepHpyeT 3J1eMEeHThI
cnucka U uuka for a1 npoxoaa no HuM. Creayowuii npuMep co3aaeT CUCOK Ge3
MCIOJIb30BAHHS! CNIUCKOBOTO BKJIIOUEHHUS:

>»> x = []

>>> for i in (1, 2, 3):
e x.append(i)

>>> X

(1, 2, 3]

B 3TOM nnpuMepe 1cnosnb3yeTcst CNUCKOBOE BKITIOYEHHE /IS CO3/IaHH s TOTO JKe CIIMCKa
B OJHY CTPOKY:

>>> x = [1 for i in (1, 2, 3)]
>>> X
(1, 2, 3]

Wcnonb3oBaHKe CNMCKOBOrO BKJIIOYEHHs! MMeET /1Ba MPEHMYILECTBA: HAITMCAHHbIH
KOJI MOJIy4aeTCsi KOPOoye, a 3HAYUT, BHITIOIHSIETCs1 ObICTPEe 3a CYET MEHBIIETO KO-
JnyecTBa onepanui. BMecTo cos3zanms cnucka 1 MHOrOKpaTHOrO BbI30Ba append
Python MoxeT BbI3BaTh CIIUCOK 3JIEMEHTOB U NIEPEMECTUTD UX B HOBbII CIIMCOK 32
O/IHY OTIepaLHIO.

Mo3HO0 HCTIOIB30BATh HECKOJIBKO YTBEPXKAEHHIA for U yTBepxXAeHUH if 11 Punb-
TPallUU COAEP>KUMOro. B npumepe HUXke CO3/1aH CIIMCOK CJIOB C UCHOJIb30BaHHEM
CIIMCKOBOTO BKJIIOYEHHS /IS HAMCAHUsl KaX/0TO 3JIEMEHTA C 3arJIaBHON OYKBBbI,
pasieieHHs] 3JIEMEHTOB M3 HECKOJIBKUX CJIOB Ha OT/AEJIbHbIE CJI0BA U yJAaJeHHs
YaCTHUIBI 07

x = [word.capitalize()
for line in ("hello world?", "world!", "or not")
for word in line.split()
if not word.startswith("or")]

>>> X

['Hello', 'World?', 'World!', 'Not']
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ITOT KOJ MMeeT JBa LIMKJIA for: MePBbIH MPOXOIUT MO TEKCTOBBIM CTPOKaM, a BTO-
poii — 1o c10BaM Kaxxaou cTpoku. PuHanbHoe yTBepKAeH e if puabTpyer ciosa,
HAYMHAIOLINECS HA 07, i UCKTIOUEHHs U3 (PUHAIBHOTO CITHCKA.

Hcnonbs3oBaHue CIMCKOBOrO BKJIIOUYEHHUS, a He IIMKIA for — JIAKOHUYHBIH cnocob
6bICTpO 06baBAsATh ciucKU. CTOUT OTMETUTD, YTO CIIUCKH, NIOCTPOECHHDbIE YEepE3
CIIUCKOBOE BKJIIOYEHUE, HE NOJI)KHBI 3aBUCETH OT UBMEHEHHNS COCTOSAHUSA MPOTrPpaMMBbl:
HeJIb3sd U3MEHATDH NMepeMEeHHbI€ BO BpeMA CO30aHUA CIIUCKa. O6bIYHO 3TO JEJaAET
CIHUCKH 60J1ee TAKOHMYHBIMU U MPOCTbIMH J11 IOHUMAHUS, YEM CITUCKH, CO3JlaHHbIE
APYruM METOAOM.

3anmoMHuTe TAKXe, YTO €CTb CUHTAKCHUC AJId CO3JaHUs cnoaapei’i HJIN MHOXECTB
B MMOXOXeMl MaHepe:

>>> {x:x.upper() for x in ['hello’', 'world']}
{'world': 'WORLD', ‘hello': 'HELLO'}

>>> {x.upper() for x in ['hello', ‘world']}
set(['WORLD', 'HELLO'])

®YHKUNKN DYHKLUMOHANLHOIO CTUNSA

Korzaa Bbl paboTaeTe ¢ JaHHBIMH, HCTIO/B3YS1 (DYyHKUMOHATBHOE TPOrPAMMHUPOBaHHE,
TO MOCTOSIHHO CTJIKUBAETECh C OHUMH U TeMH ke npobsieMamu. UTobbl addexTusHO
pasobpartbcs ¢ Humu, Python copepxut psia dyHkunit a1st GyHKUMOHANIBHOTO Mpo-
rPaMMHPOBaHHS. DTOT pa3/iesl JaCT KPaTKHii 0030p HEKOTOPBIX U3 3THX BCTPOEHHBIX
(yHKLUI, TO3BONAIOLIMX CO3aBaTh NONHOGYHKLMOHAIbHBIE MporpamMMsl. [Toayuus
Npe/CTaBJeHKe O JOCTYIHBIX OIIMSX, U3YYHTeE 3TOT BONPOC AaJiblile 60Jiee mogpoOHO
Y UCIIOJIb3YyHTe 3TH (PYHKLUU B KOZeE.

NpuMmeHeHne PyHKUNIA K 3neMeHTaM ¢ noMolybio map()

OyHkuust map() uMeeT BUa map(function, iterable) U npuMeHsieT (PYHKUHMIO K Kax-
JIOMY dJIEMEHTY B iterable 151 Bo3BpaTa cnycka B Python 2 unu urepupyemblii
06beKT accouuatuBHoro Maccusa B Python 3 (iuctunr 8.5).

Jincrunr 8.5. NpumeHenne map() 8 Python 3

>>> map(lambda x: x + "bzz!", ["I think", "I'm good"])

<map object at @x7fe710labdde>

>>> list(map(lambda x: x + "bzz!", ["I think", "I'm good"]))
['T thinkbzz!', "I'm goodbzz!"]



OyHKUUM yHKUMOHanbHOro ctuns 157

Bbl MOkeTe HanucaTh S5KBUBAJIEHT map( ), HCMOJb3Ysl CIUCKOBOE BKJIIOYEHUE:

>>> (x + "bzz!" for x in ["I think", “"I'm good"])
<generator object <genexpr> at 0x7f9a@d697dco>
>>> [x + "bzz!" for x in ["I think", "I'm good"]]
['T thinkbzz!', "I'm goodbzz!"]

dunbTpaymusa cnucka ¢ nomowybio filter()

(I)yHKuml filter() umeer BuA filter(function or None, iterable) u GuABLTPY-
€T 3JIeMEHTHI B iterable Ha OCHOBe pe3yJibTaTa BO3BpaIleHHOro function. [lpu
ncnosnb3oBanuu B Python 2 ato BepHer cnmcok, a B Python 3 — urepupyemsiit
0o0beKT filter:

>>> filter(lambda x: x.startswith("I "), ["I think", "I'm good"])
<filter object at @x7f9a@d636dde>

>>> list(filter(lambda x: x.startswith("I "), ["I think", "I'm good"]))
['T think']

Tak:ke ¢ TOMOILBIO CTUCKOBOIO BKJIIOYEHUST MOXKHO HaIlMCaTh aHajor filter():

>>> (x for x in ["I think”, "I'm good"] if x.startswith("I "))
<generator object <genexpr> at 0x7f9a@d697dco>

>>> [x for x in ["I think", "I'm good"] if x.startswith("I ")]
['I think']

MonyuyeHnne nuaexkcos ¢ enumerate()

Dyukuus enumerate() uMeeT BUJ enumerate(iterable[, start]) v Bo3BpaIlaer
UTEPUPYEMBIN 0OBEKT, 06ECIIEYMBAIOILI MTOCTIEN0BATEIBHOCTD KOPTEXKEH, KaKIbIit
13 KOTOPBIX COJEPXKHUT LIEJIOUUCIEHHBINA MHEKC (HauMHas CO start, ec/li yKa3aTb)
¥ COOTBETCTBYIOLIHI1 31EMEHT U3 iterable. ITa QYHKIMs MOIE€3HA, KOTAa HEOOXO-
AMMO HaIMUCaTh Koz, oOpaiaonuics K uHaekcam Maccusa. Hanpumep, BMecTo Toro
4TOObI MUCATD TaK:

i=0

while i < len(mylist):
print("Item %d: %s" % (i, mylist[i]))
i+=1

MO>KHO HAIUCATh TO XK€ CaMOe, HO C enumerate():
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for i, item in enumerate(mylist):
print("Item %d: %s" % (i, item))

CopTnposka cnucka ¢ nomouybio sorted()

d)ymcunﬂ sorted() uMeeT BU/ sorted(iterable, key=None, reverse=False) 4 BO3-
BpalllaeT OTCOPTUPOBAHHYIO BEPCHIO iterable. ApryMeHT key M03BOJIsi€T BCTaBUTh
(¢yHKLHIO, BO3BpAIIAIOILYIO 3HAYEHHUE /ISt COPTHPOBKH:

>>> sorted([("a", 2), ("c", 1), ("d", 4)])

[((a', 2), ('c', 1), ('d', 4)]

>>> sorted([("a", 2), ("c", 1), ("d", 4)], key=lambda x: x[1])
[('c‘) 1)’ ('a'l 2)) ('d'l 4)

Mounck anemMeHToB No ycnosuio ¢ nomMouwbio any() unum all()

CDyHKuvm any(iterable) mall(iterable) Bo3BpalaOT 6leeBo 3HauyeHHe B 3aBUCHU-
MOCTH OT 3HaU€HHH, BO3BpaIllaeMbiX iterable. ITU NpocThie GYHKLUNN S9KBUBAJIEHTHBDI
cleaylomeMy Koay:

def all(iterable):
for x in iterable:
if not x:
return False
return True

def any(iterable):
for x in iterable:
if x:
return True
return False

ITH QYHKUMH ONIe3HbI IS IPOBEPKH COOTBETCTBHUS OTAE/bHBIX UJIM BCEX 3HAYEHHI
B iterable Ha 3aJaHHOe yciaoBue. Hanpumep, cienyiomuii Ko npoBepsieT CIMCOK
Ha /[Ba YCJIOBHSL:

mylist = [0, 1, 3, -1]
if all(map(lambda x: x > @, mylist)):
print("All items are greater than 0")
if any(map(lambda x: x > 0, mylist)):
print("At least one item is greater than 0")
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PasHuna Mexxay HUIMH B TOM, 4TO any () BO3BpallaeT True, KOraa XoTs 6bI OUH 3J1€-
MEHT Y/JIOBJIETBOPSET YCJAOBHIO, B TO BpeMs Kak all() Bo3BpallaeT True, ECIH BCe
3JIEMEHTBI YAOBJIETBOPSIOT ycaoBuio. DyHkuus all() Takxe BO3BPATHT True JJis
NyCTOI UTEPALIMH, TaK KaK HU OIUH 3JIEMEHT He SIBJIACTCA False.

Kom6uHupoBaHue cnuckos ¢ noMoubio zip()

Oyukuus zip() umeer Bua zip(iterl [,iter2 [..]]). OHa NpUHMMAET HECKOIBKO
BBIPAXKEHUH U OOBEAUHSIET UX B KOPTEXHU. JTO MOJIE3HO, KOTAa HEOOXOAUMO CKOM-
OGUHMPOBATH CIIMCOK U3 KJIIOYEH U CIMCOK U3 3HaYeHHi B c1oBapb. Kak u ¢ gpyrumu
GyHKIMAMH, ONIMCAaHHBIMU B 3TOM pa3fedie, zip() Bo3Bpauaet B Python 2 cnucok,
a B Python 3 — urepupyemsiii 06bekT. B piMepe conocTaBsIOTCS CUCKH KI0YeER
W 3HAYEHUI U151 CO3/1aHUs CJIOBAPSI:

>>> keys = ["foobar"”, "barzz", "ba!"]

>>> map(len, keys)

<map object at 0@x7fc1686100d0>

>>> zip(keys, map(len, keys))

<zip object at 0x7fc16860d440>

>>> list(zip(keys, map(len, keys)))
[('foobar', 6), ('barzz', 5), ('ba!’', 3)]
>>> dict(zip(keys, map(len, keys)))
{'foobar': 6, 'barzz': 5, 'ba!': 3}

OYHKLUNOHANbHDLIE ®YHKLIUX B PYTHON 2 1 3

Bo3MoxHO, Bbl 0bpaTunu BHMManue, yto B Python 2 u Python 3 Bo3Bpaliaembie Tunbl
OTNMYaOTCS. BONbLUMHCTBO YMCTbIX yHKUMIA B Python 2 BO3BpalaloT CNMCOK, a He
UTEpUPYEMbIV O6BEKT, YTO AenaeT ux MeHee AhhEKTUBHBIMU B BOMPOCaX UCTIONb30BaHUS
namsaTh, Yem ux adanoru u3z Python 3.x. Yutute, Haubonee 3¢ heKTUBHO UCNONL30-
BaTb (hyHKUMOHanbHoe nporpamMmupoBaHue B Python 3. Ecnu Bbl Bee ewe pabotaere
¢ Python 2, To Mogiynb itertools U3 ctaHaapTHOM BUBMOTEKM 0BecneqnBaeT noxoxue
(byHKLMM Ha OCHOBe muTepaumnn (itertools.izip(), itertools.imap(), itertools.
ifilter()u T. 4.).

PelweHne pacnpocTpaHeHHbIX npobnem

[lanee Mbl paccMOTpUM OYeHb BakHbIH MHCTPYMeHT. [Ipu pabote co cnuckamu
4acTO HY>KHO HaWTH MEPBBIN 3JIEMEHT, yIOBJIETBOPSIOLINI ONpe/ieleHHOMY yCJIO-
Bu10. CyIecTByeT MHOECTBO PeIeHui 3Toi NpobyeMbl, HO caMblii 3 PEKTUBHBIA
crnocob — aTo naker first.
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Mouck anemeHTa C NOMOLLLIO NPOCTOro KoAa

Mo>kHO HaiiTH NePBBIH 3JIEMEHT, YIOBJETBOPSAIOIINI YCIOBUIO, C TOMOIIBIO PYyHK-
LMY BPOJE 3TOM:

def first_positive_number(numbers):
for n in numbers:
if n > 0:
return n

MoxHo nepenucatb 3Ty QyHKUMIO first_positive_number() B (byHKIIMOHAIBHOM
CTHJIE:

def first(predicate, items):
for item in items:
if predicate(item):
return item

first(lambda x: x > @, [-1, 0, 1, 2])

IIpu ucnonbzoBanun HyHKLHOHATIBHOTO MOAXOAA, Ile MPEAUKAT NepelaeTcs Kak
apryMeHT, GyHKIUs1 CTAHOBUTCS JIETKO MOBTOPHO UCMO/b3yeMoil. Ee MoxHO Ha-
nucarb 6oJiee TaKOHUYHO:

# Less efficient

list(filter(lambda x: x > @, [-1, 0, 1, 2]))[e]
# Efficient

next(filter(lambda x: x > @, [-1, @, 1, 2]))

O6paruTte BHMMaHKe, YTO OyA€eT BbI3BaHA OLIMOKA IndexError, eCJIM HU OIMH 3JIEMEHT
He Y/IOBJIETBOPSIET 3alaHHOMY YCJIOBHIO, TOTOMY Kak Oy/ieT BO3BpalLeH ITyCTOM CIIMCOK.

st mpocTeIX clyyaeB MOXHO UCIOJIb30BaTh next(), 4yT0OBI H36€XKaTh BHI30BA
IndexError:

>>> a = range(10)
>>> next(x for x in a if x > 3)
4

Jluctunr 8.6 BbI30BeET StopIteration, eciid yCI0BHE HE MOXET ObITh YIOBJIETBOPEHO.
ITO TaKkXe MOXKHO PELIUTD, 10OaBUB BTOPOM apryMeHT next ().

JNincruur 8.6. Bo3spaT 3HaYeHMs N0 YMOMYAHUIO NPU HEBLINONHEHUN YC/IOBUS

>>> a = range(10)
>>> next((x for x in a if x > 10), 'default’)
'default’
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[IprmMep Bo3BpalLaeT 3HaYeHHE 110 YMOTYaHHIO, a He OLIUOKY, KOT/Ia yC/IOBHE He BbI-
nosnneHo. K cuyacteio, Python npegocrasisier naker anst 06paboTku 3THX CHTYaLHUH.

Monck anemenTa ¢ nomouybio first()

YTo6BI HE MUCATH CAMOCTOSITEIBHO (PYHKIHIO U3 JIUCTUHTA 8.6, MOXKHO BOCTIOJIb30-
BaTbCs nakeToM first. JIuctuur 8.7 mokasbiBaeT, KaK 3TOT MMaKeT ITO03BOJISIET HAUTHU
NepBbIH 31EMEHT, YA0BJIETBOPSIOLINIA 3aJaHHOMY YCJIOBHIO.

Jincruur 8.7. Nonck Nepsoro 3NeMeHTa B CNUCKE, YAOBNETBOPSAIOWErO 33AaHHOMY
yCrnosuio

>>> from first import first

>>> first([@, False, None, [], (), 42])

42

>>> first([-1, 0, 1, 2])

-1

>>> first([-1, 0, 1, 2], key=lambda x: x > @)
1

Bunano, yto pyHkuus first() Bo3BpaliaeT nepBbiil NOAXOASIINMA HEMYCTOM 371eMEHT
B CIIUCKE.

Ucnonb3osaHue lambda() c functools

lambda() ucmonb30Basack B 6OJBIIOI YacTH MPUMepOB U3 3Toi riaBbl. DyHKIHA
lambda () 6s11a 106aBieHa B Python pist coneiictust hynkumsM byHkuroHanbHOro
[IPOrpaMMHpPOBAHUsA, TAKUM KakK map() 4 filter(), KOTOpbIE B IPOTUBHOM Cjy4ae
norpe6oBasiu Obl HAMMCAHHUST HOBBIX (DYHKILIMIT O KaXK/I0€ IPOBEPsIEMOE YCIOBHE.
Jluctunr 8.8 — 310 3KBUBaJeHT ucTHHra 8.7, HO HanKMCcaHHbIA 6e3 lambda().

Nncrnur 8.8. Mouck Nepeoro aneMeHTa B CNUCKE, YAOBNETBOPAIOLLErO 3a4aHHOMY
ycnosuio, 6e3 ucnonb3osanua lambda()

import operator
from first import first

def greater_than_zero(number):
return number > @

first([-1, 0, 1, 2], key=greater_than_zero)

IJToT KOA paboTaeT Tak e, KaKk U KoJ U3 JucTuHra 8.7, Bo3Bpaluasi nepBblid He-
NYCTOM 3JIEMEHT, yI0BJETBOPSIOIIUI YCIOBHIO, HO [eJIaeT 3TO GoJsiee TPOMO3KO.
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Y1066l BEPHYTH [EPBOE YKCJIO B BHIPAXKEHHH, KOTOPOE VTHHHEE, YeM, K IPUMEDY, 42,
NPHLLIOCH Obl 0OBIBAATD MOAXOAALLYIO DYHKINIO Yepe3 def, a He MPEACTABJIATH €€
B OJTHOU CTpPOKE C BBI30BOM first().

Hecmotpst Ha y1o6CcTBO npriMeHenusi lambda(), y Hee ecTh CBOM HegocTaTku. Mo-
AyJb first COAEPKHUT apryMeHT key, KOTOPBII MOXXHO HCIIOJIb30BAaTh IS CO3/LaHUST
byHKUMM, TPUHUMAIOLIEH KaXKABIH 3/IEMEHT Kak apTyMeHT 1 Bo3Bpaliasolieii 6yieBo
3HayeHHe, KOTOpPOe yKa3blBaeT, yAI0BJIETBOPSAET UM He YJOBJIETBOPSIET 3JeMEHT
3agaHHOMY ycioBulo. OJJHaKO HEBO3MOXKHO NepeAaTh QyHKUUIO key — JJ1s1 3TOTO
nonaaoburcs 6osiee OAHOM CTPOKH, TOTAA Kak JsIMOa-0nepaTop J0JXKeH ObITh 3a-
IKCaH B O{HY CTPOKY. DTO IJIaBHOE OrpaHUyeHue JIsIMOZ.

BMecTo 3TOro npuuuiock 6b1 BEpHYTHCS K F(POMO3AKOMY HAMMCAHHMIO HOBO#M QYHKIIUH
JJIS KaX0ro HeobxoaumMoro key. Maun?..

ITOro MokHO U36eKaTh C MOMOILBIO MakeTa functools ¥ MeToza partial(), KOTOPbIit
npeznocTasJisieT Gosiee ru6KyI0 ansrepHaTHBY lambda(). Meroa functools.partial()
M03BOJISIET CO3aTh QYHKIMIO-00€PTKY C HEOXKUIAHHBIM IOBOPOTOM: BMECTO U3Me-
HeHUsI NoBeJeHHs1 PYHKLUHMH OHA U3MEHSIET I10JyYyaeMble apTyMEeHThI KaK B IpUMepe:

from functools import partial
from first import first

o def greater_than(number, min=0):
return number > min

e first([-1, 0, 1, 2], key=partial(greater_than, min=42))

Cosnana HoBasi GyHKLUA greater_than(), o yMo4aHHIo paboTaronias Kak U cTapast
greater_than_zero() u3 uctuHra 8.8, Ho 3Ta Bepcusi NO3BOJISAET YKa3aTh 3HAYEHUE,
C KOTOPbIM HEOOXOAMMO CPaBHUBATH (P, TOTAA KaK PaHbIlie OHO OBLIO KECTKO
3akoaupoBaHo. B npumepe Boile nepexaercs functools.partial() B PyHKIHIO
Y 3HaYeHue 151 min @, a BO3BPalLiaeTcsi HOBast PyHKUHMs, y KOTOPOH min yCTAaHOBJIEHO
Ha 42, Kak 6110 He06x0AMMO B @. [[pyriuMu c10BaMH, MOXKHO HamucaTh (GyHKIHIO
Y UCNOJIb30BaTh functools. partial() AJist HACTPOHKHU NMOBEAEHUS HOBBIX (DYHKIIHIA
noJ Heo6XOAMMYIO 3a/1auy.

ITY BEPCHIO MOXKHO cllesIaTh Kopoue. B npuMepe cpaBHUBaIOTCS JiBa YMCIIa, 2 MOZLY b
operator ysxe uMeeT (PYHKLUIO UISI ITOM 3a/1a4H:

import operator
from functools import partial
from first import first

first([-1, @, 1, 2], key=partial(operator.le, 9))
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3T0 npuMep TOro, Kak functools.partial() paboTaeT C MO3UIHOHHBIMU apTyMeH-
taMH. B 3TOM ciiy4yae ¢pyHKIUA operator.le(a,b) NPUHHUMAET Ba YHCJIA U BO3-
Bpailaer 6yJieBo 3HaYeHue, KOTOPoe COOOIIAET, SABJISIETCS MIEPBOE YHUCJIO MEHBIINM
WJIM paBHBIM BTOPOMY. 3aTeM OyJieBo 3HaueHHe nepeaercs B functools. partial().
ITepenanubiii B functools. partial() HOJIb HA3HAYAETCsI IEPEMEHHOH a, 2 apTYMEHT
nepefiaHHoi (YyHKUMH, BO3BpalleHHOH functools.partial(), Ha3HavaeTcs nepe-
MEHHOM b. DTOT npuMep paboTaeT TakK e, Kak JUCTUHT 8.8, Ho 6€3 UCTI0IB30BaHMsI
NAMOBI UK 0ODbsABIEHHS HOTOTHUTETbHBIX QYHKIMA.

NPUMEYAHUE

Mertoa functools. partial() 06b4HO MoJIe3Hee JIAMO/IbI U 0JKEH PACCMATPUBATh-
cq Kak Hawnyvmas ansrepHatuBa. @yHkuus lambda() ans Python — anomanus,
v B Python 3 6s110 MpUHATO peleHMe 0TKA3aThCA OT Hee M0 TPUYMHE OrPaHUYEHHS]
JUTHHBL GYHKLMH OJHOI CTPOKOIt Koaa'.

MonesHbie pyHkuyum itertools

HakoHeu, paccMOTpuM nosie3nsie GyHKIIMH MOYJIsl itertools U3 CTaHAAPTHO# O1-
OJHMOTEKH, O KOTOPBIX CTOUT 3HaTh. OYeHb MHOTHE TPOrPAMMMUCTBI TPATAT BPEMsI Ha
CO3/]aH1Ee CBOMX BePCHii 3TUX PyHKIMIA, He NoA03peBas, 4To oHM ecTh B Python no
yMouyanuio. Bce oM cipoekTHpoBaHbl U151 paboThI ¢ HTepaTopamMu (OTCIOAA M Ha-
3BaHue iterator) U, KaK cJeJCTBUe, YUCTO GyHKUHOHAIbHBL B 3TOM pasaene nepe-
YKCJIUM HEKOTOPBIE U3 HAX M [IPEICTABUM KPAaTKHil 0630p UX paboTsl. PexoMeHnyio
CaMOCTOSITEJIBHO 03HAKOMHTBCS C HUMHU.

O accumulate(iterable[, func]) BO3BpallaeT CepUIO aKKyMYJIMPOBaHHBIX CyMM
39JIEMEHTOB U3 NepeAaHHOro iterable.

O chain(*iterables) oCylIeCTBJSIET MPOXO MO HECKOJIBKUM iterables nocuezno-
BaTeJIbHO, 6€3 MOCTPOEHHUs TPOMEXYTOYHBIX PE3YJIbTATOB.

O combinations(iterable, r) reHepupyeT Bce KOMOMHALIMH JTUHOM r U3 NEpe/jaH-
HOro iterable.

O compress(data, selectors), UCIOJIb3ysi MAaCKy OysieBa 3Ha4eHUs OT selectors
K data, BO3BpalaeT TOJAbKO 3HaYeHUsI U3 data, YIOBJIETBOPAIOLIHE COOTBETCTBY-
IollieMy 3JIEMEHTY selectors.

O count(start, step) reHepupyeT 6eCKOHeYHbIH NOTOK 3HAYEeHHH OT start, yBe-
JINYMBAs 3HAYEHHS HA BEJIMYMHY Step NPH KaXkK/OM BBI30OBe.

O cycle(iterable) LHKJ O 3HAYEHUSIM iterable.

' Tlo PEP-8 pexoMenayeTcs He Gosiee 79 3HaKOB B OZHOH CTpPOKe.
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O repeat(elem[, n]) MOBTOPSsiET 3HAUE€HHE SIEMEHTA N Pas.

Q dropwhile(predicate, iterable) pUIBTPYET 37IEMEHTHI iterable, HAUMHAsA C Ha-
YaJla ¥ 10 BBITIOJIHEHHUS YCIOBUSL: predicate paBHO False.

Q groupby(iterable, keyfunc) co3zaeT HTepaToP /Jisi TPYNNHUPOBKH 3JIEMEHTOB IO
pe3yabraty, Bo3BpaileHHOMY dyHkuueit keyfunc().

O permutations(iterable[, r]) Bo3BpallaeT NePeCTAHOBKY AJIMHOM r 3JIEMEHTOB
U3 iterable.

Q product(*iterables) — aHAJIOr BJOXXEHHBIX [[HKJIOB.

O takewhile(predicate, iterable) BO3BpalllaeT 3J€MEHTbl iterable, HauWHasi
C HayaJia ¥ 1O BBIITOJIHEHHS YCJIOBHUS: predicate paBHO False.

9T GYHKIUK 0COOEHHO MOJIE3HBI B COYETAHUHU C MOAYJieM operator. [Ipu ux co-
BMECTHOM MCII0JIb30BaHMH itertools U operator MOryT o6paboTaTb GOIBUIMHCTBO
CHUTYaLUHi, KOTOPbIE 0OBIYHO PEMIAIOTCS IPUMeHeHHEM MO, Bot npuMep ucnosb-
30BaHMsA operator.itemgetter () BMecTO NsMObI lambda x: x[ ' foo']:

>>> import itertools

>>> a = [{'foo': 'bar'}, {'foo': 'bar', 'x': 42}, {'foo': 'baz', 'y': 43}]
>>> import operator

>>> list(itertools.groupby(a, operator.itemgetter('foo’)))

[('bar', <itertools._grouper object at @xbooede>),

('baz', <itertools._grouper object at @xb00110>)]

>>> [(key, list(group)) for key, group in itertools.groupby(a,
operator.itemgetter('foo'))]

[('bar', [{'foo': 'bar'}, {'x': 42, 'foo': 'bar'}]), ('baz’', [{'y': 43,
'foo': 'baz'}])]

NTormn

Xors Python yaie Bcero paccMaTpuBaioT Kak 00beKTHO-OPHEHTHPOBAHHBIH SI3BIK,
OH TaKXe MOJXET UCMOJb30BaTbCsl GYHKIUMOHANbHO. MHOXECTBO BCTPOEHHBIX
KOHIIENIUH, TAKHX KaK reHepaTopbl U CIIMCKOBOE BKJOYeHHe, OpPUEHTHPOBAHBDI
Ha (PyHKIMOHAIbHOE POrPAMMHPOBAHNE U He MPOTHBOPEYAT 0ObHEKTHO-OPUEH-
TUPOBaHHOMY noaxoxy. OHU TakXxe OrPaHUYMBAIOT 3aBUCUMOCTD OT I7106a7IbHOTO
COCTOSIHMS IPOrPaMMBI, YTO TOXKE MOJIE3HO.

WUcnonsaosanue B Python mapagurmer ¢GyHKIMOHAIBHOrO NPOrPaMMHPOBAHUs
TMIOMOTraeT C/eJiaTbh nporpamMmy 6osiee ya00HOI 1Jisi TOBTOPHOTO UCMOJIB30BAHMUS,
TECTHPOBaHUsI U OTJIANKHU U MOoARepKUBaeT MaHTpy «He noBropsiii cebs». [1pu ta-
KOM IOAX0/€e CTaHAapTHbIe MOoAyau Python itertools v operator — 3TO HaJeXHbIE
HUHCTPYMEHTBI U151 yIy4LIeHUs! y10604nTaeMocTH 1 (hyHKIHOHAIBHOCTH KOZA.



A6CTpaKkTHOE CMHTaKCHueckoe
aepeso, avanekT Hy wm Lisp-
o6pa3Hblie aTpubyTbl

AbcmpakmHoe cuHmakcuveckoe depeeo (ACAl) — 3TO BbipaXKeHue CTPyKTYpbl UC-
XOAHOro KOAa, BCTpeualoweecs B N060M si3blke NporpaMMuposaHmns. B niobom asbike
n, KOHeYHo xe, B Python umeercs ACA: B Python AC/l cobupaetcs nyTeM aHanusa
(napcuHra) ucxogHoro gaina. Kak u nio6oe aepeBo, OHO COCTOMT U3 CBA3aHHbIX Y3-
nos. Kaxxablih y3en — 3T0 onepauus, yTBepXAaeHue, BbipaeHUe Unu paxe MoAayNb.
KaXxxabiit y3en COAepXUT CCbIKK Ha Apyrue y3nbl. Tak n popMUpyeTcs aAepeso.

B Python HeT xopolueit AokyMeHTauun Ha AC[l, NO3TOMy Cpa3y Xe B HeM He paso-
6paThbCs, HO NOHMMaHKUe ByHAAMEHTaNbHBIX OCHOB CTPOEHMUS Python NOMOXeT B ero
OCBOEHMMU.

B 3Toi rnase paccMatpusaetcs AC M npocTeiluMe KOMaHabl Ana paboTbl € ero
CTPYKTYPOM, @ Takxe co3aaHue NporpamMmMel ANs NPOBEPKU HENPABUNLHO 06bABNEH-
HbIX METOAOB C UCNONb30BaHUEM flakes8 U AC/. B kOHUe rnasbl npeacTasneH 063op
avanekta Hy, rubpuaa Python-Lisp, noctpoeHHoro Ha ACA.

U3yuenune ACA

[Ipocroii cioco6 uzyyerust AC/1 — 310 NpoaHaIM3upoBaTh HEKOTOPbIiA Ko Python
u BbiBecTH creHepupoBanuoe AC/L. [[ist aToro B Moxysie ast ecTb Bce HeoOXoaMMOoe
(amcrunr 9.1).

Nucrunr 9.1. Ucnonb3osaHne Moayns ast Ans AaMna creHepupoBaHHOro
napcuHrom kopa ACA

>>> import ast

>>> ast.parse

<function parse at 0x7f062731d950>
>>> ast.parse("x = 42")
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<_ast.Module object at @x7f@628a5ad10>
>>> ast.dump(ast.parse("x = 42"))
"Module(body=[Assign(targets=[Name(id='x"', ctx=Store())], value=Num(n=42))])"

DyHk1uMs ast. parse() NapcuT J0OYIO CTPOKY C KOZIOM M BO3BpalllaeT 0ObeKT _ast.
Module. ITOT OOBEKT — B AEHCTBUTEIBHOCTH KOPHEBOM y3eJl fiepeBa: UCCaepyiTe
ero, yTo6bl HaiiTH Bce hopMuUpyoKe AepeBo y3abl. [/ BU3yanin3alyu BHEIIHETO
BU/IA IepeBa UCIOoJb3yeTcst HYHKIUMS ast . dump(), KOTOpasi BO3BPAILAET €r0 CTPYK-
TYPY B BU/Ie CTPOKH.

B nucrunre 9.1 kox x=42 napcurcs yepes ast.parse(), a pe3yJbTaT BbIBOAUTCS
C MOMOMIBIO ast.dump(). ITOT aOCTPAKTHBII CHHTAKCUC MPEACTaBJIeH Ha puc. 9.1,
KOTOPBIH MOKa3bIBA€T CTPYKTYPY KOMaH/BI assign.

Module Num
Assign

Body > n
Targets| Value d

Y

42

Name

ID | ctx}—={ Store

Puc. 9.1. AC/] koMaHAab! assign

AC]] Bcerna HauMHAEeTCsI C KOPHEBOTO 3JIEMEHTA, KOTOPbBIH Yallle BCErO SIBJISETCS
00BEKTOM _ast.Module. ITOT MOAYIbHBIA OOBEKT COAEPHKUT CIIUCOK YTBEPXKAEHHIM
MUY BBIP2XKEHUH /IJIs1 BHIYMCJIEHUS B aTPUOYTe body M OOBIYHO OTPAXKaeT COAEPHKH-
Moe Qaiia.

Kak MoxHO goragatbcs, 00beKT ast . Assign, MoKa3aHHbIH Ha puc. 9.1, npeacTasJisiet
coboi onepaiuio npuceausarus, umeouyo npegukc -sigh B cunrakcuce Python.
Y obbekTa ast.Assign eCTb CIIMCOK IIeJiel targets U 3HAYE€HHI value /ISl COTNOCTAB-
JIEHUs MeXAY COOOii.

B nanHOM c1yyae criicok LieJieii — 3T0 0IuH 0O'bEKT ast . Name, IpeCTaBIEHHbIH Mepe-
MeHHo# ¢ ID, 3Hauenne koroporo x. 3HaueHHe — 3TO YUCJIO 7, PaBHOE B pUMepe 42.
ATpuOYyT ctx XpaHUT KoHmekcm n1bO ast.Store UM ast.Load, B 3aBUCHMOCTH OT
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TOro, HCNIOJNb3YETCA NEPEMEHHAA OJIsA YTEHUS UJIHU 3alTUCH. B namem CJIy4dae 1nepe-
MeHHOM NPpUCBAUBAETCHA 3HAYECHUE, IO TOMY 6y11e'r HUCIIOJIb30BaH KOHTEKCT ast.Store.

MoxHo nepenats AC/] B Python ans KoMnusiuu 4 BHINOTHEHUS Yepe3 BCTPOEH-
Hylo pynkuuio compile().Ona npuanmaer AC/l kak apryMeHT, MICXOAHBIN (aii,
a Takxe pexkuM (OJMH U3 TpeX: exec, eval, single). Ucxoaustii daitn MoxxeT UMeTh
moboe MMs1, HO YaCTO MCIOB3YIOT CTPOKY <input>, €CJIH JaHHbIE He B3STHI U3 CO-
XxpaHeHHoro (aiina, Kak B TucTuHre 9.2.

Nucrunr 9.2. Ncnonb3osanue dyHkUuK compile() Ans KOMNUAAUMN faHHbIX
U3 HecoxpaHeHHoro gaitna

>>> compile(ast.parse("x = 42"), ‘<input>', 'exec')

<code object <module> at Ox111b3b@, file "<input>", line 1>
>>> eval(compile(ast.parse("x = 42"), ‘<input>’', 'exec'))
>>> X

42

CyliecTBYIOT ClEAYIOIINe PEKUMBIL: exeC — BBIIIOJIHEHUE, eval — BBHIYHMCIIEHUE,
single — oTAEIBHOE yTBEpXKAeHUe. PesXUM [J0JKeH COOTBETCTBOBATD EPEAAHHOMY
B ast.parse(), IZle OH [0 YMOJTYaHUIO exec.

Q PexxuMm exec — 0o6bluHbIil pexxuMm Python, ucnons3yemsiii Toraa, koraa _ast.
Module SIBJIAETCS KOPHEBBIM Y3JIOM.

Q PexuM eval — cnelManbHblil peXXUM, KOTOPBIH 0XXKHIAeT OAHUH ast.Expression
B KauecTBe JiepeBa.

O PexuM single — ellie OIMH CIEUHATBHbIA PEXHM, KOTOPbIi 0XKHUIAET OTAEIbHOE
yTBepK/JeHUe uiau Bolpaxxenue. Eciu oH ero nonyyaer, sys.displayhook()BbI3bl-
BAETCS1 C PE3YJIBTaTOM, KaK OYATO KOJI BBIIIOJIHSIJICS B UHTEPAKTUBHOM 060J104Ke.

Kopuesoit ysen AC/] — ast.Interactive, a ero arpubyT body — CIHCOK Y3JI0B.

Mosxto cobpars AC/1 BpyuHyI0, HCIIOJIb3Ysi IPE/ICTABJIEHHbIE B MOAYJIE ast KJIACChI.
OueBuzIHO, YTO 3TO JOJITUI MPOLIECC, KOTOPbIii He peKOMEHAYeTCs TPUMeHsTh. TeM
He MeHee 3TO MOXeT ObITh YB/IEKaTeIbHbIM 3aHSATHEM U [TOMOJKET B M3y4eHUH PaboThl
AC/I. 1aBaiiTe NOCMOTPUM, KaK BHIIJIAAUT nporpaMMmupoBanue ¢ AC/L.

HanucaHue nporpamMmmsl ¢ ucnonblosaHmem AC[

[Tonpo6yeM Hanucatp yxe 3HAKOMYIO TIPOrpaMMy <«Hello, world!", HCTIOJAB3Ysi
CO3aHHOE BPYYHYIO a0CTPAKTHOE CHHTAKCUYECKOE AEPEBO.
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NMucrunr 9.3. Hanucanne "Hello, world!" ¢ ncnons3osanuem ACA

® >>> hello_world = ast.Str(s='hello world!', lineno=1, col_offset=1)
® >>> print_name = ast.Name(id='print', ctx=ast.Load(), lineno=1, col_offset=1)
® >>> print_call = ast.Call(func=print_name, ctx=ast.load(),
... args=[hello_world], keyword=[], lineno=1, col_offset=1)
® >>> module = ast.Module(body=[ast.Expr(print_call,
... lineno=1, col_offset=1)], lineno=1, col_offset=1)
© >>> code = compile(module, '', ‘'exec')
>>> eval(code)
hello worldl

B nuctunre 9.3, 11T 32 IMCTOM, IOCTPOEHO JIEPEBO, T KK/IbIH JIUCT — 3TO SJIEMEHT
(3HaYeHHe UJIM MHCTPYKLUS) NPOrPaMMBbl.

[lepBblii IMCT — mpocTasi cTpoka @: ast.Str npeacTtapisieT coboit CTPOKY, conep-
xauryio Tekct hello world!. IlepemeHHas print_name @ coaepHuT 0OBbEKT ast . Name,
KOTOPBIH CChINIAeTCsl Ha IEPEMEHHYIO — B HallleM CJy4ae print, yKa3blBaIOIYIO Ha
¢yHkumio print().

[lepemenHnas print_call @ conepKUT BbI30B (PYHKIIUK. [[J151 3TOrO OHA CChLIAETCS Ha
uMs1 GYHKIIMY, COAEPKUT apryMEHTHI AJisl Iepeayy B BHI30B (OYHKIIMHM H apTyMEHT
KJI0YeBOro cJ0Ba. Kakue apryMeHTBl HCIIOJIb30BaTh — 3aBUCUT OT BbI3bIBA€MbIX
¢yHkuwmii. B atoMm npumepe ucnosnpayercs GyHkuus print (), Mo3TOMY nepeaaercs
CTpOKa, co3laHHasA U coOXpaHeHHas B hello_world.

HakoHert, co3nad o6beKT _ast.Module @, comepKamuii BeCb KOJ B BUJIE CIIHMCKa
13 OHOrO BbIpakeHusi. MOXHO KOMIIMIHUPOBATh OObEKTHI _ast .Module, HCIIOJb3Ysi
dyHkumio compile() @, OCYILECTBISIONLYIO APCHHT AE€PEBA U TeHEPUPYIOILYIO 06b-
eKT code. OODbEKT code — CKOMMUINPOBaHHBIN Ko Python, rotoBslii K 3anycky Ha
BUPTYAJIbHOH MallliHe yepe3 eval.

Bech 3TOT npouecc oTpaxaeT To, YTO MPOMCXOAUT NPH 3anycke ¢aiina .py: Kak
TOJIbKO MTAPCUHT TOKEHOB TEKCTa TOTOB, OHHU MEPEBOASITCS B IEPEBO OOBEKTOB ast,
KOMITHUJIUPYIOTCS U BHIIOJIHSIIOTCSI.

MPUMEMAHME

ApryMeHTsl lineno u col_offset npeacrasisiioT co60ii HOMEDP CTPOKH M CMELllEHHE
CTOJ6L0B, UCNO/Ib30BaHHbIX st hopMupoBanus AC/I u3 ucxoanoro koaa. Her
CMbICJIa YCTaHABJIMBATh 3T 3HAUYEHUsI B KOHTEKCTe, TaK KaK MCXOAHbIH (aiin He
napcutcsi. Ho ato MoxeT 6bITh MOJIE3HO /151 TOMCKA MO3ULIMH KOAA, U3 KOTOPOTO
credepupoBa AC/l. Hanpumep, Python ucnosbayer aTy uHpOpMaLMIo Npy reHe-
pauum o6paTHoit TpaccupoBku. OH oTkasbiBaeTcss KoMnuinpoBath ACJl-06beKT,
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KOTODBbIil He 06ecredrBaeT 3Ty HHGOPMAIIUIO, TIO3TOMY TIEPEAAET He CYIECTBYIOIME
3HaueHUs. M0OXKHO TakKe UCIOJIb30BaTh PyHKIMIO ast. fix_missing_locations()
JJ1s1 TIPUCBOEHUS IIPONYLIEHHBIX 3HAY€HUH TeM 3HaY€HHSIM, KOTOPble YCTaHOBJIEHBI
Ha BHYTPEHHEM Y3Jie.

O6vexTbl ACA

[IpocMoTpeTh Bech cricOK 00beKTOB, AOCTYNHBIX B AC/I, MOXHO B JOKyMEHTAl[HK
K MOZyJi0 _ast (0OpaTuTe BHUMaHUeE Ha HM)KHEE MOAYEPKUBAHHUE).

OO6beKTbl OPraHM30BaHbI B iB€ GOJIbIINE KATETOPUM: YTBEPXKAEHUS U BHIPAKEHHUS.
Ymeepicoenus BKIOYAIOT THIIBI BPOJIE assert, IPUCBOEHHE (=), PaClIMPEHHOE
npucBoenue (+=, /= U T. .), global, def, if, return, for, class, pass, import, raise
U T. 1. YTBepXKIEHUS HAC/IEAYIOTCS OT ast . stmt; OHU BJIUSIOT Ha OTOK BBITIOJTHEHHST
POrpaMMBI U YaCTO COCTOSIT U3 BhIPasKEeHHH.

BroIpaskeHHs! BKJIIOYAIOT THIBL lambda, number, yield, name (IiepeMeHHOI1), compare
U call. OHM HaceayIoTCs OT ast.expr U OTJIMYAIOTCS OT YTBEPKAEHUH TEM, 4TO
[IPOU3BOASAT 3HAUYEHUS1, HE BJIUsISL HA TIOTOK BBIMOJIHEHUSI IPOTPAaMMBI.

Tax>ke cyuecTByer ellle napa MaJleHbKUX KaTerOpUi, HAIIPUMEP KJIacc ast.operator,
KOTOpBI OIpe/IesisieT CTaHapTHBIE ONepaTOpbl BPOJie CoKeHus (+), nenenus (/),
oIeparop CABHTa BIPaBo (>>), © MOAYJIb ast.cmpop, ONpeAesIONUiA OnepaTophl
CpPaBHEHMUSI.

IIpocToii npuMep M3 3TOrO pasiesa AacT NMPeACTaBIeHHE O TOM, KaK MOCTPOUTD
AC/l ¢ Hyns. MoxHo noayMatb, kak pa3Butb AC/l, yToObl cO3AaTh KOMITUJISAITOP,
KOTOPBI# OyaeT MapcuTh CTPOKY U TEHEPHPOBATH KOJI, IO3BOJISIS PEAIM30BaTh CBO
cunrakcuc B Python! MiMenHo 310 ¥ npuBeso k pazsutuio quanekta Hy, kotopbiit
Gyzner obcyKaaThes aasee.

O6xon ACAQ

Y106bI IOHATD, KAK JIEPEBO CTPOUTCS U OOpaIlaeTcs K oImpezieJIEHHbIM y3JIaM, HIHOTAa
Heo0X0AMMO OGOUTH €ro, UCCIELYS Y3JIbl. ITO MOXKHO CAENATh C IOMOIIBIO dyHk-
uuH ast.walk(). Kpome Toro, Moayip ast Takke obecnieynBaeT NodeTransformer,
KJ1acC AJ1s co3AaHus noakaacca ooxona AC/l v usmeHeHus OMpeAeJIEHHDBIX Y3JIOB.
Wcnonb3oBanue NodeTransformer feJlaeT NpOLIeCC AUHAMMYECKOrO H3MEHEHUS KOZIa
NPOCTBIM (JIMCTUHT 9.4).
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Nucrunr 9.4. Npoxoa Aepesa ¢ npuMeHeHneM NodeTrasformer ans naMeHeHus y3na
import ast

class ReplaceBinOp(ast.NodeTransformer):
"""Replace operation by addition in binary operation"""
def visit_BinOp(self, node):
return ast.BinOp(left=node.left,
op=ast.Add(),
rightanode.right)

© tree = ast.parse("x = 1/3")
ast.fix_missing_locations(tree)
eval(compile(tree, '', 'exec'))
print(ast.dump(tree))

® print(x)

® tree = ReplaceBinOp().visit(tree)
ast.fix_missing_locations(tree)
print(ast.dump(tree))
eval(compile(tree, "'
o print(x)

, 'exec'))

[TepBbiii co3nanHbiit 06beKT tree @ — 3170 AC/], npeacTaBsiollee BhIpaXeHHe x=1/3.
[Tocsie KOMNUAALUMM ¥ BBIYHCJICHUST Pe3yJIbTaT, BbiBeleHHbIN (yHKInei, Oyaer @
0.33333 — oXXHAaeMbI OTBET ANd 1/3.

Bropoii 06beKT tree @ — 9TO 9K3EMILISP ReplaceBindp, KOTOPBINA HACIEMYETCS OT ast.
NodeTransformer. OH peasiu3yeT COGCTBEHHYIO BEPCHIO METO/A ast .NodeTransformer.,
visit() U u3MensieT Jl00yI0 ollepaluio ast.Bin@p TakuM 06pa3oM, 4TOGbI OHA Bbi-
noJHsNa ast.Add. B yacTHoCTH, 9T0 H3MeHsteT M00yi0 GUHAPHYIO onepauHio (+, -,
/ U T. I.) Ha onepauuio cnoxeHus. Koraa Bropoe 1epeBo CKOMIUIMPOBAHO U Bbl-
4ucaeHo @, pe3yJibTaT CTaHOBUTCS PaBeH 4, TO €CTb 143, IOTOMY, YTO / B IEPBOM
o6bekTe 3aMelaeTcs Ha +.

MoxHo YBH/IETD BblIIOJIHEHHE [IPOTPAMMBI B CJIEAYIOLLIEM IIPUMeEpE:

Module(body=[Assign(targets=[Name(id='x"', ctx=Store())],
value=BinOp(left=Num(n=1), op=Div(), right=Num(n=3)))]1)

0.3333333333333333

Module(body=[Assign(targets=[Name(id="'x", ctx=Store())],
value=BinOp(left=Num(n=1), op=Add(), right=Num(n=3)))])

4

NPUMEYAHME

Ecm Heo6x011MO BRIYMCIIUTD CTPOKY, BO3BPAILAIOLLYO TPOCTO# THIT JAHHBIX, KCIIO/b-
3yiiTe ast.1literal_eval. Jto Ge3onacHas ansrepHaTHBa eval. OHa OrpaHUYKBaeT
BXOJHYIO CTPOKY, He 1aBast eit BbIIIOJHHUTb HHOM KOZ.
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Pacwupenue flake8 c nomouwibio nposepok ACA1

B rnaBe 7 61710 pacCCMOTPEHO, YTO METO/IbI, HE 3aBUCSLIKE OT COCTOSTHUSI OOBEKTA,
JOJIKHBI OBITH 0ObsIBIEHBI KAK CTATHYECKHUE C IOMOIIBIO IeKopaTopa @staticmethod.
[Tpo6emMa B TOM, 4TO MHOTHE pa3paboTunky 3a6biBaloT 06 3ToM. PaHee ObL10 nokasa-
HO, KaK HCN0JIb30BaTh flake8 11 aBTOMaTHYECKOro TECTUPOBaHusi Koaa. bosee Toro,
flake8 BeCbMa PaCIMPsieMBII K €70 MOXHO MCIOIb30BaTh /1J151 00JIbIIIET0 KOTMYeCTBa
pa3HbIx IpoBepok. M bl Hanucanu pacuivipenye s flake8, KOTOpOe IPOBEPSIO Ha-
JINYHe CTAaTUYECKHX METOJOB U OTCYTCTBHE UX 00bsiBieHus myTeM aHanu3a AC/L.

B nuctunre 9.5 nokasaH npumep KJacca, MponycKarolii cTaTHyeckoe 0O bsiBIeHHe,
1 NIpHMep KJIacca, KOPPEeKTHO ONpeessiolMK cTraTudyeckuid Metoa. Hanummure stot
KOJI ¥ COXPAHHUTE €ro Kak ast_ext.py; M03xe Mbl HCIIOJIb3YeM €ro ISl paCHIUPEeHHS.

JincTunr 9.5. Nponyck 1 BKNIOYEHWE CTaTUYECKOro MeToAa

class Bad(object):
# self He ucnonb3yetcA, meToa He 06A3aH
# ObiTb CBA3aHHLIM, ero HeobxoAMMO caenaTb CTaTUYECKWUM
def foo(self, a, b, c):
return a + b - ¢

class OK(object):
# TyT BCe BepHO
@staticmethod
def foo(a, b, ¢):
return a + b - ¢

Xorts MeTto/ Bad. foo paboTaeT, ero cTous10 Gbl HANKUCATb KaK METOJL OK . foo (BEPHUTECH
B [JIaBY 7 U MOCMOTpUTE noyeMy ). [Jisi NpOBEPKH TOrO, SIBJISIIOTCS JIU BCE METOXBI
B (haiisie npaBUIbHO OOBSABJIEHHBIMH, HYKHO C/€JIaTh CJEAYIOIIEe:

O mnpousBecTH UTEpaLMIo Yepe3 BCe yTBepxkKIeHus B y3nax AC/;
O npoBepuTh, YTO yTBEPXKAEHHUE SIBISIETCS 0ODbsIBIEHHEM KJiacca (ast.ClassDef);

O npowussecTy UTepaLuio Yepe3 Bce 00bsiBaeHus GyHKUMI (ast. FunctionDef) aTo-
IO yTBEPXK/AeHHs! KJIacca, YTOObl NPOBEPUTD, OOBSIBIEHO JIM OHO C @staticmethod;

O ecaun Metoa He 00DbSIBJIEH CTATUYECKUM, IPOBEPDTE, SIBJISETCS JIM TIEPBbIi apry-
MeHT (self) 3amelicTBOBaHHBIM B HeM. Ecin HeT, METOA MOXKHO OTMETHTb Kak
NOTEeHHUATBHO HAMCAHHBIN C OIIMOKOM.

Wms npoekTa Gynet ast_ext. [lisi peructpaiyi HOBOro IlaruHa jijisi flake8 HeoO-
XOIMMO CO3/IaTh MAKeT NPoeKTa ¢ 0ObIYHBIMHU (haitiamu setup.py v setup.cfg. [lanee
Heo6X0auMO 106aBUTh TOUKY BXO/Ia B Setup.cfg NpoeKTa ast_ext.
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Jincrunr 9.6. Paspewenue ans pabotobl nnarnHa flake8

[entry_points]

flake8.extension =
--snip--
H904 = ast_ext:StaticmethodChecker
H905 = ast_ext:StaticmethodChecker

B nucTunre 9.6 3aperucTpupoBaHbl 1Ba HOBBIX co001IeHHst 00 omunbKe st flake8.
[Mosxe Bbl MoKMeTe, YTO Mbl cOOUpaeMcst 106aBUTh JOMOJIHUTEIBHYIO IIPOBEPKY
K HallleMy KOZY, TOKa Mbl B HeM!

Caenyomuii mwar — HanucaTb NJIarkH.

HanucaHue knacca

[TockosbKy as1st flake8 cosgaercst mposepka AC/], niaru 1o/mkeH ObITh KIaccoM
C onpeaesieHHON CUTHATYpoii (siucTuHr 9.7).

Jincrnnr 9.7. Knacc ans nposepkn AC[,

class StaticmethodChecker(object):
def __init_ (self, tree, filename):
self.tree = tree

def run(self):
pass

[1Ia6/10H MO YMONYAHHUIO OYEHDb MPOCT: OH XPAHUT JA€PEBO JIOKATbHO IS UCMOJb-
30BaHHs B MeToze run(), KOTOPBIA OyzeT MpUoCcTaHaBIMBaTh PaboTy nporpamMMsl
B MOMEHT OOHapyxeHus 1pobieM. 3HaueHHe, OTy4aeMoe BO BpeMsi IPUOCTAHOBKH
paborbl, 6yzet caenoBatb oxuaaemoii B PEP 8 curnatype: koprex Buaa (lineno,
col_offset, error_string, code).

MrHopuposaHne HepeNneBaHTHOro Koaa

Kak 6b1710 CKa3aHO paHee, MOAYJb ast MpeAocTaBisieT GyHKUMIO walk(), KoTopas
MO3BOJISIET JIETKO 00XOAUTD AepeBo. Mcnonb3yeM ee [JIst 3TOM e U HalIeM, YTO
cJeayeT NMPOTECTHPOBATD, a YTO HET.

J114 Hayasla HaMKUILEM LMKJI, ATHOPUPYIOUINI YTBEPKAEHHS, He SABJSIOIHECs 00b-
AaBneHHeM Kjaacca. Jlo6aBumM cienyonmii Kox u3 suctuHra 9.8 B npoekT ast_ext;
KO/, KOTOPBI IOJKEH OCTAThCSI TAKHM 5Ke, BbIJIEJIEH CEPBIM.
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Nucrunr 9.8. UrHopupoBaHWe yTBEPXXAEHUN, HE ABNAOWMXCSH 0OBABNEHWUSMU Knacca
class StaticmethodChecker(object):
def __init__(self, tree, filename):
self.tree = tree

def run(self):
for stmt in ast.walk(self.tree):
# WrHOpUpYITCA He KNacchl
if not isinstance(stmt, ast.ClassDef):
continue

Koa B suctunre 9.8 no-npexuneMy HUYero He mpoBEpPSiET, HO TeMePb OH yMeeT
WrHOPUPOBATh YTBEPXK/IEHUSI, KOTOPbIE He SBJSIOTCS 00bsiBIeHUsIMHU Kiacca. Cie-
AYIOUIM ar — HaCTPOMUTH NMPOBEPKY Ha UTHOPUPOBaHKE BCETO, YTO HE SIBIISIETCA
00bsiBNEHHEM (DYHKIIHH.

JIncTuHr 9.9. UrHopupoBaHue yTBEPXKAEHUI, He ABNSIOWMUXCA 06 BABNEHUAMYU DYHKLNNA

for stmt in ast.walk(self.tree):

# UrHopupyem He Knaccel
if not isinstance(stmt, ast.ClassDef):

continue
# Ecnn 370 knacc, TO uTepupyem NO YNeHaM Tena Knhacca B MOWCKax METOAOB
for body_item in stmt.body:

# He metoa - nponyckaem

if not isinstance(body_item, ast.FunctionDef):

continue

B nmcruHre 9.9 MrHOpMpYIOTCs! HepesieBaHTHbBIE YTBEPIXKAEHUS, MPOU3BO/S HTEPALIUIO
1o arpubyTam 0ObsIBIEHHS KJIACCa.

MpoBepka HaNNMUNA NPABU/ILHOIO AleKopaTopa

[Ipuiio BpeMsi HamucaTh METO MPOBEPKH, KOTOPBIi XPAHUTCsI B aTpubyTe body_
item. [lnst Havyana HanO y6eauThbes, 0OBSBIIEH JIM IPOBEPsIEMBIN METOJ KaK CTaTH-
yeckuit. Ecin 310 Tak, To AasnbHeiineil npoBepku He moTpebyeTcst.

Jincruur 9.10. NpoBepka Ha CTaTUYECKUIA AeKOpaTOP

for stmt in ast.walk(self.tree):
# UrHopupyem He Knaccel
if not isinstance(stmt, ast.ClassDef):
continue
# Ecnu 3TO knacc, TO WTepupyem NO YneHam Tena kiacca B NOMCKAX MeTOA08
for body_item in stmt.body:
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# He mevoa - nponyckaem
if not isinstance(body_item, ast.FunctionDef):
continue
# Nposepka Ha aekopaTtop
for decorator in body_item.decorator_list:
if (isinstance(decorator, ast.Name)
and decorator.id == ‘'staticmethod’'):
# 370 cTaTuyeckan QPyHKUMA — BCE HOPMANbLHO
break
else:
# 3TO HecTaTM4eCcKas GYHKUMA — NOKa OCTABUM KaK eCcTb
Pass

O6paruTe BHUMaHKeE, 4TO TMCTHHT 9.10 coaepxut ocobyio popmy for/else, B KOTO-
POii else BBIYUCIISIETCS], €CJIH TOJIBKO break He HCIIOIb3YeTCs AJIsl BBIXO/A U3 LIUKJIA
for. Ha naHHbIii MOMEHT HEBO3MOXKHO MOHSITh, SIBJSIETCS U METOA OObSIBJIEHHBIM
CTATUYECKH.

Nouck self

Caeayrouuii mar — npoBepKa TOro, UCIOJIb3YET JIK METO/I, HE OObsIBJEHHBIA KaK
CTaTUYeCKUH, apryMeHT self. /[y Hayasa npoBepuM, UCNIOJIB3YET JIK OH APTYMEHTHI
B NPUHIIUIIE, KaK NOKa3aHo B jiuctuHre 9.11.

Jincrunr 9.11. MNposepka METOAA HA HANUYWE apryMEHTOB

--snip--

# Npoeepka Ha aAexkopaTtop
for decorator in body_item.decorator_list:
if (isinstance(decorator, ast.Name)

and decorator.id == 'staticmethod'):
# D70 CcTaTU4eCckan ¢yHKUMA — BCE HOPMANbLHO
break
else:
try:

first_arg = body_item.args.args(0]
except IndexError:

yield (
body_item.lineno,
body_item.col_offset,
"H905: method misses first argument”,
"H905",

)

# NposepAem CneayluwnMin MeTOA

Continue
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YrBepxaenue try u3 muctunra 9.11 GepeT nepBbiii apryMeHT U3 CUTHATYPhI METO/A.
Ecuin ko He BO3BpalllaeT epBbIii apryMeHT U3 CUTHATYPbl, TaK KakK €ro 11poCTOo HeT,
3HAYUT, CYLIECTBYET NPobJieMa: HEBO3MOXXHO MMETD CBA3aHHbIN MeTO/1 6e3 apryMeHTa
self. Ecau nuiarvH oOHapyXHUT 3TOT CJIy4aid, TO BbIAACT OMIMOKY H9@5, HAITMCAHHYIO
paHee, CUTHAIU3UPYsI O METOe, KOTOPOMY He XBAaTa€T NIEPBOTO apryMeHTa.

NPUMEYAHME

B PEP 8 ectb nopsiiok koguposanus omn6ku (6ykBa, 3a KOTOPOI CIeyeT YMcJIo),
HO HET MPaBHUJI, KaK COCTABJATh 3TOT KO, MOXHO UCI10,1b30BaTh J10Oble KOMOUHALIMU
OyKB M uKCeJl, eCii OHM He IIPOTUBOPeYaT yxxe npuMeHsieMbiM B PEP 8 unu npyrom
pacuIMpeHHH.

Tenepb MOHSTHO, 3a4€M PErHCTPUPOBATH ABA HOBBIX KOAa cOOOLIeH s 06 omunbke
B Setup.cfg: 3TO N03BOJISIET PEIUTH CPa3y ABe MPOHIEMBI.

Cienyrouuii mar — npoBepka TOro, NpMMeHsIETCS JIK apryMeHT self B Ko/Je MeTOAA.

Nncrunr 9.12. MNposepka MeToAa Ha apryMeHT self

--snip--
try:
first_arg = body_item.args.args[@]
except IndexError:
yield (
body_item.1lineno,
body_item.col_offset,
"H905: method misses first argument™,
"H9@5",
)
# MpoBepsem C/eayluUnin METOA
continue
for func_stmt in ast.walk(body_item):
# MeToab nposepku pasHbie anA Python 2 u 3
if six.PY3:
if (isinstance(func_stmt, ast.Name)
and first_arg.arg == func_stmt.id):
# Ucnonb3oBanca nepebiii apryMeHT, BCe HOPManbHO
break
else:
if (func_stmt != first_arg
and isinstance(func_stmt, ast.Name)
and func_stmt.id == first_arg.id):
# Wcnonb3oBancA nepebiii aprymeHT, BCe HOPManbHO
break
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else:
yield (
body_item.1lineno,
body_item.col_offset,
"H904: method should be declared static",
“H9e4",

Jl1s1 npoBepKU TOro, UICNOIBb3yeTCs1 TN METOJ self B TeJie METO/A, TIJIArMH B JIMCTUH-
re 9.12 peKypCHBHO MTEPUPYET, UCIIONB3Ysl ast.walk A obxona Tena GyHKIUH
Y MOKCKA NPUMEHEHHUs NlepeMeHHOl ¢ UMeHeM self. Ecim Takasi mepeMeHHast He
HaiileHa, porpaMMa BBIBOAUT OLIMOKY H994. B MpoTHBHOM cily4ae HUYEro He mpo-
HCXOIHUT U KOJI CYUTAETCS MPOLIEAUIUM TPOBEPKY.

NPUMEYAHME

Kak BuiHO, KO TPOXOAMT No 06bsiBieHuio MonyJiss AC/ Heckoiabko pa3. MoxHo,
KOHEYHO, ONITUMM3NPOBATD €ro A efuHCTBeHHOro mpoxoxa AC/l, Ho Bpsia 1K OHO
TOTO CTOMT, YYHTHIBAsA, KAK UCIOJIb3YETCs CO3IAHHBIH HHCTPYMEHT.

He obs3atenbHo 3Hats AC/I, uto6bl ucnosib3oBath Python. OxHako 3To no3sossier
YBUJIETb BHYTPEHHEE YCTPOHCTBO U pabOTy A3bIKA U OMOTAET JIy4llle OHSTh, KaK
HanmMCcaHHbIA KO/l paboTaeT U3HYTPH.

bbicTpoe 3HakoMCTBO C Hy

Teneps, koraa Bl monumaere pabory AC/I, nogymaiite 0 CO31aHUM CUHTAKCHCA
Python. Mo>Ho napcHTh HOBBIN CHHTAKCHUC, NOCTPOUTH Ha ero ocHoBe AC/] u ckoM-
MHUJIMPOBATH €ro B KOJ.

310 nenaet Hy — auanexr Lisp, koTopsiit napcut Lisp-nomo6HbIi A3bIK U 1IEPEBOAUT
ero B 06bryHoe AC/I Python, nenas ero nosgHoCTbI0 COBMECTUMBIM C 3KOCUCTEMOM
asbika. Moxho nposecty napanesns ¢ Clojure ans Java. luanext Hy mor 6b1 cTath
TEMOH 11eJ10¥ KHUTH, TO3TOMY 3/IeCh JIUIIb MeJIbKOM B3rJisiHeM Ha Hero. Hy ucnosib-
3yeT CHHTAaKCHC U HEKOTOpBIe Jpyrie BO3MOXKHOCTH CEMENCTBA sI3bIKOB Lisp: oH
(pyHKIIMOHATBHO OPUEHTHPOBAHHDBI, UMEET MAKPOCHI 1 JIETKO PAaCIINPsIEM.

Ecau BbI eie He 3HakoMbI ¢ Lisp (a ciemoBasio Ob1), cuntakcuc Hy 6yner kaszatbest
3HakoMbIM. [locine ycranoBku Hy (3anyctuB pip install hy) 3amyck MHTeprnipeTaTopa
hy BBIIACT CTAHAAPTHYIO KOMaHAHYIO CTPOKY REPL, C KOTOPOH HAYMHAETCS B3aMO-
JIeiiCTBHE C UHTEPIPETATOPOM, Kak MOKa3aHO B JrcTuHre 9.13.
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Nncrunr 9.13. BaaumopeicTaue ¢ uHTepnpeTatopoM Hy

% hy
hy 0.9.10
=> (+12)

3

Jlnst Tex, KTO He 3HAKOM C CHHTaKCHUCOM Lisp: cko6ku obpa3yiot cnucok. Eciu o
He COJIEPXKUT KaBbIY€K, TO BHIYUCIISIETCS: MIEPBbIA 3JIEMEHT A0JI)KEH ObITh (DyHKIUEH,
a OCTaJIbHbIE MEPEAAIOTCS B KauecTBe apryMeHToB. B npuMmepe, kox (+ 1 2) 3KBH-
BaJieHTeH 1+2 B Python.

B Hy 60/1bIIMHCTBO KOHCTPYKIHIA, TAKUX KaK 00bsiBJIeHUEe QYHKIINH, 0TOOPaXKAI0TCSt
HenocpeacTBeHHo u3 Python.

Nucrnnr 9.14. OtobpaxeHue obvasneHns dyHkuum B Python

=> (defn hello [name]
(print "Hello world!")
(print (¥ "Nice to meet you %s" name)))
=> (hello "jd")
Hello world!
Nice to meet you jd

Kak noka3ano B nuctunre 9.14, Hy napcut npenocraBieHHbIN KOJI, TEPEBOIUT €T0
B AC/] Python, komnummpyer u Beruucisier. K cuactoio, Lisp sierko napcur gepeBbst:
Ka’k/[ast Hapa CKoOOK npecTaBJsieT coboil y3es JepeBa, [I03TOMY MePEBOJ OCYIECT-
BJISIETCS TIPOIIIE, YeM Ha sizbike Python.

O6bsiBIeHHE KIACCOB MOAAEPKUBAETCS Yepe3 KOHCTPYKIUIO defclass, KOTOpast
Obls1a BIOXHOBJIEHA 06beKTHOM cructeMoit Common Lisp (CLOS).

Jincruur 9.15. O6vasneHue knacca ¢ nomouwbto defclass

(defclass A [object]
[[x 42]
[y (fn [self value]
(+ self.x value))]])

Jluctunr 9.15 06bsIBIISIET KJIACC C UMEHEM A, SIBJISTIOLINFCS ITOTOMKOM object, C aTpH-
GyTOM KJ1acca x Co 3HAYeHHEM 42, a Jajiee METO BO3BPALLAET aTPUOYT x M 3HaUeHHe,
repelaHHOe KaK apryMeHT.

JlelicTBUTEIBHO YAO6HO, 4TO MOXKHO MMIIOPTUPOBATh M0byI0 6ubanoreky Python
npsimo B Hy u mosib3oBatbes efo 6e3 Kakux-aub6o orpaHudyeHuit. Mcrnonb3yiite
dbyHkuuo import () ans UMIOPTAa MOLYJIs], KaK MOKa3aHO B ucTuHre 9.16, Tak e,
Kak Bbl Ob1 caesianv B Python.



178  [naea 9. AGCTPaKTHOE CMHTaKCMHECKoe AepeBo, AanekT Hy u Lisp-obpasHble aTpubyTbi

JincTunr 9.16. UMnopT 06bI4HbIX Moayneit Python
=> (import uuid)

=> (uuid.uuidd)

UUID( ' f823a749-a65a-4a62-b853-2687c69d0ele ")
=> (str (uuid.uuid4))
'4efa60f2-23a4-4fc1-8134-00f5c2711809"

Hy Taroxe obnamaet 60s1ee NPOABUHYTBIMU KOHCTPYKLIMSIMA M MakpocaMu. B imctun-
re 9.17 nokasaHbl BO3MOXXHOCTH GYHKIMH cond( ) IO CPaBHEHHUIO C BO3MOXKHOCTSIMH
GoJsiee rpoMo3aKHX if/elif/else.

Nucrnnr 9.17. Ucnons3osanue cond sMecto if/elif/else

(cond
[(> somevar 50)
(print "That variable is too big!")]
[(< somevar 10)
(print "That variable is too small!")]
[true
(print "That variable is jusssst right!")])

Makpoc cond nmeerT cieayouLyo curHaTypy: (cond [condition_expression, return_
expression] ...). Kaxaoe BoipakeHHe BHIYUCIISETCS HAYMHAS C TIEPBOTO: €CTH
YCJIOBHOE BbIpa)keHH€e BO3BpalllaeT 3HaueHne «true», To OHO BbIYUCJIAETCH, a MOJTy-
YeHHBIH pe3yJbTaT Bo3BpaulaeTcs.. Ecim Bo3BpaiiaeMoe BbhIpaXkeHHe He yKa3aHo,
TO BO3BpALIAeTCsl 3HaYeHUe YCJIOBHOrO. JTO 3HAYUT, YTO cond — 3KBHUBAJIEHT KOH-
CTpYKUUH if/elif, C TON JUIIDb Pa3HULIEH, YTO OH MOXKET BEPHYTh 3HaYeHHE YCJI0B-
HOTO BBIpXKeHHs! 6€3 HEOOXOAMMOCTH BBIYMCJISITh €T0 ABAX/bl MM COXPAHATH BO
BPEeMeHHOU nepeMeHHOI!

Hy nosBoasiet nepeiitu B Lisp 63 He06X0AMMOCTH NOKNAATH NPUBbIYHBIA Python.
WHcTpyMeHT hy2py MoxeT noka3aTb, kak ko Hy Bbirisizen 61 npu nepesoje
B Python. [Toka Hy He 0060 IHpOKO HCTIOIB3YeTCst, HO OH CJIY>KUT JOKA3aTeIbCTBOM
noreHuuana szeika Python. Ecau Bbl xoTHTe y3HaTh G0JIbIIIE, TO PEKOMEHTYEM I10-
CMOTpETb OHJIAWH-IOKYMEHTALMIO U IPUCOEANHUTBCA K COOOILECTBY.

UTorm

Kak u B J11060M s13bIKe IPOrpaMMUPOBAHUSI, KCXOZHbIN Koa B Python MoxeT GbiTh
npejcTasJieH B Buje abctpakTHoro aepesa. Vicnosnbaosars AC/] HanpsiMy1o npuaeTcs
PE/IKO, HO IOHUMaHHKE ero paboThl OTKPHIBAET MIEPCHEKTHUBBI.
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Mon TanbaMoHTe 06 AC[] n Hy

[Ton cozman Hy B 2013 roay u 51, 6yyun nokJoHHMKOM Lisp, nprcoeAuH1ICsA K HEMY
na 3toM nyTtH. Ceituac [Ton siBasiercs pazpa6orunkom B Sunlight Foundation.

Kax Bot nayuunuco npasunvio npumensmo AC/] uwmo nocosemyeme 100sM, Komopboie
XOMAM 3AHAMBCSA IMUM?

AC/] uMmeeT 04eHb IUIOXYIO JOKYMEHTALMIO, IOTOMY OOJIbIIAst YacThb 3HAHUH
0 HeM NPUXOIUT U3 00PATHOM Pa3pabOTKH yxKe CylIeCTBYOIUX AepeBbeB. C no-
MOLUbIO IPOCTHIX CKpUNTOB Ha Python MoxxHO co3aaTh HeuTO OX0XeEe Ha import
ast; ast.dump(ast.parse("print foo")) a1 reHepauuu skBuBasieHTHOro ACJI.
W cnonb3ys 3TOT NOAXO/ U NPUIOKHUB HEMHOTO YCUJIUH, MOXHO NMONTYYHUTh 6a30-
BbI€ NIPE/ICTaBJIEHHs! O ero pabore.

Korna-uubyap st 06s13aTebHO 3aJOKyMEHTHPYIO BCE TOJy4YEeHHbIE 3HAHUsA, HO
nounmanue ACJl npuXoauT C OMBITOM.

Yem omauuaromcs AC/] 8 pasnoix sepcusx Python?

AC/I Python goctynHo BceM, HO 3TOT MHTepEIC He /1Jisl IUPOKOH Ay INTOPUH.
OT BepcuH K BEPCHH HET FrapaHTHi CTabUIbHOM paboThi, Goee Toro, mexay AC/]
B Python 2 u Python 3 cymectByior HenpusitHbie oTinums1. Takxke pa3Hbie Bep-
cuu Jaxe BHyTpH ToJbko Python 3 mMoryT uHaue unrepnperuposatb ACJ] niun
naxe uMerb yHukanptoe AC/l. Her Hukakux rapantuid, uto Jython, PyPy uau
CPython o6pabatsiBaior AC/l oarHaKOBO.

Hanpumep, CPython o6pabatbiBaer cierka neynopsizoyennsie 3anucu B ACJ]
(c noMousio 1inemp U col_offset), B To BpeMsi Kak PyPy BbI3biBaeT UCKIIIOYEHHeE.
Xors uHoraa pabora c AC/l pa3apaxaert, B 11eJIOM, KOHEYHO, OHO PaGOTOCIIOCOGHO.
Brioae peansho co3aars AC/l, paGoraioiee ¢ 601bmMHCTBOM Bepeuii Python.
Ecau cobmocty napy yciaoBHi, MOXHO C HEOOBLIIMMHU TPYAHOCTSMHU CO3/1aTh
AC/1, paboraiouiee Ha CPython 2.6-3.3 u PyPy, 4To senaer 3ToT UHCTPYMEHT
IIPUMEHUMBIM.

Kaxosa sawa ponv 6 cozdanuu Hy?

Bnepsbie naest o Hy npuiia MHe B roJoBy Bo BpeMsl pa3roBopa o TOM, Kak I10-
JIe3HO 6b1710 ObI MMeTH Lisp, koTopbiii komnuaupyetcs B Python, a He B Java JVM
(Clojure). Yepes napy aHeit y mensi 6bu1a nepsasi Bepcusi Hy. OHa npezcrasisiia
co6oii Lisp u naxe paborana kak Lisp, TonbKo ropasno MeaieHsee. Ocob6eHHO
Me/JIeHHO 1o cpaBHeHuio ¢ Python, Tak kak Beinosnenue Lisp 6bl10 peain3oBaHo
uepe3 Python.
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Y MeHs OnyCTHJIUCH PYKH, S YXKe XOTeJl CIaThCsl, HO MOH KOJLJIETa MPeIJioxHI
Bocnosb3oBaTbcst AC/L. ITo cTano pemaouiim st Bcero npoekTa. S norpaTun
Bechb oTnyck B 2012 roay Ha pabory ¢ Hy. B koHue ornycka st nosiy4us HeYTO
noxoxxee Ha coBpeMeHHbI koa Hy.

[Tocne Toro kak s 3actaBui Gosbiyio yacts Hy paGoTtath u cMOr pean3oBatb
npocreiiuee npuaoxerue Ha Flask, s pacckasan o npoekre B Boston Python
¥ TIOJIYYHJI IOJIOXKUTEIbHBIE OT3bIBBI. 3aTeM s cTan paccmarpuBath Hy kak xo-
pouuit cnocob obyyars o€t BHyTpeHHeMY ycTpoiicTBy Python: npunuunam
pa6otst REPL, umnopry xykos PEP 302 u, koneuno xe, ACJI. 31o 6611 XOpouiuit
crocob NpeACTaBUTh KOHUENLMIO KO/IA, KOTOPbIH MULIET KO/

51 nepenucan HeckoIbKO YacTel KOMIUIISTOPA, YTOOBI OH 6OJIbILIE COOTBETCTBOBA
MOUM IPEACTaBJIEHUSM, YTO U CTAJIO B UTOTE HCXOJIHBIM KO/JIOM MpoeKTa!

N3yuenne Hy — xopounii cnoco6 Hayats nonuMars Lisp. [lons3oBarenu moryT
NI03HAKOMMTBCSI C S-BbIPAXKEHUSIMU B 3HAKOMOM OKPY>KEHHH M IAXKe NCTIOIb30BaTh
npuBblYHbIE 6ubaHOTEKH, 06aeryast mepexon Ha Lisp, Common Lisp, Scheme,
Clojure.

Hackonvko Python coemecmum ¢ Hy?

Ouenb coBmecTM. HacTosibko, 4To pdb MOXeT npaBuibHO oTiaauts Hy 6e3
HeoOXOAMMOCTH BHOCHTD Kakue-1160 uameHenus. Sl nucan npunoxenus Flask,
Django, Moayau u pa3nsie Bemu Ha Hy. Python moxer umnopruposats Python,
Hy moxet nmnopruposats Hy, Hy Mmoxet umnopruposars Python, Python mo-
xeT MMnopruposatb Hy. 310 T0, yTO Ne1aeT Hy yHMKaNIBHBIM: Ipyrie BapUaHThI
Lisp, rakue kax Clojure, He Hactosbko yHusepcanbhbl. Hanpumep, Clojure Moxer
MMIIOpPTUPOBATh Java, Ho A5 Java umnopt Clojure — Ta eme 3agayva.

Hy pa6oraer, nepesoas koa Hy (B s-Bbipaxenusix) 8 AC/l Python npaktuyecku
nocnoBHo. Lllar koMnuasiuuu He06X0AUM M1J1s co31aHus HallT-Koaa, YTEHHE KO-
TOpPOTO He BbI30BeT Mpobsem a1 Python.

AneMentol Common Lisp, Takue kak *earmuffs* U using-dashes', nosHOCTBIO
AOCTYTIHBI IS IepeBoAa Ha 3kBuBaseHT Python (B aTom cayyae *earmuffs*
CTAHOBUTCS EARMUFFL, a using-dashes MUIleTCs KaK using_dashes), 4TO O3HAYAeET,
yto Python He UCNIBITBIBAET CIOXKHOCTEH C MX 0OPaGOTKOIA.

MBI Beera crapaeMcsi y6eIUTbCS, YTO COBMECTUMOCTb NMPOEKTA HAXOAMTCS Ha
BBICOKOM YPOBHE, T03TOMY €CJI1 HaiizteTe omnubKu — He 3a0yabTe COOOMUTD O HUX!

' Wcnonb3oBaHue THpe.
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B uem npeumywecmea u nedocmamxu evi6opa Hy?

OpnHo u3 npeumyiects Hy — Hainume cucTeMbl MAaKpOCOB, YETO TaK He XBaTaeT
Python. Makpocsl — 3To cneunanbhsie QyHKIMH, U3MEHSIOIME KO/ HA JTare
KOMIUJIALMH. ITO NO3BOJISIET CO3/1aBaTh HOBbIE SI3BIKH, CIIELIUATIBHO /7151 PabOThI
10/ ONpe/IeJIEHHON CHCTEMOIA, COCTOosIIME U3 6a30BOTO sI3bIKA (B HAllleM CJIyyae
Hy/Python), coBMeLieHHOro ¢ MaKpocaMu, KOTOpbIE JAIOT BO3MOXHOCTb CO3/1a-
BaTh KPaTKUM U BbIPa3UTENbHBINA KOA.

Yro kacaeTcs HEIOCTATKOB, TO TaK Kak LlSp IMAIIETCA B S-BbIPAaXXEHUAX, 3TO
CO3Ja€T CJ0XHOCTH B €ro U3y4€HUH, YTEHUHU U NIOAAEPIKAHHUU. [To aToit IIpUYUHE
JIIOAA MOT'YT OTKa3aTbCA pa6OTaTb C MPOEKTaMHU Ha Hy

Hy — aro kak Lisp, koTopsiit Bce 1106T HeHaBUAETb. /111 MUTOHUCTOB Y Hero
HETIOHSITHBIA CHHTAKCHC, a IPOrpaMMHUCTBI Ha Lisp 6yayT u3beratb ero u3-3a uc-
noJb3oBanusi 06bektoB Python HanpsiMylo, 4To 03HavaeT, 4To noBeseHue pyHAa-
MEHTaJIbHBIX OOBEKTOB MOXET OBITh 151 padpaborynka Lisp HenpeackasyeMbiM.

Hazgetoch, 4To JI0AM He CTaHYT 3a0CTPSITb BHUMaHME Ha CHHTaKcHuce ¥ OyayT
usyuarb Python ganbure.



NMpon3BoaUTENbHOCTDb
U oNTUMU3aALUNA

OnTumusauua — 3To nocieaHee, 0 YeM 3ayMbIBAOTCA BO BpeMs pa3paboTku, HO
00s3aTenbHO HaCTaHET TOT MOMEHT, Koraa 3To 6yaeT HeobxoauMO. 3TO He 3HauuT,
YTO Bbl AO/MKHBI MMCATb NPOrPaMMy C MbICIbIO, YTO OHa ByAeT MeaneHHoN, oAHaKo
AyMmaTb 06 onTMMU3auun 6e3 NpeaBapuTeNIbHOro onpeaeneHua NPaBUNbHBLIX UH-
CTPYMEHTOB U MexaHU3MOB — NycTas Tpata speMeHu. Kak nucan [loHanba KHyT,
«Premature optimization is the root of all evil».!

B 3TOM pa3saene Mbl pacCMOTPUM NPaBU/IbHLIN NOAXOA AN 6bICTPOro CO3AaHUA KOAA
1 NOWMEM, UTO HY>XHO ONTUMU3MPOBATL B NEPBYIO ouepeab. B 3Toit rnase npeacTas-
neHa Bcst HeO6xoanMas MHGOPMaLUUs AN NOHUMAHKA NPOPUANPOBAHUA NPUNOKEHNS
C UeNblo yaaNeHNs YacTeit Koaa, KOTOpbIE MOMYT TOPMO3UTD BbINONHEHUE NPOrPaMMBI.

CTPYKTYPbI AQHHbIX

BonbunHCTBO Npo6ieM NporpaMMUpPOBaHHS. MOTYT ObITH PeLIEHbl 3J€EraHTHO
M MPOCTO C MOMOLIBIO NMPABUJIbHBIX CTPYKTYP AaHHbIX — Python npenocrasasier
6ob1Ioi BBIGOP. Hay4nThCsl 1071630BaTHCSA STUMH CTPYKTY PaMH FOPA3/Io M0J1e3Hee
IS ToJIyyeHust 6oJiee CTabGMIBHOTO M YHCTOrO KOAQ, YeM MOCTOSIHHOE HaMHCAHHe
NOJIb30BaTENbCKUX CTPYKTYP.

Hanpumep, Bce UCnonb3yioT dict, HO KaK 4acTO BCTPEYaeTCs KO, KOTOpbli 0Opa-
LIAETCsI K CJIOBAPIO, €CJId OOHapyskeHa omuOKa KeyError?

def get_fruits(basket, fruit):
try:
return basket[fruit]

! «[IpexxaeBpeMeHHasi ONTUMHU3AUUS — 3TO KOpeHb Bcero 3aa». Donald Knuth, Structured
Programming with go to Statements, ACM Computing Surveys 6, no. 4 (1974): 261-301.
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except KeyError:
return None

Wnn NpoBEPAET CHaYa/la HAJIMIHE KJTIoYa:

def get_fruits(basket, fruit):
if fruit in basket:
return basket[fruit]

Ecnu 6b1 BBI HCTIOTB30BAM METOA get (), Y2Ke MPeX0CTaBIeHHBIN KJIacCoM dict, TO
cMoriv bl n36exaTh HEOGXOAMMOCTH HCKATb OIIMOKH U IPOBEPSATH HAIMYHE K042
C CaMoro HavaJa:

def get_fruits(basket, fruit):
return basket.get(fruit)

Meton dict.get () Tak)xe MOXeT BO3BpaILlaTh 3HAYE€HHE 110 YMOJTYaHHUIO BMeCTO None;
IPOCTO BBI3OBUTE €r0 CO BTOPbIM apryMeHTOM:

def get_fruits(basket, fruit):
# Return the fruit, or Banana if the fruit cannot be found.
return basket.get(fruit, Banana())

MHorue pa3apaboTYMKH UCIONB3YIOT Ga3bl CTPYKTYP AaHHBIX Python, He 3Hast 060
BCEX METO/IaX, KOTOPble OHH MPENOCTABISIOT. ITO TAaKXKe BEPHO AJISI MHOXKECTB: Me-
TOJ[bl B HUX MOTYT PELINTh MHOTHE MPO0JIeMb, KOTOPbIE HHAYE MOTPe6OBaH OBl Ha-
NUCcaHus BIOXKEHHbIX 6,10Kk0B for/if. Hanpumep, pa3apaboT4uKu 4aCTO UCIONB3YIOT
LUKJIBL for/if /17151 onpe/ieieH|si TOrO, BXOJUT JIH 9JIEMEHT B CIIHUCOK:

def has_invalid_fields(fields):
for field in fields:
if field not in ['foo', ‘bar’']:
return True
return False

[{1K MPOU3BOAUT UTEPAIHIO YEPE3 BCE 3JIEMEHTHI B CIIMCKE U MPOBEPSIET, 4TO BCe
oHU foo uau bar. Ho 3TOT e LUK MOXHO BbIpa3uTh ropasno a¢dektusHee, yopas
UTepaluio:

def has_invalid_fields(fields):
return bool(set(fields) - set(['foo', ‘'bar']))

ITOT KO KOHBepPTUpYeT fields BO MHOXECTBO U BBIYUTAET U3 HETO MHOXKECTBO
set(['foo'm'bar']). 3aTeM nepeBOAMT OyYeHHOE MHOXKECTBO B 6yJ1eBO 3HayeHUe,
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KOTOpOe MPUHUMAET 3HayeHHe True, €CJIM BO MHOXeCTBe He OCTaJIOCh 3JIEMEHTOB.
HWcnonb3oBaHMe MHOXECTB B JAaHHOM Cily4ae He TpeOyeT UTepalMii U POBEPKU
3JIEMEHTOB NooYepeiHo. Beero b ofiHa onepanys ¢ MHOXXeCTBaMH BbITNOJTHSIETCS]
cpeacrsamu Python ropaszo 6sicTpee.

Y Python ectb Gosiee NpOABUHYThIE CTPYKTYPbl JAHHBIX, KOTOPbIE CHIXKAIOT Ha-
rpy3Ky Ha nojaepxanue koza. [Ipumep B muctunre 10.1.

NMucrunr 10.1. [JobasneHne 3anUcu B CNOBapb U3 MHOXECTB
def add_animal_in_family(species, animal, family):
if family not in species:
species[family] = set()
species[family].add(animal)

species = {}
add_animal_in_family(species, ‘'cat', 'felidea‘)

ITOT KOA paboYUii, HO CKOJIBKO pa3 MOHAAOOUTCS MOBTOPSITh €T0 B Iporpamme?
Hecatkn? Cotuu?

Python o6ecnieunBaet cTpykTypy collections.defaultdict, koTopas pemaeT npo-
6a1eMy B 60J1€€ 37IETaHTHOM BHJIE:

import collections

def add_animal_in_family(species, animal, family):
species[family].add(animal)

species = collections.defaultdict(set)
add_animal_in_family(species, 'cat', 'felidea’)

Kaxzplii pa3 npu nonbiTke 06paTUTHCSI K HECYIIECTBYIOIEMY 3JeMEHTY B dict
defaultdict OyzeT ucnosnb30BaTh (PYHKLHIO, KOTOPAsi NEPefAETCs] KAaK apryMeHT
B CBOil KOHCTPYKTOP /iJIsl CO3IaHUsI HOBOTO 3HAaY€eHHUs1 BMECTO BbI30Ba KeyError.
B atoM ciyyae ¢pyHkuus set() UCIOAB3YeTCS 151 CO3/LaHHUSI HOBOTO set KaXKAbli
pas3, KOrza OH Hy>KeH.

Monaynb collections npeasaraer elle HeCKONIbKO CTPYKTYP AaHHBIX, KOTOPble MOKHO
Ucnosb30Bath B pabote. HanpuMep, He06X0AMMO MOCYUTATh KOJIHYECTBO ONpeie-
JIEHHDIX 3JIEMEHTOB B UTEPUPYEMOM 00beKTe. [J151 STOr0 MOXKHO MCTI0/IB30BATh METO/
collection.Counter(), pellalOLIMii 3Ty 3adavy:

>>> import collections
>>> ¢ = collections.Counter("Premature optimization is the root of all evil.")
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>»> ¢

>>> c['P'] # Bo3spawaeTr konu4ectso 6yks 'P’

1

>>> c['e'] # Bo3spawaeT konuyectso 6yxs 'e’

4

>>> c.most_common(2) # Bo3BpaljaeT ABe Camhie pacnNpoCTpaHeHHue GyKBbi

e 7, (i', 5]

O6wbekT collection.Counter paboTaeT ¢ MOOBIMU UTEPHPYEMBIMH 0OBEKTAMHU, KO-
TOpBle MMEIOT XEIIUPYEMBIE JJIEMEHTBI, YTO U30aBJseT OT HEOOXOAUMOCTH MUCATh
cobctBenHble hyHKMU noacyeta. OH MOXET JIErKO MOCYUTATh KOJIUYeCTBO OYKB
B CTPOKE M BEPHYTb KOJMYECTBO HanboJsiee pacpoCTPaHEHHBIX 3JIeMEHTOB. Bos-
MOJKHO, BBl CO3[aBajIi TaKyl0 (DYHKIHMIO CAMOCTOSITENBHO, IOTOMY YTO He 3HAIU
O CYI1IeCTBOBAaHHH TOTOBOTO PellieHHsI B CTAHAAPTHOI 6ubinoTexe.

C npaBUJIbHOI CTPYKTYpOil JaHHBIX, KOPPEKTHBIMH METOAMU M OYEBUIHO a/l€K-
BaTHBIM AJICOPUTMOM Y IPOrPaMMBI OY/IET XOPOILasi IPOU3BOAUTENBHOCTD. OIHAKO
€cJ1i NporpamMma paboTaeT HeIOCTaTOYHO XOPOLIO, JIYYIIHiA CIIOCO0 Y3HATH €€ y3KHe
MecTa — 3aHSAThCS NPO(UINPOBAHUEM KOZA.

NMoHnMaHue noBeAeHUA Koaa yepes
npocdunuposaHue

IIpogunuposanue — 3to GopMa AMHAMUYECKOTO AaHATM3A, NO3BOJISIIOLIETO MOHST,
Kak paboraer nporpamma. OHO OMOraeT ONpPEAENUTbD, [/Ie HAXOAUTCS «OyThLIOY-
HOE TOPJIBIIKO» NPOTrPaMMBI H TZie CJleAyeT NpUMeHsATh onTuMu3anuio. [Ipodunn
NPOrpaMMBbl IPMHUMAET BUA MHOXKECTBA CTAaTUCTHYECKUX AAHHBIX, OMUCHIBAIOIINX
4acTOTy ¥ MPOAOJIKUTENBHOCTD BBIMOJHEHHS! Pa3HbIX YaCTel MPOrpaMMBl.

Python o6ecneynBaeT HECKOIBKO MHCTPYMEHTOB /115 TPOGHIMPOBAHKS IPOTPAMM.
OnuH U3 HUX BXOAUT B CTAaHAAPTHYIO OUOIMOTEKY U He TpebyeT yCTAaHOBKU — 3TO
cProfile. TakXke CTOMT PacCCMOTPETb MOAYJIb dis, KOTOPbIii MO3BOJISIET Pa3OUTDH
KOZ Ha 6oJiee MeJIKHe YacTH U O0JIErYUTh MOHMMaHHWe BHYTPEHHUX MPOLIECCOB €ro
(pyHKIHMOHUPOBaHHSI.

cProfile

[To ymomuanmio cProfile Biuiovaercs ¢ Bepcuu Python 2.5. [[ns ucnonb3oBanus
cProfile BBI30BHTE €ro C MOMOILIbIO IPOrPaMMBbI, UCNIOJIb3ysi CHHTAKCHC python
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-m cProfile <programs. ITO 3arpy3uT U aKTUBUPYET MOAYJb cProfile, a 3aTeM 3a-
MYCTUT NPOrpaMMy € BKJIIOYEHHbIM UHCTpYMeHTapueM (uctunr 10.2).

JincTunr 10.2. BoixoaHble aaHHble cProfile

$ python -m cProfile myscript.py
343 function calls (342 primitive calls) in 0.000 seconds

Ordered by: standard name
ncalls tottime percall cumtime percall filename:lineno(function)

1 0.000 0.000 0.000 0.000  :0(_getframe)
1 0.000 0.000 0.000 .000  :0(len)

104 0.000 0.000 0.000 .000  :0(setattr)
1 0.000 0.000 0.000 .000  :0(setprofile)
1 0.000 0.000 0.000 .000  :9(startswith)

2/1 0.000 0.000 0.000 .000  <string>:1(<module>)
1 0.000 0.000 0.000 .000  StringIO.py:30(<module>)
1 0.000 0.000 0.000 .000  StringIO.py:42(StringIO)

OO OO0

Jluctunr 10.2 oTpaXkaeT BHIXOAHbIE JaHHbIE 3aMyCKa MPOCTEHIIEro CKPUITa Ha
cProfile. OH noka3biBaeT KOJIMYECTBO pa3 3amycka KaXKA0ii (yHKIIMH B porpam-
Me ¥ NPOAOJIKUTENBHOCTD €€ paboThl. Takike MOKHO UCIOIB30BATh ONLMIO -5 A5
COPTHUPOBKH 110 JIOOBIM 110JI5IM: HAIIPUMED, -s time OTCOPTUPYET Pe3yJbTaThl MO
BHYTPEHHEMY BPEMEHH.

MoxHo Bu3yanusuposarh uHOpPMaiHIO, CreHepUpPOBaHHYIO cProfile, HCIIOJB3Yst
otaunuHblit uHcTpymeHT KCacheGrind. OH 6b11 cosnan asist 06paboTku nporpamm,
HamucaHHbIX Ha C, HO, K CHACTBIO, €ro MOXHO UCMOJIb30BatTh ¢ Python, nepesoas
AaHHBIE /111 BHI30BA JEPEBa.

Moaynb cProfile UMeeT ONIMIO -0, KOTOPAs MO3BOJISIET COXPAHSIThH AAHHbIE TPO-
¢unupoBanus, a pyprof2calltree MOXXeT KOHBEPTHPOBATh X U3 OMHOTO ¢hopMara
B Apyroi. /Ins Hayana yCTaHOBUM pyprof2calltree:

$ pip install pyprof2calltree

3areMm 3amycTHM ero /s 06enx onepawyii, Kak nokasato B auctunre 10.3: nepeson
naHHbIX (onuus -i) u 3anyck KCacheGrind (onuus -k).

NncTunr 10.3. 3anyck cProfile n KCacheGrind

$ python -m cProfile -o myscript.cprof myscript.py
$ pyprof2calltree -k -i myscript.cprof

[Ipu orkpoituu KCacheGrind BoiBenercs nunudopmauus (puc. 10.1). C Busyanu-
3UPOBAaHHBIMU JAaHHBIMU MOXKHO BBI3BATh IpaduK [Jisi OTCJIEKUBAHUS MTPOIIEHTOB
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3aTpayeHHOro Ha KaXxayio GYHKIMIO BpEMEHH, YTO NMO3BOJIUT ONpPEAENUTD, KaKast
4acTh NPOrPaMMbl PaCXOAYeT CMIIKOM MHOTO PECYPCOB.

Camsiit npoctoii cnoco6 npountats oryer KCacheGrind — 310 HauaTh ¢ Tabauupl
CJIeBA, B KOTOPO#i NepevrcIeHbl Bce PYHKIIMHN U METO/bI, BBITIOJTHEHHbIE IPOrPaMMOI.
MoxHO OTCOPTHPOBATH MX IO BpEMEHH BBITIOJIHEHH S, @ 3aT€M ONPeAETUTb PYHKLHIO,
KOTOpast 3aTpaTiiia 6oJiblie BCEro BHIYMCINTENbHBIX MOLIHOCTEN.

[paBas naneas KCacheGrind BoiBoaut nHpopMaumio o GyHKUMAX, KOTOPbIE
BBI3BAJIM paccMaTpHBaeMyio (PyHKLHMIO, M O KOJMYECTBE ITUX 3aAMPOCOB, a TaKXKe
0 GbyHKIUMSX, KOTOPble GbLIN BBI3BaHbI paccMaTpuBaeMoii hyHkuueit. [paduk sanpo-
COB NIPOrPaMMbl, BKJIIOYast BpeMs1 BHIIIOJIHEHUS KOXKIOH YaCTH, POCT B HAaBHTALHH.

ITO NOMOXeET Jiyqyli€ INOHsATb, KaKHe 4YaCTH KoJa Tpe6y10'r ontuMu3aaiuu. Kak
ONTUMHU3HUPOBATH KOJA — 3aBHCHUT YyXe OT lleJlCﬁ, KOTOpbI€ MpOrpaMMa A0JI)KHa
BbITNIOJIHATD.

File View Go Settings Help

(3 open | @Back v Prowas - fup v | [0 REGINE! 5 Cyae DRrEtoR | <]+ Relative to Parent <> Shorten Templates | Ticks v
Flat Profile @®  cmodule> binjceilometer-send~counter:21

Searchy o Grouping) ¥ Dp“ Callers | All Callers [ Cattee Map | Source Code

H incl

i/ Storceloio.conlasiol..nt. Y17 J:‘;wus‘

g@m

100.00 1.41 (0) & <__impo

xeill 100.00 0.00 25 d <__import__> (ur\knm" |
@8 9225000 (0) B cmodule> Momefi@/Sour... (unknotf
S ) 92.25 0.00 1 ® <modute> /home/jd/S our (unknmf
it 91.55 0.00 1 M <module> fusr/Ub/python. (un\\nn\
2 8873000  (0) M <modulex /ust/liblpython (u,m.m? { :
60.56 0.00 1 B <module> ceilometer/pip... (unknoy i‘modu\e) /home/jdfSaurce/oslo.... (92.25
5986000  (0) M <lambde> usifblpython... (unknon {module> binfeilometer-send-c... (168.31 )k

59.86 0,00 221 W clambda> fusr/lib/python... (unkney
59.86 0.00 221 i activate fusr/lib/python2.... (unkney
59.86 0.00  (0) M subscribe fusr/lib/python... (unknoy
59.86 0.00 1 © subscribe fusr/ib/python... (unknoy
5915 0.00  (0) 8 <module> ceilometer/pip... (unknay

]
)
=
-
-
™
-
w 58.45 0.00 (0) = activate Ausr/lib/python2.... (unknoy
] 44.37 0.00 1 8 <module> ceilometer/op. {unknov i
) 42.96 070 (0) B <module> ceilometer/op... (unknay 1
9 38.03 000 940 W _handie_ns fusrflibipyth... (unknoy | 1XS Count Callee |
o 3732 141 (0) W _handie-ns fusrib/pyth... (unknoy
o 3662 070 (0) 8 -compile /ustflib/python... (unkner
o 36.62 0.00 1250 M _compile fust/lib/python... (unknoy 0.4 1 8 prepare..service ceilometer/service py:80
Fl 3592 000 (0) H compile fusr/lib/python2.... (unknoy 493 1 8 <module> ceilometer/sample.py:25 |
5 35.92 0.00 77 3 compile fusrfibfpython2.... (unknoy 211 1 8 <module> /home/jd/S ource/oslo. configlosio/configlefg py:261 ;
] 3451000  (0) 2 compile /usr/Ub/python2.... (unknoy 141 1M <module> ustfiib/python2. 7/logging/- _init . py:24 |
Fl 30.28 0.00 457 ® <map> (unknos |
9 2958 141 (0) M <map> (unkney
¥ 2958 0.00 933 M find_module fusr/ib/pyth.. (unknov
] 29.58 0.00 221 M fixup._namespace_packag... (unknoy
T 2358000 1198 4 realoath fusrfiblovthon2., (unknayw | Fists | Callees | Call Graph | A Callees | Caller Map | Machine Code

pyprof2ealitreeEfzHmo.log [1] - Total Ticks Cost: 142

Pwnc 10.1. NpumMep BbixoAHLIX AaHHLIX KCacheGrind

0O630p noyyenHou HHGHOPMALKH O PabOTE NPOrPAMMBbI IIPEAOCTABISIET MAKPOCKOMHU-
4eCKHii IOPTPET ee BhIMOJIHEHUS1, HO NHOTZIa HY)KHO BHUKHYTb B 60J1ee MeJIKHe eTaiu



188 (naea 10. Npon3BOAMTENBHOCTL U ONTUMU3ALMS

paboThbl ¥ MPOUHCIIEKTHPOBATH KO HA MUKPOCKOMUYECKOM ypoBHe. B TakoM ciyuyae
JIy4llle BOCIIOJIb30BAThCSI MOAYJ1eM dis /115l OLIEHKH MPOLIECCOB BHYTPU MPOrPAMMBbI.

An3zacceMbnunr mopynem dis

Monyis dis — ato gu3acceMbiep baitt-koaa Python. Paso6pats koa Ha coctasasionye
MOXeET ObITh [0JIE3HO /151 TOHUMAHUSI pabOThI KAKIOM CTPOKH C LIETIBIO ONITUMU3ALIUH
BbINOJIHeHUs mporpamMbl. Hanpumep, uctunr 10.4 nokaspiBaet paboty GyHKUUH
dis.dis(), KOTOpas IPOBOAUT AU3ACCEMOIUHT 1060 HYHKIMH, NepeaaHHOM B dis ()
B KaueCTBe apaMeTpa, U BBIBOAUT CIIMCOK HHCTPYKLMii Ha 6aiT-Koze.

Jinctnir 10.4. nsacceMbnnHr QyHKUnK

>>> def x():
return 42

>>> import dis
>>> dis.dis(x)
2 © LOAD_CONST 1 (42)
3 RETURN_VALUE

B sucrunre 10.4 GyHKUMS X TPOXOAMUT AU3ACCEMOIUHT U ee COAEPKUMOE BBIBO-
AMTCS B BUJIE MHCTPYKLMIA 6aiiT-koza. B uHCTPYKIMU BCero ABe onepauuu: 3arpyska
KOHCTaHTHI (LOAD_CONST), TO eCTb 42, ¥ BO3BpaT 3TOro 3HayeHusi (RETURN_VALUE).

Y106 MPOAEMOHCTPUPOBATD MOJIB3Y dis, 00bsIBIM ABE (GYHKLIMHU, KOTOPbIE BHIMIOJ-
HSIOT OJIHY U TY e paboTy — KOHKaTeHaluo Tpex 6ykB, — 1 pa3bepeM HX, 4TOOBI
0Ka3aTh Pa3HUILY B MX PELICHHSIX:

abc = (-a-, 'b', 'C')

def concat_a_1():
for letter in abc:
abc[0] + letter

def concat_a_2():

a = abc[0]
for letter in abc:
a + letter

O6e (byHKUMM Jenal0T OAHO M TO XK€, HO eCJIM MOABEPrHYTh UX AU3aCCeMOIUHTY
C noMoIbIo dis.dis, Kak moka3aHo B auctudre 10.5, CTAaHOBUTCSI BULHO, YTO UX
6aiiT-KO/ pa3Hblil:
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Nuctnir 10.5. OueHka yHKUwmi

>>> dis.dis(concat_a_1)
2 @ SETUP_LOOP
3 LOAD_GLOBAL
6 GET_ITER
>> 7 FOR_ITER
10 STORE_FAST

3 13 LOAD_GLOBAL
16 LOAD_CONST
19 BINARY_SUBSCR
20 LOAD_FAST
23 BINARY_ADD
24 POP_TOP
25 JUMP_ABSOLUTE
>> 28 POP_BLOCK
>> 29 LOAD_CONST
32 RETURN_VALUE
>>> dis.dis(concat_a_2)
2 © LOAD_GLOBAL
3 LOAD_CONST
6 BINARY_SUBSCR
7 STORE_FAST

3 10 SETUP_LOOP
13 LOAD_GLOBAL

16 GET_ITER

>> 17 FOR_ITER
20 STORE_FAST

4 23 LOAD_FAST
26 LOAD_FAST
29 BINARY_ADD
30 POP_TOP
31 JUMP_ABSOLUTE
>> 34 POP_BLOCK
>> 35 LOAD_CONST
38 RETURN_VALUE

26

18

22

14

17

(to 29)
(abc)

(to 28)
(letter)

(abc)
(@)

(letter)

(None)
(abc)
(@)
(a)

(to 35)
(abc)

(to 34)
(letter)

(a)
(letter)

(None)

Bropas ¢yHnkuus B auctunre 10.5 XxpaHUT abc[@] B Bue BpeMeHHOM NepeMeHHOM
nepe/i 3aMyCKOM LUKJIA. JTO Aesiaet 6aif T-Koz, BHIMOTHsIEMBbIH BHY TPH LIUKJIA, KOpPOYe
6aiiT-koaa nepBoil HYHKIMH, TAK KaK abc [8] HE OCYIIECTBIISIET TOUCK TPU KaXA0K
urepauuu. Viamepenusi ¢ timeit nmokaspIBaioT, 4TO BTOpasi Bepcusi 6picTpee Ha 10 %;
OHa BBIMIOJIHSIETCS HA LeJYI0 MUKpoceKyHay ObicTpee! EcTecTBeHHO, 3aHMMATBCS
ONTHUMH3aLUeH paay TaKoil BBITOZABI HE UMEET CMbICIA, €C/IM, KOHEYHO, OlepaLus
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HE€ MOBTOPAETCA MUJIIIMAPAbI pa3, — IJIA ONpeaeJIEeHUA 3TOro U Hy>KHO 3arjIiHyTb
BHYTPb IIpOLIECCA C IOMOILIbIO MOAYJIA dis.

He umeer 3HaueHus, XxpaHuTe U Bbl NEPEMEHHbIe BHE IIUKJIA, OT KOTOPOTO OHa
3aBUCHUT, — 3Ta paboTa 10 ONTUMHU3ALMHU JOJKHA BBIMONHATHCA KOMIIUISATOPOM.
Ho c apyro# cTopoHbl, KOMITUJISITOPY CJIOXKHO ONMPEAENUTb, OTPA3UTCS JIK 3TO MO-
JIOXKUTEIbHO Ha paboTe MpOrpaMMsl U3-3a JUHaMU4ecKoit npupoast Python. B iu-
ctutre 10.5 ucnosb3oBaHue abc[@] BbI30BET abc._getitem , YTO MOXKET NPUBECTH
K HeXKeJIaTeIbHbIM [OCJIEACTBHSIM, €CJIH OHO OBLIO NIEPEONPEIEIEHO HACIEI0OBAaHUEM.
B 3aBucuMocTH OT Bepcuu mpuMeHsieMoii (yHKIIMK MeTOA abc. getitem  Oyaer
BBI3BaH eMHOX/ABI UJI HECKOJIBKO Pa3, YTO MOXKET PUBECTH K 3HAYUTEIbHOM pa3-
Huue. [loaToMy cieayeT oCTOPOXKHO MOAXOAUTH K BOMPOCAM ONTHMU3AIMHN Koza!

3ddexkTuBHOE 06BABNEHNE PYHKUNA

OpHa U3 pacmpoCTpaHEHHBIX OIMOOK, KOTOpasi MHE HEOJAHOKPATHO BCTPeYanach
B YYKOM KoJie, — 00bsiBIeHHe PyHKIMH BHYTPH QYHKIHH. ITO He3DDHEKTUBHO, 1O-
TOMY 4TO IIPUBO/IUT K HECII0/IE3HOMY MHOTOKPATHOMY OObSIBJIEHHIO OJHOM U TOH e
¢yHnkuuu BayTpU Apyrux dyukuuil. B muctunre 10.6 nokasano, kak ¢pyHkuus y()
Obi1a 0GBsIBIIEHA HECKOJIBKO Pas.

Nucrunr 10.6. NMosTopHoe obbaBneHne PyHKUUK

>>> import dis
>>> def x():
.o return 42
>>> dis.dis(x)
2 © LOAD_CONST 1 (42)
3 RETURN_VALUE

>>> def x():
ves def y():
e return 42
eee return y()
>>> dis.dis(x)
2 © LOAD_CONST 1 (<code object y at
x100ce7e30, file "<stdin>", line 2>)
3 MAKE_FUNCTION 0
6 STORE_FAST 0 (y)
4 9 LOAD_FAST 0 (y)
12 CALL_FUNCTION 0

15 RETURN_VALUE
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B 3TOM npumepe MOXHO yBH/JeTb BbI30Bbl MAKE_FUNCTION, STORE_FAST, LOAD_FAST
1 CALL_FUNCTION, KoTOpble TpeOyIOT ropa3zio 6osiblile KOJIOB ONepaLuii, YeM B IpH-
Mepe I BO3BpaTa 4ncia 42 u3 auctunra 10.4.

EauncTBeHHBIH cayyait, koraa Haxo 6yxer o6bABUTD PyHKUMIO BHYTPU DYHK-
IMH, — 3TO CO3AaHne HYHKIMHU 3aMBbIKaHHs], U 9TO SIBHO OnpeneneHHsli st Python
crnocob NprUMeHeHHUsT KOJOB ONepaLuii, Tak KaK jiisi HEro eCTb KoJ LOAD_CLOSURE
(suctunr 10.7).

JNnctuur 10.7. O6vaBneHue 3aMblkaHus
>>> def x():

a=4

ce def y():

e return a

. return y()

>>> dis.dis(x)

2 ® LOAD_CONST 1 (42)
3 STORE_DEREF e (a)
3 6 LOAD_CLOSURE e (a)

9 BUILD_TUPLE

12 LOAD_CONST
x100d139b0, file "<stdin>", line 3>)

15 MAKE_CLOSURE 0

N P

(<code object y at

18 STORE_FAST o (y)
5 21 LOAD_FAST o (y)
24 CALL_FUNCTION )

27 RETURN_VALUE

Mcnonp3oBanue au3acceMOIMHIa — He eXXKe[HEBHAs NIPAKTHKA, HO MOJIE3HO 3HATD
O NPUMEHEHHH ITOrO WHCTPYMEHTA, €CJIM BOSHUKHET HeOOXOAMMOCTD 3arJIstHyTh
BHYTDb ITPOLIECCOB.

YnopsaoueHHbie cnucku u bisect

Tenepb nocMOTPUM, KaK ONITUMU3UPOBATH CIUCKH. EC/IM ClIMCOK He OTCOPTUPOBaH,
TO HAUXYUIKH CLIEeHAPUH JIJIS [IOMCKA 3JIeMEHTa Ol1TUCbiBaeTCs coXkHocTbio O(n). To
€CTb HeOOXOMMMBIN 3IEMEHT BbI, CKOPee BCero, HailjieTe 1nocJie 06X0/1a BCEro Cucka.

PacnipocTpaHeHHOe pelileHre 1J1s1 ONTUMU3AKH ITOM 11P06eMbl — UCTOJIb30BaHUE
OTCOPTHPOBAHHOTO crucka. OH NMPUMeHsIET AJITOPUTM IBOMYHOTO IMOMCKA, YTO MO~
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3BOJIsIeT A0CTHYD BpeMeHH BoinosiHenusi O(log n). Vizest B TOM, 4TOOBI pa3aenuThb
CIMCOK MOMO0JIaM ¥ MOCMOTPETb, B KaKyI0 4aCTh MOT TIONACTh HYXKHBIH 3JIEMEHT,
a3areM MCKaTh yXe B HEH.

Ilnsi atoro B Python ectb Moy b bisect, coaepakaiuii a1ropuT™ JBOMYHOTO MOUC-
Ka, IpUMeP KOTOPOro npezacraseH B auctunre 10.8.

JNucrunr 10.8. Ucnonb3oBaHue bisect Ans noucka uronku B crore ceHat

>>> farm = sorted([ 'haystack’', 'needle', 'cow', 'pig'])
>>> bisect.bisect(farm, 'needle’)

3>> bisect.bisect_left(farm, 'needle’)

i>> bisect.bisect(farm, 'chicken’)

g>> bisect.bisect_left(farm, 'chicken')

2>> bisect.bisect(farm, 'eggs')

1>> bisect.bisect_left(farm, 'eggs’)

1

B atom npumepe ¢yHkius bisect.bisect() Bo3BpaliaeT NO3NUUIO, B KOTOPOH
NOJIXKEH HAaXOAUTHCSI HCKOMBIH 3JIeMeHT [Jisi 0becrieyeHus: OTCOPTUPOBAHHOTO
cocTosiHus cnucka. OueBHAHO, YTO 3TO paboOTaET, eI CIUCOK C CaMOro Havazia
NPaBUIbHO OTCOPTHPOBaH. OCYIECTBUB NEPBOHAYAIBHYIO BBIGOPKY, MOXHO IO~
JyYUTb TEOPETUYECKHUH MHIEKC MCKOMOTO 3jIeMeHTa: dissect() BO3BpalllaeT He
MHGOPMALIMIO O HATHYHH 3JIEMEHTA B CIIUCKe, a TOJIbKO WH(POPMALIUIO O TOM, I/e
OH 110JKeH ObITh. Bo3Bpar aseMeHTa 110 3TOMY WHIEKCY OTBETHUT Ha BOMPOC, Ha-
XOIUTCSI 1IN OH B CITUCKE.

Ecnu TpebyeTcsi BCTaBUTh 3JIEMEHT CPa3y B NPaBUJIbHYIO OTCOPTUPOBAHHYIO MTO3U-
[0, MOZYJIb bisect MOMOXeT B 3TOM (YHKIMSIMH insort_left() u insort_right
(suctunr 10.9):

JincTurr 10.9. BcraBka aneMeHTa B OTCOPTUPOBaHHbBIN CNMCOK

>>> farm

['cow', 'haystack', 'needle’, 'pig']

>>> bisect.insort(farm, 'eggs’)

>>> farm

['cow', 'eggs', 'haystack', 'needle', 'pig']

' B mactunre 10.8 cnucok farm cocrout u3 cnoB «CeHo, MTosIKa, KOPOBA, CBUHbSI».
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>>> bisect.insort(farm, 'turkey')
>>> farm
['cow', ‘'eggs', 'haystack', 'needle', 'pig', 'turkey']

HMcnonb3oBanne MoztyJisi bisect MO3BOJIMT TaKKe CO3aThb 0COOBIIT Kacc SortedList,
HACJIeJOBaHHbIA U3 1ist /7151 CO31aHMsI CICKA, KOTOPBIi Bceraa OyeT oTCOPTUPOBAH
kak B siucrunre 10.10:

Jucrnur 10.10. Peanusaums obvekta SortedList

import bisect
import unittest

class SortedList(1list):
def __init_ (self, iterable):
super(SortedList, self)._ init_ (sorted(iterable))

def insort(self, item):
bisect.insort(self, item)

def extend(self, other):
for item in other:
self.insort(item)

@staticmethod
def append(o):
raise RuntimeError(“Cannot append to a sorted list")

def index(self, value, start=None, stop=None):
place = bisect.bisect_left(self[start:stop], value)
if start:
place += start
end = stop or len(self)
if place < end and self[place] == value:
return place
raise ValueError("%s is not in list" % value)

class TestSortedList(unittest.TestCase):
def setUp(self):
self.mylist = SortedList(
['a', 'c', 'd', 'x', '"f', 'g", 'w']
)
def test_sorted_init(self):

self.assertEqual(sorted(['a’', ‘c’', 'd',
self.mylist)

x', "f, g, W',

def test_sorted_insort(self):
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self.mylist.insort('z")

self.assertEqual(['a’', 'c', 'd', 'f', 'g', 'w', 'x', 'z'],
self.mylist)

self.mylist.insort('b")

self.assertEqual(['a’', 'b',
self.mylist)

¢, 'd', 'f', ‘gt W', 'x', 'z'l,

def test_index(self):
self.assertEqual(@, self.mylist.index('a'))
self.assertEqual(1l, self.mylist.index('c'))
self.assertEqual(S, self.mylist.index('w'))
self.assertEqual(@, self.mylist.index('a', stop=0))
self.assertEqual(@, self.mylist.index('a’', stop=2))
self.assertEqual(@, self.mylist.index('a', stop=20))
self.assertRaises(ValueError, self.mylist.index, 'w', stop=3)
self.assertRaises(ValueError, self.mylist.index, 'a’', start=3)
self.assertRaises(ValueError, self.mylist.index, 'a', start=333)

def test_extend(self):
self.mylist.extend(['b', 'h', 'j', 'c'])
self.assertEqual(
[.a'J ‘b.J 'C.J 'c.) Id'J If‘) 'g') Ih.J Ij') .w'l lx']
self.mylist)

Kinacc 1ist, koHeuHO, 6071ee MeIeHHBIH A5t 100aBIeHUs] 3JIEMEHTA B CIIUCOK, TaK
Kak MporpamMma Ao/lkHa HalTH IPpaBUJIbHOE MeCTO 1S ero BcTaBku. OHAKO 3TOT
KJ1acc ObICTpee UCIOIb3YeT METO/ index (), 4eM ero poauTtesib. O4eBUIHO, YTO HEJIb3S
HPUMEHSATH MeTOJ 1ist.append() K 3TOMY KJIACCy: HEBO3MOXKHO 100aBUTDb 37IEMEHT
B KOHEI| CIIUCKA, IOTOMY YTO 3TO IPUBEAET K HEOTCOPTUPOBAHHOMY COCTOSHMIO.

MHuorue 6ubanorekn Python peanusyor pasnsie Bepcum koga u3 aucrunra 10.10
JUIs1 Pa3HBIX CTPYKTYP AaHHBIX, TAKUX KaK OMHAPHbBIE UM KPACHO-YEPHBIE I€PEBbS.
ITakeTnl blist u bintree cozepxKar AJisd 3TUX nesei Koa U ux npuMeHeHne ya06Hee,
YeM peasiM3allusi U OTJa/IKa CBOMX aHAJIOTOB.

B cnenyromem paszesne Mbl paCCMOTPUM, KaK MOXHO YCKOPHUTb paboTy KOpTexe
U, KaK CJIEICTBHE, BbIIIOJIHEHHE BCEN POrpamMMBl.

MmMeHoBaHHbIe KOpTeXxu u Slots

YacTo B mporpaMMUpPOBaHIH HEOOXOIMMO CO3/1aTh IPOCTbIE 0OBEKTHI, 061a4a101He
BCEro napoi ¢puxcupoBaHHbIX aTpubyTOB. [IpocTeiinas peasn3alus MOXET Bbi-
[JISA€Th IPUMEPHO TaK:
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class Point(object):
def __init_ (self, x, y):
self.x = x
self.y = y

It0 paborocnocobHbiil BapuaHT. Ho npu TakoM moaxoje ecTh OXUH MHUHYC —
CO311aeTCs KJIAcC, KOTOPBIH HACJEAyeTCsl 3 KJAacCOBOrO 00OBbEKTa, U € NOMOILBIO
KJ1acca Point MHCTAHIMPYIOTCS BCe OOBEKTBI, YTO MPHBOAMT K BBICOKUM 3aTpaTam
naMsTH.

B Python o6brunbie 06beKTHI cOAEPKAT Bee aTpUOYTHl BHYTPH CJI0Bapsi, KOTOPBIM
XpaHUTCs B aTpHOyTe _dict_, Kak noka3aHo B jiuctuHre 10.11.

JNncrunr 10.11. XpaHeHue aTpubyToB BHYTPU 06bekTa
>>> p = Point(1, 2)

>>> p.__dict__
{'y': 2, 'x': 1}
>> p.z = 42

>>> p.z

42

>>> p.__dict__

{'y': 2, 'x': 1, '2': 42}

[IpenmyiecTBO HCMOJIB30BaHMS dict COCTOMT B TOM, YTO OH NMO3BOJISIET J0OABISATH
B 00BEKT CKOJIbKO YrofHO aTpubyToB. HepoctaTtkoM siBAsIOTCst GoJibLKe 3aTpaThl
NaMATH — HAJ0 XPAaHUTh OOBEKT, KJIIOUH, 3HAYeHHs1 U MHOroe apyroe. [Toanepxka
3TOro aTpuOyTa CTAHOBHUTCS CJI0XKHOIA, ME/IJIEHHOM U 3aTPATHOM 110 KOJIMYECTBY HC-
NoJIb3yeMOH MaMsITH.

Barasuure Ha [pUMEP HEOoNPaBAaHHOIO UCIT0JIb30OBAHUA MAMATH!

class Foobar(object):
def __init_ (self, x):
self.x = x

Cospnaetcs mpocToi 00beKT Point ¢ eAMHCTBEHHBIM aTpUOYTOM X. [IpoBEpUM KoJH-
4eCTBO MaMSITH, HCTIOJIb3yeMO# 3TUM KJIaCCOM, C MOMOILBIO NaKeTa memory_profiler,
KOTOPBIH N0O3BOJISIET IOCMOTPETh CTPOKA 32 CTPOKO# 3aTpaThl naMsATH. /1151 aToro
npuMeHUM ckpunT, cozaaowmii 100 000 06bexTOB, Kak nokaszaHo B auctuhre 10.12.

Nncrunr 10.12. Ucnonb3oBaHnwe memory_profiler Ha NoNyYeHHbIX obbeKTax

$ python -m memory_profiler object.py
Filename: object.py
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Line # Mem usage Increment Line Contents
5 @profile
6 9.879 MB 0.000 MB def main():
7 50.289 MB 40.410 MB f = [ Foobar(42) for i in range(100000) ]

B npumepe nokaszano cozgatue 100 000 06bekTOB Klacca Foobar, 3aTpayMBalOIUX
40 M6 namstu. Xots 400 6aiiToB Ha OOBEKT HE TaK MHOTO, IPH CO3laHMH COTEH
THICSY 0OBEKTOB OHY CYMMHPYIOTCSI.

Ectb cnoco6 ucrnosab3oBaTh 06beKThl OAHOBPEMEHHO, n3berasi HeAocTaTKa dict:
KJaaccel B Python MoryT 06bsiBuTb aTpubyT __slots__, KOTOpbIii OyaeT noMemarsb
B CIIMCOK aTPUOYTHI, pa3pelleHHbIe 115 3K3eMIUISIPOB Kiacca. BmecTo ucnonn3o-
BaHUS LIEJIOTO CJIOBAPS 7Sl XPAaHEHUs aTpUOyTOB 06 BEKTOB MOXKHO UCIIOJIb30BAThH
CITHCOK.

B ucxoanom kone CPython ects daitn Objects/typeobject.c, bnaronapsi KoTopomy
JIETKO TTOHSATB, YTO Aeaet Python, ecin __slots__ ykasau B kiacce. JIuctunr 10.13
CONEPKUT COKPALLEHHYIO BEPCHIO (DYHKLNH, 06pabaThIBAIOLLY 0 3TOT BOMPOC:

Nncrnir 10.13. OparmeHT Objects/typeobject.c

static PyObject *
type_new(PyTypeObject *metatype, PyObject *args, PyObject *kwds)
{
--snip--
/* MpoBepuTb NOCNEAOBATENbHOCTb NepeMeHHbiX ANA _ slots__ B cnoBape M COCYMTATb
nx*/
slots = _PyDict_GetItemId(dict, &PyId__ slots_ );
nslots = 0;
if (slots == NULL) {
if (may_add_dict)
add_dict++;
if (may_add_weak)
add_weak++;
}
else {
/* Ectb slots */
/* CpenaTtb B kopTexe */
if (PyUnicode_Check(slots))
slots = PyTuple_Pack(1l, slots);
else
slots = PySequence_Tuple(slots);
/* Bce slots paspewenbi? */
nslots = PyTuple_GET_SIZE(slots);
if (nslots > 0 && base->tp_itemsize != @) {
PyErr_Format(PyExc_TypeError,
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"nonempty _ slots__ "
"not supported for subtype of '%s'",
base->tp_name);

goto error;

}

/* CxonupynTte slots B cnucok, u3meHuTe nx U oTcopTupynte. OTCOPTUPOBAHHBIE WUMEHA
HYXHb ANA Ha3HavyeHMA _ class__. KoHTBepTupyihTe ux o6paTHO B KopTex.

*/

newslots = PyList_New(nslots - add_dict - add_weak);
if (newslots == NULL)
goto error;
if (PyList_Sort(newslots) == -1) {
Py_DECREF(newslots);
goto error;
}
slots = PylList_AsTuple(newslots);
Py_DECREF(newslots);
if (slots == NULL)
goto error;
}
/* Bwgenute Tun obvekTta */
type = (PyTypeObject *)metatype->tp_alloc(metatype, nslots);
--snip--
/* XpaHnTe umeHa u slots 8 obvekTe pacwupeHHOro tuna */
et = (PyHeapTypeObject *)type;
Py_INCREF(name);
et->ht_name = name;
et->ht_slots = slots;
slots = NULL;
--snip--
return (PyObject *)type;

B atom npumepe BuaHo, uto Python nepeBoaut cogepxumoe __slots__ B KOpPTEX,
a 3aTeM B CIIUCOK, KOTOpPble CO3A€eTCsI U COPTUPYETCsI Nlepell ero BO3BpallleHuEM
B KOPTEX /I/Isl XpaHEHUsI M MCIOJIb30BaHUsl B KJacce. Takum obpa3oM, 3HaueHUs
BO3BPAILAIOTCS OBICTPO U 6€3 HeOOXOAMMOCTH NPUMEHSITD LEJIblii CJIOBAPb.

OO6bsABATD U UCIIOJIB30BATH TAKO# KJ1acc 0YeHb npocTo. Bee, yto Tpebyercsi, — aTo
HaCTPOUTb aTpUOYT __slots__ sl 3aKJII0YeHUs1 aTPUOYTOB B CNUCOK, KOTOPbIi
Oyzer obbsiBIIeH B Kaacce:

class Foobar(object):
_slots__ = ('x",)

def __init_ (self, x):
self.x = x
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Tenepb cpaBHMM 3aTpaTel NAMATH JJIs1 ABYX Pa3HbIX MOAXOAOB, CHOBA UCMOJb3Ysl
naker memory_profiler (suctuur 10.14).

NMncrunr 10.14. 3anyck memory_profiler ¢ ucnons3osanuem _slots_

% python -m memory_profiler slots.py
Filename: slots.py

Line # Mem usage Increment Line Contents
7 @profile
8 9.879 MB 0.000 MB def main():
9 21.609 MB 11.730 MB f = [ Foobar(42) for i in range(100000) ]

Ha ator pa3 3arpayedo 12 M6 anst cozpanusi 100 000 o6bextoB, uaun 120 Gaiit Ha
OAMH 00BEKT. ITO CTAJIO BO3MOXKHBIM OJ1arofapsi HCMOJb30BaHMIO aTpubyTa Kiiacca
__slots__ ans co3aanust 6OJIBUIOrO KOJIUYECTBA MPOCTBIX OOBEKTOB, YTO CHU3UJIO
3arpaThl naMATH. TeM He MeHee 3Ty TEXHUKY HeJlb3s1 IPUMEHSTD ISl CTATHYECKOTO
BBO/Ia XKECTKO ONpe/ieJIEHHbIX aTPUOYTOB KX /A0T0 KJ1ACCa: TAKOU NOAXO/ IPOTHBO-
peuut npupoae Python.

E1ie onHuM HepoctaTkoM siBiisiercst GHKCUPOBAHHBIN cUCOK aTpubyToB. Bo BpeMs
BBIMIOJIHEHHS B KJIACC Foobar HeJb3si 100aBUTh HOBble aTpulOyThl. cxons u3 ¢puk-
CHPOBAHHOM NPHUPO/IbI CTUCKA aTPUOYTOB, JIETKO MPEACTaBUTh KJIACChl, B KOTOPBIX
nepevucaeHHble aTpUOYTHI Bceraa OyayT UMeTb 3HaYeHHsl, a IO KaKUM-1H60 06-
pa3oM OYAYT OTCOPTUPOBAHBI.

ITO TO, YTO MPOUCXOAUT C KJIACCOM namedtuple U3 MOAYJsi collection. namedtuple
NO3BOJIsieT JUHAMHYECKH CO3/1aBaTh KJlacc, KOTOPBI HacjaeyeTcs U3 Kjacca Kop-
Texei U, COOTBETCTBEHHO, pa3/IesisieT ero CBOMCTBA, TaKHe KaK HEM3MEHSIEMOCTD
U GPUKCHUPOBAHHOE YHCJIO 3JIEMEHTOB.

Bmecrto 06pameﬂnﬂ K 3JIEMEHTaM KOPTE€XKa N0 HHAEKCY namedtuple BO3BpallaeT
9JIEMEHTHI 10 UMEHHU ann6yTa.

ITO AeNaeT KOPTEXHU NMPOCTbIMU A1 nonuManus (iuctuur 10.15).

Jiucruir 10.15. Ucnonb3osaHne namedtuple ana cCbiikn Ha aneMeHTbI KopTexa

>>> import collections

>>> Foobar = collections.namedtuple('Foobar', ['x'])

>>> Foobar = collections.namedtuple('Foobar', ['x', 'y'])
>>> Foobar(42, 43)

Foobar(x=42, y=43)

>>> Foobar(42, 43).x

42
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>>> Foobar(42, 43).x = 44
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
AttributeError: can't set attribute
>>> Foobar(42, 43).z = @

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
AttributeError: 'Foobar' object has no attribute 'z’
>>> list(Foobar(42, 43))

[42, 43]

B NnpuMepe Co3aaeTcAa HpOCTOﬁ KJ1aCcC B OAHY CTPOKY, a 3aT€M IPOBOAUTCA €ro
WHCTAHUUUDOBAHHE. HeB03MOXHO NOMEHATH anPI6YTbI 06BEKTOB KJ1acca WM 10-
6aBUTD HOBbI€, TAK KAK KJIaCC HACJHAEAYETCS OT namedtuple, a TaKXe IMOTOMY, YTO
__slots__ nmpHCBOEHO 3HaY€HHE MMYCTOro KOPTEXa, 4YTOOBI He CO3/1aBaTh _dict__.
HOZ[O6HbIﬁ KJIaCC HacJeqyeTCA U3 KOpTexXa, MO3TOMY MOXKHO JIETKO KOHBEPTHPO-
BaTb €ro U3 CIIMCKa.

Jluctunr 10.16 nokasbiBaeT UCIIOIb30BaHKe MaMATH KJIaccoM namedtuple.

Nucrunr 10.16. Ucnonb3osaHue namedtuple ana nposepku ckpunta ¢ memory_profiler

% python -m memory_profiler namedtuple.py
Filename: namedtuple.py

Line # Mem usage Increment Line Contents
4 @profile
5 9.895 MB 0.000 MB def main():
6 23.184 MB 13,289 MB f = [ Foobar(42) for i in range(100000) ]

3arpaueno okosio 13 M6 i 100 000 06beKTOB, a 3HAYUT UCIIOJIb30BaHHE namedtuple
He3HauMTeJbHO 3hdexTuBHEE, YeM __slots__, OAHAKO OHO UMeeT GOHYC B BUJE CO-
BMECTHMOCTH C KJIACCOM KOPTeXeil. ITO M03BOJISIET [IepeJaBaTh KOPTeX B QyHKLUH
1 6ubnnotexku Python, kotopble npuHUMAIOT UTEpUpyeMbIii OOBEKT B Ka4eCTBE
apryMmeHTa. Kiacc namedtuple uMeeT pa3inyHble ONTUMU3ALMHU U1 KOPTeXeNl: Ha-
NpHMep, KOPTEXH C MEHBLIMM KOJMYECTBOM 3JIEMEHTOB, YeM PyTuple_MAXSAVESIZE
(20 no ymomyanuio), 6yayT ucnosb3oBath 6osiee ObICTpOE pacnpesesieHHe NaMsTH
B CPython.

Kinacc namedtuple comepKUT HECKOJIBKO JOIIOJIHUTEIBHBIX METOL0B, KOTOPbIE sIB-
JISOTCS MyOJIMYHBIMH, HECMOTPS Ha TO YTO OTMEYEHbI HUXKHUM MOAYEPKUBAHUEM.
Merton _asdict()nepeBoauT namedtuple B 3K3eMILIAP dict, MeTO _make() MO3BOJISIET
KOHBEPTHPOBATD CYLIECTBYIOIMI MTEPUPYEMBIN OOBEKT B KJIACC, a METO _replace()
BO3BpaIl[aeT HOBBIN HK3EMILISAP 00BEKTa, HO C 3aMEHOM HEKOTOPBIX MOJIEH.
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VMeHOBaHHbBIE KOPTEXH SABJISIOTCS XOPOIIel 3aMEHOM MaJleHbKUM 0OBEKTaM, Co-
JepKalliM TOJNIbKO HECKOJIbKO aTPUOYTOB M He TPEOYIOIMM MOJIb30BATENbCKMX
METO/I0B, — MIOAYMaiiTe O TOM, YTOOBI HCIIOJIB30BATH X BMECTO cJIoBapei. Eciiu Tun
AaHHBIX HYK/12€TCsl B METO/AX, UMeeT (PUKCUPOBAHHbIM CIIUCOK aTPHOYTOB U MOXKET
ObITh UHCTAHLIMPOBAH THICAYM Pa3, TOTJA CO3JaHUE MOJIb30BATEIbCKOTO Kjacca
¢ __slots__ — xopoiuwuii crocob c6epeyb pecypesl HaMsITH.

Memousaumna

MeMou3zanust — 3T0 TEXHUKA ONTUMU3UPOBAHUSI, HCIIOJb3yeMast I/ YCKOPEHUSI
BbI30Ba (YHKLUI MyTeM K3LIMPOBaHUs! (COXpaHeHUs1) Pe3yJIBTaTOB UX BHIMTOTHEHHS.
Pesynbrathl pyHKIMH KIMUPYIOTCS TONBKO AJIsI YUCTHIX (PYHKIIMIA, UTO O3HAYAET, YTO
¢dyHkuus He UMeeT MOGOYHOTO 3¢deKTa U He 3aBHCHUT OT 106ATBHOTO COCTOSAHUS
(umctble GYHKIMM PaCCMAaTPUBAJINCH B ry1aBe 8).

OnHa U3 TpUBHAIbHBIX (PYHKIMIA, KOTOPYIO MOXKHO MOABEPTHYTb MEMOM3ALIUH, —
ato sin() (quctunr 10.17).

Nucrunr 10.17. Memonzaums dyHkumm sin()

>>> import math

>>> _SIN_MEMOIZED_VALUES = {}

>>> def memoized_sin(x):

if x not in _SIN_MEMOIZED_VALUES:
_SIN_MEMOIZED_VALUES[x] = math.sin(x)
return _SIN_MEMOIZED_VALUES[x]

>>> memoized_sin(1)

0.8414709848078965

>>> _SIN_MEMOIZED_VALUES

{1: 0.8414709848078965}

>>> memoized_sin(2)

0.9092974268256817

>>> memoized_sin(2)

0.9092974268256817

>>> _SIN_MEMOIZED_VALUES

{1: ©.8414709848078965, 2: ©.9092974268256817}
>>> memoized_sin(1)

0.8414709848078965

>>> _SIN_MEMOIZED_VALUES

{1: 0.8414709848078965, 2: ©.9092974268256817}

BrniepBbie memorized_sin() BBI3bIBAeTCs C apfYMEHTOM, KOTOPBIii HE XpPaHUTCS
B _SIN_MEMOIZED_VALUES, a 3Hau€HHe BbIYMCIAETCS U COXpaHsieTcs B caosape. [1pu
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MIOBTOPHOM BbI30B€ 3TOH (DYHKIIMHU C TEM XKe apryMEeHTOM pe3yJbsTaT He 6yaeT Bbi-
YHCJISITBCSL, @ IPOCTO BEPHETCSI U3 CJIOBAPSL. sin() BHIYKCIISIETCS JOBOJIBHO OBICTPO,
MEMOU3alMsi CTAHOBHUTCS aKTYabHOH 7151 CJI0XKHBIX (QYHKIHI, KOTOPblE BBIYUCIIS-
I0TCS1 TPOZIO/KUTEIbHOE BPEMSI.

Bbl okaxketech 1paBbl, €CIM 3aXOTHTE NPUMEHUTD 31ech Aekoparopbl. PyPI umeer
HECKOJIbKO pean3alii MEMOM3aLUH YePe3 HUX, OT MPOCTHIX CIyYaeB A0 Ooiee
NPOABUHYTBHIX.

Hauunas ¢ Python 3.3 Moaysib functools obecneynBaer A€KOPATOP K3Ia MOA
Ha3BaHUEM @bimecHeHue dasno neucnonvyemoix (least recentlyused, LRU). On
NPeAOCTaBJISIET TaKyIo Xe (PyHKLHOHAIbHOCTD, KAk H MEMOHU3allUsl, HO OFPaHUYH-
BaeT KOJIMYECTBO 3aMHUCel B K3llle, YAAISS JaBHO HEHUCIIOJIb3yeMbIe 3ANIUCH IIPH
JOCTHXEHUM KILIeM MAKCUMAJIbHOTO 3HavYeHusi. Moy/ib Takxke MpeaoCTaBisieT
CTaTUCTUKY MOMaZlaHUi ¥ NpoMaxoB (Obla i HykHast ”HGOPMaUUs B KIle UK
HET), a TAK)KE HEKOTOPbIE IPyrHye TaHHbIe. 5] cuMTalo, TaKast CTaTHCTHKA HEOOXONMA,
KOT/1a peanu3yeTrcst noao0Hbii kaul. [IpenMyIecTBo UCIIONb30BAHUS] MEMOM3AIIUH
WJIM IPYTOil TEXHUKH K3UIMPOBAHUS — B BO3MOXKHOCTH U3MEPSITD €€ MOJIE3HOCTD
Y IPUMEHNMOCTb.

B nuctunre 10.18 nokasaHo, Kak UCIIOAb30BaTh MeTOA functools.lru_cache() Ans
peayi3auuu Memonsauuu pyHkuuu. [1pu gexopupoBanuu GpyHkuMs 6epeT MeTo
cache_info(), BbI3pIBaeMbIi 7151 MOJIyYEHUS CTATUCTUKH M0 UCTIOJIb30BAHUIO K311Ia.

JNincrunr 10.18. NHcnekTMpoBaHWe CTaTUCTUKU K3Wa

>>> import functools

>>> import math

>>> @functools.lru_cache(maxsize=2)

... def memoized_sin(x):

v return math.sin(x)

>>> memoized_sin(2)

0.9092974268256817

>>> memoized_sin.cache_info()

CacheInfo(hits=0, misses=1, maxsize=2, currsize=1)
>>> memoized_sin(2)

0.9092974268256817

>>> memoized_sin.cache_info()

CacheInfo(hits=1, misses=1, maxsize=2, currsize=1)
>>> memoized_sin(3)

0.1411200080598672

>>> memoized_sin.cache_info()

CacheInfo(hits=1, misses=2, maxsize=2, currsize=2)
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>>> memoized_sin(4)

-0.7568024953079282

>>> memoized_sin.cache_info()

CacheInfo(hits=1, misses=3, maxsize=2, currsize=2)
>>> memoized_sin(3)

0.1411200080598672

>>> memoized_sin.cache_info()

CacheInfo(hits=2, misses=3, maxsize=2, currsize=2)
>>> memoized_sin.cache_clear()

>>> memoized_sin.cache_info()

CacheInfo(hits=0, misses=0, maxsize=2, currsize=0)

B IIPAUMEPE NMOKA3aHO, KaK UCITOJIb3YETCA K311l U KaK ONPEAEIAIOTCA MECTa, Tpe6yloume
OIITUMU3ALIUH. Har[pmwep, €CJIM KOJIM4YE€CTBO ITIPOMAaX0B BbICOKO, KOr/1a K3III HE IT0JIOH,
TOrja K3lunpoBaHue 6601'[0.71631'{0, TaK KaK BC€ apryMEHTBI, [I€PEJaBa€MbI€ B q)yHKI.[I/HO,
pa3Hbie. 10T MOAXO0/ MO3BOJIUT OIIPENE/NUTD, YTO H€O6XOZ[I/IMO MEMOU3UPOBATD.

BoicTpbiit Python c PyPy

PyPy — arto adpdekTrBHas peainsauus si3bika Python, koropast umeer cranaapr
KOMITUJIMPOBaHUsS: C HUM MOXHO 3amyckars Jio0yio nporpammy. VickonHas pea-
nu3aumns Python — CPython, HasaHHas Tak moToMmy, yto HanucaHa Ha C, MOXeT
6biTh BecbMa MeaneHHOU. CyTb PyPy 3akiiouaercsi B HamicaHUM MHTEPIIPETATOPA
Python B camom Python. Co Bpemenem ugesi ssomonuonnposana 8 RPython, 3a-
KPbITOE NOAMHOXECTBO S13bIKa.

RPython Hanaraer onpenesicHHble OrpaHUYeHHsI: HATPUMeEP, TUII IePEMEHHDIX
IoJKeH ObiTh onpeznesieH Bo Bpemst komnuisinun. Kox RPython tpancaupyercs
B kox C, KOTOPBIA KOMIIMJIMPYETCs /sl CO31aHusi MHTeprpeTaTopa. EctecTsenHo,
RPython MoxeT 6bITH UCII0/1b30BaH /151 peau3aliy APYTUX A3bIKOB, a He TOJIbKO
Python.

Elue oaMH MHTEPECHBIIt MOMEHT, KPOMe MOAPOOHOCTEH TEXHUYECKOM peaTn3aliH,
3akioydaercst B ToM, yTo PyPy pa6oraer 6pictpee CPython. PyPy nonaepsxusaer
TEXHOJIOTHIO AMHAMUYECKON KOMITUJISILIAY; APYTUMH CJIOBAMH, OH BBITIOJIHSIET KOJI
ropassio 6sICTpee, MOTOMY YTO COYeTaeT B ceOe Jyduine CBONCTBA KOMITUIIATOPA
M MHTEPIIPETATOPA.

CKOpOCTb 3aBUCHT OT YCJIOBUM, HO /Is1 YUCTO AITOPUTMUYECKOTO KOZa OHa BECbMa
BbIcoKa. [[1151 Gonee obutero koa PyPy nocturaer ckopocty B Tpu pasa 6osibliieit, 4em
CPython. K coxanennto, PyPy obnagaer temu xe Henoctatkamu, yto u CPython,
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HanpuMep 2106anvtou 6rokuposxou unmepnpemamopa (Global Interpreter Lock,
GIL), u3-3a yero BbINOJHSIET TOJBKO OMH MOTOK 3a pas.

XoTs 3TO He COBCEM TeXHMKA ONTUMU3ALUH, CTOUT NpuMeHsiTh PyPy kak oaHy u3
noanepxuBaeMbix peanusaunii Python. /lns ucnonssosanus PyPy B nopnepxkke
peleHn i He06X0AMMO YOEINTBCS, YTO NPOrPaMMHOE 0BECTIeYeHHE TECTUPYETCS NO]T
PyPy, kak ecsin 6b1 310 Aenanock nox CPython. B riase 6 rosopuiioch o tox («Hc-
noab30BaHue virtualenv ¢ tox» ), KOTOPbIi OAAEPKUBAET CO3JAHUE BUPTYaJIbHOTO
OKpY>KeHHd ¢ ucnoab3oBanueM PyPy tak e, kak 1 ¢ CPython. ObecnieunTs nox-
JepKKy npoekTa ¢ nomoiubio PyPy nososbHO npocro.

[IpoBepss Hannuue noaaepxxku PyPy B Hauane nmpoekTa, Bbl rapaHTUpYyeTe OTCYT-
CTBHe JIMIIHeH paboThl Ha MO3/IHUX JTanax, KOria BO3HUKHET JKeJIaHhe 3alyCTUTh
ero Ha PyPy.

NPUMEYAHUE

Jnsa npoexta Hy, 0 koTopom roBopuoCh B I1aBe 9, 3TOT MOAXO0/ YCMELIHO aJanTHPO-
BaH ¢ camoro Hayana. Hy Bceraa u 6e3 npobsiem nonnepxusaer PyPy u Bce apyrue
Bepcuu CPython. C apyroit cropons, OpenStack npoBanui 3Ty MOIMTHKY B CBOMX
TNpOoeKTax, H MHOrMe pacunpeHust Ha PyPy Gblin OTKIIOUeHBI, a BeAb BCe, YTO TpeGo-
BAJIOCh C/le/IaTh, — 3TO MPOTECTHPOBATb UX HA PaHHEM 3JTarle.

PyPy coBmectuM ¢ Python 2.7 u Python 3.5, a ero qunamuyeckuit koMnuasTop paéo-
Taet ¢ 32-6utHbIMH U 64-6uTHBIMY, X86, ARM-apxuTeKTypaMu U Jaxe Mo/l pa3HbIMU
onepaunonHsiMi cucteMamu (Linux, Windows u Mac OS X). PyPy yacro orcraer
no xapakrepucrikam ot CPython, Ho neproanyecku ero Harousiet. Eciin npoexT He
sazeiictByer nocnentue sepcun CPython, To aToT paspsi Gyzer naxe He 3ameTeH.

Zero-copy ¢ npotokonom 6ycdepa

YacTo nporpaMMaM npuxoauTcsi paborars ¢ GOJIBIIMM KOJIMYECTBOM JIaHHBIX B BUE
MaccuBoB 6aiitoB. O6pabaTbiBaTh TAKHE CTPYKTYPbl BBOAMMBIX IaHHBIX YePe3 CTPOKH
MOXeT ObITb OYEHb YTOMUTEJILHO, €CJIA IPUMEHSTH OMNEPALMK KOMUPOBaHHs, pa3-
AeJIEHUs1 U U3MEHEHUSI.

JlaBaiiTe pacCMOTPMM MaJIeHbKYIO POrPaMMY, KOTOpasi YuTaeT 6osbon ¢aiin
ABOMYHBIX JAHHBIX U KONUPYET €ro B ApYroii ait. YToOb! OLIEHUTH UCITIOIb30BaHKE
NaMsTH, TIPUMEHHUM paHee PACCMOTPEHHBIN MHCTPYMEHT memory_profiler. TecTupy-
eMbli{ CKpUNT npuBeseH B auctunre 10.19.
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Nncrunr 10.19. KonnposaHue daitna no 4acram

@profile

def read_random():
with open("/dev/urandom”, "rb") as source:
content = source.read(1024 * 10000)
content_to_write = content[1024:]
print("Content length: %d, content to write length %d" %

(len(content), len(content_to_write)))

with open("/dev/null”, "wb") as target:
target.write(content_to_write)

if _ name__ ==
read_random()

_main__":

3amnyck nmporpaMMsl ¢ NOMOILBIO memory_profiler CO3/1aeT BBIBOJ, KaK MOKa3aHO
B smctuhre 10.20.

Jincrunr 10.20. MpodunuposaHue MCNONL30BAHNS NaMATH

$ python -m memory_profiler memoryview/copy.py
Content length: 10240000, content to write length 10238976
Filename: memoryview/copy.py

Mem usage

9.883 MB
9.887 MB
19.656 MB
29.422 MB
29.422 MB
29.434 MB
29.434 MB
29.434 MB

Increment

OO OO0 VWO

.000
.004
.770
.766
.000
.012
.000
.000

MB
MB
MB
mB
MB
MB
mMB
mB

Line Contents
@profile
def read_random():
with open("/dev/urandom”, "rb") as source:
content = source.read(1024 * 10000)e
content_to_write = content[1024:]e
print("Content length: %d, content to write length %d" %
(len(content), len(content_to_write)))
with open(”/dev/null”, "wb") as target:
target.write(content_to_write)

Cyuas no BeiBoay, nporpamma unrtaet 10 M6 u3 _/dev/urandom @. Python tpeGyer
3agercTBoBath 10 M6 naMsiTu /11 XpaHEHHs 3TUX JaHHBIX B cTpokKe. /lasee oH Ko-
nupyer Bech 6JIOK 1aHHBIX, KPOMe [epBOro kuaobaiita @.

Camoe untepectoe B suctunre 10.20 to, uyto nporpamma ucrnosb3yer Ha 10 M6
6oJIbliIe TAMSITH TIPU CO3NAHIH TIePEMEHHOIT content_to_write. Bosee Toro, onepa-
TOp slice KOMPYET BCE COAEPKUMOE, KPOME MEPBOr0O KMI00aiTa, B HOBYIO CTPOKY
u 3aneiicteyet eme 10 M6.

BrinosHeHne Takux onepaunfx’t C OrpOMHBIMU MaCCHBaMH 6aiiToB 06epHeTca KaTa-
CTpO(x)Oﬁ 13-3a 60JIbIIOrO BbIZIesIeHUs naMATH. Eciun Yy BaC OBLJT OTBIT HAMCAHUSA KOJa
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Ha C, To BbI 3HaeTe, 4TO npuMeHeHHe GyHKUMU memcpy() TpeOyeT 3HAYUTETBHBIX
3aTpar ¥ HaMsiTH, ¥ BBIYUCIIUTEbHBIX MOIIHOCTEH.

Kak NpOorpaMMHCT Ha C, BbI 3HAETE, YTO CTPOKHU — 3TO MACCHUBBI U3 3HAKOB U MOXKHO
pa6OTaTb TOJIBKO C Hy)KHOﬁ yacTbio 6e3 KONNHUPOBAHHUA BCEro MaCcCHBa. ITOro MOXKHO
AOCTUTHYTH C TIOMOIIbIO 6a30BbIX apmbmemqecxux y1(a3aTeJIeﬁ, paccMaTpuBas BCIO
CTPOKY KaK OEeCKOHEYHOE 10JIe NaMATH.

ITO TaKKe BO3MOXHO M Ha Python, eciin ucnosns3oBath 0GBEKTHI, KOTOPbIE peaTnu3y-
10T npomokon 6ygepa (buffer protocol). [Iporokon 6ydepa onpenenex B PEP 3118
kak API a5 si3bika C, KOTOPBIN MOXKET OBITH peaii30BaH Ha Pa3HbIX THIAX JAHHBIX.
Crtpoku, HanpuMep, — OWH U3 TAKUX MPOTOKOJIOB.

[Ipu peanusaunu npoToKoJa Ha 0OBEKTE UCIONB3YIITE KOHCTPYKTOP KJIAcCOB
memoryview JIJIsl CO34aHKsI HOBOTO memoryview 0GbEKTa, KOTOPHIN OyAeT CChlIaThCS
Ha NaMsATh, 3aHATYIO MepBOHaYaibHbIM 0ObekToM. Hanpumep, muctunr 10.21 no-
Ka3bIBa€eT, KaK UCIOJIb30BATh memoryview IS OCTYMa K CTPOKe 6e3 He0OX0AUMOCTH
KOMUPOBAHHUS:

Jincruur 10.21. Ucnonb3oBaHne memoryview Ans n3deraHns KONMpOBaHUSA AAHHbIX

>>> s = b"abcdefgh"
>>> view = memoryview(s)
>>> view[1]

0 98 <1>
>>> limited = view[1:3]
>>> limited
<memory at 0x7fcal8b8d460>
>>> bytes(view[1:3])
b'bc’

B @ naiinen xox ASCII ans b. B nuctunre 10.21 npeanosaraetcsi, 4To onepaTop
slice 06beKTa memoryview Bo3BpallaeT OGbEKT memoryview. ITO 3HAYUT, YTO OH
He KONUPYET JaHHbIe, a YKa3bIBAeT Ha ONPeAE/JeHHYIO0 UX 4acTb, 9KOHOMs NaMsTh,
KoTOpas Obia 661 MoTpayeHa Ha KonupoBaHue. Pucynok 10.2 noka3biBaeT, 4To npo-
ucxoaut B suctunre 10.21.

| [ S

alblc|d]e|f]g]|h
limited —‘ f

Puc. 10.2. Ucnonb3oBaHue slice Ha obbvekTe memoryview
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MoskHo nepenucatb nporpaMmy u3 juctunra 10.19, ykasaB Ha 1aHHbIe, KOTOpbIE
HY’KHO NIPOYHUTATh C IIOMOIIbI0 0OBEKTA memoryview, YTOGBI He BbIIEIATb MECTO MO/
HOBYIO CTPOKY.

Jincruur 10.22. KonunpoeaHue daitna no 4acraM ¢ memoryview

@profile
def read_random():
with open("/dev/urandom”, "rb") as source:
content = source.read(1024 * 10000)
content_to_write = memoryview(content)[1024:]
print("Content length: %d, content to write length %d" %
(len(content), len(content_to_write)))
with open("/dev/null", "wb") as target:
target.write(content_to_write)

’ 0

if __name__ == '__main__":
read_random()

ITporpamma B uctunre 10.22 3aTpayrBaeT JHULIb NOJOBUHY TOH MaMSITH, KOTOPYIO
ucnoJsib3oBana nmporpamMma u3 auctunra 10.19. 3to MoXxHO yBUAETD, €CIM CHOBA
IPUMEHHUTD PO UINPOBaHHE NAMSTH:

$ python -m memory_profiler memoryview/copy-memoryview.py
Content length: 10240000, content to write length 10238976
Filename: memoryview/copy-memoryview.py

Mem usage Increment Line Contents

@profile
9.887 MB ©0.000 MB  def read_random():
9.891 MB 0.004 MB © with open("/dev/urandom”, "rb") as source:
19.660 MB 9.770 MB @ content = source.read(1024 * 10000)
19.660 MB ©0.000 MB content_to_write = memoryview(content)[1024:]
19.660 MB ©.000 MB print("Content length: %d, content to write length %d" %
19.672 MB 0.012 MB (len(content), len(content_to_write)))
19.672 MB ©.000 MB with open("/dev/null”, "wb") as target:
19.672 MB  ©.000 MB target.write(content_to_write)

ITH pe3yJIBTaThl IOKa3bIBaIOT, uTo YnuTaloTcs 10 K6 us /dev/urandom v c Humu Hu-
yero He npoucxoaut @. Tpebyercst Boienuts 9,77 M6 17151 XpaHEHUS ITUX JAHHBIX
B BUJe CTPOKU @.

MBI ccblaeMcst Ha Becb GJIOK TaHHBIX MHHYC TI€PBbIi KUIOOAMT, TaK KaK HE 3alUChl-
BaeM NepPBbIi KMJI06AT B 11e1eBOi (aiit. M bl HCKITIOUMIIH OTIEPALHI0 KOMUPOBAHHUS,
Y Ternepb JULIHSS MaMsITh He HCIOJIb3YeTCsl.
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ITOT TPIOK 0COGEHHO ToJIe3eH NpH paboTe ¢ coketaMu. QTIPaBAATb JaHHbBIE YEPE3
COKET MOXHO 4aCTsSIMH MEXK/y BbI30BaMH, a He eIMHbIM BhI30BOM: METOJI socket . send
BO3BpAIlaeT PEAIbHYIO JJINHY aHHBIX, OTIIPABJIEHHYIO YePE3 CETh, KOTOPAsk MOXKET
ObITb MEHBIIIE TOM, KOTOPast 10/1KHA ObITh OTIpaBJ/ieHa. B iuctunre 10.23 nokasano,
KaK 00bI4HO 00pabaThiBaeTCsI TaKasi CUTYaIMSI.

Nuctuir 10.23. OTnpaBneHne AaHHbIX Yepes3 CokeT

import socket
s = socket.socket(...)
s.connect(...)

® data = b"a" * (1024 * 100000) <1>

while data:
sent = s.send(data)
o data = data[sent:] <2>

Cnauasa co3aaziM oObeKT bytes, conepxaiiuii 3Hak a 60/1ee cTa MUJITMOHOB pa3 @.
Jlanee otnipaBuM nepBbie sent 6aiiToB @.

Vlcnonb3oBaHue MexaHU3Ma, peain3oBaHHOro B ikcTuHre 10.23, 3acTaBUT nporpam-
My KONMPOBaTh IaHHbIE CHOBA M CHOBA, [IOKA BCe COOOIIEHHE HE IIPOHZET YepPe3 COKET.

MoxHo u3meHuTh nporpammy B uctunre 10.23, ncrionn3obas memoryview A5 A0-
CTHXKEHHUS Takoro xe hyHKUMOoHaIA 6e3 KONMMPOBaHU, a 3HAYMT, ¢ 60J1ee GBICTPHIM
BBHITIOJIHEHHEM, KaK N0Ka3aHo B uctunre 10.24.

Nnucrunr 10.24. OTnpasneHye AaHHbLIX Yepe3 COKET C NOMOLLBI0 memoryview

import socket
s = socket.socket(...)
s.connect(...)
e data = b"a" * (1024 * 100000) <1>
mv = memoryview(data)
while mv:
sent = s.send(mv)
e mv = mv[sent:] <2>

Cnayvasa co3naetcst 00beKT bytes, coaepskaluii 3HaK a 60Jee cTa MHJIMOHOB Pa3 @.
3areM — 00beKT memoryview, yKa3bIBAIOWIMIA HA JaHlible, KOTOPBIE HYXHO OTNIPaBHTb
6e3 KonupoBaHusi @. ITa IPOrpaMMa HUYEro He KONUPYET, 109TOMY He UCTIONb3YeT
Gosbie yem 100 M6 namsiTi, M3HAYATHHO HEOOXOAMUMBIX /LIS TIEPEMEHHOM data.

3BecTHO, 4TO 06bEKTHI memoryview 3(heKTHBHO ONKUCHIBAIOT JAHHbIE, U 3TOT METOR
TaK>Ke MOXKeT NPUMEHSITbCS I ¥meHus JaHHBIX. BobIMHCTBO onepanuii BBoaa/
BbIBO/Ia B Python 3HatoT, kak 06pabaTbiBaTh 0OBEKTHI, PEANN3YIOILNE TIPOTOKOJ
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Oycdepa: OHM MOTYT mHMCaTh U YUTATh U3 HETO. B 3TOM ciiyyae 06beKTHI memoryview
He TpebGyIoTCs; MOXKHO 3a4aTh (DYHKIMIO BBOa/BBIBO/A /IJIs 3alIMCH B 3apaHee Bbl-
neJIeHHOM 00beKTe, Kak MmoKa3aHo B iuctutre 10.25.

Nncrudr 10.25. 3an1cb B Maccue, NOA KOTOPLIW BblaeNeHa NaMsaTb

>>> ba = bytearray(8)

>>> ba

bytearray (b’ \x00\x00\x00\x00\x00\x00\x00\x00" )
>>> with open("/dev/urandom”, "rb") as source:
. source.readinto(ba)

oo

8
>>> ba
bytearray(b' m.z\x8d\x0fp\xal')

[IpuMeHsisi MeTox readinto() K oTKpbITOMYy (aitny, Python mosxer nHanpsimyio npo-
YHTATh U3 HETO JaHHbIE M HAITKCATh UX B 3apaHee BbleJIeHHbIi MaccuB OaitToB. Takum
00pa30M, MOKHO JIETKO BbIIETUTD MaMsTh 1oft 6ydep (B si3bike C 3TO AeaeTcs Ans
YMEeHbIIEHHs KOJIMYeCTBa BbI30BOB malloc()) ¥ 3aMIOJIHUTh €T0 Ha CBOe YCMOTpPeHHe.
Wcnonb3yst memoryview, MOXKHO Pa3MECTUTh JAHHBIE B JII000I 30He MaMsITH, KaK Mo-
ka3aHo B smuctHHre 10.26.

Jincruir 10.26. 3an1cb B NPOM3BONLHYIO YacTb Maccuea bytearray
>>> ba = bytearray(8)

® >>> ba_at_4 = memoryview(ba)[4:]
>>> with open("/dev/urandom”, "rb") as source:

o ... source.readinto(ba_at_4)

cee

4
>>> ba
bytearray(b'\x00\x00\x00\x00\x0b\x19\xae\xb2")

OG6panieHre K MaCCMBY MPOUCXOAMT C MO3ULIMH 4 ¥ 10 KOHIIa @. 3aTeM MBI TUILEM
cozxepxumoe /dev/urandom ¢ no3uuuu 4 10 KOHIA bytearray, GaKTHYECKH YHTASI
TOJIBbKO 4 GaiiTa @.

[TpoTokos 6ydepa oueHb BaxkeH AJIsi CHUXKEHUs 3aTPAT MaMsITH U U151 XOPOILIei mpo-
usBoauteabHocTH. Tak kak Python ckpbiBaeT pazmeleHue porpaMMsl B aMsITH,
Pa3pabOTYMKH, KaK IPABUJIO, 3a0BIBAIOT, YTO POUCXOMT MO KATIOTOM, YTO MPHUBO-
JMT K BbICOKOI CTOMMOCTH HX NIPOTPaMM.

Ob6a obbekta B MoAyJie array U QYHKIMH B MOAYJIe struct MOTYT 0OpabaThiBaTh
npotoko Oydepa 1 a¢dbekTHBHO pabOTaTh Ha ZETO-COPY, €CIU CTABUTCS TaKasl LieJb.
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MTorm

B 370ii r11aBe MBI PacCCMOTPENIM MHOXKECTBO CIIOCOOOB, KaK MOBBICUTb CKOPOCTD pa-
60TbI KOA2. BbI60Op NpaBUIIbHBIX CTPYKTYP AAHHBIX M UCIIOJIb30BaHKE KOPPEKTHBIX
METOZOB /ISl MAHHUITYJISIMY C HUMHU OKa3bIBAIOT 3HAYMTEJIbHOE BIMSHUE HA [IPOU3-
BOAMTEJIBHOCTD M 3aTPAThI MaMsTH. BOT moyeMy BaXkHO NOHMMATB, YTO IPOUCKOAUT
BHyTpH Python.

OpxHako onTHMU3ALKS He JOKHA ObITh NPeXIeBPEMEHHOM, CHAaYa1a He06X0AUMO
nposectu npoduarpoBanue. CIUIIKOM MPOCTO NONACTh B JIOBYIIKY U NOTPaTUTDb
MHOTO BPEMEHH Ha NepenycbiBaHNe He CAaMOr0 YacTO MCIONb3yeMOro KoJa, Npomy-
CTHB MeCTa ¢ TMKOBOM Harpy3koil. HyxHo MaciutabHo cMoTpeTh Ha paboTy Koza.

Buxkrop CtuHHep 06 onTuMmusauum

Bukrop yxe MHOro J€eT siBsietcst pazpaborurkom Python. On BHec 6011105 BKIAZ
B Pa3BUTHE A3BIKA U SBJAsETCS aBTOPOM MHOrux moayseit. B 2013 roxy on cosnan
PEP 454, B xoTOpOM IpeAoKuJI HOBBIH MOLYJIb tracemalloc AJIsI TPAaCCHPOBKU
3abyokupoBaHHOM namsitu B Python, a Takke nanucan npocToit onTUMHU3aTOP
ACJ] — FAT. [ToMuMO 3TOr0, OH MOCTOSIHHO Y4acTBYeT B pabOTe MO MOBBILEHHIO
npoussoaurenpbHoctu CPython.

Ecmo au xopowas cmpamezus: 0ns onmumusayuu kooa Python?

Takasi e, Kak U B APyTUX sI3bIKaX MporpaMmupoBanusi. [1yist Hayana Heo6XoguMo
MOJYYUTh PAOOTOCIIOCOOHYIO BEPCHIO U CO3ATh /ISl Hee CTabUIIbHBIN ¥ BOCIIPO-
M3BOMMBII CPaBHUTEIbHBIN TecT. Be3 HajiexHOro TecTa MONbITKU ONTUMHU3ALUU
MOTYT 3aKOHUYMTBCS NOTepeil BpeMeHH ¥ Npex/AeBPeMEeHHOI onTuMHU3auei,
KOTOpasi YXYAUIUT KO, CA€NAeT ero GoJiee YsA3BUMBIM WU [aXKe MeJIEHHBIM.
[Tosie3Hast onTHMHU3ALKS JOKHA YCKOPATD pabOTy porpaMMal XoTsi 6b1 Ha 5 %,
MHAYe OHA TOTO He CTOMT.

Eciu ecTb mogo3peHusi, 4To onpenesieHHasi YacTh KOAA 3aMeJisieTcs, AJisl Hee
HY’K€H CpaBHMUTEJbHbIN TecT (GeHUMapk). BeHumapk aJ1st MasleHbKOM (DyHKIMU
Ha3bIBAIOT MUKPOOeHUMAapK. YCKOPEHUE OT ero IPUMEHEHHUs TOJKHO ObITh B paid-
oHe 20 unu 25 %, uHave 370 OyAeT MyCTOM TPATON PECYPCOB.

W HTepecHO 3ayCTUTh CDAaBHUTEJIBHBIN TECT HA Pa3HBIX KOMIIbIOTEpPaX, CHCTEMaX
1 komnuasitopax. Hanpumep, npousBoauTenbHOCTD realloc() OyneT CHIBHO
ornmyarbes Ast Linux u Windows.
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Kaxue uncmpymenmor Bot pexomendyeme ons npodpunuposanus u onmumusayuu kooa?

B Python 3.3 ectb hyHkLMs time. perf_counter() A/l H3MEPEHUs POLIEILETO
BPEMEHH B CPaBHUTEJIBHOM TecTe. Y Hee Jyuliee JOCTYIHOe pa3pelleHHe.

TecT m10/KeH BBITIOMHSATHCS HECKOJIBKO Pa3: TPH pa3a MUHUMYM, NsATh — OoJiee
yeM focTaTouHo. [loBTOpEHMe TecTa 3anosHseT K3l AUCKa U npoueccopa. S npex-
MOYMTAIO MOAAEPKUBATD MUHUMAJIBHOE BPEMsi; IPyr1e pa3paboTYMKH MPeno-
YHUTAIOT Cpe/Hee FeOMEeTPHUECKOe.

Jlnst MUKpOGeHYMapKOB eCTh MOAYJIb timeit. OH NpPoOCT B MPUMEHEHUH U faeT
ObICTPbIE Pe3yJIBTaThl, HO OHU He OYEeHb JI0CTOBEPHBI, €CJIM MCII0Jb30BaTh Ha-
CTPOMKH 10 yMor4aHmio. TecTbl IpUAETCS HOBTOPSATH BPYYHYIO, 4TOOBI IOJIYYHTH
YCTOMYHBBIE Pe3yJIbTaThl.

OnTuMuU3anys MOXeT 3aHATb MHOTO BPEMEHH, II03TOMY JIy4llle CPa3y cocpeso-
TOYMTHCSI Ha CaMbIX pecypcoeMkux dyHkuusx. [Ins ux noucka B Python ectp
MOAy/H cProfile u profile, ¢pukcupyionie BpeMsi paboThl Kaxaoi GyHKUMH.

Ecmo nu y Bac 6 apcenane xaxue-nubyovb mproku ons nogvluerus npouseooumens-
Hocmu?

Jlyduie Bcero no MakCMMyMy HCIOJIb30BaTh CTAHAAPTHYIO 6MOIMOTEKY — OHa
XOPOILO NPOTeCTUPOBaHa U oYeHb 3¢ dekTuBHa. Berpoernsie B Python Tunsl
peaM3oBaHbl Ha si3bike C M UMEIOT XOPOLIYIO POU3BOAMTEIBHOCTD. BbiOupaiite
NpPaBUJIbHBIA KOHTEMHED sl HauJIydllei Npou3BoanuTeabHOCTH. Y Python nx
MHOXEeCTBO: dict, 1ist, deque, set U T. A.

EcTb Heckonbko TPIOKOB IJIs1 ONITUMH3AllUH, HO UX CJIeaYyET n36erarb, TaK KakK
B 0OMEH Ha He3HAUYMUTEIbHBIH IMPHUPOCT CKOPOCTH OHU A€JIAIOT KO MEHEE YUTa-
EMbIM.

Jlzen Python (PEP 20) roBoput HaM: «/loJkeH CyliecTBOBaTb OAUH — M XKe-
JIaTeJIbHO TOJBKO OJIMH — OYeBM/IHBIN C110c00 cenatsh 3T0». Ho Ha npakTuke
CYIIECTBYET HECKOJIBKO CNIOCOOOB HAMUCATDh KO/, M €ro MPOU3BOAUTENBHOCTD
6yner pa3Hoii. /loBepsATh clelyeT TOIbKO pe3yJIbTaTaM CPaBHUTENbHOIO TeCTa.

Kaxue obaacmu Python umerom Hauxyowyo onmumu3ayuio u ux cmoum o6xo0ums
cmoporou?

OG6bIYHO 51 He AYMAIO O NPOM3BOAUTEIBHOCTH, TOKA pa3pabaTbiBalo HOBOE MPH-
noxeHue. [IpexxaeBpeMeHHast ONTUMU3aLUsl — 3TO KOpeHb Bcero 3Ja. Ecau Bbl
oOHapy WK MeiJieHHble GYHKIIMH, TO IIOMeHsIHTe airoput™. Ecau anroput™
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¥ KOHTEeHep BbIOpaHbl IPaBUJIbHO, TO MEPENUINNTE KOPOTKHE (PYHKIIMH Ha SI3bI-
ke C, YTOObI NONYYHUTh HAHIYYLIYIO TPOU3BOAUTETBHOCTb.

V3koe mecto B CPython — zzo6arvras 6noxuposxa unmepnpemamopa (GIL).
JlBa 10TOKA HE MOTYT OAHOBPEMEHHO BBITIONHSTH OaitT-kox Python. OxHako 3To
OrpaHHyYeHHEe UMEeET CMbICJI, TOJIBKO €CJIM IBa MOTOKA BHINOJIHSIOTCA HA YACTOM
Python. Eciu 60sb11asi 4acTb BpeMeH# 06pabOTKH TPaTUTCs Ha BbI30BbI (DYHKIIMIA
u 3ti pynkuuu ornyckaot GIL, o GIL He siBnsiercs y3kum Mectom. Hanpumep,
60bMHCTBO byHKIMIT BBOAa/BbIBoAA oTnyckaloT GIL.

Moayab MHoronotoynoctH jierko ooxoaut GIL. Eue oqaum BapuanToM, 6oee
CJIOXKHBIM ISl peain3aluu, OyeT HanucaHue aCHHXPOHHOro koga. IlpoekTs
Twisted, Tornado u Tulip, koTopble OpreHTHPOBaHbI HA CETb, HCMOJB3YIOT 3TY
TEXHOJIOTHIO.

Kaxue naubonee vacmote owubrxu scmpeuaiomcs 8 OnmMuMU3auUL NPOU3B00UMENb-
Hocmu?

Ecnu Het xopowero nonumanus Python, To BeposiTHOCTb Hanucats Headdek-
TUBHBIA KOJ Bo3pactaeT. HanpuMep, st BuZies1 HerpaMoTHOe PUMEHEHHE copy .
deepcopy (), KOT/ia KOMMMPOBaHKE He HYKHO ObLIO BOOOIIIE.

Eute onHuM $hakTopom CHIKEHHS IPOU3BOJUTEIBHOCTH SIBIIsieTCs1 HeaddeKTHB-
Hasi cTpykTypa AaHHbIX. C MeHee yeM 100 a71eMeHTaMU TUN KOHTeHHepa 3HaYeHnst
He uMeeT. Ho ¢ 601b11MM KOJTMYECTBOM 37IEMEHTOB CJI0XKHOCTD KXKAOH ONepalu
(add, get, delete) U ee MOCJAEACTBHUS JOJKHBI OBITH aI€EKBATHO OLIEHEHBI.



MacwrabupoBaHue
N apXUTeKTypa

PaHo nnu no3aHo B npouecce pa3paboTky BCTaHET BONPOC O MAcITabupoBaHum 1 oT-
Ka30yCTOMYMBOCTU. MacwTabupyemMocTb, COBMECTHOE BbINONHEHWE U Napannennsm
NPUNOXKEHNUSI OYEHb CUNBHO 3aBUCAT OT UCXOAHOW apXUTEKTYpbl U Au3aiiHa. B 3Ton
rnase Mbl paCCMOTPUM HEKOTOPbIE NApaaurMbl, HaNpUMep MHOTONOTOYHOCTb, KOTO-
pas HEKOPPEKTHO NpuMeHseTcs B Python. OAHako ecTb Apyrue MeToabl, Hanpumep
CepBUC-OPUEHTUPOBAHHAA apXUTEKTypa, KOTopble 3aeCk paboTaloT nyulwe.

PaccMOTpeHue BONpoca MaclTabupyeMocTn 3aHAano 6bl OTAENbHYIO KHUMY, U NO
60NbWOMY CYeETy, 3Ta TeMa Oblna ocBeleHa BO MHOTMX APYrux usaaHusx. B aton
rnase paccMaTpMBAOTCA OCHOBHbIE NPUHUMMNBLI MAaclTabUpoBaHus, Nyckan Bbl U He
NnaHupyeTe co3aaBaTb NPUNOXKEHUA C MUINMOHAMKU NONL30BaTENEW.

MHoronoTouyHocTb B Python u ee orpaHnuexnus

ITo ymonyanuio Python o6pabaTbiBaeT npouecch B OHOM MOTOKE, KOTOPbIA Ha3bIBa-
eTcsl 0cHo8HbLM nomokom. OH BBIMIOJIHSET KOJ B OAHOM siipe. MHOTONOTOYHOCTb — 3TO
TEXHHKa MPOrPaMMHUPOBaHKS, MO3BOJAIOUIAst KOAY BBINOIHATBCA BHYTPH €AMHOTO
IPOLIECCa C MIOMOILBIO 3aMyCKA HECKOJIbKUX MIOTOKOB. ITO OCHOBHOI# cnocob 0HO-
BPEMEHHOTO BbINoAHeHUs: B Python. Ecaiu komnbioTep MMeeT HECKOJIBKO npoLiec-
COPOB, TO MOXHO UCTOJIb30BaTh Napajljieiu3M, NapajlyiesIbHO 3aMycKasi NOTOKM Ha
HHX, YTOOBI YCKOPUTH BBHINOJTHEHHE KOJIA.

MHOronoToYHOCTh 06BIYHO UCMOJBb3YeTCst (MPaB/a, He BCETAa YMECTHO), KOorja:

O Heob6xoauMo 3anycTUTh 3aa4H 110 BBOAY/BbIBOAlY B HOHOBOM pexrMe Oe3 ocTa-
HOBKH BBINOJIHEHUSI OCHOBHOTrO notoka. Hanpumep, ocHOBHOI 1Mk rpaguye-
CKOTO MOJIb30BaTeIbCKOro HHTepdeiica et coObITHS (BBOA C KJIABUATYPBI UIIH
HaXKaTHe MBIIIH ), HO CaM KO/ JI0JIXKEH B 3TO BPeMsl BBITIOJIHSATD APYTHe 3a/1a4u.

QO Heobxoaumo pacnpeaeauTb paboTy Ha HECKOJIBKO KOMIBIOTEPOB.
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[lepBbIit cayyait JOBOJNIBHO pacnpocTpaHeHHbld. Y X0Ts peannsaliusi MHOrono-
TOYHOCTH TIPH TaKUX 0OCTOSATEIbCTBAX CO31ACT HOBbIE TPYAHOCTH, KOHTPOJIb HAJl
IOTOKaMH CTaHeT GoJiee ynpaBisieMbIM, 2 IPOU3BOAUTENIBHOCTb HE CHU3UTCH,
pa3Be 4TO B CJIy4ae O4eHb MHTEHCUBHOM paboTbl. [IpUpoCT NPOM3BOAUTENBHOCTH
OT OJIHOBPEMEHHOTO BBINOJIHEHUsI CTAHOBUTCS HauboJiee 3aMeTeH, Koraa onepa-
MU BBOJA/BbIBOJIA MMEIOT 3a/IePXKKY: YeM yYaille IPUXOANUTCS XKAATh 3aNTUCH WU
uTeHusl, TeM 6oJIbliIe BO3paCTaeT MPOU3BOAMTEIbHOCTD U BHITOJHO J€JATh YTO-TO
ellle B 3TO BpeMsl.

Bo BTOpPOM cily4ae MHOTOTIOTOYHOCTH UCIOJIB3YETCsl, YTOObI BKJIIOYUTD HOBBIH MO-
TOK JJIsl K&XK/IO0TO0 3a[poca B3aMeH UX 1ooyepeaHoit o6pabotku. Ho Toraa rinobans-
Has GjokupoBka uHtepnperaropa (GIL) HauHeT TOPMO3UTH PaboTy Kaxablii pa3,
koraa CPython 3axouer Beimoanutsh 6aitt-koa. GIL orpaHnuuBaeT BbinosHEHHE
NpOrpaMMbl TAKHM 00pa3oM, YTO B MHTEPIIPETATOPE BHIMOJIHSETCS TOJAbKO OAMH
IIOTOK 3a OMnpeeJieHHOe BpeMsi. ITO MPaBUJIO ObIJIO CO3aHO C LENbIO He I0MYCTUTh
BO3HUKHOBEHHSI COCTOSIHUSI TOHKH, HO, K COXXaJIEHHIO, OHO TaKXe OrpaHU4YMBaeT
MacutabpoBaHue MPUJIOXKEHHS yTeM J00aBIeH!sI MHOTOIIOTOYHOCTH.

[ToaTOMY, HECMOTPSI Ha 3aMaHYMBOCTb MCIIOJb30BAHUS MOTOKOB, HOJIBUIMHCTBO
NPHI0KEHUH, PabOTAIOIMX B MHOTOIOTOYHOM PEXUME, C TpyaoM Habupaiot 150 %
ucnonb3oBanus L1, axBuBanenT 1,5 siapa. BoabIIMHCTBO COBPEMEHHBIX KOMITBIO-
TepOB UMeIOT OT 4 110 8 siziep, a cepBepbl — OT 24 10 48 sinep, Ho GIL He no3Bossier
Python ucnonp3oBath ux no Makcumymy. Ectb ciocobst oboiitu GIL, Ho ycuus,
HeobOX0oaMMbI€ [IJIsi 3TOrO, HEOIIPABAHHO BBHICOKM U TPEOYIOT B3aMeH HaJI0XKeHHs]
JIPYFUX OrPaHUYEHUH.

B 1o Bpemsi kak CPython — camas pacnipocTpaHeHHast peasM3aiusi si3blKa, ecTh
M ipyrue BapuaHThl, B Kotopbix HeT GIL. Jython, HanpuMep, MoxeT abdekTuBHO
3alycKaTh HECKOJIBKO MOTOKOB NapasijenbHo. K coxanenuio, Takue NpoekTsl, Kak
Jython, no cBoeii cytn paboraior mennernee CPython, nostomy He Tak nosesHsi.
MHHoBauuu B nepsyio oyepens kacaiorcss CPython, a octanbHbIe CIeAYIOT 32 HUM.

PaCCMOTpHM MOBTOPHO 3THU ABa CJy4as, HO Tenepb C y4€TOM BbIIIEU3/I0)KEHHOI'O:

O Ecsu HeoO6X0aMMO 3anmyCcTUTH 3aa4y B (POHOBOM DEXHUME, MOXKHO HCII0Jb30-
BaTb MHOTOMOTOYHOCTb, OAHAKO Jierye MOCTPOUTh NPUJIOKEHHUE BOKPYT CO-
6biTHiiHOro LMKaa. Y Python ecth MHOro MHCTPYMEHTOB A1t 3TOTO, M celyac
CTaHJapTOM CYMTaeTcA asyncio. Taxxxe ecTb ¢ppeiiMBOpKH, Hanpumep Twisted,
NOCTPOEHHBIH MO TOM e KoHuenuuu. Haubosee npoaBuHyThie dbpeitMBOpKU
NPeA0CTABAT AOCTYN K COOBITUSIM, OCHOBAHHBIM Ha CUTHAJIAX, TaiiMepax U Aei-
cTBUsAX (aitJIOBOTO JeCKpUNTOpa — 3TO Gy/IeT paccMOTpeHO B paszese «Cobsi-
TUHHO-OPUEHTUPOBAHHAs APXUTEKTYPa».
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O Ecau HeobxoauMo pacnpeaeanTb paboTy, HCNOIb30BaHHE HECKOTIBKUX MPOLeC-
coB — Haubosee 3¢ HeKTUBHDIM METO/I. ITa TEXHUKA OyZeT pacCMOTpEHa B CJie-
NYIOILIEM pa3eie.

Pa3paboTYnKy JOKHBI XOPOLIO MOAYMATh, MPEXE YeM UCNOIB30BATH MHOTOMO-
TOYHOCTb. Hanpumep, oHaX /bl 51 KCMOJIb30BAJI MHOTOTIOTOYHOCTb /1151 Pa3/ieIeHUst
pa6ortnl B rebuildd, remone nast Debian-build, kotopbiii Hanucan HeckoabKo et
Hazaz. Kaszanoce, yTo uMeTb pa3Hble NOTOKH /ISl pa3HbIX 3a1a4 — 3TO YA0OHO, HO
s OYeHb OBICTPO OYYTHJICS B MOTOKOBO-NApaieibHOM JoByike. Ecau 661 s1 Mor
HayaTb CHayajia, TO UCMOJb30Baj Ob 06PAGOTKY HECKONIbKHX MPOIECCOB Yepe3
ACHHXPOHM3AUMIO COOBITHM, TOr1a MHE Obl HE IPUULIOCH CTONKHYThCst ¢ GIL.

MHOronoTo4YHOCTh — 3TO CJIOKHO, U PABUJIBHO CO3/IaTh NMPUJIOXKEHHE C HEH He-
serko. Hano o6paborars CHHXPOHHM3ALMIO M 6JIOKMPOBKY ITOTOKOB, YTO 00513aTeIbHO
NpUBEET K MOSIBJIEHUIO OIHOOK. A YYUTHIBasi HE3HAYHUTEIbHBIN PUPOCT POM3BO-
JMTEILHOCTH, HEOOXOAUMO IBaX/IbI IOLYyMaTb, IIPEXK/AE Ye€M CBSI3bIBATHCSI C MHOTO-
MIOTOYHOCTBIO.

MHoronpoueccHoCTb NPOTUB MHOIFONMOTOYHOCTH

GIL Meu1aeT MHOrOMOTOYHOCTH ObITH XOPOIIMM PeLleHHEM JIJIsi MACIITabpPyeMOCTH,
MOITOMY CTOMT PaCcCMOTPETb AJITEPHATHBHBIN MOAXO, NPEAJIOKEHHBIN TaKeTOM
multiprocessing. Tlaket ucnosb3yet uHTepdeiic, MOX0XHit Ha MOLYJIb /11 MHOTOIO-
TOYHOCTH, HO BMECTO HOBBIX IOTOKOB CO3/I1aeT HOBbIe npoyeccyt (depes os. fork()).

B nuctunre 11.1 npeacraBied npocToil nNpuMep, Tie OAWH MUJUIMOH CJIy4YaHHBIX
IIeJIBIX YHCEJl CYMMHUPYETCsI BOCEMb pa3, IpHYeM CyMMHPOBaHHe pa3/ie/IeHO Ha BO-
CeMb MTOTOKOB.

Jiucturr 11.1. MHOronOTOYHOCTb ANS OAHOBPEMEHHbIX AEHCTBUIN

import random

import threading

results = []

def compute():
results.append(sum(

[random.randint(1, 100) for i in range(1000000)]))
workers = [threading.Thread(target=compute) for x in range(8)]
for worker in workers:

worker.start()
for worker in workers:

worker. join()
print("Results: %s" % results)
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B s3TOM npumepe ¢ nomorpio threading co3zaetcst BoceMb MOTOKOB. Kiace Thread
paszesieH Ha MOTOKH, a ero 3HaYeHHUs MOMeIlleHbl B MacCUB workers. ITH IOTOKH
UCIIONHAIOT QYHKIUIO compute(). 3aTeM MPUMEHsIETCSI METOA start() AJiA 3aycKa.
Meton join() Oyaer Bo3BpalleH NocJe 3aBeplieHus noroka. Ha atoM arane MoxxHO
OyA€eT BHIBECTH PE3YJIBTAT.

BeinonHenue porpaMmbl BbIBOAUT CJIEAYIOLIEE:

$ time python worker.py

Results: [50517927, 50496846, 50494093, 50503078, 50512047, 50482863,
50543387, 50511493]

python worker.py 13.04s user 2.11s system 129% cpu 11.662 total

IIporpamMma Obli1a BBITIOTHEHA HA 4-s1IEPHOM MIPOLIECCOPE B COCTOSIHUM 110KOS, @ 3TO
3HAYMUT, 4TO NMOoTeHuUanbHo Python Mor 661 ocTiyub ucnonsaoBanust LI B 400 %.
Ho pe3ysbraThl NOKa3bIBaIOT, YTO JOCTHUYb TAKOTO MOKA3aTeJisi He MpeJCTaBIseTCs]
BO3MOJKHBIM, /Ia’Ke C BOCbMbIO NapajuleibHbIMHU IOTOKaMU. BMecTo aToro nosryyeHo
MakcuManbHoe ucnoab3oBahune LT — 129 %, uto cocraBasiet Bcero 32 % oT Teope-
THYeckoro Makcumyma B 400 %.

Tenepb nepenunieM 3Ty NporpaMMmy ¢ UCHOJb30BaHUEM MHOzonpoyeccHocmu. [ns
TaKOro MPOCTOrO CJIy4asi NePeKIIOYUThCSI HA MHOTOTIPOLECCHOCTD HECJIOXKHO (J1UC-
tunr 11.2).

Jincrunr 11.2. MHOronpoLeccHOCTb AN OAHOBPEMEHHbIX AeCTBMIA

import multiprocessing
import random

def compute(n):
return sum(
[random.randint(1, 100) for i in range(1000000)])

# 3anyck 8 pabounx
pool = multiprocessing.Pool(processes=8)
print("Results: %s" % pool.map(compute, range(8)))

Moaynb multiprocessing npeasaraet oObekT Pool, MIPUHUMAIOLIMI B KayecTse
aprymeHTa Koau4ecTBo npotieccos. Ero Metoz map() paboTaeT Tak e, KaK U METO/L
map() u3 Python, Ho pasnun@a B ToM, YTO 3a UcnoaHeHKe DyHKUNK compute OyaeT
oTBeyatb Apyroi npouecc Python.

3anyck nporpamMMsl U3 TMcTUHTA 11.2 ¢ TAKMMH K€ YCJIOBUSIMU BBIIACT CJIe YOI
pe3yJIbTar:
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$ time python workermp.py

Results: [50495989, 50566997, 50474532, 50531418, 50522470, 50488087,
0498016, 50537899]

python workermp.py 16.53s user 0.12s system 363% cpu 4.581 total

MHoronpoieccHOCTb CHH)KAaeT BpeMsl BbINOJIHEHHs nporpaMMbl Ha 60 %. Kpome
TOTO, OHa 3arpy’aet mpoieccop Ha 363 %, uto uyTh 60see 90 % OT TeOpeTUYECKOTO
Makcumyma B 400 %.

Kasxapiit pa3, koraa He06X0AMMO 3amyCTUTh paboTy MapajiiesbHO, OYTH BCEraa
JIydliie UCII0J1b30BaTh MHOTOIIPOLIECCHOCTD ¥ pPa3fe/IMTh 33Ja41 Ha HECKOJIBKO SIiEP.
[lns1 nporpamum ¢ o4eHb MaJleHbKMM BpeMeHeM BBHIITOJIHEHHS 3TO He Jyylllee PellleHHe,
Tak Kak BbI30B (yHKUMHU fork() A0JIOT, HO AJisi GOMBIIMX BBIYUCJIEHHH MHOTONPO-
LECCHOCTDb MOAXOAUT UEATbHO.

Co6bITMIHHO-OpPUEHTUPOBAHHANA apXUTEKTYypa

Cobvoimutino-opueHmuposantas apxumexmypa XapaKTepu3yeTcsi KCIOJIb30BaHUEM
COOBITHI, TAKUX KaK M0JIb30BATENIbCKUI BBO/ /IS yIIPABJI€HUs] pAOOYHUM IOTOKOM
MPOrpaMMBl, U 3TO XOPOUIMK MOAXOZA K ero opranu3aiun. CoObI THHHO-OPHEHTHPO-
BaHHasi MPOrPaMMa K/IeT CBEPILEHNs] Pa3HbIX COOBITUI B OYepear M pearupyer Ha
OCHOBE 3THX COOBITHIA.

JlonycTuM, Halo HaNKUCaTh MPUJIOXKEHHE, KOTOPOe pearupyeT Ha COeANHEHHUE B CO-
KeTe U Jajiee 06pabaThIBaeT HOIYYEHHOE COeMHEHHE. ITy NPoOIeMY MOXKHO PELLIUTD
TPeMsI My TSIMU:

o Boiaensats HOBbIM npouecc KaX bl Pa3, Korjaa npouCxoaAuT HOBOE€ COEANHEHUE,
MOJIOKUBIIHCH Ha YTO-TO BpOJe MOAYJIsA multiprocessing.

O Bxu04aTh HOBBIN MOTOK KaX/blil pa3 Npu 06pa3oBaHUU HOBOTO COEJMHEHUS],
MOJIOKUBILHUCH HA YTO-TO BPOZE MOAYJIs threading.

O Jlo6aBUTb HOBOE COEAMHEHHE B COOBITUHHBIN LIMKJI U PearupoBaTh Ha COOBITHE,
CO3/1aHHOE TIPU HOBOM MOJKJIIOYEHHUH.

OnpeneneHue TOro, Kak COBpeMEHHbII KOMIIBIOTED J0JKEH 06pabaThBaTh AECATKH
THICSAY COEMHEHMIA OHOBPEMEHHO, U3BECTHO Kak npobrema C10k'. Tlomumo npo-

' C10k (npoGaeMa 10 ThiCSY COEANHEHMIA) — YCJIOBHOE Ha3BaHUeE 33/1a4d KOH(UTypHPOBaHHS
1 06CITYy)KMBaHUS BRICOKONIPOM3BOAMTEIBHOTO CEPBEPA, CMTOCOOHOrO OGCIYXKMBATh NOPSAAKA
10 ThICAY COETMHEHUH OMHOBPEMEHHO.
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yero, crparerusi paspeiueHus npobaemsl C10k o6bsACHSIET, KaK UCTIOIB30BaHKE CO-
ObITHIHHOTO IUKJIA, OTCJIEKUBAIOILErO COTHH UCTOYHUKOB COOBITHH, OyIeT MaciiTa-
OUpOBaThCs JIyyllie, YeM, HAPUMeP, NOAXO0/ «OAHH MOTOK Ha COeJMHEHHE» . ITO He
3HAYHUT, YTO 062 ITUX METOJA HECOBMECTHUMBI, HO 0OBIYHO MOXKHO 3aMEHHUTD MOAXO/
C IOTOKaMM Ha MOAXOJI C COOBITUSIMH.

Co6BITHIHO-OPHUEHTUPOBAHHASI ADXUTEKTYPA UCIOJIb3yeT COOBITHIHBIN LUK
nporpamMMa BbI3bIBaeT (GYHKIIMIO, KOTOpasi OJIOKUPYET BHINOJHEHHE /10 TeX TOP,
I0Ka He POM30MAeT onpezeieHHoe cobbiTe. CyTb B TOM, YTO POrPaMMa MOXET
POA0XKATD BBIMOJHATH APYTHE 33/1a4H, NTOKA XAET PE3YJIbTaTOB BbIYMCIIEHUH.
Camble npocTbie COOBITHS: «JaHHBIE TOTOBBI /ISl YTEHUSI» U «IaHHBIE TOTOBBI 1151
3anucu».

B Unix cranaapTHbie GyHKLMHM IJ151 CO3/IaHUS TAKOTO COOBITUHHOTO LIMKJ1a — CHCTEM-
Hbl€e BhI30BBI select(2) 1 poll(2). ITH PyHKUUH OXKUAAIOT CIIUCOK AECKPHIITOPOB
¥ BO3BpAlLIAIOT 3HaY€HHe, KaK TOJIbKO XOTs Obl 0uH U3 (hailIoBbIX AECKPUNTOPOB
FOTOB K YTE€HUIO UJIU 3alTMCH.

B Python MoxHO nosy4uTs ZOCTYN K 3TUM CHCTEMHBIM BBI30BAM Yepe3 MOYJb
select. [locTpoUTb COOBITHITHO-OPUEHTHPOBAHHYIO CUCTEMY C MOMOILBIO 3TUX
BBI30BOB MPOCTO, XOTsA U yTOMUTENbHO. JIucTurr 11.3 noka3biBaeT COOBITHITHO-
OPHEHTHPOBAHHYIO CHCTEMY, KOTOpasi C/IEIUT 32 COKETOM U oOpabarbiBaeT Jobbie
HOJIyYeHHble COeJUHEHHSI.

JNucrunr 11.3. O6paboTka CO6bITUMHO-OPUEHTUPOBAHHOM NPOrpaMMon
BXOASLUMX COEAUHEHUH

import select
import socket

server = socket.socket(socket.AF_INET,
socket.SOCK_STREAM)

# Hukorpa He 6n0KupyeT NOTOK Ha onepauuAax BBOA3/BHBOAA

server.setblocking(@)

# Ha3WavaeT cokeT nopTy
server.bind(('localhost’', 10000))
server.listen(8)

while True:
# select() Bo3BpawaeT 3 MaccuBa, Coaepxaumux o6bekT (cokeTw, ¢annmt.)
# KoTopble roToBbl 6biITb NPOYMTaHBI, 3aNUCaHbl WKW BbI3bIBAT owubky inputs,
outputs, excepts = select.select([server], [], [server])



218 nasa 11. MacwTabuposaHue 1 apxuTeKTypa

if server in inputs:
connection, client_address = server.accept()
connection.send("hello!\n")

B smcrunre 11.3 co3mpaercst COKET cepBepa M yCTaHABJIUBAETCS COCTOSAHUE HEONOKU -
PYrowull, 4TO O3HAYAET, YTO ONEPALIMH YTEHHUS U 3AIUCH, IPUMEHsIEMBIE K COKETY, He
OyayT 6J10KMpOBaTh BbilO/IHEHWE nporpamMmbl. Ecsin nporpamma nonsitaercs npo-
YUTATh U3 COKETA, KOI/1a B HEM HET JaHHbIX, FOTOBBIX /IJIsl YTEHUS], C IOMOIIbIO METO/IA
recv(), BosHukHet omubka OSError, ykasbiBaoias Ha HErOTOBHOCTDb coketa. Ecau
Obl He OBLIO yKa3aHO setblocking(@), TO COKET ocTaucsi Obl B peXUMe GJIOKUPOBKU
[POrpaMMbl, @ He BHIBOAWJI HEHYXKHYIO HaMm OmMOKy. 3aTeM COKET CBA3bIBAETCS
C IIOPTOM M OTCJIEXXHBAET MAKCHMYM BOCEMb COEJIMHEHHUA.

OCHOBHOM LIMKJI CO3Ja€eTCs ¢ NOMOIIbIO select(), KOTOPBI MPUHUMAET CIIUCOK
AecKpUunTopoB (aiisa 1ys yTeHUs: (B IpUMepe 3TO COKET ), CIUCOK JECKPUIITOPOB
(aitna ans 3anucu (B npUMepe TAKUX HET), CIIUCOK AeCKPUNITOPOB (aiina as uc-
KJatoueHust (B mpuMepe aTo cokeT). DyHKums select () BO3BpPALIAETCS, KAK TOJbKO
OIVH U3 1eCKPUNITOPOB hailna rOTOB K YTEHHIO, 3aMMCH UJIH BHI3BAJI HCKIIOYEHHE,
Bo3sBpalieHHoe 3HaueHMe — 3TO CIUCOK AeCKpUNTOPOB ¢dailia, OTBEYAIOMIHUX
TpeboBaHusM 3anpoca. llocse aToro 6yaer serko NpoBepUTh, B KAKOM COCTOSTHHUU
HaXOIUTCS COKET, U €CJIX OH TOTOB K YTEHMIO, TO HaZI0 IPUHSATH COeAUHEHME U OT-
NpPaBUTH COOOILIEHME.

Apyrue onuun u asyncio

Kpome Toro, cymectByioT ¢ppeitMBopku, Hanpumep Twisted u Tornado, o6ecrnieunsa-
IOIIKE TaKy10 ke GYHKIMOHATBHOCTD, HO B 60J1ee nHTErpupoBanHou ¢opme; Twisted
SIBJII€TCS CTAaHAAPTOM MOCJAeHUX JieT. bubaunoreku C, KOTOpble 3KCIOPTUPYIOT
unrtepdeiicsl Python, takue kak libevent, libev, libuv, TakXe IPeAOCTABJIAIOT
3¢ deKTUBHbBIE COOBITUIHHBIE LIMKIIBI.

OnucaHHble BapUAHTDI PELIAIOT Te XKe MpobyeMbl. HeocTaToOK 3aKII04aeTcst B TOM,
4TO, HECMOTPSI Ha IIMPOKHMIi BEIOOP, GOJIBIIMHCTBO U3 HUX HEMHTEPONEPAGEIbHbL.
Takoxe MHOrMe UX HUX paboTaloT ¢ hyHKIMSIMI OOPATHOTO BBI30BA, YTO MPUBOAMUT
K HEACHOCTH ITPOrpaMMHOrO0 IMOTOKA NMPH YTE€HUH KOJAA: MPUAETCA IEPEMEIATHCA IO
Pa3HBIM YaCTSAM IPOrpaMMbl, YTOOBI ee TPOYHTATB.

Ectb 6u6110TEKH, KOTOPBIE He UCTONB3YIOT GYHKIMKU 0OPaTHOTO BBI30BA: gevent
v greenlet. OiHaKO /leTalM UX Pean3aiy BKIOYAoT cnelpduynsiii 1151 CPython
x86 Ko/1 U AMHaMHYECKOe M3MEHEHHEe CTaHAAPTHBIX QGYHKLMIA BO BPeMsl BBITIOJIHE-
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Hus. ITO O3HA4Ya€T, YTO Bbl HE 3aXOTUTE NMOAAEPKUBATH U UCIIOJIb30BATb KOJA C UX
IIPUMEHEHHUEM B JOJITOCPOYHLIX ITPOCKTAX.

B 2012 roay I'sugo Ban Poccym Havan pa3pabarsiBaTh pelieHHe ¢ KOAOBBIM Ha-
3BaHueM tulip, xoropoe otpaxero B PEP 3156 (https://www.python.org/dev/peps/
pep-3156). Llesbio aToro npoekta ObIIO CO3aHUE CTaHAAPTHOrO MHTepdeiica co-
ObITHIfHOrO LKKJIa, COBMECTUMOrO ¢ GhpeiiMBOpKaMu 1 OMOIHOTEKaMH, a TaKxKe
UHTepornepabeabHOro.

C tex nop kox tulip 6b11 nepenmeroBaH 1 BHeapeH B Python 3.4 kak Moayab asyncio,
M ceiyac 3TO siBAsieTCsi cTaHAapToM. He Bce 6ubaHOTEKH COBMECTHMBI C asyncio,
a GOJIBIIMHCTBO CYILIECTBYIOUIMX CBSI3ei HEOOXOAMMO NEPENUCaTh.

Hauunas ¢ Python 3.6 asyncio xopowo uHTErpupoBaH 1 UMEET CBOU KJIIOYEBbIE
CJI0Ba await u async AJjisi npoctoro npuMeHenus. Jinctudr 11.4 nokasbiBaeT, Kak
6ubaunoTexa aiohttp, xoTOpasi NIPeAOCTaBASIET aCHHXPOHHOe cBsidbiBanne ¢ HTTP,
MOXeT ObITb HCIONB30BAHA C ASYNCio 1/1s1 OTHOBPEMEHHOTO 3aITyCKa HECKOJIbKHX
MIOMCKOB Be6-CTpaHHIL.

Nucruir 11.4. OgHoBpeMeHHbI NOMCK BEG-CTPaHUL, C NoMoLbio aiohttp

import aiohttp
import asyncio

async def get(url):
async with aiohttp.ClientSession() as session:
async with session.get(url) as response:
return response

loop = asyncio.get_event_loop()
coroutines = [get("http://example.com") for _ in range(8)]

results = loop.run_until_complete(asyncio.gather(*coroutines))

print("Results: %s" % results)

Oynkuus get() o6bsiBleHa KaK aCHHXPOHHAs1, TaK YTO TEXHHYECKH 3TO COMPO-
rpamma. DyHkMs get() MMeeT /iBa 1ara: CoeAHEHe ¥ MIOUCK CTPaHMIIbI, Onpe-
AieJieHHble KaK aCHHXPOHHbBIE OMEPALMH, He Nepe/Ialolie yrpaBjieHe Bbi3BaBLIei
MX KOMaH/ie, ToKa paboTa He 3aBepieHa. ITO MO3BOJSET asyncio 3alIaHUPOBATh
C/IEAYIOLIYIO CONpPOrpamMMy B J11060it MoMeHT. Moy 1b BO30OHOBJISIET BbIIOIHEHHE
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COTMPOrpaMMBbl, KOrzia OyeT YCTAHOBJIEHO COeJMHEHHE MM CTPaHULa OyeT roToBa
K 4TeHu10. BoceMb conporpaMm BKJIIOYEHBI B COOBITUIHBIN [IUKJI OXHOBPEMEHHO,
1 pabota asyncio — co3aatb 3¢heKTHBHOE pacCicaHue UX 3aMycKa.

Mognyb asycio — oTaMuHbIN PpeiMBOPK 7151 CO3/IaHUs1 aCHHXPOHHOTO Ko/ia v 3¢-
¢dexTnBHOrO MCnoNB30BaHUs cOOBITHITHOTrO HUkaa. OH moaaepxuBaetr aiisi,
COKeThl U MHOTOe ipyroe. Kpome 3Toro, st peayn3aiy pa3jMyHbIX MPOTOKOJIOB
JAOCTYITHO MHOXECTBO BHewHKX O6nbanorek. [Tosnb3yiitech um!

CepBnC-OpMEHTUPOBaHHAsA apXUTeKTypa

Mosxer nokasarbcsi, YT0 000N TH HEZOCTATKU MacIITaOUPyeMOCTH C10kHO. OxHAKO
Python oueHp xopoul [Jisi pealu3alun Cepeuc-opUeHMUPOSARHOU apXumexmypoL
(SOA) — nu3aitHa mporpaMMHOro 0becreyeHus, Ipu KOTOPOM Pa3HbIE €r0 KOMIIO-
HEHTBI IPEAOCTABJISAIOT MHOKECTBO CEpBUCOB, COeJHHEHHBIX TPOTOKOJIOM Nepesayn
nannbix. Hanpumep, OpenStack ucnonsayer SOA BO BceX CBOMX KOMIIOHEHTaX.
KomnonenTtsl ucnonssdyrior HTTP REST ans cBsasu ¢ BHemmnuMy kinentamu (Ko-
HEYHDbIMH [10J1b30BaTENSIMK) M a0CTPaKTHBII yAaneHHblil Boi3oB npouenyp (RPC),
HaactpoeHHbiii cBepxy Advanced Message Queuing Protocol (AMQP).

Bo BpeEMs pa3pa6on<n 3HATb KaHaJIbl IEpEAAYU JaHHbIX MEXAY 610KaMu — Bce
PaBHO, YTO 3HATb T€X, C KEM BbI 6y11e're KOMMYHHIIHPOBATbD.

[IpeacraBisisi cepBUC BHEIIHEMY MUDY, PEANOYTUTENBHO UCIIONb30BATH KaHAJ
HTTP, ocobenno npu au3saiiHe apxutektypsl 6e3 coctosinusi B REST-ctune (REpre-
sentational State Transfer). Takue Bubl apXUTEKTYPBI A€AIOT NPOCTHIMH PEATU3a-
M0, MacIITabUpOBaHKe, Pa3BePThIBAHKE U MOALEPKAHHE CEPBUCOB.

Ho npu ucnonv3oBannu API nns BuyTpennux 3agau HTTP moxer okasatbes He
JIyYIIUM [IPOTOKOJIOM. ECTh MHOXKECTBO APYrHX MPOTOKOJIOB, HO ONMCAHUE JaXKe
OZIHOTO U3 HUX 3aliMeT LeJyI0 KHHTY.

B Python cymectByer MmuoxectBo 6ubnnoTek ans coznanust RPC-cucrem. MuTe-
pecHbIM BapuaHTOM siBsisteTcss Kombu, Tak kak oH npegocrabasier mexanuam RPC
NOBEPX MHOXKeCTBa 63KeH 108, HanpuMep poTokoaa AMQ. Takke OH NOAAePXKUBaAET
Redis, MongoDB, Beanstalk, Amazon SQS, CouchDB, ZooKeeper.

UTor TakoB, 4YTO MOXKHO ITOTYYHUTh OTJIMYHYIO TPOU3BOAUTENILHOCTD AK€ MPH CJ1a60
CBsI3aHHOM apxuTeKType. ECiM npeanonoxuTs, 4To Kaxapiii MOLy/Ib 0OecreynBaet
API, To MOXHO 3amyCTUTb HECKOJIBKO JEMOHOB, KOTOPbIE MOTYT paboTaTh C HUM,
Y HECKOJIBKO TPOLIECCOB, YTOOBI TAKUM 0Opa3oM pacrnpeneauTs pabory. Hanpumep,
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Apache httpd coznact HOBbIN 0O6BEKT worker, HCNOJIb3Ysi HOBBIH CHCTEMHBIN MPO-
1ecc aust 06paboTKH COeAMHEHUH; IaJIblIIe MOYKHO OTIIPABUTH COEIUHEHHE APYTOMY
worker B TOM e y3Jje. [[J1s1 A0CTHXeHHs 3TOro HeOOXOAUMO KaK-TO pacnpeaessiTh
pabory, B atoM u nomoxet API. Kaxapiii 610k noToka Oyaer OTAeJbHBIM MPO-
ieccoM B Python, u 3TOT moaxoxn Jyyiie MHOrOMOTOYHOCTH AJIsi paclipesieieHUs]
paboTbl. MOXXHO 3amyCTUTb HECKOJIKO 00bEKTOB worker B KaXkK/I0M y3Je. [laxe npu
OTCYTCTBHH COCTOSIHUSI OJIOK HEOOsI3aTeNEeH, HO CTOUT OTAAaBaTh MY MPeANoYTeHHe
BCEr/a, KOr/ia 3T0 BO3MOXHO.

MexnpoueccopHoe B3auMmoaencrame ¢ ZeroMQ

Bbiiie 6bi10 cKa3aHO, YTO KaHAJ NepeJayn AaHHbIX HEOOXOANM NPU CO3AaHHHU pac-
npeneieHHbIX cucteM. [Tpoleccsl 10JKHBI CBA3BIBATHCS MEXLY COOOM 1151 epeayu
COOOIIEHUH. ZeroMQ — 3TO 6HUOIMOTEKA COKETOB, KOTOPasi MOXET HCIOIb30BAThCS
Kak (ppelMBOPK /17151 OIHOBPEMEHHOTO BbIMOIHEHUS 3a4ayY. JIuctunr 11.5 peanusyer
worker u3 iicTiHra 11.1, Ho MCTIOIB3YeET ZeroMQ B KauecTBe criocoba pacrpeaeeHnst
paboThl U 0becrieYyeHUs! CBSI3U MEX/LY TPOLIECCAMM.

Nncrunr 11,5, 3anyck worker ¢ nomoubio ZeroMQ

import multiprocessing
import random
import zmq

def compute():
return sum(
[random.randint(1, 100) for i in range(1000000)])

def worker():
context = zmq.Context()
work_receiver = context.socket(zmq.PULL)
work_receiver.connect("tcp://0.0.0.0:5555")
result_sender = context.socket(zmq.PUSH)
result_sender.connect("tcp://0.0.0.0:5556")
poller = zmq.Poller()
poller.register(work_receiver, zmq.POLLIN)

while True:
socks = dict(poller.poll())
if socks.get(work_receiver) == zmq.POLLIN:

obj = work_receiver.recv_pyobj()
result_sender.send_pyobj(obj())
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context = zmq.Context()
# Co3paem kaHan gnA oTnpasku paboTu
® work_sender = context.socket(zmq.PUSH)
work_sender.bind("tcp://0.0.08.0:5555")
# Co3paeM KaHan ANA Npuema pesynbTaTos
® result_receiver = context.socket(zmq.PULL)
result_receiver.bind("tcp://0.0.0.0:5556")
# 3anyckaem 8 pabor
processes = []
for x in range(8):
° p = multiprocessing.Process(target=worker)
p.start()
processes.append(p)
# Otnpasnnem 8 paboT
for x in range(8):
work_sender. send_pyobj(compute)
# Nonyyvaem 8 pe3ynbratos

results = []
for x in range(8):
[ results.append(result_receiver.recv_pyobj())
# 3asepwaem npouecchbl
for p in processes:
p.terminate()
print("Results: %s" % results)

MbI co3ganu ABa COKeTa: OAUH IS OTNpaBKU (pyHKuUU (work_sender) @ H OAUH
Ans npueMa pe3ynbsratoB (result_receiver) @. Kaxablit worker HaunHaercs
c multiprocessing.Process @ U CO3/1a€T CBOE MHOXX€CTBO COKETOB, COEJAUHSAS UX
C IJIaBHBIM NIPOLIECCOM. worker BBINOJHsET QYHKUMIO, KOTOPasi ObLj1a KM OTIIpaBJe-
Ha, ¥ BO3BpallaeT pe3yJbrat. [J1aBHbIH NpoLecc JOMKeH OTOCIaTh BOCEMb 3aJaHUH
B COKET OTMPaBKH U XK/JaTh BOCEMb OTBETOB Yepe3 COKeT npuemMa @.

Kak BMAHO, ZeroMQ o6ecrieyrBaeT poCToii Criocod NOCTPOUTh KaHasibl CBsi3U. B npu-
Mepe TPeACTaBIeHO MCI0JIb30BaHHe TpaHcnopTHOro ciost TCP, uto6bl moka3arb
BO3MOXXHOCTb 3anycka B CeT. CTOMT OTMETHUTB, YTO ZeroMQ TaKxKe JIOKaIbHO (6e3
cetn) obecre4ynBaeT MEXIPOLIECCHOE B3auMoielcTBHE, UCTIONb3ysi UniX-COKeTHI.
OueBHAHO, YTO MPOTOKOJI ITEPeSAYU JaHHBIX, CO3[JaHHBIN ZeroMQ — O4Y€Hb MPOCTOI
NpUMep JIs1 y4eOHBIX 11eJIei, HO eCJIM €ro JOBECTH 10 YMa, TO NOBEPX HETO BIIOJIHE
BO3MOXHO CO3/1aTh 60J1ee CI0KHOE pUIoKeHue. Takke MOXXHO MPeCTaBUTh CO3/1a-
HHeE MOJIHOCTDIO pacrpeeleHHOTO NPUJIOKEHUS IS epeayy AaHHbIX Yyepe3 CeTb,
npsimo kak ZeroMQ uiu AMQP.

Ob6partute BHUMaHue, 410 npoTokoisl HTTP, ZeroMQ, AMQP He 3aBucsr ot
SA3BIKA: MOXHO WCIOJIb30BaTh JIIOObIE A3bIKKM U MIATHOPMBI s PEATH3aLIUH KaX-
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noii yactu cucreMsl. Becciopro, Python xopomuit i3slk NporpaMMUpPOBaHHUst, HO
4acTO KOMaH/Ie pa3pabOTYNKOB MOKET MOHAZ0OUTBCS YTO-TO APYTroe A5 PelleHns
onpeneeHHO MpobIEMBI.

W cnonb3oBaHie TPaHCMIOPTHOTO KAHAJA ISl pa3/ieJIeHUs IPHUIIOXKEHUS Ha HECKOJIBKO
4acTeil — 3TO XOpollee peleHne. ITOT MOAXOA MO3BOJSAET CO3/1aBaTh CHHXPOHHbBIE
1 acuHxpoHHble API, koTopbIe MOTYT OBITH PaCIIPOCTPaHEH bl HA COTHSIX KOMIBIOTe-
poB. Heobs13aTes1bHO KCMO/IB30BaTh KOHKPETHYIO TEXHOJIOTHIO UM SI3BIK, IO3TOMY
MOXXHO Pa3BUBAThCS B J)K€JIA€MOM HAIPaBJIEHUH.

UTorm

[TpaBuiio xopourero Tona B Python — ucnonib3oBarh N0TOKM TO/IBKO 17151 UHTEHCHB-
HOIA paboTBI 110 BBOAY,/BbIBOAY ¥ IPUMEHSITH MHOTOIIPOLIECCHOCTb, KAk TOJIBKO TaKasi
pabora Bo3HuKaeT. Pacnipesesnenue pabotsl npu 601b1I0M MaciuTade, HarpuMep IIpu
CO3@aHUK PaCIpefesIEHHON CUCTEMBI B CETH, TpebyeT BHEIHNUX OUOIHOTEK M ITPO-
Tokos10B. OHu nogaepsxusaiotcst Python u focTynHe! Yepe3 BHELIHME HCTOYHUKH.



1 2 YnpasneHue pensiiuoHHbIMH
6a3zamMmn AaHHbIX

MNpunoxeHus npakTuyecku Bceraa 6yAyT XpaHWUTb Kakoro-nubo poaa AaHHble,
a pa3paboTtunku 6yAyT KOMOMHMPOBATL PENALMOHHbIE CUCTEMBI ynpasneHns 6azamu
AanHbiX (Relational Database Management System, RDBMS) ¢ kaknM-HUbYyAb UHCTPY-
MEHTOM OGbEKTHO-pensiuuoHHoro otobpaxeruns (ORM). Pabota RDBMS 1 ORM He
BCEraa NOHATHA, NO3TOMy OHWU HPABATCA He BCEM pa3paboTunkaM, OAHAKO PaHO MK
NO34HO C HUMWU NPUAETCA CTONKHYTLCA.

Ucnonb3osaune RDBMS n ORM

RDBMS — 510 6a3a [aHHbIX, COXPAHSAIOUIAs PeJSILIHOHHbIE JaHHbIE TPUJIOKEHHSI.
Paspabotunku ucnons3yiot si3bik SQL (Structured Query Language, si3bik CTPyK-
TYPHPOBaHHBIX 3aMPOCOB) 151 06PaGOTKH PeJISILIMOHHBIX BbIYMCIEHHUI, TOIpa3yMe-
Basi, UTO OH CO3/IaH /s yIIPaBJIeHUsl JaHHBIMU U OTHOLLIEHUSIMH MeXy AaHHBIMH.
Wcnons3yst ©X BMeCTe, MOXKHO XPaHUTh M CTPYKTYPHUPOBATh AaHHbIe 11 3 dek-
THBHOIO IOCTYNa K onpeziesieHHoi nHopMauuu. Xopoliee NIOHUMaHHE CTPYKTYPbl
pessiMOHHBIX 6a3 JaHHBIX, HAPUMEP MCNOJIb30BaHKE HOPMAJIN3ALMY WK 3HaHHe
THIIOB CEPUAIM3ALINH, TIOMOXeET U30eXaTh MHOTUX own6ok. OueBHUIHO, YTO IS
TaKHX TEM HY>KHa OT/€JIbHAsi KHUTa ¥ OHU He OyIyT OCBEIeHbl JOCKOHAIbHO B 3TOH
rnaBe. BMecTo 3TOro cocpeoToYuMcsi Ha UCNoJIb30BaHUM 6a3bl JaHHBIX HA CAMOM
pacrpocTpaHeHHOM s3bike SQL.

He Bce XOTAT TpaTHTb BpeMsi Ha U3yYeHHe HOBOTO si3biKa AJisi pabotsl ¢ RDBMS,
noatomy 6yayT usberats nucatb SQL-3anpockl ¥ LETHKOM J0BepPsTCst GUbIHOTEKaM,
4TOOBI BHINOJHATD 3Ty paboTy. Bubaunorekn ORM yacTo cyuiecTByIOT B 9KOCHCTEME
A3bIKOB MporpaMMupoBaHusi, U Python He uckiouenne.
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Ilenb ORM — caenartb cuctembl 6a3 aaHHbIX 60J€€ JOCTYNHBIMY, abcTparupyst
NPOLECC CO3/IaHHUSA 3AMPOCOB: OH caM co3aeT Koa Ha SQL. K coxanenuto, atot ab-
CTPaKTHBIN CJIOW He MO3BOJIsIET BBIIOJIHATh HU3KOYPOBHEBbIE 3a/1a4H, HA KOTOpPBIE
ORM npocTo He crocobeH, — HanprUMep, CO3AaBaTh CI0KHENIIINE 3aIPOCHI.

EcTb onpezenennbie c10%HOCTH 1pu ucnosnb3oBanud ORM B 06beKTHO-OPHEHTH-
pPOBaHHOM IIPOTPaMMHMPOBAaHUH, KOTOPbIE HACTOJIBKO PaCIPOCTPAHEHD], YTO UMEIOT
CBOIO KaTerOPHI0 — HECOOmeemcmeus: 006eKmHo-peaityiORH0Z0 UMNEOanca. ITo
HECOOTBETCTBHE 00PA3yeTcsi u3-3a TOrO, YTO 6a3bl JAHHBIX U 0OBEKTHO-OPUEHTHPO-
BaHHbI€ IPOrPaMMBbI 110-Pa3HOMY [IPEACTABISIOT cebe TUIMBI JAHHBIX: MATUPOBaHHE
tabanu SQL u knaccoB Python He gacT moJaHOro cOOTBETCTBHSI HE3ABUCHMO OT
NPEANPUHSTBIX AeHCTBUI.

[Tonumanmne SQL u RDBMS no3Bosut nucatb coO6CTBEHHbIE 3aIIPOCHI, HE MOJ1arasich
Ha aGCTPaKTHbIE CJIOU.

Ho 3T0 He 3Ha4uT, YTO HYXKHO MoAHOCThIO U3beratb ORM. Bubanoreku ORM
MOMOTYT IPH GBICTPOM TMPOTOTUITHPOBAHUM MOJEJH MPUIOKEHHS, 2 HEKOTOPbIE
OUONMOTEKH aXKe MOTYT NPEAOCTABUTD MOJI€3HbIE MHHCTPYMEHTHI /1JIsi TIOBBILIEHUS]
WJIY IOHMKeHus1 ypoBHs cxeMbl B/[. BaxkHo monumarts, yto ucnonszoBanne ORM
HepaBHO3Ha4YHO NoHuMaHuio RDBMS: MHorne pa3paGoTYUKH MBITAIOTCS PELINTD
npobieMbl Ha 3HAKOMOM $I3bIKE IPOrPaMMKUPOBAHMUS BMECTO UCITOJIb30BAHKSI MOJETH
API, v 311 pelleHHs Janeku OT uaeana.

NPUMEYAHME

ITa riaBa MpeAnoaraer, 4To Bbl 3HaeTe 6a30Bbiit SQL. 3HakomcTBO ¢ SQL 1 0630p
paboTh TabuL 1 GOPMUPOBAHUS 3aTIPOCOB HAXOASITCS BHE 06J1ACTH HHTEPECOB 3TOM
xHuru. Eciu SQL BaM He 3HaKOM, cOBeTyeM MCIIPaBUTh 3TO MPSIMO ceifyac, npex/e
YeM POJOJIKUTD YTeHue 310 r1aBbl. Haunure ¢ Practical SQL 32 aBTOpCcTBOM JHTOHU
ne Pappoca (Anthony DeRarros, No Starch Press, 2018).

PaccMoTpuM npuMep, nokassiBawouiii, noueMy nonumanre RDBMS nomoxer
yJAy4UIMTh Hanucanue koaa. Jonycrum, ects SQL-Tabnuua st OTC/ieKUBAHUS
coobuieHui. ITa TabaMLA UMEET OIMH CTOJIOEL C UMEHEM id, KOTOPBIi COAEPKUT
ID nosp3oBatens U SIBJISIETCS KJIOYEBBIM M0JIEM, 2 TAKXKe CTPOKY C COAEPIKAaHHEM
COODIEHUS:

CREATE TABLE message (
id serial PRIMARY KEY,
content text

)
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Heob6xoauMo HaiiTH NOBTOPSIOIMECS COOOIIEHNS ¥ YAAIUTb UX M3 6a3bl. UT0ObI
caenaTh 3TO, THIIMYHBIHM pa3paboTuynk MoxeT Hanucatb SQL-3anpoc yepes ORM
(auctunr 12.1).

JNincruur 12.1. Mouck u yaaneHune Ay6nukaToB COO6LIEHUI ¢ noMoubio ORM

if query.select(Message).filter(Message.id == some_id):
# Mo yxe umeem Takoe coobuweHwe, nponyckaem ero u 3anyckaem raise
raise DuplicateMessage(message)
else:
# BcTasnsem coobiieHue
query.insert(message)

ITOT KOJI AOCTATOYHO YHUBEPCAJIEH, HO UM€ET HECKOJ/IbKO HELOCTAaTKOB:

O OrpanuyeHue Ha LyOa1KaTh! yKe BbIpaXXeHO B cxeMme SQL, moatomy nosyyaer-
Cs1 B HEKOTOPOM pojie AyOJIMKAT KO/Ia: HCIIO/IB30BaHKE id B KAYECTBE KIIIOYEBOTO
TNOJISI yKe 03HAYaeT ero YHUKaIbHOCTb U HEMOBTOPUMOCTb.

O Ecsim coobuienue eure He B 6a3e JaHHbIX, KO M3 NprMepa coBepinaeT gsa SQL-
3ampoca: yTBepxkAeHue SELECT M 3aTeM yTBepxkaeHHe INSERT. Boimonnenue
SQL-3anpoca MOXKeT 3aHSITh IPOAO/KUTEIBHOE BpeMsl 1 OoTpe6oBaTh obpatlie-
HHs K cepBepy SQL, 4To Takke NpHBe/ieT K 3alepiKKaM.

O Kon He o6pabaTbiBaeT BO3MOXKHOCTb TOTO, YTO KTO-HHUOYAb MOXET BCTAaBHTh
ay6aupyouie cooblieHre MeXIy BbI3oBaMu select_by id() W insert(), uTo
NpUBelEeT K BOBHUKHOBEHUIO UCKJIIOYEHHUs. ITO YSI3BUMOE MECTO Ha3bIBAeTCsl
COCTOSIHUEM TOHKHU.

EcTb cnioco6 HanucaTb 3TOT KOZ Jiydlile, HO OH TpebyeT KOoMepaluu ¢ CEpBEPOM
RDBMS. Yto6bl He POBEPSITH CYIECTBOBaHHE COOOLIEHUSI U He A00aBIsITh €ro
B 6a3y, MOXKHO cpa3y J100aBUTb €ro U UCIIOJIb30BaTh try..except 1715t 00pabOTKH Uc-
KJIIOYEHHU, €CJIH OHO BO3HUKHET:

try:
# BcTtaska coobweHus
message_table.insert(message)
except UniqueViolationError:
# flybnukart
raise DuplicateMessage(message)

B aToM ciyyae nobaBieHre coobuienust npsiMo B Tabiuily paboTaeT Ge3ynpeuHo, eciu
cooblieHue ele He HaxoguTcA B 6aze. Ecan aTo Tak, To ORM BbI3bIBaeT HCKIIIOUEHHE
0 HapyIIeHUH YHUKAJIbHOCTH KJIIOYEBOI'0 N10J1s1. ITOT KO/ IeJ1aeT TO e, YTO U KO/ U3
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auctunra 12.1, Ho B 60s1ee adpekTHBHON MaHepe U He BbI3bIBAET COCTOSIHUSI TOHKH.
ITO OYeHb MPOCTOM MATTEPH, U OH He MPOoTUBOpeynT HU ogHoMy ORM. [1pobGaema
B TOM, YTO pa3paboTYNKH OTHOCATCS K 6a3am naHHbIX SQL kak kK 060bIYHOMY XpaHHU-
JIVIILY, @ HEe KaK K MHCTPYMEHTY [J1sl IPaBUJIbHOIM OpraHM3allii XPaHEHHs! U BbIJAYU
nanubix. Kak cineacrsue, oin MOryT ay61MpoBaTh OrpaHUYEHHS], YK€ 3a/I0)KEHHbIE
B SQL B cBOEM KOZ€, BMECTO H3MEHEHHUS OTHOILEHHS K MOZAEJIN XPaHEeHHs.

OtHocutbest K SQL kak k 63kenay monenn APl — 3to xopowuii criocob Havatb
3¢ peKTHBHO UM MONb30BaThCA. MOXKHO MaHUNYIHPOBaTh AaHHBIMU B RDBMS
C MOMOII[IO IIPOCTBIX BbI30BOB (DyHKIIM I, HAMMCAHHBIX HA COOCTBEHHOM NPOLIEAYP-
HOM SI3bIKe.

Bb3keHa 6a3 AaHHbIX

ORM noaaepxusaer MHorHe 63keHb1 6a3 nanubix. Hu oqna ORM ne obecnieunBaet
nosiHOM abcTpakuuu Beex Bo3MoxHocTeir RDBMS, a ynpomenue kozxa 1o camoii
6azoBoit RDBMS caenaer npoasunytbie dpynkuuu RDBMS nexoctynHbiMu Ge3
pa3spyeHusi 3Toro abcTpakTHOro cJiost. /laxke mpocThle, HO HECTaHAAPTU3UPOBaHHbBIE
acnektsl SQL, Hanpumep 06paboTka BpeMeHHBIX METOK, BI€KYT MHOXECTBO IpO-
6aem ana ORM. 310 ewe Gosee BepHo, ecau koA HezaBucuM or RDBMS. Baxtno
AEpPXKaTh 3TH MyHKTHI B yMe 1n1pu Boibope RDBMS st npusnoxennsi.

U3zonauus 6ubanorek ORM (cM. pasnen «BHemHne 6u6110TEKH» ) MOMOXKET U3-
OexxaThb JIMIIHUX NPo6JaeM. ITOT MOAXO/ MPEAOCTABJSIET BO3MOXHOCTD JIETKO NOMe-
HATb 0fHy 6ubnoreky ORM Ha apyryio, eciu Takasi HEOOXOAMMOCTb HEOXKHAAHHO
NOSIBUTCS, a TAKXKe ONTHMHU3UPOBaTh HCnoJib3oBatue SQL npu o6HapyxeHUH MeCT
¢ HeaPEeKTUBHBIM UCIOIb30BaHUEM 3AMPOCOB. ITO MO3BOJHUT M30EXKATh MHOIO-
KPaTHOTO MMOBTOPEHUST MPaKTHYeCKH oiMHakoBoro koxa ORM.

MoxkHo ucrnosib3oBaTh ORM B KauecTBe MOAYJISI IPUJIOKEHHSI, K IPUMEDY, myapp.
storage, [Isl IPOCTOrO CO3aHMUsI MOXOOHON H30JIALUMU. ITOT MOAYJIb IOJIXKEH 3KC-
NOPTHPOBATh TOJNBKO (PYHKIHMH U METO/bl, KOTOPBIE MO3BOJIAIOT MAHUITYJIMPOBAThb
NAHHbBIMHM Ha BBICOKOM ypoBHe abctpakuuu. /lomken 6biTh ucnonb3oBan ORM
TOJIBKO M3 3TOr0 MOALyJisi. B /11060it MOMEHT €ro MOXXHO 3aMEHUTH Ha IPYTOH C TAKUM
xe APL.

Camas pacnpocTpaHetHas 6ubinoreka ORM ass Python (MHorue cuutaior ee
CTaHAapTOM) — 3TO sqlalchemy. Jta 6ubAMOTEKA NOAAEPKUBAET OOBIIONH 0OBEM
03KeHA0B U obecneynBaeT abCTPAKTHBIN YPOBEHb ISl CAMBIX YACTHIX OMEpPalU.
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Anrpeiiz cxem MoXeT ObITh 06paboTaH CTOPOHHUMH NTAKETaMH, HanpuMep alembic
(https://pypi.python.org/pypi/alembic/).

Hekoropsie dppeiimBopky, k npuMepy Django (), umeioT cobcTBeHHbIE O16IHOTEKH
ORM. IIpu ucnonb3oBanuu (ppeiiMBOPKa XOPOILKMM peleHneM OyaeT NPUMEHSTh
BCTPOEHHYIO B HEFO OUBINOTEKY, YeM HAJESThCsl, YTO BHELIHsst Gnbamnoreka Oyner
MHTErPUPOBAHa He XyXe.

BHUMAHMUE

ApxutekTypa «Mogenb — npeacrasnedne — koutpoanep» (Model-View-Controller,
MVC), Ha KOTOPYIO N0J1aralTcs 60IbUNHCTBO GPEAMBOPKOB, MOXKET ObITh JIETKO HC-
T0J1b30BaHa HE 110 Ha3HayeHH10. ITH (peiiMBopkH peanusyior ORM (uim obserdaior
€ro peajn3allfio) B CBOMX MOJEJSIX HAMPSAMYIO U HEA0CTAaTOYHO abCTPaKTHO: 11060
KOJ, MCIIOJIb3YEMBIIA B MOZE/TH, KOTOPLIN Oy/eT B NMpeACTaBIEHHH U KOHTPOJLIEpe,
Takxe Gyzner BsaumozeiictBoBaTh ¢ ORM Hanpsimyio. 3toro cienyer usberats. He-
06X0MMO CO31aTh MOZEJIb JaHHBIX, KOTOpasi BKJIoyaet 6ubanoreky ORM, a He co-
cTouT 13 Hee. [1ocTynMB TakM 06pa3oM, Bbl TOBBICUTE TECTUPYEMOCTDb U U30JIALIMIO,
a B CJTy4ae HeoOX0AUMOCTH 3aMeHy oaHOoM ORM Ha apyryio MoxxHO GyzieT MPOU3BECTH
6e3 notepb.

MoTokoBblie aaHHbIe € Flask n PostgreSQL

B aTom paszesie s mokaxy, Kak MOXKHO HCIIOJIb30BaTh OJJHY M3 PaCUIMPEeHHbIX QYHK-
uuii PostgreSQL nns co3ganus cucteMbl MoTokoBol nepepauun cobbituit HTTP,
KOTOpasi MOMOXET CIPaBUTHCS C XPaHUJIUILEM [JaHHBIX.

Co3paHne NpUNOoKEHUA NOTOKOBbIX AAHHbIX

[les1b MUKPONPUIIOXKEHHUS U3 IUCTUHTa 12.2 — coxpaHeHune coobOleHui B Tabauiy
SQL u obecrieyeHne gocTyna K 3TUM COOOLIEHUSIM Yepe3 HTTP REST API. Kaxaoe
cooblIeHHe COCTOUT U3 HOMepa KaHasla, CTPOKH HCTOYHHKA M CTPOKH KOHTEHTA.

Nucrunr 12.2. CxeMa Tabnuubl SQL ans xpaHeHust COoOLIEHUI

CREATE TABLE message (
id SERIAL PRIMARY KEY,
channel INTEGER NOT NULL,
source TEXT NOT NULL,
content TEXT NOT NULL

)i
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Heo6xoanmo BBIBOAUTD 3TH COOOLIEHUsI KIMEHTY B PealbHOM BpeMeHH. [ aToro
cJleflyeT UCTI0Ib30BaTh BO3MOXKHOCTH PostgreSQL noa HazBanreM LISTEN 1 NOTIFY.
ITU GYHKUNH MO3BOJSIIOT OTCJIEXMBATh COOOLIEHHs], OTIPaBaeHHble DyHKIMel
PostgreSQL a5 BeinonHeHust:

@ CREATE OR REPLACE FUNCTION notify_on_insert() RETURNS trigger AS $$
® BEGIN
PERFORM pg_notify('channel_' || NEW.channel,
CAST(row_to_json(NEW) AS TEXT));
RETURN NULL;
END;
$$ LANGUAGE plpgsql;

Koa cosnaer Tpurrep ¢pyHkuuu, HanucaHHbii Ha pl/pgsql — s3bike, MOHSATHOM TOJIBKO
PostgreSQL. Obparute BHUMaHHe, YTO MOXKHO HAMKCATh 3TY QYHKLHUIO Ha T1060M
asbike, Aaxe Ha Python, tak kak PostgreSQL Bkaitouaer untepnperarop Python ans
obecneuenns si3bika pl/python. EanHcTBeHHas npoctast onepaiisi, BBIIOJIHsIEMasi
31ech, He TpebyeT ucnosnb3oBanusi Python, noatomy xopomnmM BapuaHtom 6yaer
npuaepxusarbcst pl/pgsql.

DyHkuus notify_on_inset() @ BBIMOIHsIET BbI30B pg_notify() @, KoTopas U OT-
npasJisieT yBeoMJIeHHUs. [1epBbiii apryMeHT — 3TO CTPOKa, PeACTaBISIIOILAs KAHAT,
a BTOpasi CTPOKa COAEPKUT (PaKTHYECKYIO MOJ1€3HYI0 Hazpy3ky. Kanan onpenensercs
JAMHAMUYECKH Ha OCHOBE 3HayeHusi CTo/101a KaHaia B cTpoke. B atom ciyyae no-
Jie3Hasi Harpy3ka Gy/ieT Bceid crpokoii B popmare JSON. [la, PostgreSQL 3Haer, kak
npeobpa3oBarb cTpoky B JSON!

Jlanee HeOGXOAMMO OTIIPABUTDH YBEIOMJIEHHE TIPH KaX/I0M BBIIIOJTHEHHOM B Tab/IH1le
coobuIeHU I INSERT, I03TOMY CJleyeT aKTMBUPOBATh HEOOXOANMBII TpUrrep PyHK-
1IMH TIPU IOAOGHOM COOBITHH:

CREATE TRIGGER notify_on_message_insert AFTER INSERT ON message
FOR EACH ROW EXECUTE PROCEDURE notify_on_insert();

Tenepb GyHKUKS NOAKNIOYEHA U Oy A€T BHIMOMHSTHCS NPH KAX/I0M yClIeLIHOM INSERT
B TabJuLe COOOImEeHHH.

Mo3Ho npoBepuTh ee paboTOCNIOCOOHOCTD, HCITOIb3Ys1 ONepalio LISTEN B psql:

$ psql

psql (9.3rcl)

SSL connection (cipher: DHE-RSA-AES256-SHA, bits: 256)
Type "help" for help.
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mydatabase=> LISTEN channel_1;

LISTEN

mydatabase=> INSERT INTO message(channel, source, content)
mydatabase-> VALUES(1, 'jd', 'hello world');

INSERT 0 1

Asynchronous notification "channel_1" with payload
"{"id":1,"channel”:1, "source":"jd", "content": "hello world"}"
received from server process with PID 26393.

Kak TosbK0 106aBJIsieTCst CTPOKa, OTIPABJISIETCS YBEAOMJIEHHE, OTydaeMoe Yepe3
knueHT PostgreSQL. Teneps HykHO co3/1aTh NPUJIOKEHHE MOTOKOBBIX IAHHBIX Ha
Python (auctunr 12.3).

JincTuHr 12.3. OTcnexxuBaHne U NOAyYeHUe NOTOKa yBEAOMNEHWIA

import psycopg2
import psycopg2.extensions
import select

conn = psycopg2.connect(database="mydatabase', user='myuser’,
password="'idkfa', host='localhost')

conn.set_isolation_level(
psycopg2.extensions.ISOLATION_LEVEL_AUTOCOMMIT)

curs = conn.cursor()
curs.execute("LISTEN channel_1;")

while True:
select.select([conn], [], [1)
conn.poll()
while conn.notifies:
notify = conn.notifies.pop()
print("Got NOTIFY:", notify.pid, notify.channel,
notify.payload)

Jluctunr 12.3 casbiBaercs ¢ PostgreSQL ¢ nmomompio 6M6IHOTEKH psycopg2.
Bubnuoreka psycopg2 — 3to Moayab Python, peanmsyiommii ceteBoit npoTokon
PostgreSQL u nosBonsomuii coenuusitocs ¢ cepBepoM PostgreSQL st otnpas-
ku SQL-3anpocoB 1 noay4yeHusi oTBETOB. MOXHO MCMOJIBb30BaTh OUOIHOTEKY,
€O34aI01Iy10 aOCTPAKTHBIN CJI0M, HarnpuMep sqlalchemy, HO aGCTPaKTHBIN CJIO¥
He MpPelOCTaBJIsAeT AocTyna K GyHKIMoHaNbHOCTH PostgreSQL: LISTEN u NOTIFY.
CremyeT yTOYHUTD, YTO MOXKHO 0OPAaTUTHCS K 6a3€e JaHHBIX /sl BHITIOJHEHHSI 3TOTO
KO/Ia C TIOMOIIIBIO sqlalchemy, HO B 3TOM IIPUMePE 3TOTO He TPeOYeTCsl, TaK KaK HET
HEeOGXOAMMOCTH B APYrUX Bo3amMoxHocTsix ORM.
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[TporpamMa cieauT 3a channel_1, M KaK TOJIbKO OH MOJIyYaeT YBeIOMJIEHHE, TO BbIBO-
AMTCA Ha 3KpaH. Eciin 3anycTuTh nporpaMmy 1 106aBUTh CTPOKY B TaBJIHILy message,
TO MOJIYYUTCS CIeAYIOLIH BBIBOA:

$ python listen.py
Got NOTIFY: 28797 channel_1
{"id":10,"channel":1, "source":"jd", "content": "hello world"}

[Tocne no6asnenus crpoku PostgreSQL 3amyckaet Tpurrep v oTnpabisieT yBe-
nomienue. [IporpaMma nosyyaer ero ¥ BBIBOAUT MOJIE3HYIO HATPY3KY; B IpUMepe
cTpoka cepuaiusosana ais JSON. Mer nonyuunu 6a3oBblii pyHKUHOHAT 47151 TTO-
Jly4yeHus CooOIeH it pu 106aBeHnH CTPOK B 6a3y naHHbIX 6e3 uuiHei paboTsl
WJIH 3a1IPOCOB.

Co3paHme npunoxeHus

Jlanee BocniosibdyeMcsi Flask, dpeiimopkom niist HTTP anst co3aanus npusioxeHus.
Cozgangum HTTP-cepBep, koTOpBIil BBIBOZUT NOTOK insert, UCNONb3Ys MPOTOKOJ
Server-Sent Events, onpenenennbiit B HTMLS. AnbrepHaTBO# SBASETCS UCNOMb-
3oBanue Transfer-Encoding: chunked, onpenenensoro s HTTP/1.1:

import flask

import psycopg?2

import psycopg2.extensions
import select

app = flask.Flask(__name__)

def stream_messages(channel):
conn = psycopg2.connect(database="'mydatabase', user='mydatabase’,
password="'mydatabase', host='localhost')
conn.set_isolation_level(
psycopg2.extensions.ISOLATION_LEVEL_AUTOCOMMIT)

curs = conn.cursor()
curs.execute("LISTEN channel_%d;" % int(channel))

while True:
select.select([conn], [1, [])
conn.poll()
while conn.notifies:
notify = conn.notifies.pop()
yield "data: " + notify.payload + "\n\n"
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@app.route("/message/<channel>", methods=['GET'])
def get_messages(channel):
return flask.Response(stream_messages(channel),
mimetype='text/event-stream')

" ",

if __name__ == "__main__":

app.run()

[IpuiioxxeHue 10CTATOYHO NMPOCTOE s MOAAEPAKKH MOTOKOBOTO BbIBO/IA AAHHBIX,
Ho He 6oJtee Toro. Mu1 ucnonssosanu Flask ayist Mapuipytusanuu 3anpocos HTTP
GET /message/channel B TOTOKOBBIH KOJ. Kak TOJIbKO KOZ BbI3BaH, NPUJI0KEeHHE BO3-
Bpamaet otBet ¢ MIME-Tunom text/event-stream u oTrpasJsieT 06paTHO QYHK-
uuio-redeparop BMecto cTpoku. Flask 6yzer Bbi3biBath 3Ty YHKIUMIO M OTNIPABISITH
pe3yabTaThl KAKAbIH pa3, Koraa reHepaTop UCHoJb3yeT yield.

leneparop stream_messages() MOBTOPHO HCIOJIb3yeT KO/, HAlTUCAHHBIN paHee A
oTcaexxuBaHus yBenomeHuit PostgreSQL. OH nonyyaer uaeHtudukaTop KaHaia
B KayeCTBe apryMeHTa, OTCJIEKUBAET €ro M IPpUMeHseT yield K MOJI€3HOI HarpysKe.
[ToMHuTE, YTO MCTIOIB30BaNACh Koaupylomas ¢yHkius PostgreSQL nns JSON
B TPUITEPE, TO3TOMY MBI cpa3y nosyyaeM AaHHble B popmate JSON u3 PostgreSQL.
Het Heo6X0AMMOCTH IPUMEHSTH TPAHCKOAMPOBaHHUE K AaHHBIM, Tak kak HTTP
kaueHT nonumaet JSON.

NPUMEYAHUE

B ensx ynpouieHus NpuIokKeHHe U3 IPUMepa HalMCaHo B ogHoM ¢aiine. Ecoi 6b1 aTO
6b171a peanbHasi TPOrPaMMa, TO CJIEA0BANIO0 Obl IEPEMECTUTH PEATM3ALIUIO 06pabOTKN
XpaHeHHUs B OTAEMbHBIA Moay b Python.

Teneps cepBep rOTOB K 3aIyCKY:

$ python listen+http.py
* Running on http://127.0.0.1:5000/

Ha ApYyroM T€pMHHaJI€ Mbl MOXEM IIPUCOECAUHUTDLCS U NMOJTY4aTh COO6].[I€HI/IH nmo
X0ay HX Haéopa. HPI/I NMOAKJIYECHUHN NaHHbIE HE NepeNaloTCA, a COEAUHEHUE OCTa-
€TCs OTKPbITBIM:

$ curl -v http://127.0.0.1:5000/message/1

* About to connect() to 127.0.0.1 port 5000 (#0)
*  Trying 127.0.0.1...

* Adding handle: conn: 0x1d46e90

* Adding handle: send: @
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Adding handle: recv: O

Curl_addHandleToPipeline: length: 1

- Conn © (9x1d46e90) send_pipe: 1, recv_pipe: ©
Connected to 127.0.0.1 (127.0.0.1) port 5000 (#@)
GET /message/1 HTTP/1.1

User-Agent: curl/7.32.0

Host: 127.0.0.1:5000

Accept: */*

R I

vV V V VvV VvV

Ho xak TosbKO Mbl 106aBUM Tapy CTPOK B TabJHIly message, TO YBUAUM JaHHbIE,
noJiyyaeMble Yepe3 TEPMHHAJ C 3anyuieHHbIM curl. B TpeTbeM TepmuHaie B 6a3y
JIaHHBIX ObLIa J06aBIEHa CTPOKA:

mydatabase=> INSERT INTO message(channel, source, content)
mydatabase-> VALUES(1, 'jd', 'hello world');

INSERT 0 1

mydatabase=> INSERT INTO message(channel, source, content)
mydatabase-> VALUES(1, 'jd', 'it works');

INSERT 0 1

BoT BbixOoHbBIE JaHHbIE:

data: {"id":71,"channel”:1, "source":"jd","content":"hello world"}
data: {"id":72,"channel”:1,"source":"jd","content":"it works"}

ITH JaHHbIE BBIBOASATCS Ha TEPMHUHAJ, paboTalomuit Ha curl. ITO AeHCTBUE COXpa-
HseT curl noaxmoyeHHbIM K cepBepy HTTP, noka on oxuaaer cienyiomero notoka
coobuieHuit. Mbl co3any cepBuc NOTOKOBBIX JAHHBIX 6€3 IPUMEHEHHUs] MeXaHU3Ma
polling, MOCTPOHMB MOJHOCTHIO push-based cucTeMy, rae UHGHOPMALHsE OPraHUYHO
nepeTeKaeT U3 OJHOro MeCTa B Ipyroe.

Bo3M0xHO, 6o/1ee NOPTHPYeMasi BEPCHsi peaIu3aliiy 3TOTO MPUJIOKEHUS MOTJ1a ObI
GeCKOHEYHO MOBTOPSTH yTBEPXkKAeHUe SELECT /1Sl MOJy4eHHs! JaHHBIX, BBOAUMbIX
B Tabauily. ITo 66110 Obl AKTYAIBHO AJIst APYTroid O6a3bl AaHHBIX, KOTOPasi He MOA-
Aep>XHBaeT MaTTEPH «HU3/1aTesb — MOANUCYHUK»>, Kak PostgreSQL.

AnMntpn ®oHTeH 0 6a3ax AaHHbIX

Jlumutpu — onbiTHbIA paspaborunk PostgreSQL, paboraowuii B Citus Data
¥ BEYHO CIIOPALIMH C Iypy Apyrux 6a3 JaHHBIX 110 3JIEKTPOHHO#M MoYTe (PacChliKa
pgsql-hackers). Y Hac 6b11 6oraThiii onbiT npuKIIOYeHHit Ha BoaHax [10 ¢ oTKpbITHIM
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MCXOIHBIM KOAOM, W JIMMUTPH ObLI OYeHD J1I06E3€H W OTBETHJ Ha Mapy BOMPOCOB
0 pabote ¢ 6a3aMH IaHHBIX.

Kaxoii cosem Bot 66 danu paspabomuuxam, ucnorvsyrowum RDBMS 6 xauecmee
63xenda xpanunuwa oanHolx?

RDBMS 6bu11 npuzymansi ette B 1970-€ rozibl 4151 pelieHAs pacpoCTPaHeHHbBIX
pobJieM, KOTOpbI€ OTPABJISI/IN )KU3Hb KaKAOMY pa3pabGOTYUKy TOTO BPEMEHH,
¥ OCHOBHBI€ cepBHChbI, peasn3oBanHble B RDBMS, He orpaHuYMBaInCh MpOCTHIM
XpaHeHueM AaHHBIX.

OcHoBHble cepBuUCH, NpeasoxeHasie RDBMS, Ha camoM aese conepakanu cie-
aymwoliee:

* OxHOBpeMeHHOe BBIMOJHEHHE: TOCTYII K JAHHBIM JI/Is1 YTEHHUSI ¥ 3aMTUCH C M0~
MOLLBIO JII0OOI0 KOJIMYECTBA OHOBPEMEHHO BHINOIHAEMBIX ONepaliuii — To,
410 HaM Heobxoaumo, — RDBMS caM MOXeT 3TO BHITOJHUTE. JTO IJIaBHAS
BO3MOXHOCTB, KOTOpas Tpebyercsi or RDBMS.

* CeMaHTHKa OJHOBPEMEHHOCTH: €T OMHOBPEMEHHOIO MOBENAEHUS MPH
ucnosns3oBannd RDBMS npeasnoxeHsl Ha caMOM BBICOKOM ypOBHE atoMap-
HOCTH Y U30/TMPOBAHHOCTH, KOTODBIE SIBJISIIOTCS] OCHOBHOM 4acThio TpebOBaHMI
K TpaH3akoHHoH cucreme — ACID (atomicity — aTomapHOCTB, consistency —
COIJIACOBaHHOCTD, isolation — uzonuposanHocTs, durability — gonroeyrocts).
Amomaprocmyb — 3TO CBOUCTBO, IPU KOTOPOM B MOMEHT OT HayaJia TPaH3aKIUH
JI0 ee 3aBepLIeHNs HUA OJHA Jpyrasi ONHOBPEMEHHAst aKTUBHOCTH He 3HAET O IPOo-
M3BOAMMBIX onepauusx. Vicnons3oBanue xopoieit RDBMS rakoke BKio4aer
B ce6s1 Data Definition Language (31 onucanus gannbix, DLL), Hanpumep
CREATE TABLE Mi ALTER TABLE. M301upogantocms — 3TO BCe, YTO Pa3peIleHo
BHETb M3 TPAH3AKLMU 00 OHOBPEMEHHBIX onepanusix cucrembl. CTaHaapT
SQL onpejensier yeTbipe YPOBHSI U30JISILIMK, KaK OMKMCAHO B IOKYMEHTAIlUH
PostgreSQL (http://www.postgresql.org/docs/9.2/static/transaction-iso.html ).

RDBMS Geper Ha ce6st OTBETCTBEHHOCTD 3a AaHHble. OHa MO3BOJIsET pa3paboTyuu-
KY OITMCHIBATH COOCTBEHHBIE IPABUJIA COTJIACOBAHHOCTH U 3aTEM MIPOBEPSIET X Ha
BBIIOJIHEHHUE B OlIpe/ie/IeHHblE MOMEHThI BDEMEHH, TaKHe KaK PErMCTPaLMsi TPaH-
3aK1MW UM FPAaHUYHBIX YCIOBUIA, B 3aBUCIMOCTH OT JKeJIaeMbIX OrPaHHYEHUH.

[Tepsoe orpatu4eHre, KOTOPOE MOXKHO H0OABUTH K JAHHBIM, — 3TO OXKHIAE-
MbIii hopMaT BBO/IA ¥ BBIBOJIA [UJIs1 MCNIOJIb30BAHUS MPABUJIBHOTO THUIIA JAHHBIX.
RDBMS 6yaer 3HaTb He TONIBKO Kak paboTaTh C TEKCTOM, YHCJIAMU U JaTa-
MH, HO ¥ KaK NPaBHJIbHO 06pabaThiBaTh JaThl B COOTBETCTBUH C CETOAHSAIIHUM
YHUCJIOM.
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Tun paTs Kacaetcs He TosbKO hopMaTa ee BBoJa U BeiBoAa. OHM TakKe peanu-
3YIOT MOBeJleHHe U MOJIUMMOP(U3M, TaK KaK 0)KMAAETCs], YTO MPOBEPKH 3KBHUBa-
JIEHTHOCTH 3aBHCSAT OT THIA AaHHBIX: Mbl HE CDPAaBHUBA€EM YKCJIa U OYKBbI, AAThl
M aJpeca, MacCUBbl U MHTEPBAJIBI U T. /1.

3amura nadopmaunu ocrasisert st RDBMS Toibko o1uH BapuaHT: UCKTIOYATD
BCe JaHHble, KOTOPble He MOJAXO/AT MO NPaBHJa COTJIACOBAHHOCTH, MEPBOE U3
KOTOPBIX — 3TO BbIOpaHHBIii THI AaHHBIX. ECaiv BbI cunTaete, yTo paboTats C Aa-
tamu ¢opmata 0000-00-00, kOTOpBIX HMKOTZIA He OBLIO B KaJleHAape, HOPMAJIBHO,
TO BaM CTOMT N€EPECMOTPETb CBOE OTHOLIEHHE.

Jlpyras 4acTb obecrneyeHHs] COrIaCOBAHHOCTH BBIPAXKAETCsI B OTPAHUYEHHUSIX
BH/Ia CHECK, NOT NULL ¥ TPHITEPOB, OAMH M3 KOTOPbIX H3BECTEH KaK BHELIHUH
KoY. Bece 310 MoxeT ObITh peain30BaHO Yepe3 N0/Ib30BaTeIbCKHE PaCLINPEHHS]
00bsIBJIEHVSI THIIA JaHHDIX U NIOBELEHHSI; OCHOBHOE OTJIMYME COCTOMT B TOM, YTO
MO>KHO OTJIOXKHMTB IIPOBEPKY Ha 3TH OTPAaHHYEHHUsI C KOHLIA YTBEPK/AEHHUS Ha KOHel
TeKylllei TPaH3aKLKH.

OrtHoenus B RDBMS 3akimouarorcst B MogenpoBaHHM JaHHBIX TAaKUM 00Pa3oM,
4TOObI FAaPAaHTHPOBATh HAXOXK/AEHHE BCEX KOPTEXKEil B 3aBUCUMOCTH OT OOILIMX
NpaBHA: CTPYKTYPBI U orpaHuyenuil. Koraa Bbl mpuHyk/1aeTe MOIesb K 3TOMY,
TO NPUHY’K/IaeTe BHELIHIOI CXeMYy NPaBHUJIbHO 00pabaThiBaTh JaHHBIE.

Pa6ora Ha NpaBUJILHON CXEMOMH SIBJISIETCS HOPMAMU3AYUEL, U MOXKHO IKCIIEPH-
MEHTHPOBaTb C JOCTHXKEHHEM OIpe/leIEHHOro KOJINYeCTBa HOPMaJIbHBIX (hopm
ausaiita. [1pasaa, nHoraa tpeGyertcsi 60bliie THOKOCTH, YEM MOJTYYAETCS M3 TIPO-
recca HopManusauu. JIydiumi noaxoa — cHayaia peajim3oBaTh HOPMAJTU3ALUIO
CXeMbl JaHHBIX, @ TOTOM MOAUDHUIIMPOBATD €€ IS noayyeHusi rubkoctu. Ectb
BEPOSITHOCTD, YTO THOKOCTH He MOHATO0OUTCSI.

Korza ona He TpebyeTcst, MOXHO Ucnob3oBath PostgreSQL asist tectupoBanus
OMNIMiH J€eHOPMAJIN3ALMHU: COCTAaBHbIE TUITbI IAHHBIX, 3anKcy, MaccuBsl, H-Store,
JSON, XML u MHoroe apyroe.

EcTtb oMK HeocTaTOK IEHOPMATM3aLMH, COCTOSILIMIA B TOM, YTO SI3bIK 3AIIPOCOB,
0 KOTOPOM MbI TIOTOBOPHM JaJlee, CIPOEKTUPOBAH 1 paGOThI C HOPMAJIM30BAH-
HbIMU JaHHBIMU. B PostgreSQL si3b1k 3an1pocoB 6bL1 paciivpeH 715t TOAAEPKKY
HauObOJbLIEr0 KOJMYECTBA A€HOPMATU30BAHHBIX JAHHBIX U3 BO3MOXHBIX CO-
CTaBHBIX TUNOB, MaccHBOB UK H-Store, a Takke B nocneauux Bepcusix u JSON.

RDBMS MHOro 3Haet o 1aHHbIX U MOXET IOMOYb PEATN30BATh XOPOIILYIO MO/IEJb
3alUMTHI, €CIU OHA HyXHa. [laTTepHbl 10CTyna yNpaBasiioTCsi HA YPOBHE OTHO-
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LIEHHH U KOJIOHOK, PostgreSQL Taxke peanusyer npoueaypsl SECURITY DEFINER,
TNPEZIOCTABJISIOUINE JOCTYT K BAXKHBIM IAaHHBIM B KOHTPOJIUPYEMOM OKPYXKEHUH —
3TO PaBHOCHJIbHO HAMMCAHUIO IPOrpaMMBbl 47151 coxpaHeHus 1D nonb3oBaresns.

RDBMS npeanaraer noctyn k gaHHbIM yepe3 SQL, uyto ctano ¢akruyecku
crangaptoM 1980-x roos, u ceityac noaxepxuBaeTcsi KOMMUTETOM. B ciyuae
c PostgreSQL no6asJisieTcsi MHOTO paciIMpeHHH € KaXK/bIM HOBbIM OOGHOBJIEHHU -
€M, YTO YBEJTNYHNBAET BO3MOXXHOCTH NPEAMETHO-OPUEHTUPOBAHHOTO sA3biKa. Bes
paboTa 1o MJIaHUPOBAHHIO K ONITUMHU3ALIMH 3a1pOCcoB BbinosHseTcst RDBMS 3a
BacC, YTO MO3BOJISIET COCPENOTOYMTHCS HAa NPeIMETHBIX 3alIPOCax, B KOTOPBIX OT-
PaXkKaeTCcsl TOJIBKO JKeJlaeMblid pe3yJIbTaT OT UMEIOLIUXCS JaHHBIX.

U noatoMy Hano ¢ onacenreM paccmarpuBaTb Bce NoSQL-npoaykThl, Tak Kak
OHH MOTYT MCKJII0YaTh He TobKo SQL, HO Takxe 1 MHOrHe GyHIaMeHTabHbIe
BO3MOJKHOCTH, KOTODbI€ Bbl 0)KU/Ia€Te YBU/IETD.

Moii coBeT — noHuMaiite pazHuiy mexay RDBMS u 6akennoMm xpanunuma
JIaHHBIX. DTO pa3Hble CEPBHUCHI, U €CJIH BaM HEOOXOAMMO MPOCTO XPaHUJIMILLE, TO,
Bo3MoxxHO, RDBMS Henoaxoasiuuit HHCTPyMEHT.

XoTs, KOHEYHO, Yallle BAM Bce-TakH Hyx<Ha nosiHolieHHass RDBMS. B atom ciyyae
pekomenayio PostgreSQL. C nokyMeHTanueii MOXKHO O3HAKOMHTBCSI Ha https://
www.postgresql.org/docs/: TOCMOTPUTE Ha CIIMCOK TUIIOB JaHHBIX, OIIE€PaTOPOB,
dyHkuumit 1 pacunpenuii. [IpounTaiite mapouky npuMepoB B 6J0rax.

Paccmarpusaiite PostgreSQL kak HHCTPYMEHT, KOTOPBIH YIyYIIUT Pa3paboTKy
1 MOXeT ObITh BHEPEH B ADXUTEKTYPY NPUJIOXKeHUs. HacTb CePBUCOB, KOTOPbIE
notpebyeTcsi BHIOJHUTD, yxke umeloTcsi B cioe RDBMS, u PostgreSQL Gyaer
He3aMeHHUMOH YacThIO Balllell peau3alui.

Jlyuwuii cnoco6 ucnoavzosams uau He ucnonvzosamos ORM?

ORM yuie Bcero noaxoaut st npunoxenuii B ctune CRUD: create, read,
update, delete'. UreHue 10IKHO OBITH OrPAHMYEHO 0 IPOCTEMIIETO YTBEPXKAEHHS]
SELECT, HalleJIeHHOTO Ha OJIHY TabJMIly, Tak KaK BO3BpaT 60JbLIEro, yeM Tpeby-
€TCsi, KOJIMYeCTBa CTOJIOLOB NPUBOAUT K HEONPaBAAHHBIM 3aTPaTaM PeCypcoB
Y B/IMSIET HA IPOM3BOAMTEIBHOCTD 3aMPOCOB.

JIwoboii cronberr, kotopslii Bbl u3Bjiekaete 13 RDBMS u He ucnons3syere, — ato
npuMep Gecriosie3HON TPaThl PECYPCOB, MEPBBIit FBO3/Ib B KPBILIKY Ipoba MacIITa-
6upyemoctu. [laxe eciu ORM 3anpaiunBaet To/1bK0 HEOOXOAUMBIE TaHHbIE, BAM

' Co3aatb, poYeCTb, 0OHOBHUTD, YAATHUTb.
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BCeE elle NpUAETCs ynpaBJiasaTb CIUCKOM CTOJIéL[OB, HCO6XOZ[PIMhIX JUISL TOW WY
HHOH CHUTYyallHH, 0€e3 UCIOIb30BaHuUs NMPOCTbIX a6CTpaKTHle METOAOB, KOTOpbI€
6yﬂyT ABTOMATHYECKH BBIYHUCJIATD ITOJIA CIIUCKA.

3anpocsl Ha co3anue, OOHOBIEHHE U yAaleHUEe — 3TO yTBEPXKAEHUs] INSERT,
UPDATE 1 DELETE. MHOrne RDBMS npeanaraior onTuMH3aiuio, He MoJy4aroulyio
npeumyuiectB ot ORM, Hanpymep Bo3BpaT AaHHBIX Mocse INSERT.

Bousee Toro, B 0611eM cyyae oTHOLIEHHE — 3TO 160 TabiMua, 1160 pe3ysbraT
3anpoca. ITo oObIYHast IPAaKTHKA Npu ucnosib3oBaiud ORM B cozganuu manu-
POBaHUsI OTHOIIEHUH MeXy 0ObsBIEHHBIMH TaOIMLIAMU M KJIACCAMU MOZ€JIE.

Eciim Bb1 paccmarpuBaete Bcio ceManTuky SQL 06001eHHO, TOrIa ManpoBaHHte
OTHOLLIEHHI TOJKHO COOTBETCTBOBATH JIIDOOMY 3anpocy Kiacca. B atom ciyyae
BaM IPH/IETCS MUCATh HOBBIHM KJIACC ISl KaXK/0T0 3ampoca.

[lenb B 3TOM caydae cocTOUT B ToM, yTo6bl 1oBepuTh ORM paboty mo co3na-
Hu10 addekTuBHbIXx SQL-3aNMpOCOB, MaKe B TeX Caydasx, koraa HHGOpMaLUH
Ast paboThl ¢ KOHKPETHBIM HabOPOM JIaHHBIX, B KOTOPBIX Bbl 3aMHTEPECOBaHbI,
HeJJ0CTaTOYHO.

WHoraa, npaeaa, SQL neldcTBUTEHBHO CTAHOBUTCS CIMIIKOM CJIOKHBIM, HO Bbl
TOYHO He JAOCTHUTHETE TMPOCTEHIIEro COCTOSHUS, UCTIOb3Yys reHepatop API-B-
SQL, koTopblit KOHTPOJIHPYETE He MOTHOCTBIO.

OnHako ecTb 1Ba c1yyasi, pu kKoTopeix npuMeneHrie ORM — ato npocro, Ho 1214
HUX BaM MPHUAETCSI IPUHSATH CJeyollee yCIOBHe: Ha MOCIeIHUX ITanax cleayeT
yb6patbs npumererne ORM u3 cBoeii 6a3bl JaHHDIX.

* Bpems Bbixoza Ha pbiHOK. Kor/a Bl criemvTe 3aHATb MECTO Ha PbIHKE KaK
MOJKHO OBICTpee, eIMHCTBEHHBIH CMOCO6 Ce/IaTh 3TO — OBICTPO BBIMYCTHTH
NepBYyI0 BEPCHUIO NpoAyKTa U uaen. Eciu komanaa komdoprtHee paboraer
¢ ORM, uem ¢ SQL, To y Bac octaercst oquH nyTb. OHaKo HafO TOHUMaTb,
4TO KaK TOJIbKO Bbl pa3paboTaeTte NPUIOKEHHE, IEPBOE MaCITAONPOBAHHE,
C KOTOPBIM BbI CTOJIKHETECDH, Oy/I€T 3aKII0YaThCSI B TOM, YTO UCMOJIb30BaHHBIH
ORM He MOXeT reHepUpOBaTh CJI0XKHbIE U KaueCTBeHHbIe 3anpochl. Taxxke
ucnoab3oBanne ORM orpaHuuyeHo onpeaeneHHbiMU paMKaMu B kozge. Ho
€CJIM BbI BBI/IeTe HA PHIHOK, TO Y BaC JOJIKHBI MOSIBUTBHCS JIMIIHIE AEHbIH
Ha pe(paKTOPHHT, IpaB/a?

* IIpnaoxkenune CRUD. Peanbhblii pyHKIIMOHAT, B KOTOPDOM PEAAKTHPYeETCsl
JIMUIb OJIMH KOPTEX 32 pa3, a IPOM3BOAUTEIbHOCTD HE TaK Ba’KHa, HalpUMep
6a30Bblit MHTEPGENC 1151 ANMUHUCTPHUPOBAHMUSI.
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B uem npeumyuwecmeo ucnonvzosanus PostgreSQL neped dpyzumu 6asamu dannsix
npu pabome c Python?

Bot Mou npuuunbl Bbibopa PostgreSQL kak pa3paboryuka:

Iomaepxka coobmectna: coobimectBo PostgreSQL ouenn Gobluoe U Apy-
xKenobHOoe K HOBUYKAM M BHUMATEJIbHO OTHOCHUTCS K 33/aBaeMbIM UMM
BonpocaM. CIIUCKH PACCBIIKH 10 CUX MOP OCTAIOTCS JIYYIHM CII0COO0M Ha-
JIaIMTh OOILIEHHE.

I{eI0CTHOCTD H JOATOBEYHOCTb AAHHBIX: JIIOObIE JaAHHbIE, KOTOPbIE BBI OT-
npasisiete B PostgreSQL, ocTaioTcst B 1eI0OCTH M COXPAaHHOCTH M TIPH He-
006X0AUMOCTH JIETKO JOCTYTIHBI.

Tunnl gaHHbX, QyHKIHH, ONEepaTOpoOB, MACCHBOB H HHTEPBAJOB:
B PostgreSQL uMeercst oueHb H0raToe MHOXXECTBO THIIOB IAHHbBIX, KOTOPbIE
MOCTABJISIOTCS B KOMILIEKTe ¢ QYHKUUSMYU U onepatopaMu. MoXHO Jaxe
JeHOopMasin30BaTh 6a3y, MCNOIb3yst MacCUBBI UM THI ZaHHBIX JSON, 1 Bce
PaBHO MHCATh CJIOXKHbIE 3AMPOCHl M COEAMHEHHUS.

Il1aHep ¥ ONTHMH3ATOP: HAO MOTPATUTH HEMHOTO BPEMEHH, MPEXKAE YeM
MOHSATD, KAK MOJIe3HbI 3T HHCTPYMEHTHI.

Tpansakuuonnsiit DDL: Bo3M0XXHOCTb OTMEHUTD JiI00Y 10 onepauuio. [lonpo-
GyiiTe MpsIMO ceitvac: oTKpoiTe 06004Ky psql ¢ 6a30it JaHHBIX M BBeAUTE
BEGIN; DROP TABLE foo; ROLLBACK; mpou3oiiieT 3aMeHa foo Ha UMs TabanLbI,
KOTOpasi CYIIECTBYeT B JIOKAJIbHOM 3K3EMILIISIPeE.

PL/Python (u apyrue Bpoae C, SQL, Javascript, Lua): Bbol MoxeTe 3a-
nyckaThb cBOM cobcTBeHHbIi koa Python Ha cepBepe — MMeHHO TaM, re Ha-
XOMSITCSI JaHHbBIE, NO3TOMY He HYXKHO NepeaaBaTh UX 1o CeTu UM nosy4yarthb
MX Yepe3 3anpoc, YTOOB! BBIMOMHMTH KOMaHAy JOIN.

Cneunduyeckas nnaekcauus (GiST, GIN, SP-GiST, yactuunas u pyHk-
LHMOHAJIbHasA): BBl MOXeTe co3ziaTh pynkuuu Python ass 06paboTky faHHBIX
u3 PostgreSQL 1 npounexcuposath pe3yJbTar ux Bbi3oa. [Ipu co3nanun
3ampoca ¢ WHERE K BbI30BOM (byHKLMK OHa OyaeT BbI3BaHa €AMHOX/BI C JaH-
HBIMH U3 3aMpoca, 3aTeM OHa OyAET COMOCTaBIeHa C COAEP>KMMBIM HHIEKCA.
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B nocneagHelt rnase s cobpan HECKONbKO CaMbiX NPOABUHYTLIX TEXHWUK CO3AAHUA
Nnyuwero koaa Ha Python. OHU He OrpaHUYMBAIOTCS CTaHAAPTHON GMBNUoTEKON. Mbl
y3HaeM, Kak cienaTb Koj COBMECTMMbIM OAHOBPEMEHHO € Python 2 U 3, Kak BbINONHATb
Lisp-noaobHylo aucneTyepusauuio MeToAoB, UCMONb30BaTh MEHEAXKEPbI KOHTEKCTa
n co3nasatb boilerplate! ans knhaccos ¢ NOMoLLIO MOAYNA attr.,

Opranusaumsa noaaep>xku Python 2u 3
C NOMOLYbIO SiX

Kax Bam yoxe uzsectHo, Python 3 napywms coBmectumocts ¢ Python 2 v nepesepnyn
Bce BBepx AHOM. O1HaKO Mexay BepcusiMu 6a3a si3bIKa He M3MEHHUJIACh, YTO JIeJ1aeT
BO3MOJKHBIM PEATU3ALMIO IPSIMO ¥ 00PATHOI COBMECTUMOCTH M CO3IaHNE MOCTa
mesxxay Python 2 u Python 3.

K cuactbio, Takoit Moxysb yxe cymectByer! OH Ha3bIBaeTCs six — MOTOMY 4YTO
2x3=6.

Moayab six obecriednBaeT nepeMeHHyI0 six.PY3, uMelolilyio Oy/eBo 3HaYeHHe.
Owna ykasbiBaert, ucnosndyercs Python 3 wiu wer, 1o onopuas nepementast 6a3bl
KOJ1a, KOTOpasi UMeeT 1Be Bapuauuu: ofHy ans Python 2, apyryio ans Python 3. Ho
Gy /abTe OCTOPOXHBI U He 3710yNnoTpebIstiiTe e10; pa3bpoc 1f six.PY3 MO KOAY IPUBELET
K TPYAHOCTSIM B €r0 [IOHUMAHWUU U YTEHUH.

B pasznene «leneparopsi» Mbl y3Hai, uto Python 3 o6naaaet oTimyHBIM CBOHCTBOM,
B PAMKaxX KOTOPOTO UTEPATOPbI BO3BPALIAIOTCSI BMCCTO CITUCKOB B Pa3HbIX BCTPOEH-

! 111a6J10H KOZIa, KOTOPbIiA A0JKEH GbITH BKJIIOYEH BO MHOTHX MeCTaX [IPaKTHUecky 6e3 u3MeHeHHH.
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HbIX QYHKUMSX, TAKUX Kak map() uiu filter(). Python 3, takum o6pasom, nsbasusics
OT MEeTOOB BpoJe dict.iteritems(), KOTOpbie ObLIM UTEPUPYEMOM BepcHei dict.
items() u3 Python 2, B nonb3y Bo3BpaTa uTepaTopa BMECTO CIMCKa. JTa pa3HHLA
B BO3BpalllaeMbIX THIIaX METOAOB MOXET cioMaTh koA Python 2.

s Takux nenei Moaysib six obecneunBaer six.iterimes(), KOTOPbIH MOXHO MC-
NoJIb30BaTh A1 3aMeHbl cneluduyHoro ayis Python 2 kopna:

for k, v in mydict.iteritems():
print(k, v)

Ucnoab3ys six, Bbl 6Bl 3aMEHMJIH KOZ mydict.iteritems () Ha COBMeCTUMBIii
¢ Python 2 u 3 xox caenyiomum obpasom:

import six

for k, v in six.iteritems(mydict):
print(k, v)

Cosmectumoctb Python 2 u 3 nocrurnyra. [lns Bo3dBpara reHepatopa GyHKuus
six.iteritems() Oyzer ucroab30BaTh MO0 dict.iteritems(), 1160 dict.items(),
B 3aBHCHMOCTH OT HCTOIb3yeMo# Bepcun Python. Moayab six obecneunBaer muo-
)KECTBO MOXOXKHUX MoJIe3HBIX (PYHKIMIA, KOTOPBIe 06J1eryaT NOAAEPHKKY HECKOTIBKUX
Bepcwuii Python.

Eme onun npumep — 3TO pemieHye six AJ1s1 KJIIOYEBOrO CJIOBA raise, CHHTAKCHUC
KoToporo pa3nnyaercs s Python 2 u 3. B Python 2 raise npunumaet Heckosbko
apryMeHToB, a B Python 3 — To/1bkO 0IMH apryMeHT B BH/le HCKJIIOYEHHS, U HUYETO
Gosiee. 3anuch yTBEPXKAEHHUS raise ¢ ABYyMs WJIM TpeMsi aprymeHTamu B Python 3
BBI30BET OIMOKY SyntaxError.

Mogayab six MoxeT 060iiTH 3Ty Mpobiemy ¢ noMoupio GyHKLUMK six.reraise(),
N03BOJISAIOLLEH MOBTOPHO BO30YANTD UCKJIIOYEHHE B J1060# Bepcuu Python.

Crpoxu un lOHuKoA

Yny4uieHHasi Bo3MoxHocTb Python 3 ob6pabarbiBaTh paciuiMpeHHble KOAHPOBKH
pewna npobsems co ctpokamu U IOHukozom B Python 2. B Python 2 6asosbiit
THII CTPOKH str MoXeT 00pabaTbiBaTh TO/1bKO npoctbie ASCII-cTpoku. Tum unicode
nosiBuics no3xe, B Python 2.5, u on o6pabaTbiBaeT peasbHble CTPOKH TEKCTa.
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B Python 3 6a3oBbiii TUN CTPOKH Bee ellle str, HO OH pa3iesisieT CBOMCTBA KJacca
unicode Python 2.5 u Moxet o6pabaTbiBaTh paciupeHHble KOAUPOBKH. THI byte
3aMeHsIeT THI str 11 06paboOTKK MOTOKOB CHMBOJIOB.

Monysb six CHOBa MOX€T NpeJOCTaBUTh QYHKIHUK U KOHCTAHTBI 151 06paboTku
TPaH3aKIMi, TakKe KakK six.u U six.string_types. Takas xe coBMECTUMOCTD 10~
CTYITHA ¥ /ISl YKCEJ C TIOMOIIBIO Six.integer_types, KOTOpas MoXxeT 06paboTaTh
THI long, UCKJIIOYEeHHbII u3 Python 3.

O6paboTka nepemMeleHUA MOAYNEN

B cranpaptHoit 6ubauoreke Python HekoTopsie Momyin GbLIN NEepeUMEHOBaHbI
WJIK MepeMelleHbl Mexay BepcusiMu 2 U 3. B Mozysie six ectb Moaysib six.moves,
obpabaTbIBaoLIKii MOAOOHBIE EpeMeLIeHHU .

Hanpumep, Moayb ConfigParser ua Python 2 6b11 nepeumeHoBaH B configparser
B Python 3. JTuctunr 13.1 nokassiBaeT, Kak MOPTUPOBATD KO/ U CIeJIaTh €0 COBMe-
CTUMBIM ¢ 0GerMu Bepcusimu Python, ucnosb3ys six.moves:

Nucrunr 13.1. Six.moves ans ucnonb3osanus ConfigParser() 8 Python 2 1 3
from six.moves.configparser import ConfigParser

conf = ConfigParser()

Takke MOXXHO 106aBUTh CBOH MepeMelleHHs Yepe3 six.add_move 1UIs TeX CAy4YaeB,
KOTOpBI€E He NMPeLYCMOTPEHBDI B Six.

B canyyae, eciu GubanoTeka six He oXBaTbiBaeT TpeOyeMblil BaM BADHMAHT MCIOJb-
30BaHMsl, XOPOIIMM pelieHreM OyaeT co3qaTh MOAYJb COBMECTUMOCTH MyTeM HH-
Karcy/JIMpoBaHus six. ITO 0becneynT JEerkuii epexol Ha HOBYIO Bepcuio Python
WM, IPU He0OXOAMMOCTH, U36aBUT OT MOAAEPXKKHU onpeesneHHOM BepcuH. Taxoke
obpaTuTe BHUMaHHe, YTO six — 3TO OMOIMOTEKA C OTKPBITHIM UCXOIHBIM KOJOM,
a 3HAUYUT, MOXHO BHECTH B Hee CBOM U3MEHEeHUs Uil O0ILEero Mojib30BaHMS.

Moaynb modernize

Hanocieox ynoMsiHeM HHCTPYMEHT modernize ¢ MOZIyJIeM six, KOTOPbIi He IPOCTO
nepeBoauT cuHTakcKuc Python 2 Ha cunTakcuc Python 3, a MogepHuaupyet koa 10
Python 3. On nomnepxxusaer Python 2 u 3. UncTpyMeHT modernize momoraer HayaTb



242 [nasa 13. MwWwMTE MEHbLUE, NPOrpaMMuUpyiTe Gonblue

paboTy Hajl NOPTUPOBAHMEM, BBITIOHSISi OOJIBLIYIO YaCTh PabOTHI 3a BaC, 4TO Jej1aeT
€ro Jy4IlIM HHCTPYMEHTOM, YeM CTaHAAPTHBIH 2to3.

Mcnonb3osanue Python kak Lisp ans oANHOUYHOM
Anucnetryepusaummn

MHe npasutcs gymatb o Python kak o xopouem nogmuoxecrse si3bika Lisp, 1 uem
GoJiblile BpeMEHH IIPOXOAUT, TeM bosiee 3T0 1oxosxe Ha nmpasay. PEP 443 noaTeepxk-
JaeT 3Ty TOYKY 3PEHUS: OH ONUCBIBAET MyTb JUCIETYEPU3AUNN YHHUBEPCATbHbBIX
byHKuuMit 1ogo6HO TOH, KOTOpYIO 0becnieynBaeT oobekTHast cucteMa Common Lisp
(CLOS).

Ecnu Bbl 3HakoMbl ¢ Lisp, To st Bac 310 He HOBOoCTb. OOBEKTHas cucTeMa Lisp —
oHa u3 6a3oBbix yacteit Common Lisp, koTopast obecnieunBaeT npoctol, addek-
TUBHBIN My Tb 1151 00BbsIBIEHUS] 1 06pabOTKHN AucneTyepu3anu MetogoB. CHavaia
[IOCMOTPUM, Kak paboTaioT yHUBEpCaIbHble METOABI B Lisp.

Co3naHue yHMBepCcanbHoOro meroga B Lisp

Jlns Hayana o6bsaBUM B Lisp nmpocTeiimunii kaacc 6€3 poauTeIbCKOro Kjaacca Uin
arpubyTOB:

(defclass snare-drum ()

0)

(defclass cymbal ()
0)

(defclass stick ()
0))

(defclass brushes ()
(0))

B nnpumepe 00bsiB/IEHDI KJIACCHI snare-drum, cymbal, stick u brushes' 6e3 poauTesn-
CKOTO KJIacca MM aTpUOyTOB. ITH KJIacchl 06pa3yioT 6apabaHHYIO YCTAHOBKY, M UX
MOHO KOMOMHHPOBATH 1J1s1 BOCIPOM3BeieHus1 3BYKOB. [[J1s1 3TOr0 00bIBUM METO/
play(), KOTOpbIH NPUHUMAET [Ba aPTYMEHTA U BO3BPAILAeT 3BYK KaK CTPOKY.

' BapabaH, TapeJiKa, aJ04KH, MEeTKHU.
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(defgeneric play (instrument accessory)
(:documentation "Play sound with instrument and accessory."))

ITOT KO 0ObSIBJISIET YHUBEPCAJIBHBIA METO/I, KOTOPBIH HE CBA3aH HU C KAKUM KJlac-
COM H [I0Ka He MOXeT ObITh Bbi3BaH. Ha 3TOM 3Tane Mbl TOJIbKO COOOLIMIM OGBEKTHOM
CHCTEMe, YTO METO/l yHUBEPCATbHbBINA K MOXKET OBITh BHI3BAH C ABYMSI apIyMEHTaMu:
instrument u accessory. B nucrunre 13.2 peannsoBana Bepcust METOAA, KOTOpast
MMHUTHDYET Urpy Ha GapabaHe.

Jincrnnr 13.2. O6baBneHune yHMBepCcanbHOro MeToaa B Lisp, He 3aBUCALLEro OT KNaccos

(defmethod play ((instrument snare-drum) (accessory stick))
"POC!™)

(defmethod play ((instrument snare-drum) (accessory brushes))
“SHHHH! ")

(defmethod play ((instrument cymbal) (accessory brushes))
"FRCCCHHT!™)

Teneps 06bsIBJIEHBI KOHKPETHBIE METO/IBI B KoAe. Kaxaplit MeTon mpuHUMaeT JBa
apryMeHTa: instrument, KOTOPBIH SIBJISIETCS 3K3EMILISIPOM snare-drum UJIU cymbal,
1 accessory — 9K3eMILIAP stick MM brushes.

Ha 3ToM 3rtamne cpa3y BUAHO OCHOBHOE OT/INYHE 3TON 0OBEKTHON CUCTEMBI OT CHCTe-
mbl Python (unu noxosxeit): Meton He npuBs3aH Kk Kiaaccy. MeToa yHuBepCaibHBIi
1 MOXeT ObITh PEaIM30BaH AJIs1 1000ro Kjacca.

BbizoBem mMeToz1 play() C HEKOTOPBIMH oObeKTaMHu:

* (play (make-instance 'snare-drum) (make-instance 'stick))
"POC!"”

* (play (make-instance 'snare-drum) (make-instance 'brushes))
"SHHHH! "

Kaxkas ¢yHkuust 6yner Bbi3BaHa, 3aBUCHUT OT apryMeHToB. OObeKTHas cucTeMa
MIPOBOIUT Oucnemuepu3ayuto Bbi30Ba Ui MOAXoAANEeH (YHKUMHU, 3aBUCAILEH OT
nepefaHHbIX apryMeHToB. Eciin Mbl BbI30BeM play() ¢ 0OBEKTOM, KJIacC KOTOPOro
He UMeeT 00bsIBJIEHHOrO MeTO/1a, Oy/ieT BhiBeAeHa OIHOKa.

B nucrunre 13.3 Meton play() BbI3BaH C 3K3eMILISIPAMHU cymbal M stick; OJJHaKO
MeToq play () HUKOT/a He ObLI OOBSIBJIEH AJIst STUX apPTYMEHTOB, II03TOMY MBI T10JTy -
YaeM OLIHUOKY.
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Jincrurr 13.3. Bbi30B MeTOAA C HEAOCTYMHON CUrHaTYpOiA

* (play (make-instance 'cymbal) (make-instance 'stick))
debugger invoked on a SIMPLE-ERROR in thread
#<THREAD "main thread" RUNNING {1002ADAF23}>:
There is no applicable method for the generic function
#<STANDARD-GENERIC-FUNCTION PLAY (2)>
when called with arguments
(#<CYMBAL {1002B801D3}> #<STICK {1002B82763}>).

Type HELP for debugger help, or (SB-EXT:EXIT) to exit from SBCL.

restarts (invokable by number or by possibly abbreviated name):
9: [RETRY] Retry calling the generic function.
1: [ABORT] Exit debugger, returning to top level.

((:METHOD NO-APPLICABLE-METHOD (T)) #<STANDARD-GENERIC-FUNCTION PLAY (2)>
#<CYMBAL {1002B801D3}> #<STICK {1002B82763}>) [fast-method]

CLOS obecneunBaet gasce 60Jbllie BO3MOXHOCTEM: HAPUMeED, HACJIEI0BaHHE METO-
JIOB WJIM UCIIETYEPH3ALIMIO HA OCHOBE 0OBEKTOB BMECTO MCIIOJIB30BAHHUSI KJI1aCCOB.
Ecnu xotute y3Hatb GoJiblie, pEKOMEHAYIO AJ1s1 Hayana noyutatb A Brief Guide to
CLOS 3a aBropctBoM [[xedda antona (Jeff Dalton).

YHuBepcanbHbie MeToAbl B Python

Python peanuayer Gosiee npocTyio Bepcuio paboyero MoToka ¢ NoMolbio GyHKIUH
singledispatch(), KoTopasi Obljia 4acTbio MOAYJist functools ¢ Bepcuu Python 3.4.
B Bepcusix ¢ 2.6 no 3.3 pynkuus singledispatch() obecneynBanach yepe3 KaTa-
Jsor nakeroB Python. Eciu oI xoTHTE nonpo6oBath ee, TO 3amycTuTe pip install
singledispatch.

Jluctunr 13.4 coxepxuTt rpy6blii 3kBUBaseHT nporpaMmbl Lisp u3 suctunra 13.2.

Nucrunr 13.4. Ucnonb3osaHue singledispatch ans avcneTyepusaunn Bbi30Ba MeTOAa
import functools

class SnareDrum(object): pass
class Cymbal(object): pass
class Stick(object): pass
class Brushes(object): pass

@functools.singledispatch
def play(instrument, accessory):
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raise NotImplementedError(“Cannot play these")

® @play.register(SnareDrum)
def _(instrument, accessory):
if isinstance(accessory, Stick):
return "POC!"
if isinstance(accessory, Brushes):
return “SHHHH!"
raise NotImplementedError(“"Cannot play these")

@play.register(Cymbal)
def _(instrument, accessory):
if isinstance(accessory, Brushes):
return "FRCCCHHT!"
raise NotImplementedError(“Cannot play these")

JIMCTHHT 06BsABAsET YeThipe Kiacca U GyHKUHUIO play (), KOTOpast BHI3bIBAET
NotImplementedError, cOOOIas O TOM, YTO [0 YMOTYAHHUIO OHA HE 3HAET, YTO JeJIaTh.

IMoaTOMy MBI HIIIEM CHEIUATBHYIO BePCUIO GYHKIMH play () AJ1si KOHKPETHOIO MH-
cTpyMeHTa ShareDrum @. JTa QyHKIMs IPOBEPSET EPEAAHHBIN accessory 1 THO0
BO3BpallAeT MOAXOAAIIMHI 3BYK, 100 BbI3bIBaeT NotImplementedError, €CJIM OH He
OINO3HaH.

3amycTUB porpaMmy, NOJAYy4UM CJIeAyIollee:

>>> play(SnareDrum(), Stick())

‘POC!*

>>> play(SnareDrum(), Brushes())
'SHHHH! *

>>> play(Cymbal(), Stick())

Traceback (most recent call last):
NotImplementedError: Cannot play these
>>> play(SnareDrum(), Cymbal())
NotImplementedError: Cannot play these

Monyb singledispatch IpoBepsieT KJ1acC Ha epBblii epeJaHHbIN ADTYMEHT U Bbl-
3BIBAET COOTBETCTBYIOLIYIO BepcHio dbyHKkIiK play(). [11s knacca object nepas
00bsBIeHHas Bepcusi GYHKIMH Beeraa OyaeT Toit, KoTopasi 3amyliieHa. A 3T0O 3HAUMT,
4TO €CJIM MHCTPYMEHT — 3TO IK3EMILISAP He3apernCTPUPOBAHHOTO KJiacca, To Oyaer
BbI3BaHa 6a30Bast PyHKIH.

Kaxk mbi Buzenu B Lisp-Bepcun koga, CLOS obecneurBaeT MHOXKECTBEHHYIO HC-
TETYEPHU3ALIMIO, KOTOPasi O3BOJISIET OTIPABJISATH COOOILEHHUS B 3aBUCMOCTH OT THIIA
JOOBIX APTYMEHTOB, OOBSIBIEHHBIX B IIPOTOTUITE METO/IA, @ HE TOJILKO IO NIEPBOMY
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u3 Hux. Komanna singledispatch Python nassana tak Hecnipocra: ona Moxer mpo-
U3BOAHUTH TUCNETYEPU3ALIMIO TOJIBKO MO MEPBOMY apryMeHTY.

U ewute: singledispatch He npeziaraet croco6a aJ1si Bbl30Ba POANUTENBCKOM QYHKINH
Hanpsmyo. Het skBuBasnenta ¢pyHkuuu super() ua Python; npunercs Bocnosnb3o-
BaThCsl HEKOTOPBIMH TPIOKaMH, /IJIsl TOTO YTOObI 0GOMTH 3TO OrpaHNYeHHe.

[Toka Python yyymaer cBoio 06bEKTHYIO CUCTEMY M MEXaHU3M AUCIIETYEPH3ALMH,
OH UCTBITBHIBAET IePULIUT TeX NPOABUHYTHIX pyHKLHH, kKoTopbie CLOS «gocraer u3
KOPOOKH». DTO NPUBOAMT K TOMY, YTO singledispatch BCTpeyaeTcst AOBOJBHO PeaKO.
Ho Bce paBHO, 3HaTh O CyIIeCTBOBaHUH 3TOTO MEXaHH3Ma NOJIE3HO.

KOHTeKCTHbIN MeHepKep

Boipaxkenue with, npencrasaentoe B Python 2.6, HanomuHaet Betepanam Lisp o pas-
JIMYHBIX MaKPOCaX with-*, KOTOpbIE YACTO IPUMEHSIIOTCS B 3TOM si3bike. Python oGe-
crieynBaeT NoAOOHBINA MEXAHM3M C UCIIOIb30BaHHEM OOBEKTOB, KOTOPbIE PEATTU3YIOT
NPOMOKON KOHMEKCMHOZ0 MeHedN epa.

Ecsin BBl HUKOIZIa HE HCIIOJIB30BAJM 3TOT MPOTOKOJI, BOT KPaTKoe ONUCcaHue ero
pabotbl. B0k Koza, copepxauMiicsi BHyTPU BbIpaXKeHUsI with, OKpYXXeH ABYMs
¢dyHkuusimu BbizoBa. O6DbEKT, HCMONB3yeMBIi B with, onpeziesisieT 4Ba BbI30Ba. ITH
00OBEKTHI M PEATU3YIOT MPOTOKOJ KOHTEKCTHOTO MEHE/Kepa.

OO6beKTsl BpO/ie 3TOr0, BO3BPAIlleHHbIE C NOMOIIBIO open (), MOMAAEPKUBAIOT ITOT
NPOTOKOJI; TO3TOMY MOKHO IMCATh KO/ PSIIOM C 3TUMH CTPOKAMHU:

with open("myfile"”, "r") as f:
line = f.readline()

VY obbexra, BO3BpAILlEeHHOTO open(), €CTh IBa METOJA: OJIUH __enter__, a IPyrou
__exit__. ITH MeTO/bl BbI3bIBAIOTCA B HayaJjle U B KOHIlE 0JIOKa COOTBETCTBEHHO.

ITpocrast peanusanysi KOHTEKCTHOTO 0OBEKTA NMOKa3aHa B cTuHre 13.5.

Nucrunr 13.5. MNpocras peanu3auns KOHTEKCTHOrO 0bbekTa

class MyContext(object):
def __enter__(self):
pass

def __exit_ (self, exc_type, exc_value, traceback):
pass
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JTa peann3anus HUYero He /ej1aeT, HO OHa NPAaBUJIbHAA U MOKa3bIBAET CUTHATYDY
METO/10B, HCO6XOHHMyIO A obecneyeHus CJIeIOBAHUS KJIACCOB B MPOTOKOJIE KOH-
TEKCTa.

HpOTOKOJI KOHTEKCTHOIrO ME€HEXXKepa MOXKET 6bITh HeOéXOL[l/IM Ui peajin3alluy,
KOr/ia HaiiieH C.TICZIYIOI.[IPIﬁ MaTTEPH B KOAE U O)KHUIAETCsI, YTO BBI30OB METO/1a B ecezda
COBeplIaeTCs MOocje BbI30Ba METO/AA A:

1. Bni3oB MeTOza A.
2. Bbinonxenue Koza.

3. Bni3os MeToza B.

DyHKUMS open () WTIOCTPUPYET pabOTy 3TOTO MAaTTEPHA: KOHCTPYKTOP, OTKPbIBA-
Io1MH ¢aiin U pa3Mellalonuii BHyTpH Aeckpuntop daiina, — ato meton A. Meroa
close(), youpatowmii qeckpunrop, — Metoa B. OueBuaHo, 4To QyHKIMS close()
BCerza A0/kHa ObITh BbI3BaHa NOCJIe MHCTaHTauuK (Gail10Boro 0ObeKTa.

Peann30BbIBATh 3TOT IPOTOKOJI BPY4YHYIO YTOMUTENBHO, TO3TOMY CTaHAAPTHast G-
GamoTexa contex1ib obecrieunBaeT 1eKOPaTOP contextmanager /s 00JIerYeHUst ITOM
peanu3aunu. [lekopatop contextmanager 0J)keH ObITh HCIIOJIB30BaH C FeHEPATOPOM.
Merox __enter__and__exit__ AMHAMMYECKH PeaU3yeTCsl B 3aBUCHMOCTH OT KO/a,
OKpYy>Kalolllero yTBepxieHue yield reHeparopa.

B nucrusre 13.6 MmeTon MyContext 0ObsiBJIEH KaK KOHTEKCTHBI MeHeKep:

NMucrunr 13.6. Wcnonb3osanue contextlib.contextmanager
import contextlib

@contextlib.contextmanager

def MyContext():
print("do something first")
yield
print("do something else")

with MyContext():
print("hello world")

Kon nepen yrsepxaenueM yield BHIIOJHUTCA NpeX/ae 3anyCKa Teja yTBEPK-
JeHUs1 with: 3TOT KO/ MOCJe yTBePXK/AeHHUs yield GyaeT BbIMONHEH, KaK TOJbKO
TeJIO yTBepXK/AeHHs yield 3aBepuuuT pabory. [Ipu 3anycke nporpamMma BbiBEaeT
cienyiouilee:
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do something first
hello world
do something else

EcTb eliie napa MOMEHTOB, KOTOPbI€ MOTYT OBITb 3aTPOHYTHI B 9TOM npumepe. Mox-
HO MPUMEHUTD yield K BHYyTPEHHEMY COAEPKUMOMY TeHepaTopa BMECTE C YacThiO
6710Ka with.

Jluctunr 13.7 noka3sbiBaeT, Kak MPUMEHUTH yield K 3HaY€HUIO BHYTPH BBI3BAaHHOM
¢ynkuun. KiroueBoe c10B0 as HCIIOIb3YeTCs1 /17151 XPAHEHHUSI 3TOTO 3HAYEHUsI B IIepe-
MEHHOM.

Nncruur 13.7. O6baBneHne KOHTEKCTHOrO MeHempkepa, NpuMeHsiowero yield kK 3HayeHuio
import contextlib

@contextlib.contextmanager

def MyContext():
print(“"do something first")
yield 42
print(“do something else")

with MyContext() as value:
print(value)

[1pu BbIMOJHEHUY KOJA OTYYUM CIEAYIOIUH pe3ybTarT:

do something first
42
do something else

[Tpu Kcrop30BaHUK KOHTEKCTHOTO MEHEKepa MOXKET MOHA00UThCsi 06paboTtaTh
UCKJIIOYEHUs], BBI3BaHHbIE BHYTPHU 6JI0Ka with. ITO MOKHO C/IE/IaTh, OKPYXKUB yT-
BepokaeHue yield 6J10KOM try..except (iuctunr 13.8).

Nuctunr 13.8. O6paboTka UCKNIOHEHNI B KOHTEKCTHOM MeHemkepe
import contextlib

@contextlib.contextmanager
def MyContext():
print(“"do something first")
try:
yield 42
finally:
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print("do something else")

with MyContext() as value:
print("about to raise")
® raise ValueError("let's try it")
print(value)

B npumepe Bbi3biBaeTcsi ValueError B Hayaue 6110ka koga @; Python nepenaer aty
olnOKY B KOHTEKCTHBII MeHeKep, U YTBEPXK/AEeHHE yield BBIBOAUT UCKIIOYEHHE.
Mpbi 3aMbikaeM yTBepXK/eHHe yield B try U finally, yToObl 06eCEYHTD 3aMycK
print().

IIpu BoinonHenun auctuHra 13.8 Mbl mosyyaeM cieayiomui BEIBOA!

do something first

about to raise

do something else

Traceback (most recent call last):
File "<stdin>", line 3, in <module>

ValueError: let's try it

Kak BuaHo, ouin6ka BbIBOAUTCS B KOHTEKCTHOM MEHEKEPE, TPOrpaMMa NMpojIoJiKa-
er paboTaTb M 3aBeplIaeT BHIYHUCJIEHHUS], TAaK KaK B OJI0Ke try..finally UCKIJIIOYEHHE
ObLJI0 TPOMTHOPHUPOBAHO.

B HekOTOpBbIX KOHTEKCTaX, HanpuMep NMPH OTKPHITHH ABYX (aiiyioB cpa3y Asl KO-
NMPOBAHUS UX COAEPKUMOrO, N0JIE3HO OXHOBPEMEHHO HCMOJb30BATh HECKOJIBKO
KOHTEKCTHBIX MEHE/)KEPOB.

Nucrunr 13.9. OTkpbiTe ABYX (halnnoB OAHOBPEMEHHO ANA KOMUPOBAHUSE KOHTEHTA

with open("filel"”, "r") as source:
with open("file2", "w") as destination:
destination.write(source.read())

Tak Kak yTBepXKAeHHe with NOAAEPKUBAET MHOXKECTBEHHbIE apryMeHThI, Oyner
6o1ee 3¢ pexTHBHO HaNMKMCATH TAKYIO BEPCHIO, KOTOPAsi UCTIOJIB3YET with eJMHOXK/IbI
(suctunr 13.10).

Nncrunr 13.10. OTkpbiTve AByx hainios 0AHOBPEMEHHO C NOMOLLBIO YTBEPXAEHUS With

with open("filel", "r") as source, open("file2", "w") as destination:
destination.write(source.read())
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KoHTekcTHbIE MeHeKepbl — 9TO OYEHDb MOIIHbIE MATTEPHBl MPOEKTHPOBAHHUS,
rapaHTUPYIOLLHE [1PaBUJIbHbII pabouMil MOTOK KOMYy HE3aBUCUMO OT BbI3BAHHOTO
uckmoyeHusi. OHM MOIyT 06eciiequTh HEPOTUBOPEYMBbINA U YUCTBIN POrPAMMHBIN
uHTepEIiC AJIsI MHOTUX CUTYaLluH, B KOTOPBIX KO T0JI)KEH OBITH OOEPHYT B APYTOi
KOA U contextlib.contextmanager.

MeHbuie WwabnoHos c attr

Cosnanue knaccos Python Moxer GbiTh yromuTensubiM. Bbl camu 3amedaete, 4To
NPOCTO MOBTOPSIETE O/IHO U TO e [eHCTBHUE MPOCTO MOTOMY, YTO APYroro Beibopa
HeT. OMH U3 caMbIX 4acTbIX NPUMepOB npuBeeH B suctunre 13.11. B HeM mpo-
VICXOJIUT MHUUMAMH3AUUSA 00BEKTA C HECKOJIbKMMH aTpUOyTaMH, NepeiaHHbIMU
B KOHCTPYKTOP.

NMncrunr 13.11, NHWUMaNU3aumUs 4acTo NPUMEHSEMbIX KNAaccoB

class Car(object):
def __init_ (self, color, speed=0):
self.color = color
self.speed = speed

[Tporecc He MeHseTCS: BBl KONUPYeTe 3HaYeHHe apryMeHTa, epejaBaeMoro B (pyHk-
1Mo __init__, B HECKOJIbKO apryMEHTOB, XPaHUMbIX B 0ObekTe. MHOraa Hamo npo-
BepUTb U Tlepe/laBaeMoe 3HaueHHe, BBIYUCIUTD 3Ha4€HHE 110 YMOITYaHHIO U T. 1.

Tpebyetcs, 4ToOb1 06BEKT OTOOPAXKAICA KOPPEKTHO MPU BBIBOJIE, IO3TOMY HEOO-
XOJIUMO Peajiu30BaTh METOA __repr__. ECTb BEPOSATHOCTD, YTO HEKOTOPbIE KJIACCHI
AOCTAaTOYHO MPOCThI I/l KOHBEPTUPOBAHUS B CJOBApH s cepuanusanuu. Bee
CTAHOBHUTCSI C/IOXKHEE, KOT'/la pe4b 3aXOAUT O CPABHEHHH U XEIIMPYEMOCTH (BO3MOX-
HOCTb MCIIOJIb30BATh Xelll 115l 00bEKTa U XPaHUTh €r0 BO MHOXECTBE).

B peasbHOCTH GONBUIMHCTBO NPOrPAMMUCTOB HUYErO TAKOTO HE AEJAIOT, TaK KaK
BCE 3TO CJMIUKOM TPY/Z0EMKO, 0COOEHHO KOrJa He /I0 KOHIA SICHO, €CTb JIK B 3TOM
HeobxoauMocTb. Hanpumep, 06HapykuBaeTcsi, uTO _repr_ GbLI IOJIE3EH B IPOTPaM-
Me TOJIbKO OAMH Pa3, KOrja IpOBOAMIACh OTKJIAAKA HJIX TPACCHPOBKA U OOBEKTHI
BBIBOIMJIUCH B CTAHAAPTHYIO KOMAaH/HYIO CTPOKY, M NOTOM MeTO/ Hur/e GoJblie He
MCIOJIb30BAJICH.

Bubinoreka attr HalleJleHa Ha peLleHHe UMEHHO 3Toil 3agayn. OHa npefocTaB-
JsieT yHUBepcanbHbii mwabaou boilerplate aas Bcex knaccoB u reHepupyer 3a
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Bac MHOTO Koia. MOXXHO yCTaHOBUTD attr ¢ MOMOMUIBIO pip, Ha6paB KOMaHAy pip
install attr.

llexopaTtop attr.s — 3To Ball Nponyck B AMBHBIK MUp attr. Ucnosb3yiite ero
nepex oObsIBIEHHEM KJIAacCa, a 3aTeM NPUMeHUTe QYHKUHUIO attr.ib() aas 06b-
siBJieHus1 aTpulyToB Kiacca. Jluctuur 13.12 nokasbiBaet cnocob, Kak nepenucatb
auctuHr 13.11 ¢ nomMompio attr.

JNincrunr 13.12, Ucnonb3osanue attrib() ans obvsenenus atpubyTos
import attr

@attr.s
class Car(object):
color = attr.ib()
speed = attr.ib(default=0)

[Ipu TakoM 0OBsIBJIEHMH KJIACC aBTOMAaTUYECKH TOJYYHUT HECKOJIBKO MOJIE3HBIX
METOJIOB, HAalIPUMeEp __repr__, KOTOPbIil BbI3BIBAETCS /111 OTOOpaXKeHUsI 0ObEKTOB
MPH MX BBIBO/E C OMOILLBIO stfout B uHTepnperatope Python:

>>> Car("blue")
Car(color="'blue’', speed=0)

ITOT BHIBOJ YHILE, YEM BbIBO/J _repr_ M0 YMOJIYAaHHIO:

<__main__.Car object at @x1004badcf8>.

JlobaBuTb npoBepKy aTpuOYTOB MOXHO C MOMOILBIO KJIIOYEBBIX CJIOB validator
U converter.

Jluctunr 13.13 mokasbiBaet, Kak PyHKIMS attr.ib() MOXeT ObITb UCIIOJIb30BaHa
Aast 06bsABNIEHUs aTPUOYTa C OrPAaHHYEHHUSIMMU.

Jincrunr 13.13. Ucnonb3oeaHue attr.ib() ¢ aprymeHTOM-npeobpasosartenem
import attr

@attr.s

class Car(object):
color = attr.ib(converter=str)
speed = attr.ib(default=9)

@speed.validator
def speed_validator(self, attribute, value):
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if value < O:
raise ValueError("Value cannot be negative")

AprymeHT converter o6pabaTbiBaeT npeobpa3oBaHHs TOTO, YTO [EPEAAHO B KOH-
crpykrop. DyHkums validator() MOXeT OBITh MepesaHa B KayeCTBE apryMeHTa
B attr.ib() UJIM HCTIOJIb30BaHA B KauecTBe fAekopaTopa (auctuar 13.13).

Moayb attr obecriedrBaeT HECKOJIbKO COOCTBEHHBIX TPOBEPOK (Hanpumep, attr.
validators.instance_of() AJisi MPOBEPKHU TUNA aTPUOYTa), IO3TOMY U3YyUUTE HUX,
npex/ie YeM PeInTe IIOTPATUTh BPEMs HAa HanMCaHue COOCTBEHHOM.

Monynb attr npefocTaBisieT HeOOXOAUMbIE HACTPOMKH U TIO3BOJISIET CIENaTh 00b-
€KT XeIIUPyeMbIM U AOCTYIIHBIM /711 IPUCBOEHUS €My KJI04a: IPOCTO mnepepanTe
frozen-True B attr.s(), 4ToObI CAEIATD 9K3EMILISIp KJIacCa HEM3MEHSIEMBIM.

Jluctunr 13.14 noka3spiBaeT, Kak UCNOJIb30BaHUe NapameTpa frozen U3MeHSIET MO-
BeJleHUe KJiacca.

JNinctunr 13.14. Ncnonb3oBaHue frozen=True

>>> import attr

>>> @attr.s(frozen=True)
... class Car(object):
. color = attr.ib()

cee

>>> {Car("blue"), Car("blue"), Car("red")}
{Car(color="red'), Car(color='blue')}

>>> Car("blue").color = "red"
attr.exceptions.FrozenInstanceError

B nprMepe nokas3aHo, Kak KCMOJIb30BaHUE MapaMeTpa frozen U3MEHSIET MIOBEJIEHUE
KJ1acca Car: OH MOXeT ObITh XEIIMPOBaH U COXPaHEH BO MHOXECTBE, HO OOBEKTHI
6oJ1bIe He OYAyT M3MEHSIEMBL.

IToaBoast UTOT, MOXHO CKa3aThb, YTO attr obecrieyMBaeT peau3alrio Macchl Mo-
JIe3HEHIIUX MeTOJ0B, YTO IKOHOMUT Bale Bpemsi. HactosTenpHO pekomMeHayio
TI0JIb30BATHCS attr — OH BecbMa 3¢ PeKTUBEH NPU CO31aHMH COOCTBEHHBIX KJIACCOB
¥ MOJEeJTMPOBAHUY IIPOrPAMMHOTO 00€eCTIeYeH Sl

MTormn

[Tosxpasisiem! MBI goLIIH 10 KOHIIA KHUTH, TIPOKayaI CBOM HaBbiku B Python,
Y Tenepb Bbl 3HaeTe 0 co3xannu 6oee 3¢HEKTUBHOTO ¥ IPOU3BOAUTENBHOTO KOJA.
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A HaJeloCh, BaM MOHPaBHUJIOCh YTEHHUE 3TOM KHUTH TaK K€ CUJIbHO, KaK MHe — €€
HalmTMCaHHUE.

Python — 3ameyateibHbIi A3bIK, KOTOPbIN MOXET ObITh MCIIOIB30BaH /151 peLlIeHUS
HIMPOKOTro Kpyra 3agay. OIHaKo NP BCeX OCBELIEHHBIX B KHUTE BOMPOCAX OCTaloCh
ele MHOTO He3aTpOHYThIX TeM. Ho Kaxaast KHMra Koraa-HuOyAb 3aKaHYUBAETCA.
Sl HacTosATENBHO PEKOMEHYIO U3BJIEKATD MOJIb3Y U3 YTEHHs KOJa NPOEKTOB C OT-
PBITHIM UCXOHBIM KO/IOM ¥ aKTUBHO y4aCTBOBaTb B HMX. Eci 1aBaTh ApyruM pas-
paGoTYMKaM YUTATb U OLIEHMBATh Balll KOJ, TO MOXKHO MHOTOMY Hay4HThCS.

YnayHoro xakuHral!
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«MyTb Python» no3BonuT oTTOUMTH BaLLK
npodeccroHanbHble HaBbIKM 1 Y3HaTb Kak
MO>HO 60sbLLEe O BO3MOXKHOCTAX CaMOro
NonynspHOro A3blka NPOrPamMMUPOBAHUA.
OTa KHUra HanmcaHa ansa paspaboTumkos

1 OMbITHbIX MPOrPaMMIUCTOB. Bbl HayuuTechb
nucatb 3$GEeKTUBHDBIN KO, CO3AaBaTh Nyy-
LuMe NPorpaMmbl 3a MUHUMasbHOEe Bpems
1 n3beratb pacnpoCTpaHeHHbIX OWNOOK.
Mopa No3HaKOMUTBLCA C MHOTOMOTOYHbIMY
BbIYNCNIEHUAMMN N MEMOUN3aLMEN, NONYUUTb
COBETbI IKCNepToB B 06nactu avsanHa API
1 633 AaHHbIX, @ TaKXKe 3arfsHyTb BHYTPb
Python, 4yTo6bl paclmpnTb NOHUMaHNE
A3blKa.

Bam npepctount HauaTb NPOEKT, nopaboTaTb
C BEPCUAMW, OPraHn30BaTb aBTOMATUYECKOE
TeCTUpOBaHMe 1 BbI6paTh CTUb Nporpam-
MUPOBaHUA ANA KOHKPeTHON 3agayn. [lotom
Bbl NepengeTe K n3y4yeHunto 3GpPpeKkTrBHOro
06bABNEHUA GYHKLUMK, BbIGOPY MNOAXOASALMNX
CTPYKTYpP AaHHbIX 1 BUOGNNOTEK, CO3AaHNIO
6e30TKa3HbIX NPOrpamm, NakeTam 1 onTu-
MU3aLuM NPOrpaMm Ha ypoBHe b6aiT-koga.

no starch
press

nyTb
PYTHON

Bbl Y3HAETE, KAK:

- Co3paBatb 1 UCMONb30BaTh
3bpeKTNBHbIE AEeKOPATOPbI U METOADI.

PabotaTb B pyHKLMOHaNbHOM CTuUne.

« PacwwpsTb flake8 gna pabortsl
€ abCTPAKTHBIM CUHTAKCUYECKUM [JEPEBOM.

» Wcnonb3oBaTtb AUHAMUYECKNIA aHanm3
npon3BoanTeNbHOCTU ANA onpeaeneHns
Y3KUX MecCT.

« Pabotatb C pensumoHHbIMU 6a3ammn AaHHbIX
1 3pEKTNBHO yNpPaBNATb NOTOKOBbIMY
AaHHbIMK € nomoLbio PostgreSQL.

MoaHuMUTE HaBbikKM BnapeHua Python
¢ 6a30BOro Ha BbICOKUNA YPOBEHb.
Mony4nre coBeTbl 3KCNEPTOB

U cTaHbTe npodu!

Ob ABTOPE

[xkynbeH [laHXy 3aHVMaeTca NporpammHoN
nHxeHepuein B Red Hat n Bozrnaenset ogunH
13 npoektos OpenStack.






